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OP1 
Using Oral Agents in the 
Management of Diabetes 
1 
INCREASED MORTALITY IN TYPE 2 DIABETES PATIENTS USING 
SULPHONYLUREA AND METFORMIN IN COMBINATION 

A. Melander, J. Olsson and G. Lindberg. The NEPI Foundation, Medical Research 
Centre, Malmo University Hospital, SE-205 02 Malmo, Sweden. 

Aims: In the UKPDS study, patients allocated to combination treatment with 
sulphonylurea and metformin (SU+MET) had an increase in diabetes-related death as 
compared to patients on only sulphonylurea (SSU). The present observational study 
compared cause-specific mortality in type 2 diabetes patients using SU+MET versus 
those on SSU. 
Materials and Methods: All type 2 diabetes patients identified in two Swedish muni
cipalities from 1984 tol994 using SU+MET or SSU as antihyperglycaemic agents 
were included and followed until Dec 31, 1996, or until death. Fatal events were 
identified until Dec 31, 1996. 171 SU+MET users and 872 SSU users were included. 
Odds ratios calculated by Cox regression analysis were adjusted for age, sex, duration 
of diabetes, municipality, year of inclusion and fasting blood glucose at inclusion. 
Results: As shown below, all cause mortality, IHD mortality and stroke mortality 
were significantly higher in SU+MET users. The odds ratio for modality from causes 
other than IHD and stroke did not differ significantly between the different users. 
Conclusions: The results support the finding in the UKPDS study suggesting a less 
favourable outcome in type 2 diabetes patients on SU+MET. 

Number of deaths (underlying cause) (N) and deaths per 1000 person years (Nil 000) 
in users of sulphonylurea as single oral antihyperglycaemic agent (SSU) and in 
patients using sulphonylurea and metformin in combination (SU+MET). Adjusted 
odds ratios (OR) associated with use ofSU+MET compared to users ofSSU. 

Cause of SSU (reference) SU+MET 
mortality N Nil 000 N Nil 000 Adjusted OR' 

All causes 467 86.2 88 91.3 1.77 (1.39 - 2.26) 
IHD 259 47.9 51 52.9 1.95 (1041 - 2.69) 
Stroke 97 17.9 23 23.9 2.16 (1.31-3.56) 
Other causes 175 17.4 2711.4 1.27 (0.82 - 1.95) 

I. Odds ratios adjusted for age, sex, duration of diabetes, municipality, year of 
inclusion and fasting blood glucose at inclusion. 

3 
INCREASED MORBIDITY AND MORTALITY ASSOCIATED WITH 
DISCONTINUATION OF ORAL ANTIDIABETIC THERAPIES 
T. Howard', P. Stang' and E. Lydick', 'Sterling, VA; 'Collegeville, PA, USA 
Aims: To evaluate the rate of discontinuation of three oral antidiabetic therapeutic 
classes (sulphonylureas, alpha-glucosidase inhibitors, and biguanides) and the 
difference in morbidity and mortality between those continuing vs. those 
discontinuing therapy. Materials and Methods: An inception cohort of 13,309 
patients with diabetes mellitus who were over the age of 45 years and who received 
their initial oral antidiabetic prescriptions for acarbose, metfonnin, or a sulphonylurea 
were included in a retrospective analysis of automated primary care data covering 1.9 
million patients with visits between 1991 and August 1997. The primary care 
database represented 653 physicians associated with 145 general practices in the 
United Kingdom. Patients with juvenile-onset and gestational diabete') were 
excluded from the analysis. Discontinuers were defmed as those patients who failed 
to refill their oral antidiabetic prescription during the two follow-up periods (6 and 
12 months). A survival analysis was performed based on the initial oral anti-diabetic 
medication class. Results: Acarbose users demonstrated the most rapid rate rf 
discontinuation, with only 50% [95% CI 46.4-53.3) of users still on medication after 
12 months compared to 73% [95% CI 72.1-74.7) for metformin and 84% [95% CI 
83.7-85.3) for the sulphonylureas. Discontinuers were 1.9 times as likely to require 
emergency hospitalization than continuers (p<0.05). All-cause mortality rates among 
discontinuers were 2.9-fold higher than among those remaining on their medication 
(p<O.05). Conclusions: Patients who discontinue oral antidiabetic therapy suffi:r 
higher rates of morbidity and mortality. These results underscore the importance rf 
compliance in the treatment of diabetes. 

2 
ROSIGLIT AZONE IS NOT ASSOCIATED WITH HEPATOTOXICITY 
A. Salzman, Collegeville, PA, USA 
Aims: To evaluate the effect of rosiglitazone (RSG), a potent thiazolidinedione, on 
hepatic function in patients with type 2 diabetes mellitus. Tro.glitazone, the first 
marketed thiazolidinedione, has been associated with elevated liver enzymes, liver 
damage, and death secondary to liver failure. Materials and Metho.ds: Pooled data 
from II double-blind placebo- or active-controlled studies. Overall, 3455 patients 
have been treated with RSG, alone or in combination with other antidiabetic agents. 
Patients were permitted to enter clinical trials with AL T or AST values at screening 
up to 2.5x the upper limit of the reference range (ULRR). Liver function tests (LFTs) 
were monitored every 4 weeks for the first 3 months, every 6 weeks for the next 3 
months, and quarterly thereafter. Patients completing double-blind studies were 
eligible to receive treatment with RSG in long-term open-label extension studies. 
More than 4500 patients were treated with RSG in double-blind and open-label 
studies: over 2700 for at least 6 months and over 1000 for at least 12 months. 
Results: The proportion of RSG-treated patients with on-therapy ALT >3x ULRR 
was similar to the proportions of patients treated with placebo or active comparators. 
Of the 6 RSG-treated patients with on-therapy AL T > 3x ULRR, 4 had normal LFTs 
at baseline. In all 6 patients, ALT returned to normal on continued RSG therapy, 
except in 1 whose ALT was >3x ULRR prior to RSG treatment but showed no 
worsening during the study. During open-label treatment, 7 additional patients 
developed AL T > 3x ULRR: 4 improved or normalized on continued RSG therapy, 2 
have no follow-up data available, and 1 had ALT > 3x ULRR prior to RSG treatment 
with no worsening during the study. Overall, while 5 patients with elevated ALT 
values at baseline had increases to >3x ULRR, over 250 other patients with baseline 
ALT elevations did not have ALT >3x ULRR on RSG therapy. Co.nclusio.ns: Data 
from more than 4500 patients indicate that RSG is not hepatotoxic. 

4 
CONTRA-INDICATIONS TO METFORMlN THERAPY IN PATIENTS 

WITH DIABETES: A POPULATION-BASED STUDY 
A Emslie-Smith, DIR Boyle, JMM Evans, TM Macdonald, 
J Bain, F Sullivan and AD Morris for the DARTSIMEMO Collaboration, 
Ninewells Hospital and Medical School, Dundee, UK 

The UKPDS has shown the benefits of metformin (MF) beyond all do.ubt, yet 
treatment with MF is associated with the risk of lactic acidosis. Aims: To 
determine population data o.n the current use ofMF and the presence of 
co.ntra-indications to MF in people with type 2 diabetes. Metho.ds: Using the 
DARTSIMEMO database of all diabetic patients in Tayside (population 
349303; 7885 DM, prevalence 2.26%) we investigated the presence of 
contra-indications to MF in all diabetic patients taking MF in 1993-1995. The 
contra-indications of acute myocardial infarction (AMI), renal impairment 
(creatinine>150: RF) and heart failure (CCF) were identified by DARTS, the 
regional biochemistry database, the hospital admissions database and MEMO 
prescribing database. Results: A total of 1847 (26.2% ofDM2) were taking 
metformin. Of these, 65 (3.5%) were admitted with AMI (71 episodes); 77 
(4.1%) were admitted with CCF (114 episodes), 388 (21%) received MF and 
drugs for CCF concurrently; and 87 (4.7%) had established RF. Contra
indications to MF use rarely resulted in discontinuation ofMF therapy; for 
example only 20% and 18% stopped MF immediately after admission for 
AMI and CCF respectively. There were no episodes oflactic acidosis. 
Co.nclusio.ns: This population-based study shows that at least 25% of patients 
who currently receive MF have absolute contraindications to its use. In view 
of the proven benefits of MF treatment, a critical review of its safety profile 
and absolute contra-indications is warranted. 
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5 
REPAGLINIDE AMPLIFIES INSULIN SECRETORY BURST MASS WITHOUT AFFECTING 

BURST FREQUENCY. 

C. Juhl, N. Perksen, J. Sturis, M. Hollingdal, S. Pincus, 1. Veldhuis, A. Dejgaard and 

O. Schmitz. 
Aarhus, Denmark, Novo Nordisk AlS, Denmark, Charlottesville, VA, Guillford, CT. 
Insulin is released in distinct secretory bursts at a frequency of one pulse per S-IS 

minutes. Repaglinide is a prandial glucose regulator for treatment of type 2 diabetes 
mellitus. To examine the actions of repaglinide on insulin release, the insulin 

secretory pattern was investigated following a single low dose of the agent Eight 

healthy male subjects, age (mean±SEM) 2S.3iO.7years, BMI 22.liO.4kglm2 were 

examined in a single dose, double "lind, placebo controlled cross-over design. After 
a ten hour overnight fast, blood sampling was initiated and continued every minute 

for 120 minutes. After 40 minutes a single dose (O.Smg) of repaglinide or placebo 

was given. Plasma glucose was allowed to decline only 0.3mM below baseline and 

maintained by variable glucose infusion. Serum samples were analysed in duplicate 

for insulin and the concentration time series were subjected to deconvolution 

analyses and the regularity statistic approximate entropy (ApEn). Mean insulin 
concentration was increased during repaglinide treatment (basal vs. stimulated 

period, p-values are placebo vs. repaglinide) (2S.l±3.6pM YS. 33.S±4.lpM, 

p<O.OOI). Secretory burst mass was increased (IS.S±2.2pM/pulse YS. 

19.6±2.SpM/pulse, p=0.016) and a similar increase was seen in pulse amplitude 

(6.1±0.9pM/min vs. 7.7±l.2pM/min p=o.OOS). A non-significant increase in basal 

insulin secretion was observed (2.S±0.3pM/min vs. 3.2±0.4pM/min, p=0.062), while 

there was no changes in interpuls. interval (6.S± 1.0 vs. S.4±0.4minipulse, p=0.3S). 

ApEn increased significantly after repaglinide administration (0.623±0.045 vs. 
0.670±0.034, p=0.04) suggesting less regular oscillatory insulin secretion. In 

conclusion, a single dose of repaglinide amplifies insulin sectretory burst mass (and 
basal secretion) with no effect on burst frequency. This effect may be beneficial in 

Type 2 diabetes characterised by impaired pulsatile insulin secretion. 

7 
NA TEGLINIDE IMPROVES PRANDIAL GLUCOSE EXCURSIONS BY 
RESTORING EARLY INSULIN SECRETION IN PRE-DIABETIC MONKEYS. 
B.E. Dunning, S. Paladini, C. Gutierrez, R. Deacon and M. Valentin, Novartis 
Institute for Biomedical Research, Summit, NJ, USA. 

Nateglinide (NAT, an amino acid derivative) and repaglinide (REP, a meglitinide 
analog) are new oral agents suggested to offer advantage over sulfonylureas (SUs) due 
to their rapid/transient insulinotropic actions. However, in rodents the effects of NAT 
are more rapid and less prolonged than those of REP. Aims: to determine if kinetic 
differences seen in rodents also occur in primates and to explore the impact of insulin 
kinetics on prandial glucose control. Materials and Methods: Vehicle (CMC, 
Iml/kg) or equipotent doses of NAT (20mglkg) or REP (O.lmglkg) were given orally 
to IGT Cynomolgus monkeys. Effects on insulin (IRI) and glucose were compared in 
in the fasted state and when compounds were given 10 min before a liquid meal (time 
0). To quantify prandial glucose and IRI excursions, incremental AUCs (0-210min) 
were calculated. Results: NAT and REP had strikingly different kinetics in IGT 
monkeys. Peak NAT levels (25.9±3.3 "glml) occurred at 35 ± 9 min, maximum A IRI 
(+SI±23 "U/ml) occurred at 27±S min post-NAT and IRI returned to baseline within 
60 min. In contrast, peak REP levels (50±IO nglml) occurred at 56±19 min and 
maximum A IRI (+83±53 "U/ml) occurred at 70±IS min post-REP. Similar glucose 
nadirs followed dosing with NAT and REP (A=-26±1 and -21±2 mg/dl, respectively) 
but euglycemia was restored by ISO min post-NAT while hypoglycemia and 
hyperinsulinemia were seen for "210 min post-REP. When given 10 min before a 
meal, NAT but not REP increased IRI pre-prandially (A= +52±IS vs -I±S flU/ml), 
mimicking cephalic insulin release and NAT was more effective than REP to reduce 
glucose excursions (-7S±9% vs -S3±11 %). NAT decreased IRI excursions (-57±16%, 
p<0.02 vs CMC, p<0.05 vs REP) whereas REP increased IRI excursions >2-fold vs 
CMC. Conclusions: In primates as in rodents, NAT had more rapid and transient 
kinetics than REP and NAT restored early insulin release. The unique properties of 
NAT confer significant therapeutic advantages over SUs or REP, namely, better 
prandial glucose control with no hyperinsulinemia and less hypoglycemic potential. 

6 
REPAGLINIDE TREATMENT IS ASSOCIATED WITH SIGNIFICANTLY LESS 
SEVERE HYPOGLYCAEMIC EVENTS COMPARED TO SULPHONYLUREA 
1. S. Kristensen, K.B.Frandsen, Th. Bayer, and P. Milller, Medical and Statistical 
Departments, Novo Nordisk AlS, Bagsvrerd, 2SS0 Denmark. 
Aim, As severe hypoglycaemia (SH) is a relatively rare, but potentially dangerous 
side effect to sulphonylurea (SU) treatment of Type 2 diabetes, the aim was to in
vestigate if this risk could be reduced when using repaglinide (Re), belonging to 
a new class of compounds (Carbamoylmethylbenzoic acid derivatives), with a 
faster onset of action and shorter duration of action (1V2 approx. I hour) than 
conventional B-cell stimulating agents. Material and Methods. Re was com
pared to the SU: Glipizide, Glibenclamide, or Gliclazide in one year double blind 
studies, using identical study protocols. Re was dosed at the 3 major meals in order 
to improve meal related insulin secretion and thereby decrease post prandial 
glucose levels. SU was dosed according to labelling and placebo at lunch time, so 
the dosing pattern appeared to be equal for Re and SUo A total of761 patients were 
treated with Re and 367 patients were treated with SUo Hypoglycaemic episodes 
were recorded together with blood glucose determinations, performed by the 
patients when symptoms occurred. Blood glucose levels < 2.5 mmoin, together 
with symptoms were considered as severe hypoglycaemic events. Results. The 
level of metabolic control was not significantly different between the two groups 
during the treatment period (HbAlo: 7. I %-7.5%). The absolute rate of SH was 
1.31 % in the Re group, and 3.27% in the SU group (p< 0.03), with no differences 
between the 3 SU used. The overall pattern of hypo glycaemia differed: 7 % of the 
events on Re was below 2.5 mmoll1, S8% between 2.5 and 4.4 mmoll1, and 5% > 
4.4 mmolll, compared to SU where 20% were below 2.5 mmoll1, 7S% between 
2.5 and 4.4 mmolll, and 2% > 4.4 mmoin. Conclusion. Re caused significantly less 
severe hypoglycaemic episodes in comparison to SU . This may be related to the 
rapid onset and short duration of Re, and because Re is only taken before the main 
meals, acting as a regulator of the prandial blood glucose excursions which are the 
highest levels during the day in Type 2 diabetes patients. 

8 
ROSIGLITAZONE ONCE OR TWICE DAILY IMPROVES GLYCEMIC 
CONTROL IN PATIENTS WITH TYPE 2 DIABETES 
G. Grunberger\ W.M. Weston', R. Patwardhan' and E.B. Rappaport', 'Detroit, MI; 
'Collegeville, PA, USA 
Aims: To investigate the efficacy of rosiglitazone (RSG), a potent thiazolidinedione, 
as monotherapy for patients with type 2 diabetes. Materials and Methods: 
Following a 4-wk placebo (PBO) run-in period, 959 patients were randomized to 
receive PBO or RSG 4mgld or Smgjd given once daily (od) or divided (bd). Patients 
previously had been treated by diet alone (25%) or with oral antidiabetic agents 
(75%). Baseline mean fasting plasma glucose (FPG) and mean C-peptide levels fir 
the study population were 12.6mmol/L and 0.93nmollL, respectively. Results: RSG 
improved glycemic control in drug-naive and previously treated patients. In all RSG 
groups, HbAlc and FPG decreased significantly without increases in serum insulin 
levels. The 4mglod and 2mglbd regimens were equivalent with respect to lowering 
HbA Ic. Free fatty acids decreased in all RSG groups except the 4mg/od group. 
Small changes in total cholesterollHDL ratios were observed, but were not 
suggestive of increased cardiovascular risk. The incidence of adverse events (AE) was 
comparable between the RSG and PBO groups, although the proportion of patients 
withdrawn due to an AE was higher in the PBO group (lO.S%) than in any RSG 
group (,,6.2%). There was no evidence of hepatotoxicity in any treatment group. 
Conclusions: RSG at total daily doses of 4mg and Smg, administered once daily or 
divided, was well tolerated and significantly improved glycemic control in patients 
with type 2 diabetes. 
Treatment Group 

PBO (n 173) 

RSG 4mg/od (n= 180) 

RSG 2mg/bd (n= 186) 

RSG 8mg/od (n= lSI) 

RSG 4mg/bd (n=IS7) 

Baseline 
HbAlc(%)* 

S.9±1.52 

8.9±1.59 

S.9± 1.54 

S.9±1.52 

9.0±1.52 

A Baseline"" 

O.S±l.lOt 
0.0±1.40 

-0.1±1.42 

-0.3±1.24t 

-0.7+1.37t 

*mean±SD; tP<O.OOI VS. baseline; ttP<O.OOOI vS. PBO 

Difference 
from PBO 

-o.stt 
-0.9tt 

-1.1 tt 

-1.5tt 
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A POPULATION-BASED STUDY OF THE ASSOCIATION OF VITAMIN C 
LEVELS WITH GLUCOSE INTOLERANCE. 
LA. Sargeant, N.J. Wareham and K.T.Khaw. Department of Community Medicine, 
University of Cambridge, Cambridge, UK. 

Low intake of fresh fruit and vegetables has been shown to be associated with the 
development of Type 2 diabetes. The mechanisms underlying this association have 
not been fully explored, but an effect mediated through vitamin C intake is 
biologically plausible. Although studies of vitamin C levels in individuals with 
established diabetes have been undertaken, there are no studies in individuals with 
previously undiagnosed diabetes or lesser degrees of glucose intolerance. 
Aims: The aim of this study was to quantify the association between glucose 
tolerance and plasma vitamin C levels. 
Materials and Methods: A population-based study of diet and chronic disease in 
which HbA,c and plasma vitamin C concentrations were measured in 2898 men 
and 3560 women aged 45-74 years. 
Results: Mean plasma vitamin C was significantly higher in individuals without 
glucose intolerance compared to those with self-reported diabetes or prevalent 
undiagnosed glucose intolerance (HbA,c ;, 7%). An inverse gradient of mean 
plasma vitamin C was found in both sexes across quintiles of HbA]c distribution 
below 7% The odds ratio (95% confidence interval) of having prevalent 
undiagnosed glucose intolerance per 20 flmol/l (one standard deviation) increase in 
plasma vitamin C was 0.64 (0.48 - 0.84), adjusted for sex, age, BMI, any dietary 
supplement taking, vegetarian diet and smoking history. The unadjusted change in 
HbA,c per 20 flmol/l increase in vitamin C, estimated by linear regression, was 
-0.12 (-0.14 to -0.09) in men and -0.09 (-O.ll to -0.07) in women. After adjusting 
for possible confounders these values were -0.09 (-0.12 to -0.06) in men and -0.07 
(-0.09 to -0.05) in women. A decrease of 0.1% in the mean HbA,c of this 
population, would result in a decrease of 14% and 20%, respectively, in the 
prevalence of undiagnosed glucose intolerance in men and women. 
Conclusions: This study demonstrates a strong inverse association between plasma 
vitamin C and HbA,c. Dietary measures to increase plasma vitamin C may be an 
important public health strategy for reducing the prevalence of diabetes. 

11 
A COMMON POLYMORPHISM OF THE LEPTIN RECEPTOR GENE IS 
ASSOCIATED WITH THE RISK OF TYPE 2 DIABETES IN HEAL THY MEN 
H.-M. Lakka, L. Oksanen, T.-P. Tuomainen, K. Kontula and J.T. Salonen. Research 
Institute of Public Health, University of Kuopio, Kuopio, Finland and Department of 
Medicine, University of Helsinki, Helsinki, Finland 
Aims: Leptin receptors are expressed in the pancreatic ~-cells, where they proposedly 
mediate leptin-induced inhibition of insulin secretion. Heterozygous carriers of a 
pentanucleotide insertion in the 3'-untranslated region (3'-UTR) of the leptin receptor 
gene have been described to have lower serum insulin levels than the homozygous 
carriers of the more common deletion allele. There are no previous prospective 
epidemiologic studies of the association of ieptin receptor gene polymorphisms with 
the risk of type 2 diabetes in healthy populations. Materials and methods: We 
studied the association between the carrier status for the 3'-UTR insertion allele and 
the risk of type 2 diabetes in a prospective population-based case-control study in 41 
men who developed type 2 diabetes (IB-gluc >6.7 mmol/I or 2h-IB-gluc > 10.0 mmol/I 
or treatment for diabetes) during a 4-year follow-up and 81 controls who were 
matched for age, measurements of obesity, baseline glucose and insulin levels and 
eight other predictors of diabetes. Both the cases and the controls came from a cohort 
of 985 randomly sampled non-diabetic (IB-Gluc <6.0 mmol/l or no treatment) men 
aged 42-60 years from eastern Finland. Results: There were one homozygote and 22 
heterozygotes for the 3'-UTR insertion allele among all 122 men. The carrier 
frequency of this allele was 9.8% among the cases and 23.5% among the controls. In 
a logistic regression model adjusting for strongest other predictors, the carriers of the 
insertion allele had a 79% reduced risk of diabetes (odds ratio (OR) 0.21,95% CI 
0.06-0.77, p~0.019), compared with non-carriers. In a model including only the carrier 
status for the insertion allele, the respective OR was 0.35 (95% CI 0.11-1.l2, 
p~0.076), equalling to risk reduction of 65%. Conciusions: This is the first study to 
suggest an association between a polymorphism of the leptin receptor gene and the 
risk of diabetes. Our data provide support to the hypothesis that alterations in the 
leptin signaling system could contribute to the development of type 2 diabetes. 

10 
PRO INSULIN, A RISK FACTOR FOR CARDIOVASCULAR DISEASE. 
Bjorn 2ethelius, Hans Lithell, C.Nicholas Hales and Christian Beme. Dept. 
of Geriatrics and Dept. of Internal Medicine, Uppsala University, Uppsala, 
Sweden and Dept. of Clinical Biochemistry, Addenbrooke's Hospital, 
Cambridge, UK. 

The extent to which pro insulin may contribute to the association between 
insulin and cardiovascular disease (CVD) is largely unknown. 
Aim: To identify the longitudinal relationship between proinsulin and CVD 
~ cohort of 50-year-old men (n=874) investigated 1970 - 73 and 
subsequently followed for up to 26.7 years (mean 22.6 years) from baseline, 
Materials and Methods: Fasting concentrations of specific insulin, intact 
and 32-33 split proinsulin were measured in plasma samples, stored frozen 
in liquid nitrogen since baseline, by a specific two-site immunometric assay. 
The diagnosis of incident disease was collected from the official in-patient 
and causes-of-death registers. Results, adjusted for age at entry, from the 
Cox proportional hazards regression models using standardised variables, 
given as hazard ratios (HR) and 95% confidence intervals (CI). 
Results: Intact proinsulin (HR=1.69, CI=1.41-2.01) was the strongest 
predictor for death of CVD, followed by 32-33 split proinsulin (HR=1.44, 
CI=1.21-1.72), immunoreactive (rRI) (HR=1.44, CI=1.21-1.73) and 
specific insulin (HR=1.32, CI=1.11-1.58J. Intact proinsulin was 
independent of known confounders in the multivariate analysis (BP, BMI, 
smoking, LDLlHDL cholesterol ratio, TG and fasting glucose) (HR=1.48, 
CI=1.20-1.83) while IRI was not (HR=1.12, CI= 0.90-1.40). 
Intact proinsulin (HR=1.63, CI=I.43-1.85) was the strongest predictor for 
CVD-morbidity, followed by 32-33 split proinsulin (HR=1.42, CI=1.25-
1.61), IRI (HR=1.25, CI=1.09-1.42) and specific insulin (HR=1.21, 
CI=1.07-1.38). Intact proinsulin was independent of known confounders in 
the multivariate analysis (HR=I.45, CI=1.25-1.69) while IRI was not 
(HR=0.99, CI= 0.84-1.14). 
Conclusions: We conclude that increased proinsulin predicts death and 
morbidity in cardiovascular disease independent of known risk factors. 

12 
PHYSICAL ACTIVITY AND MORTALITY ACCORDING TO GLUCOSE 
TOLERANCE. THE HOORN STUDY 
1.M. Dekker, P. de Boks, F. de Vegt, C.D.A. Stehouwer, G. Nijpels, L.M. Bouter, 
and R.J. Heine. Institute for Research in Extramural Medicine, Vrije Universiteit, 
Amsterdam, the Netherlands. 

Aims - Physical activity is independently associated with a lower mortality risk in the 
general population. It is also known that regular exercise has a beneficial effect on 
cardiovascular risk factors and glycaemic parameters. Therefore physical activity is 
also expected to reduce mortality risk in diabetic patients. 
Materials and Methods - The Hoorn Study is a population-based cohort of 2466 
subjects, aged 50-75 years. Glucose tolerance was defined according to WHO
criteria. Physical activity was assessed by questionnaire. Subjects were grouped into 
tertiles of physical activity level (min per day). Until October 1997, 223 subjects died. 
Relative risks for all cause mortality were estmated by Cox regression. 
Results - Among subjects with normal glucose tolerance the age- and sex adjusted 
relative risk (95% CI) for all cause mortality were 0.59 (0.38-0.90) and 0.84 (0.57-
1.22) for subjects in the intermediate and the high~st activity group, relative to the 
inactive subjects. In subjects with diabetes these relative risks were 0.78 (0.36-1.69) 
and 1.00 (0.50-1.99) respectively. Adjustement for smoking and other prevalent 
chronic disease did not change the estimates, adjustment for putative intermediating 
variables (waist-hip ratio, fasting insulin, HDL-cholesterol) weakened the observed 
lower risk in the intermediate groups. 
Conclusions - Contrary to expected, and the observations in the non-diabetic 
subjects, the diabetic patients did not benefit of physical exercise with respect to 
mortality risk. 
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HYPERFIBRINOGENEMIA, METABOLIC SYNDROME AND 
CORONARY HEART DISEASE IN TYPE 2 DIABETES: A 
POPULATION-BASED STUDY 
G.Bruno, P.Cavalio-Perin, G.Bargero, N.D'Errico, M.Borra, G. 
Macchia and G.Pagano. Dept. of Internal Medicine, University of 
Turin; Ospedale S. Spirito, Casale Monf.to; Italy 

Fibrinogen has been suggested to cluster with several components 
of the metabolic syndrome, thus increasing its cardiovascular risk. 
Aims: to assess in a large population-based cohort of type 2 
diabetes I) variables associated with fibrinogen; 2) the relationship 
between fibrinogen, the number of components of the metabolic 
syndrome and coronary heart disease (CHD). Materials and 
Methods: we examined 1574 patients (80% of a population-based 
cohort). Components of the metabolic syndrome were hypertension 
(systolic blood pressure~160 mmHg and/or diastolic blood 
pressure~95 mgHg), dyslipidemia (triglycerides>2.82 mmol/L 
and/or HDL-cholesterol <1.03 mmoIlL), hyperuricemia (uric 
acid>416 umollL) and increased albumin excretion rate (AER ~ 20 
ug/min). CHD was defined on the basis of ECG abnormalities 
(Minnesota codes). Results: Fibrinogen increased lineraly with age, 
smoking and hypertension; an increasing trend with the increasing 
number of components of the syndrome (only diabetes, one, two, 
three or more) was evident in both sexes, even after adjustment for 
age, smoking, diabetes duration, HbAlc, BMI, and CHD: 
328.3±10.5, 347.2±7.2, 373.8±7.0 and 375.7±12.1 mg/dl in men 
(p<O.OOI for linear trend); 335.9±10.4, 365.5±5.0, 377,5±5.7 and 
383.6±9.5 mgldl in women (p<O.OOI). Prevalence of CHD also 
increased linearly (from 19% to 33%, p<O.OOI). Conclusions: 
fibrinogen increases linearly with the number of components of 
the metabolic syndrome, independently on major confounders, 
suggesting its role in this cluster of risk factors. 

15 
A METHOD FOR ANALYSING AND INTERPRETING APPARENT 
VARIATIONS IN DIABETES AND ITS COMPLICA nONS 
JP New', C Wallace', MA Roxburgh', RJ Young', NJA Vaughan' and P 
Elliott' 
'British Diabetic Association and 'Dept of Epidemiology and Public Health, 
Imperial College School of Medicine, London, UK. 

Aims To investigate whether aggregated data from diverse diabetes 
information systems (DIS) can be analysed robustly to determine real 
geographical differences ( clusters) in the prevalence of diabetes and diabetes
related amputations (ORA). 
Methods Data (1997) were amalgamated from 10 adjoining DIS in 
North-West England (3 different manufacturers; 7 clinic based, 3 population 
based). The age-sex adjusted prevalence of diabetes and ORA were calculated 
for each electoral ward, defined by postcode. After adjusting for social 
deprivation (Carstairs' quintiles; CQ), ethnicity and hospital, expected 
prevalence and relative risks were examined using tests for heterogeneity of 
risk and empirical Bayes methods to smooth for the large component of 
random variation. 
Results 31, 469 people with diabetes and 422 diabetes related amputations 
were recorded in 230 wards (total population 1,809,021, prevalence diabetes 
1.7%). Analysis of RR of diabetes demonstrated: significant unexplained 
residual heterogeneity (p<O.OOO I); associated with increased deprivation 
(RR= 1.34 for deprived compared to affluent, 95%CI = 1.09, 1.58); a 1.91 fold 
between hospital difference. Raw data for DRA demonstrated numerous 
apparent "black-spots" (RR > lAO); deprivation, hospital effects and random 
variation explained the majority of these differences. 
Conclusion If such data routinely collected during clinical care are 
analysed using appropriate statistical methods, it may be possible to derive 
robust measures of geographical variations in the prevalence of diabetes and 
its complications. These methods could identify areas of effective care and 
would be suitable for health services (St Vincent) monitoring. 

14 
THE EFFECTS OF DEPRIVATION ON DIABETES PREVALENCE, 
DIABETIC CONTROL AND CARDIOVASCULAR RISK IN SCOTLAND: 
A POPULATION-BASED STUDY 
JMM Evans, RW Newton, DA Ruta, TM Macdonald and AD Morris for the 
DARTSIMEMO Collaboration, Ninewells Hospital and Medical School, 
Dundee, UK 

There are no population-based United Kingdom data on the link between 
diabetes and social deprivation. Aims: The DARTS diabetes register of 
Tayside, Scotland, was used to investigate the link between deprivation and i) 
prevalence of diabetes ii) diabetes control and iii) cardiovascular risk factors 
Methods: The study population comprised all Tayside residents during the 
study period (Jan 93 - Dec 95) who could be assigned a 'Carstairs' 
deprivation category (depcat). This is a postcode-based measure based on 
four census variables. Patients who had type 1 or type 2 diabetes diagnosed 
prior to January 1993 were identified from DARTS. Diabetic control was 
determined from HbAlc values; cardiovascular risk factor information was 
obtained from hospital and primary care records. Results: In the population 
of366,849, there were 792 patients and 5,474 patients with type I and type 2 
diabetes respectively. The prevalence of type 2, but not type I, diabetes 
varied by deprivation. People in depcat 6 (least affluent) were 1.6 times more 
likely to have type 2 diabetes than those in depcat I (adjusted odds ratio 1.6; 
95% C.l. 1.43-1.82; P < 0.001). There was no association between 
deprivation and glycaemic control or blood pressure. As depcat increased 
there were increasing proportions of 'ClUTent' smokers and decreasing 
proportions of 'never' smokers in type I and type 2 diabetes. There was a 
clear increase in BMI with increasing depriva~on in type 2 di~betes; mean 
BMI for depcat I and depcat 6 was 26.2kglm and 29.5kglm respectively; 
p<O.OOI. Conclusions: The association between deprivation and increasing 
prevalence of type 2 diabetes provides yet more evidence for the increased 
demand for health care resources in more deprived patient groups. A large 
part of the increase in prevalence is explained by obesity. 

16 
IMPLICATIONS OF CHOLESTEROL MANAGEMENT GUIDELINES 
FOR DIABETES: A POPULATION BASED STUDY 
G Brennan, M Devers, DlR Boyle, R MacAlpine, D Steinke, TM 
MacDonald, RW Newton, DH Lawson and AD Morris for the 
DARTSIMEMO Collaboration, Ninewells Hospital and Medical School, 
Dundee, UK, and Scottish Council for Postgraduate Medical Education 

Statins are effective drugs in the primary and secondary prevention of 
coronary heart disease (CHD). Guidelines exist based upon absolute CHD 
risk assessed from multiple risk factors and derived from the Framingham risk 
equation. Aims: To determine population based data on the implications of 
lipid lowering guidelines in type I (DMI) and type 2 (DM2) diabetes. 
Methods: Using the DARTSIMEMO database (1997-1998) of cardiovascular 
disease and risk factors (total cholesterol (TC)/HDL, smoking, age, BP, sex) 
of all diabetic patients in Tayside (population 364880; DM2 n=7127; DMI 
n=1055) Scotland, we applied guidelines based upon the 4S study and the 
Framingham risk equation (secondary prevention: TC>5.0mmollL; primary 
prevention >30% risk ofCHD over 10 years). Results: In DMI 53 (8.9%) of 
males (M) and 36 (8.4%) offemales (F) had a previous macrovascular event; 
the corresponding figures for DM2 were 1384M (37.2%) and 1166F (34.3%) 
respectively.Ofthose <75 years old, 55.3% M and 76.5%F ofDMI, and 
58%M and 73%F ofDM2 had TC>5.0 mmollL and were eligible for statin 
therapy. In the 537M and 423F «75 years) with DMI in the primary 
prevention group, the estimated 10 year risk ofCHD was 0-15% in 93%M, 
98%F; and, 15-30% in 7%M, 2%F. No subjects with DMI (primary 
prevention) had >30% risk o[CHD over 10 years. In the 1893 M and 1575 F 
«75 years) with DM2 in the primary prevention group, the estimated 10 year 
risk ofCHD was 0-15% in 27%M, 32%F; 15-30% in 49%M, 55%F; and 
>30% in 24%M, 13%F respectively. Conclnsions: These population data 
demonstrate that current guidelines recommend lipid lowering therapy for 
8.6%M and 7.6%F with DMI, and 36%M and 31 %F with DM2, aged <75 
years. Umnet need for secondary prevention is >70% in females with both 
DMI and DM2. We believe the Framingham risk equation significantly 
underestimates risk in DMI. 
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STREPTOCOCCAL WALL COMPONENT (OK432) RESTORES 
SENSITIVITY OF NOD THYMOCYTES TO APOPTOSIS 
B.Decallonne, K.Casteels, C.Gysemans, R.Bouilion and C.Mathieu. Laborato!), 
for Experimental Medecine and Endocrinology (LEGENDO),Catholic University 
ofLeuven, Herestraat 49,3000 Leuven, Belgium 
OK432, a streptococcal wall component, prevents type I diabetes in the NOD 
mouse and the BB rat. Transfer and cotransfer experiments have revealed the 
presence of suppressor cells, but elimination of suppressor cells by 
cyclophosphamide could not break the protection, suggesting elimination of 
effector cells as mechanism of protection. Aim: The aim of this study was to 
investigate whether treatment of NOD mice with OK432 resulted in enhanced 
sensitivity of NOD lymphocytes to apoptosis signals. Materials and methods: 
Male NOD mice were treated with OK432 (O.lmglkg) administered 
intraperitoneally once a week or with the treatment vehicle (PBS). PBS injected 
male CS7BI/6 mice served as controls. Apoptosis was measured by the TUNEL 
method in thymocytes 16h after cyclophosphamide (70mglkg) or 24h after 
dexamethasone (0.2mglkg) and in splenocytes 16h after cyclophosphamide 
injection. Results: Apoptosis after dexamethasone in thymocytes was as 
expected lower in NOD (4S±3%) compared to CS7BI/6 mice (63±S%, p<O.OOS) 
but treatment with OK432 clearly enhanced the sensitivity to the apoptosis signal 
in NOD mice (62±4%, p<O.OOS). After cyclophosphamide again a clear 
improved apoptosis rate was observed in the OK432 treated mice in thymocytes 
(l8±4% vs 8±1% in control NOD (p<O.OS) and 22±4% in CS7B1/6), but not in 
splenocytes (13±1% vs IS±2% in control NOD (NS) and 3S±2% in CS7BI/6). In 
a second part of the study the experiments were repeated in female mice. First we 
confirmed the previously observed sex difference in apoptosis sensitivity, but 
also in female mice OK432 enhanced the sensitivity of thymocytes (1l±2% vs 
6±1% in control NOD (p<O.OS) after cyclophosphamide and 39±S% vs 26±3% in 
control NOD (p<O.OS) after dexamethasone) but not splenocytes (8±1% vs 
I O± I % in control NOD (NS) after cyclophosphamide). Conclusion: These data 
indicate that the elimination of effector cells by OK432 in NOD mice might be 
induced through better elimination of these cells centrally in the thymus, by 
improved apoptosis. 

19 
DECREASED INTESTINE PERMEABILITY, ALTERED VILLUS ARCHITEC
TURE AND BRUSH BORDER ENZYMES IN SMALL INTESTINE OF NOD MICE 
D. P. Fundal.', M. Jirsa Jr4, H. KozAkova', A. Kaasl, O. Kofronova', H. Tlaskalova
Hogenova' and K. Buschard l IBartholin Instituttet, Copenhagen, Denmark; 'Dep. 
Immunology and 'Electron Microscopy, Institute of Microbiology, Czech Acad. Sci., 
'Dept. Clinical Biochemistry, Charles University, Prague, Czech RepUblic. 

Aims: The involvement of gut mucosal inunune system has been reported in 
ethiopathogenesis of IDDM. Gut development and maturation may playa critical role in 
balancing the gut mucosal inunune system. We have previously reported the impairment 
of gut mucosal inunune system in NOD mice. In this study we investigated intestine 
permeability, villus architecture and activities of brush border enzymes within the gut 
mucosa of NOD compared to BALB/cJ female mice. Materials & Methods: Using gas 
chromatography assay, the intestine permeability of 8-week-old NOD versus BALB/cJ 
mice was determined by measuring the lactulose/rhamnose ratio in urine. Jejunal 
activities of lactase, sucrase, dipeptidyl peptidase IV (DPP IV), glucoamylase, y
glutamyltransferase and alkaline phosphatase were assessed. Villus architecture was 
examined by scanning electron microscopy. Results: Significantly decreased intestine 
permeability, measured as urine lactulose/rhamnose ratio (0.039±0.004 vs. 0.332±0.131 
SEM; p<O.OS) was found in NOD compared to BALB/cJ mice. No Significant changes 
were observed in jejunal activities of DPP IV, glucoamylase and y-glutamyltransferase. 
Interestingly, immature character of jejunum in NOD mice was documented by 
significantly increased lactase (9.42±1.38 vs. 6.14±0.53; p<0.05) and decreased sucrase 
(l2.06±0.S2 vs. IS.9S±1.4S; p<O.OOI) activities in nkatimg compared to BALB/cJ 
mice. In addition, alkaline phosphatase values, in nkatimg, were substantially increased 
in NOD mice (l2.99±1.02 vs. 8.52±0.29; p<O.OI). Finally, scanning electron 
microscopy revealed substantially smoother villus architecture in jejunum of BALB/cJ 
compared to NOD female mice. Conclusion: Thus, our results showed a decreased 
intestine permeability, altered villus architecture, and inunature-activated enzyme profile 
of the small intestine of pre-diabetic NOD compared to BALB/cJ mice. We suggest that 
decreased intestinal permeability in NOD mice could lead to failure in proper, early 
antigenic stimulation of gut mucosal inunune system. The impairment of gut mucosa in 
NOD mice may serve as a gateway for autoimmunity, e.g. by failing to shape the proper 
mucosal immune response to outer environmental stimuli. 

18 
Diet promotes ~-cellloss by apoptosis in prediabetic NOD mice 

Thomas Linnl, Christine Stratel, and Kerstin Schneider I 

Insitutional Affiliation 
IMedieal Clinic III and Policlinic, Justus Liebig University, Giessen, Germany. 

Abstract 
Diet as an environmental factor influences age of onset in models of spontaneous 
insulin dependent diabetes mellitus. We reported recently that a protein - rich 
diet accelerated diabetes incidence in NOD mice. In the present study, we 
investigated the effect of diet on j3-cells and glucose metabolism of NOD mice 
before diabetes onset. Three different diets were maintained from 4 weeks on: 
LF (12% fat, 21% protein, 68% carbohydrates), HF (39% fat, 17% protein, 
43% carbohydrate), and HFHP (43% fat, 38% protein, 19% carbohydrates) diet. 
The cumulative incidence of diabetes was 92% for HFHP, 80% for HF (n.s.) and 
6S% (p<O.OI) for the LF cohort. At 20 wk of age insulin secretion of the isolated 
pancreas was doubled for the HF diet and 4.4 times higher for the HFHP fed 
mice compared with the LF group. Feeding HF and HFHP reduced total glucose 
utilisation during continuous insulin infusion (1 mUlkg) by 34% (p<O.OS). 
HFHP, but not HF diet elevated endogeneous glucose production by 4S% 
(p<O.OS) compared with the LF group. ~-cell mass estimated by imaging 
analysis was initially high in young HFHP fed mice aged 10 wk, but declined 
rapidly thereafter (HFHP 1.6 ± 0.2 (p<O.OS vs. LF), HF 2.4 ± 0.4 (n.s. vs. LF), 
and LF 2.1 ± O.S mg at 30 wk). Reduction of 
~-cell mass was associated with HF 14% (p<O.OS vs. LF) and HFHP 82% 
(p<O.OI vs. LF) more apoptotic ~-cells at 30 wk. Depending on age, 1.2 - 3.1 of 
I 000 ~-cells were in a stage of proliferation without significant differences 
among the dietary groups. In conclusion, HFHP diet was associated with 
impaired glucose metabolism and high insulin release followed by enhanced 
diabetes incidence. Diabetes was promoted by increased rate of cell death over 
~-cell neogenesis. 

20 
AUTOREACTIVE T.-CELLS OF BB RATS DO NOT ATTACK ruN-CELLS 
H. Wanka, A. Hartmann and B. Kuttler; Institute of Pathophysiology, University of 
Greifswald, Germany 

Aim: T-Iymphocytes from Type-I diabetic patients and NOD mice bind to 
xenogeneic rat insulinoma (RIN) cells. Therefore, it was concluded that RIN-cells 
express diabetes-relevant antigens and that they are suitable targets for recognizing 
autoimmune T-cells in diabetic and prediabetic patients. We, therefore, investigated 
whether specific cell subsets from BB rats are cytotoxic to RIN5AH-cells. 
Additionally, we determined the expression of MHC- and adhesion molecules on 
RIN-cells because cytotoxicity is decisively influenced by these surface antigens. 
Materials and Methods: Cytolytic reactivity of effector cells was quantified by the 
release of SICr from damaged RIN-cells in comparison to syngeneic islets. Whole 
splenic MNC's, peritoneal macrophages, positively separated TH-cells and NK-cells 
from young normoglycaemic BB- and control LEW. I W rats served as effector cells. 
Antigen expression on RIN- and islet cells was measured by FACS analysis using the 
monoclonal antibodies aXIs (MHC class I), OX6 (MHC class II) and IA29 (ICAM
I). Results: In the cytotoxicity assay, MNC's from 23.3% ofBB rats destroyed RIN
cells. Cytolytic reactive MNC's directed to islets were detectable in 6S.6% of BB 
rats. RIN-celllysis was caused by NK-cells in 66.7% and by T J{"cells in 11.1 % ofBB 
rats. But also NK-cells from S8.3% of LEW. I W rats showed cytolytic reactivity to 
RIN-cells. Damage of syngeneic islets was realized by TH-cells in 77.S% ofBB rats. 
Additionally, in 2S.0% and 16.S% of BB rats macrophages and NK-cells, 
respectively, showed islet-directed reactivity. MHC class I and class 11 antigens were 
expressed on 94.0±0.6% and 6.8±1.2% of RIN-cells. Their expression was 
significantly lower on islet cells (class 1: 6S.9±3.4%, class II: 2.4±0.6%, p';O.OI). 
ICAM-I was present on 92.S±0.S% of RIN- and 4.2±0.7% of islet cells (p';O.OI). 
Conclusions: The results suggest, that autoimmune islet damage in BB rats is mainly 
mediated by TH-cells, while further signals seem to be necessary for RIN-celllysis by 
this cell subset. Therefore, for recognition of autoimmune T-cells RIN-cells are not 
suitable as target in the cytotoxicity assay. The observed NK-cell mediated lysis of 
RIN-cells could be due to the significantly increased expression of ICAM-I 
molecules which may facilitate the interaction between NK- and RIN-cells. 
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21 
RESCUE OF REMAINING ~-CELLS AT ONSET OF TYPE 1 
DIABETES 1N THE BB RAT. 
S.B. Rasmussen, T.S. Sorensen, and H. Markholst. Hagedorn Research 
Institute, Gentofte, Denmark 
~-cell rest can be induced by the use of potassium channel openers (PCOs) which via 
interaction with the A TP-dependent potassium channels on these cells block the 
glucose mediated ~-cell depolarisation and inhibits insulin secretion. At diabetes 
debut - defmed as a blood glucose level above 8.5 mM - BB rats were maintained on 
intensive insulin therapy for eight days by subcutaneous implantation of an insulin 
tablet persistently delivering I U/day. Furthennore, the animals received either 100 
mg/kg/day of diazoxide - a well-known PCO, or 0.2 ml of vehicle by oral gavage. 
On day nine the insulin tablet was explanted and the rats were fasted overnight. 
During the fast, a minimum dose of long-acting zinc protracted bovine insulin was 
administered sc. to avoid severe ketoacidosis. The rats underwent a stimulated 
insulin secretion test by intravenous administration in the tail vein of the 
secretatogue arginine (0.5 glkg). If the blood glucose level was below 10 mM at the 
time point t=O, I glkg of glucose was injected 2 min prior to the arginine 
administration to potentate the insulin secretory effect. Blood samples for C-peptide 
concentration detenninations were taken at the time point t=l, 3, 5, 10, and 15 min 
after arginine administration. The rats were sacrificed and three parts of the pancreas 
were excised for immunohistochemical evaluation. 37.5% of the diazoxide treated rats 
(3/8) retained a nonnal C-peptide response, whereas none of vehicle treated rats (0/8) 
exhibited a C-peptide response. Immunohistochemical staining for insulin and 
glucagon showed that the C-peptide responding rats all had insulin containing 
pancreatic islets with near-nonnal peripheral distribution of glucagon-containing a
cells, while islets from non-responding rats displayed heavy infiltration reaching end
stage with a-cells occupying most of the islet area. 

In conclusion, target cell rest by use of the PCO diazoxide may be a 
prominent contributor to rescue of ~-cells resulting in a dampening or even 
prevention of manifest autoimmune diabetes when initiated at early states of the 
disease development. 

23 
A novel poly (ADP-ribose) synthetase inhibitor, 5-iodo-6-amino-1 ,2-benzopyrone, 
protects mice from multiple-low-dose-streptozotocin induced diabetes. 

J.G. Mabley, G. Hasko, A. Salzman and C. Szabo. Inotek, Cincinnati, OH, USA. 

The activation of poly (ADP-ribose) synthetase (PARS) in islet B-cells is thought 
to critically reduce cellular NAD levels resulting in an inhibition of cell functions 
and ultimately cell necrosis. Multiple-Iow-dose-streptozotocin (MLDS) treatment 
of mice induces insulitis ard progressive hyperglycemia. The aim of this study 
was to determine if a novel, potent, non-toxic and effective PARS inhibitor, 5-
iodo-6-amino-I,2-benzopyrone (INH,BP), could protect against MLDS induced 
diabetes in BALBc mice. Male mice were treated with INH,BP (20 or 
60mglkg/day by gavage) for I week prior to the first streptozotocin (stz) injection 
and throughout the study. Diabetes was induced by IP injection of stz (40mglkg 
body weight) or vehicle (citrate buffer) on five consecutive days, blood glucose 
was monitored over a 21-day period after the first stz injection. Pancreas samples 
were taken on day 21 ard total insulin extracted ard expressed as ng insulin/mg 
protein. The stz treated mice developed hyperglycemia over the 21 days, blood 
glucose levels of90.8±2.9 and 232±lmg/dl (p<0.05, n=12) on day I and 21 
respectively, with 83% of the mice diabetic (blood glucose> 200mg/dl) on day 21. 
The lower dose of INH,BP (20mg/kg/day) had no effect on diabetes incidence or 
blood glucose levels but mice treated with 60mglkg/day INH,BP had a mean 
blood glucose of 163.4±18mg/dl on day 21 which though higherthan control mice 
(95.5±3.4mgldl, p<0.05) was significantly lower compared to mice treated with stz 
alone (p<0.05, n=12), diabetes incidence was also reduced from 83% to 33% 
(p<0.05 vs. stz alone). Stz treatment decreased parcreas insulin content from 
86±5.6 to 22.4±3.8 ng insulin/mg protein (p<0.05), INH,BP at both doses, 20 or 
60mglkglday, prevented this decrease, insulin content 51±12 ard 61.l±11.8 ng 
insulin/mg protein respectively (p<0.05 vs. stz alone). PARS·I. mice were also less 
susceptible to MLDS having a delayed onset and reduced incidence of diabetes 
compared to PARS'" mice on day 21, reduced from 87.5% to 50% (p<0,05 vs. 
PARS ,I,). In conclusion this data suggest that activation of PARS plays a role in 
the pathogenesis of type I diabetes. 

22 
DOSE DEPENDENT EFFECT OF PROPHYLACTIC INSULIN: 
HIGH DOSES CRITICAL FOR PREVENTION OF DIABETES. 

J.S. Petersen1
, D. Karounos2, and T. Dyrberg2. INovo Nordisk, DK-

2880 Bagsvaerd, Denmark. 2University of Kentucky, USA. 

Prophylactic subcutaneous insulin administration can prevent the 
development of diabetes in NOD mice and BB rats and is currently 
being studied in first degree relatives with high risk of developing 
type I diabetes. To explore the potential of this therapy, we investi
gated the influence of insulin dose and treatment regime. 
Female NOD mice were treated from 12 weeks of age with daily 
subcutaneous insulin injections of 7.2 U/kg, 0.3 U/kg, or buffer. At 
47 weeks of age only 38% (8/21) of NOD mice treated with the 
high dose had developed diabetes. In contrast, 87% (20/23) of the 
mice treated with the low dose had developed diabetes (p<0.05) 
similar to the 75% (18/23) of the buffer treated. 
Insulin must be given frequently to be protective. Thus, using even 
higher doses (21.6 U/kg) and starting treatment early (5 weeks of 
age), 37% (13/35) of mice treated five times a week developed dia
betes compared to 80% (16/20) of mice treated twice a week with 
insulin or with buffer alone (p<0.05). 
In conclusion, these studies demonstrate the critical importance of 
dose level and treatment regime for preventing diabetes in the NOD 
mouse. Dose levels similar to what is currently being used in hu
man trials (0.3 U/kg) do not appear to prevent disease in this animal 
model. 

24 
REGULATION OF TYROSINE PHOSPHATASE IA-l GENE EXPRESSION 
IN INS-l INSULINOMA CELLS 
J. Seissler, T.B.T. Nguyen, H. Steinbrenner, W.A. Scherbaurn. Diabetes-Research 
Institute, University of Duesseldorf, Gennany. 
Aims: The tyrosine phosphatase-like protein 1A-2 has been described as major 
target autoantigen in type I diabetes. Since the function and the regulation of IA-2 is 
still poorly defmed, we here investigate the effects of metabolic factors and 
immunomodulatory cytokines on expression of IA-2 mRNA levels. 
Material and Methods: To measure IA-2 mRNA expression we developed a 
quantitative RT-PCR using internal homologous competitors for ll-actin (to 
nonnalise mRNA levels) and 1A-2 (to quantitY IA-2 mRNA levels). Studies were 
performed with the partial glucose sensitive INS-I insulinoma cells. Cells were 
stimulated for 6h - 6 days with glucose (125-375 mg/dl), tolbutamide (5-10 ~glml), 
forskolin (10 ~M), TNFa (200·1000 Vlml) IL-Ill (1O-100 Vlml), INFr, and IL-4 
(10-500 VIm!). 
Results: Glucose affects IA-2 mRNA expression in a time· and concentration
dependent manner. The maximal stimulation (285±68% of control) was achieved by 
long term exposure to high glucose concentration (6 days, 375md/dl) (n=3, 
p<0.05). The maximal stimulation (451±85%, n=4) was observed after incubation 
with forskolin (24h, 10I'M). Treatment with TNFa (1000 U/ml, 24 h) and IL-Ill (60 
Vlml, 24 h) resulted in a 2-3 fold suppression ofIA-2 mRNA levels (36±16% and 
40±17% of control, n=4, p<O.OOI). In contrast, tolbutamide, IL-4 or JNFy did not 
show any significant effect. 
Conclusions: This study provides the first data on the regulation of IA-2 mRNA 
expression. Since glucose and forskolin lead to a significant increase in IA-2 mRNA 
levels, our data suggest that JA-2 may be involved in glucose-induced insulin 
secretion and that the regulation may be mediated by cAMP. The importance of the 
inhibitory effect of the diabetogenic cytokines IL-IB and TNF-a on IA-2 
autoantigenicity is under investigation. 
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ANGIOTENSIN CONVERTING ENZ)'ME INHIBITORS MODULATE TIIE 
HIGH GLUCOSE EFFECTS ON EXTRACELLULAR MA TRlX SYNTHESIS. 
R. Cipriani, A. Gabriele, M. Sensi, L. Guidobaldi, F. Pantellini, M.G. Cerrito", S. 
Scarpa", U. Di Mario and S. Morano. Dipartimento di Scienze Cliniche, 
Endocrinologia, *Dipartimento di Medicina Sperimentale, Universita "La Sapienza", 
Roma, ltalia. 
Alterations in extracellular matrix (ECM) metabolism have been involved in 
the pathogenesis of diabetic nephropathy and angiotensin converting enzyme 
inhibitors (ACEIs) have been shown to modifY ECM protein synthesis in in 
vitro studies. Aims: to evaluate the effects of elevated glucose concentrations 
and of ACEI on the extracellular matrix production by mouse glomerular 
epithelial cells (GEC). Materials and Methods: GECs were incubated in 
media containing physiological (5mM) and elevated glucose (30mM) 
concentration for four days. Then, an ACEI (enalaprilat), 0.3 mM, was added 
to all axperimental conditions for 24 hours. Laminin, type IV collagen and 
fibronectin cell content and extracellular release into the medium were studied 
using 35-8 methionine metabolic labelling and immunoprecipitation. Results: 
laminin was mainly (85%) present in the cell extract while incubation of cells 
in high glucose determined only an increase of the released glycoprotein 
fraction (p<0.01). Type IV collagen was completely intracellular and the 
production was not modified by high glucose. Fibronectin was completely 
released into the medium and its production was not modified by high glucose. 
Following incubation with ACEI, laminin production was significantly 
decreased in high glucose cultured cells (p<O.OOI). Presence of ACE! 
prevented the production of type IV collagen in all experimental conditions. 
The ACE! determined an increase of fibronectin released exclusively by high 
glucose cultured cells (p<O.OOI). Conclusions: these results indicate that in the 
presence of high glucose ECM protein production is modified. ACEIs appear 
to greatly reduce the concentrations of the two principal structural components 
of the basement membrane, laminin and type IV collagen. The reported 
improvement of renal function in diabetic patients treated with ACEI may in 
part be due to a modulatory effect on ECM production. 

27 
INHIBITION OF MITOGEN-ACTIVATED PROTEIN KINASE 
NORMALISES CELL GROWTH IN DIABETIC NEPHROPATHY. 
G. Zerbini, G. Meregalli, V. Asnaghi, F. Tentori, A. Maestroni, and 
R. Mangili. Istituto Scientifico San Raffaele, Milano, Italy. 
Faster cell proliferation rate characterises human skin fibroblasts from 
IDDM patients with nephropathy. Aim: To evaluate whether the 

inhibition of mitogen-activated protein kinase (MAPK), a key point of 
the intracellular pathway, may allow to control excess proliferation in 
diabetic nephropathy. Materials and Methods: We evaluated the 
effect ofPD 098059, a specific inhibitor ofMAPK on the proliferation 
rate of fibroblasts obtained from 40 patients with IDDM (20 with 
established diabetic nephropathy and 20 age, sex and duration of 
IDDM matched patients with normoalbuminuria) and 10 age and sex
matched non-diabetic control individuals. Cell proliferation rate was 
measured by direct cell count (Cell Coulter) at the 6th coltural passage 
in presence or absence ofPD 098059 (kind gift of Parke-Davis, Milan, 
Italy). Results: Proliferation rate was faster in fibroblasts from 

patients with (0.175±O.009 J05ceUs'day-l, mean±SEM) than without 
nephropathy (0.110±0.009, p=O.OOOI) and from non-diabetic 
individuals (0.094±0.008, p=O.OOOI). Inhibition of MAPK induced a 
reduction of proliferation rate that was larger in patients with 

nephropathy (0.079±0.006 105ceUs'day-l, 55% reduction) when 
compared to patients with normoalbuminuria (0.068±0.006, 38% 
reduction) and to non-diabetic controls (0.064±0.006, 32% reduction), 
so that proliferation rates were similar among the three groups studied 
under these conditions. Conclusion: Inhibition of MAPK normalises 

cell proliferation rate in fibroblasts from IDDM patients with 
nephropathy, suggesting the MAPK activation pathways as possible 
origin of this dysfunction. 

26 
CALCIUM RELEASE BY ANGIOTENSIN U AND GROWTH RATE IN 
FIBROBLASTS FROM TYPE I DIABETIC PATIENTS_ 
G. Ceolotto, E. lori, E. Baritono, S. Del Prato, Semplicini A. and Trevisan R .. 
Department of Clinical and Experimental Medicine, University of Pad ova, Italy. 
Aims: Whether an alteration in intracellular free calcium (Ca'+,) mobilisation after 
exposure to angiotensin D( AIl) is associated to an increased cell proliferation in cells 
from type I diabetic patients with nephropathy is unknown. We therefore examined 
Ca'+, changes after acute exposure to AIl and celli proliferation in cultured skin 
fibroblasts from 10 type I diabetic patients with nephropathy (DN), 9 without DN 
(matched for age, diabetes duration and metabolic control) and from a group of 7 
matched normal controls (C). Materials and Methods: Ca'+, was investigated in 
monolayers of cultured skin fibroblasts after six passages. Spectrofluorophotometric 
Ca'+, measurements were performed using Fura-2. Cell proliferation was determined 
by cell count. Results: (mean±SEM) Basal Ca'+, in quiescent (24h serum-deprived) 
fibroblasts was 71±4 nM in type I diabetic patients with DN, 54±3 in those without 
and 72±3 in C. All evoked a fast and transient rise in Ca"" which was higher in 
fibroblasts from type I diabetic patients with DN (240± 17 nM; P < 0.001) than that 
observed in cells from patients without DN (145±9) and in C (l30±2 nM). The AII
induced changes of Ca'+, were completely blocked by the specific inhibitor Losartan 
(IOOnM). Cell proliferation rates were higher in patients with DN (mean doubling 
time 3.8±0.8 day, p < 0.05) than in those without (7.8±2 ) and normal controls 
(7.9± 1.9). In the whole population of diabetic patients, the increase in Ca'+, was 
inversely related with mean doubling time (r ~ -0.45; p<O.OOI). Conclusions: In 
conclusion, we have described an association between increased cell proliferation rate and 
responsiveness ofCa'+, to AIl in fibroblasts from type I diabetic patients with DN. This 
increased responsiveness, persisting in long-term cultured fibroblasts, suggest that the 
increased susceptibility to nephropathy resides in an intrinsic (possibly genetic) determined 
host -cell response to diabetes. 

28 
ACTIVITY AND ISOFORM EXPRESSION OF PROTEIN KINASE C IN 
CULTURED FIBROBLASTS FROM TYPE I DIABETIC PATIENTS. 
E. lori, G. Ceolotto, C. Marescotti, E. Baritono, M. Vedovato, A. Semplicini, S. Del 
Prato, A. Tiengo and R. Trevisan. Department of Clinical and Experimental 
Medicine, University of Padova, Italy. 
Aims: Abnormal activation of PKC by hyperglycaemia may underlie some of the 
long-term complications of diabetes. To verify whether individual susceptibility to 
diabetic nephropathy (DN) resides in an intrinsic different host-cell response to 
diabetes, we compared the effect of different glucose levels on the activity and 
isoform expression of PKC in cultured fibroblasts from 10 type I diabetic patients 
with DN with that in cells of 10 patients without DN. Nine normal subjects of similar 
age and BMI served as control. Materials and Methods: Forearm skin fibroblasts 
were cultured (6 passages) in either 5mM (NG) or 20 mM (HG) glucose 
concentrations. PKC activity was measured by in situ PKC assay that used a specific 
peptide PKC substrate in digitonin-permeabilized fibroblasts. PKC isoforms were 
determined in cytosol and membrane fractions by Western blot analysis. Results: 
(mean±SD) In NG, in situ PKC activity was significantly higher in type I patients 
with DN (14301±128Oy-3Jp cpmJ mg protein! min; p<O.OI) than in those without 
(8281±809) and normal controls (7341±774). This difference was due to increased 
levels of PKC ct in the membrane fraction of fibroblasts from type I patients with 
DN. No difference was observed in the expression ofPKC e and 1; in fibroblasts in all 
the groups. lsoform 1m was not present in these cells. Incubation in HG induced a 
significant increase in PKC activity compared to NG only in fibroblasts from patients 
with DN (from 14301 ± 1280 y_3Jp cpmJ mg protein! min to 19551 ± 1530; p<O.OI), 
with no significant changes in cells from diabetic patients without DN and normal 
subjects. This effect of HG was not associated with significant changes in PKC 
isoform expression. Conclusions: In NG, an increased PKC ct expression may 
explain the higher PKC activity in fibroblasts from type I diabetic patients with DN. 
The further increase induced by HG observed in these patients was not associated to 
significant changes in PKC isoform expression. 
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29 
ANTIBODIES TO KIDNEY'S BASAL MEMBRANE IN PATIENTS 

WITH DIFFERENT STAGES OF DIABETIC NEPHROPATHY 
J.Tadjieva, and B.N.Mankovsky Institute of Endocrinology and 

Metabolism, Kiev, Ukraine 
Aims: There are some evidences that immune mechanisms may play 

a role in the pathogenesis of diabetic nephropathy. Therefore, the aim of this 
study was to investigate the presence of antibodies (AB) to basal membrane of 
kidney's glomeruli in plasma of patients with 100M with different stages of 
nephropathy. Materials and Methods: We studied 56 100M patients aged 
16-50 years (mean age 28.6±1.1 years, data presented as mean±SEM) with 
the mean duration of diabetes 12.6±1.1 years and 24 age-matched controls. 
AB to basal membrane were determined using specific radioimmune assay. 
The resuhs between groups were compared using x2 and Fisher tests. Results: 
In control group there was no presence of AB to kidney's basal membrane. 
We found that AB were present in 15 patients with 100M (26.7%). In the 
group of 100M patients with the presence of AB to basal membranes the high 
concentration of AB was noticed in 6 patients while in 9 people it was 
moderately increased level of AB. Subsequently, we analyzed the presence of 
AB in 100M patients with different stages ofnepbropathy using Mogensen's 
staging system. AB were found in 3 patients withont nephropathy (21.4%), in 
1 patient with nephropathy 1-11 stage (14.3%), in 5 of those with nephropathy 
III stage (29.4%), in 6 subjects with nephropathy IY stage (42.9%), and in 
none of patients with end-stage renal disease. Conclusions: We may conclude 
that AB to basal membrane of kidney's glomeruli were present in plasma of 
some patients with 100M. The number of people which positive reaction to 
these AB increased with progression of diabetic nephropathy while this 
reaction was negative in those with end-stage renal failure. We speculate that 
production of AB to basal membrane of kidney's glomeruli may contribute to 
progression of nephropathy in patients with 100M being secondary 
phenomenon developing in response to primarily basal membrane damage. 

31 
IMPACT OF ANGIOTENSIN CONVERTING ENZYME INHIBITION ON THE PROGRES· 
SION OF MICRO ALBUMINURIA IN TYPE 1 DIABETIC PATIENTS: AN AUDIT 
H.P. Hansen, S. S. Lund, P. Rossing, T. Jensen and H.·H. Parving, Steno Diabetes Center, 
2820 Gentofte, Denmark 

Aims: In untreated type 1 diabetic patients with microalbuminuria (MAl a progression 
rate of urinary albumin excretion (UAEI of 10·15 %/yr have been reported by several 
groups including our center. Intervention studies have demonstrated a beneficial effect of 
angiotensin converting enzyme inhibition (ACEI) upon the progression from MA to overt 
diabetic nephropathy (ON). The aim of the present study was to evaluate the use of ACEI 
in type 1 diabetic patients with MA in an out·patient clinic, and the impact of ACEI on the 
progression of MA and the development of ON. Materials and Methods: During the first 
week of January 1995 we consecutively identified 217 type 1 diabetic patients with 
persistent MA (UAE between 30·300 mg/24 hours). All patients were followed up till 31. 
December 1998 or until death (n=8) or emigration (n=17). According to the development 
in MA before the 1. January 1995, the patients were divided into progressors (n ~ 171, 
UAE~100 mg/24 hours (n=154) or progression of UAE~7 %/years (n-17)) or non· 
progressors (n -46, UAE < 100 mg/24 hours and progression of UAE < 7 %/years). 
According to new international guidelines all patients at high risk for the development of 
DN (progressors) were recommended treatment with ACEI. Results: Patients were 
followed up for a mean of 3.8 (range: 1-4) years. During follow up 75 % (128/171) of 
progressors and 37 % (17/46) of non·progressors were treated with ACEI (p < 0.000 1). 
Mean rate of progression in UAE was·7 (95% CI: ·13 to 0) %/yr in progressors and ·13 
(95% CI: ·24 to ·2) %/yr in non·progressors (p - 0.4 between groups). ON developed in 
19 % (32/171, ACEI treatment at diagnosis of ON, n=23) of the progressors, while 
none of the patients in the non·progressors developed ON. In 1998 46 % (78/171) of 
the so called progressors and 61 % (28/461 of non·progressors have regressed to normo· 
albuminuria (p < 0.081. Conclusions: Implementation of international guidelines 
concerning ACEI of microalbuminuria in diabetes reduced progression to diabetic nephro· 
pathy and enhanced regression to normoalbuminuria. This renoprotective effect was 
obtained despite only 75 % of at risk patients received ACEI. 

30 
Renal Hypertrophy is Reversible witb Longterm Lisinopril Tberapy 
in Children with Type I Diabetes Mellitus 
S. Van Aken, A. Raes, J. Vande Walle, D. Matthys, M. Craen. 
Department of Paediatrics, UZG, Ghent, Belgium 
Introduction: Children with Type 1 diabetes mellitus develop significant 
renal hypertrophy during the early years of their disease. If this 
hypertrophy correlates with renal hyperfiltration it should be reduced by 
administration of an ACE-inhibitor. However there are no published data 
in children, including in the phase before micro-albuminuria develops. 
Aim of the study: To assess the effect of the ACE-inhibitor lisinopril on 
reversibility of renal hypertrophy. 
Method.: Stable Type I diabetic children, without micro-albuminuria. 
Renal morphology, studied by ultrasonographic (US) measurement of 
longitudinal, ventral-dorsal and medial-ventral axis (Ultramark 8 sector
scan 5 or 3 MHz). Comparisons were made against normal values of a 
control population of 200 children (0-16 y). Values were expressed as 
percentage of the linear regression line (length + 9.513)+17.66 ~ mean 
axis-Iengthlbody-Iength: controls 100±8%. 
StudY-POpulation: F=14, M~9; age at onset of diabetes, 6.4±3.3y; 
duration of diabetes at first examination, S.7±1.7y. Duration oflisinopril 
therapy,3.8±0.6y. 
~ No significant difference for insulin dose (O.92±0.28!97±0.35), 
HgAdI0.2±2.8!9.8±2.7) or creatinine clearance pre- and post-treatment 
Statistics ~ paired T-test, • = 0 < 0.03 •• ~ 0 < 0.001 
US renal axis Left Kidney Right Kidney Left kidney Right kidney 

before ACEi before ACEi + ACEi + ACEi 
Longitudinal 109±12% 107±6% 99±7%' 98±7%'* 
Medial-lateral 112±8% 113±8% 101±8%** 101±8%'* 
Ventral-dorsal 121±12% 122±1l% 104±8%** 104±9%** 
Conclusion: Renal hypertrophy m chIldren WIth Type I dIabetes IS 

reversed by long term lisinopril therapy. Decreased renal volume is not 
associated with decreased renal fimction. 

32 
RENOPROTECTIVE EFFECTS OF ANGIOTENSIN II RECEPTOR BLOCKADE 
IN TYPE I DIABETIC PATIENTS WITH DIABETIC NEPHROPATIN. 
S. Andersen, L. Tarnow, P. Rossing, B.V. Hansen and H.-H. Parving. 
Steno Oiabetes Center, Gentofte, Oenmark 
Aim: To compare the renal and haemodynamic effects of specific intervention 
in the renin-angiotensin system by blockade of the angiotensin II subtype 1-
receptor (Iosartan) or by inhibition of the angiotensin I converting enzyme 
(ACE) (enalapril). Material and Methods: We performed a randomised, dou
ble-blind, cross-over trial in 16 type I diabetic patients (10 men), consisting of 
5 periods each lasting 2 months. Patients received losartan 50 mg, losartan 100 
mg, enalapril 10 mg, enalapril 20 mg and placebo in random order. At the end 
of each period albuminuria (ELISA), 24 hours blood pressure (TM2420 A&D) 
and glomerular filtration rate (GFR) (51Cr-EOTA) were determined. Results: 
Placebo values of albuminuria (geometric mean (95% Cl), mean arterial blood 
pressure (MABP) (mean ± SEM) and GFR (mean ± SEM) were 1156 mg/d 
(643-2080), 104 ± 2 mm Hg and 90 ± 6 mVminll,73 m2

, respectively. Both 
doses of losartan and enalapril reduced albuminuria (p<O.OI) and MABP 
(p<0.02), while GFR remained stable. Albuminuria was reduced by 33 % 
(95% CI (12-51» on losartan 50 mg, 44 % (26-57) on losartan 100 mg, 45 % 
(23-61) on enalapril 10 mg and 59% (39-72) on enalapril 20 mg and MABP 
decreased 9 ± 2 (mean ± SEM), 8 ± 2, 6 ± 3 and II ± 3 mm Hg, respectively. 
No significant differences were found between the effects of losartan 100 mg 
and enalapril 20 mg. HbA I C and sodium intake remained unchanged, while a 
significant rise in serum potassium occurred during ACE inhibition. Conclu
sion: The angiotensin II subtype I-receptor antagonist losartan reduces albu
minuria and MABP similarly to the effect of ACE inhibition. These results in
dicate that the reduction in albuminuria and blood pressure during ACE inhibi
tion are primarily caused by interference in the renin-angiotensin system. Our 
study suggest that losartan represents a valuable new drug in treatment of hy
pertension in type I diabetic patients with diabetic nephropathy. 
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INCIDENCE OF DIABETES-RELATED BLINDNESS 
IN GERMANY 1990-1997 
C Trautner, B Haastert", N Ennenbach and S Willich. Institute of Social Medicine 
and Epidemiology, Humboldt University Berlin, "Diabetes Research Institute at 
Heinrich Heine University Dusseldorf; Department of Biometrics and 
Epidemiology 
Aims: A reduction of diabetes-related blindness by at least one third within five 
years was declared a primary objective in 1989. We collected data about incidence 
rates of blindness in a large district of Southern Germany (population: 
approximately 5 million) over 8 years to ascertain a potential change of incidence 
rates. Methods: We obtained complete lists of newly registered blindness 
allowance recipients (between 1990 and 1997) as well as age- and sex-specific 
population data of Wiirttemberg-Hohenzollern, Germany. From these data we 
estimated age- and sex-specific and standardized incidence rates of blindness in 
the entire and the diabetic population (standard: estimated diabetic popUlation 
1989 in Wiirttemberg-Hohenzollern). To test for time trend, we fitted a Poisson 
regression model stratified by diabetes using time difference from 1990 (years), 
age (categorized into 8 classes) and sex as independent variables. Results: There 
were 5 561 newly registered blindness allowance recipients (1990-1997). 3 733 
(67%) were female, 1 545 (28%) had diabetes. Mean age was 72 years ± 21 (SD). 
Standardized results in the diabetic population (incidence rates per 100000 
person-years; 95%-confidence-interval): 1990: 78(67;89); 1991: 83(72;95); 1992: 
74(64;85); 1993: 71(61;81); 1994: 65(56;75); 1995: 78(67;88); 1996: 74(64;84); 
1997: 65(55;74). The Poisson model estimated a 2.2% (95%CI:0.03;4.3%) 
decrease of incident blindness in the diabetic population per year (assuming 
linearity) that was marginally significant (p~0.047). No change could be observed 
in the total as well as in the non-diabetic population. Conclusions: Despite a 
marginally significant decrease in the Poisson model, no clear and substantial 
change of incidence rates could be observed over the past 8 years. To date, the 
objective of the SI. Vincent Declaration has not been achieved. Specific 
interventions are needed to achieve a substantial reduction of diabetes-related 
blindness. 

35 
VITREOUS AND SERUM LEVELS OF ANGIOSTATIN IN PATIENTS WITH 
PROLIFERATIVE DIABETIC RETINOPATHY: ASSOCIATION WITH 
PREVIOUS RETINAL PHOTOCOAGULATION 
J Spranger!, KT Preissner2, H Schatz! and A Pfeiffer!; ! Medizinische Unik1inik 
Bergmannsheil, Bochum and 2 Institut f. Biochemie, Universitiit GieBen, Germany 
Retinal angiogenesis is a major characteristic of proliferative diabetic retinopathy 
(PDR) and is associated with increased levels of angiogenic growth factors such as 
VEGF and IGF-l. Scatter laser photocoagulation often prevents further retinal 
neovascularization and is associated with a reduction in the incidence of severe 
visual loss. However, it's molecular mechanism is still unknown. Recently 
angiostatin, a fragment encompassing the kringle region of plasminogen, has been 
identified as a potent inhibitor of neovascularization and therefore is a potential 
mediator of the positive effects of retinal photocoagultion. Aims: This study 
investigates angiostatin production in proliferative diabetic retinopathy and the 
possible association with previous scatter laser photocoagulation. Methods: Serum 
and vitreous levels of angiostatin were determined in 18 control patients without 
retinal neovasculatization, in 26 patients with PDR after scatter laser 
photocoagulation and in 6 patients with PDR without previous retinal 
photocoagultion. Vitreous was obtained on occasion of pars plana vitrectomy. 
Angiostatin was detected by western blotting using different specific antibodies. 
Results: Angiostatin could be detected in vitreous of 25 (of 32) patients with 
PDR, but only in 2 (of 18) control patients (p <0.0001). 24 (of 26) patients with 
previous scatter photocoagulation had detectable angiostatin levels in vitreous 
compared to 3 (of24) patients without previous photocoagulation (p<O.OOOI). I 
(of 6) patient with PD R but without retinal photocoagulation had detectable 
angiostatin levels in vitreous compared to 24 (of 26) patients with PDR and 
previous photocoagulation (p<O.OOOI). Only 2 patients had detectable angiostatin 
levels in serum. Conclusions: This study demonstrates a highly siguificant 
association between production of the angiogenesis inhibitor angiostatin in human 
vitreous and previous retinal scatter photocoagulation. Therefore angiostatin is a 
possible mediator of the positive effects of retinal photocoagulation. RegUlation 
seems to occur locally, since angiostatin was not detected in relevant amounts in 
human serum. 

34 
CUMULATIVE GLYCEMIC EXPOSURE AND PROLIFERATIVE 
DIABETIC RETINOPATHY IN TYPE I DIABETES MELLITUS 
A.Gy.Tabtik and TJ. Orchard, University of Pittsburgh, Pittsburgh, PA, USA 
We have proposed that cumulative glycemic exposure (degree·duration) 
better distinguishes complication status in Type I diabetes than degree alone. 
Aim: To further analyze this issue the AI·months (AIM) methodology was 
applied to the public Diabetes Control and Complications Trial dataset. 
Materials and Methods: None of the Type 1 diabetic subjects (n ~ 1441) 
had proliferative retinopathy (PR) at baseline. They were followed for 
5.7±4.2 years. AIM was calculated as the sum of (the months since 
diagnosis to the midpoint between eligibility and fIrst trial HbAlc 
measurement multiplied by the HbAlc units above normal at eligibility) plus 
(# of months between the midpoints of the eligibility and fIrst trial visit and 
the fIrst and second trial visits multiplied by the HbAlc units above normal 
for the fIrst trial visit) etc. up to the end of the study for non-cases, or up to 
the visit at which PR was diagnosed. Results: Cases had signifIcantly higher 
duration (l5.2±3.1 vs. 11.2±4.8 yr., P<O.OOOI), higher HbAlc at eligibility 
(l0.2±1.7 vs. 9.0±1.6%, P<O.OOOI) and during the whole study (9.5±1.4 vs. 
8.4±1.3%, P < 0.0001). The AIM value was also significantly higher among 
cases (687±272 vs. 329±217, P < 0.0001). The table shows the AIM and 
HbAlc values b duration for cases at onset ofPR: 

AIM appeared more stabile across duration ranges among than the average 
HbAlc values, which showed a progressive decline. Using ROC curve 
analysis AIM had a significantly higher area under the curve than mean 
HbAlc (0.86 vs. 0.73, P<O.OOOI). Conclusion: AIM better identifies cases 
of proliferative retinopathy than mean HbAI c value. 

36 
HEPATOCYTE GROWfH FACTOR IN VITREOUS OF PATIENTS 
WITH PROLIFERATIVE DIABETIC RETINOPATHY. 
A. Canton, R. Burgos, C. Hernandez, A. Lecube, J. Mesa, R.M.Segura·, 
C. Mateo# and R. Sima. Departments of Endocrinology, Biochemistry" 
and Ophtalmology# . H.G.U. Vall d'Hebron. Barcelona. Spain. 

Growth factors play an important role in neovascularization associated to 
proliferative diabetic retinopathy (PDR). Hepatocyte Growth Factor 
(HGF) is a powerful inducer of angiogenesis that stimulates proliferation 
and migration of endothelial cells. Aim: To determine whether HGF is 
elevated in the vitreous fluid of patients with proliferative diabetic 
retinopathy (pDR).Materiais and methods: Serum and vitreous fluid 
samples were obtained at the time of vitreoretinal surgery from 17 
patients with PDR, and 10 control nondiabetic patients with non 
proliferative ocular disease, matched by serum levels of HGF. 
Concentrations of HGF were determined by enzyme-linked 
immunoabsorbent assay (ELISA). Statistical analysis: the Mann-Whitney 
U test and Spearman's rank correlation test. Results: Intravitreous 
concentrations of HGF (median and range) were significantly elevated in 
diabetic patients with PDR compared with nondiabetic patients [17,04 
nglml (9,98-80) VB. 5,87 nglml (2,57-14,20); p<O,OOI]. Intravitreous 
concentrations of HGF were significantly higher than serum 
concentrations in diabetic patients [17,04 nglml (9,98-80) VS. 0,67 ng/ml 
(0,26-2,72);p<0,001] and also in the control group [5,87 nglml (2,57-
14,20) VB. 0,71 nglml (0,49-0,96);p<0,00J]. No correlation was found 
between serum and vitreous levels of HGF in both groups. Conclusions: 
Intravitreous concentrations of HGF are significantly higher in PDR. 
These results suggest that intraocular synthesis ofHGF is involved in the 
neovascularization ofPDR. 
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37 
ACCUMULATION OF 4-HYDROXYALKENALS IS AN EARLY MARKER OF 
OXIDATIVE STRESS IN THE DIABETIC RETINA 
L. Fathallab, D.A.Greene and 1.0brosova, University of Michigan, Ann Arbor, USA 
Ai!Jll. Although oxidative stress is implicated in diabetes-induced pericyte loss and 
protein kinase C - mediated cascade leading to upregulation of VEGF and increased 
vascular permeability, the attempts to identify markers of retinal oxidative injury, 
especially in short-term diabetes, resulted in contradictory findings. This study was 
designed I) to evaluate lipid peroxidation in early diabetic retina by the new method 
with N-methyl-2-phenylindol which, in contrast to TBARS, is specific for free 
malondialdehyde (MDA) and 4-hydroxyalkenals (4-HA); 2) to identify impaired anti
oxidative defense mechanisms; and 3) to assess if enhanced retinal oxidative stress in 
diabetes can be prevented by DL-a-lipoic acid (LA), the potent antioxidant 
penetrating through the blood-retinal barrier. Materials and methods: The groups 
included control (C) and STZ-diabetic (D) rats treated with or without LA (100 mg/ 
kg/day i.p. for 6 wks). Total MDA plus 4-HA and MDA were measured after 
differential extraction. GSH was assayed with O-phthaldialdehyde, GSSG with 
GSSG reductase. Results: Total MDA plus 4-HA levels were increased in D (3.5± 
0.96 vs 2.46±0.42 nmol/mg soluble prot in C, p<0.05), and this increase was 
prevented in D+ LA (2.23±1.l1, p<0.05 vs.D). MDA and GSH levels were similar 
in C, D and D+LA (1.0±0.2, 1.2±0.2 and 1.l±0.2 nmol/mg soluble prot, and 
18.7±3.4, 17.2± 3.5 and 18.5±3.7 nmol/mg total prot). Neither GSSG levels nor 
GSSG/GSH were different among the groups. Superoxide dismutase activity (SOD) 
was decreased 1.7-fold in D vs.C, and this reduction was prevented in D+LA. GSH 
peroxidase, GSSG reductase and GSH transferase activities were comparably decreased 
in 0 and D+LA vs. C. Catalase and cytoplasmic NADH oxidase activities were 
similar in three groups. Conclusions: Accumulation of a,~-unsaturated lipid 
aldehydes, 4-HA, but not MDA, is an early marker of oxidative stress in the diabetic 
retina. Increased lipid peroxidation occurs in early diabetes in the absence of aSH 
depletion, and is prevented by LA, potentially due to free radical scavenging and 
upregulation of SOD, without participation of the glutathione system. 

39 
PROLIFERATIVE RETINOPATHY ANO A NOVEL POLYMORPHISM 
OF THE GENE FOR THE ADVANCED GL YCA TED RECEPTOR 

G.A. Hitman, E. Agarma, W.B. Ogunkolade, *M. Rema, *R. Deepa, 
·C.S. Shanthi-Rani, K. Barakat, T.R. Kumarajeewa, P.G. Cassell, 
M.F. McOermott and ·V. Mohan. Medical Unit, St Bartholomew's and The 
Royal London School of Medicine and Dentistry, Whitechapel, London, UK 
and *M.V. Oiabetes Specialities Centre, Madras, India 

Aims: Formation of advanced glycation end products (AGEs) through 
covalent and irreversible non-enzymatic glycation of proteins or lipids are 
thought to play an important role in the pathogenesis of diabetic 
complications. AGE products are removed from the extracellular matrix 
through AGE receptors (RAGE). We have investigated RAGE as a 
candidate gene for proliferative retinopathy (PR). 
Materials and methods: The regulatory region was sequenced and several 
novel polymorph isms identified including an imperfect trinucleotide repeat 
and 2 base pair insertion in the TATA box. A PCR-RFLP assay was 
developed for the latter using Dra I and agarose gel electrophoresis. The 
frequency of this polymorphism was compared in 119 type 2 diabetic South 
Indian patients with PR and 57 type 2 diabetic patients without diabetic 
retinopathy but at least 15 years disease duration (L TO). 
Results: The RAGE genotype frequencies were significantly different 
between the groups (p=0.004: PR 20%00, 80%Od, O%dd; LTO; 40%00, 
60%Od, O%dd). In order to replicate these findings we studied 61 families 
from the same ethnic group consisting of a proband with PR and at least 2 
siblings; a sibling association test confirmed the case control study 
(p=0.005). 
Conclusion: These studies suggest that polymorphism in the RAGE 
regulatory region may play an important role in the susceptibility to 
proliferative retinopathy. 

38 
ANGIOTENSIN CONVERTING ENZYME INHIBITION AMELIORATES 
RETINAL OVEREXPRESSION OF VASCULAR ENDOTHELIAL GROWTH 
FACTOR AND RETINAL HYPERPERMEABILITY 
RE Gilbert, OJ Kelly, AJ Cox, JL Berka-Wilkinson, HR Taylor, S 
Panagiotopoulos, V Lee, G Jerums and ME Cooper. University of Melbourne, 
Department of Medicine, ARMC, West Heidelberg, Victoria, Australia. 
Aims: Angiotensin converting enzyme (ACE) inhibition has been documented to 
have retino-protective actions in diabetic patients but the mechanism of this effect 
is unknown. Vascular endothelial growth factor (VEGF), is a perrneability
inducing and endothelial cell mitogen which has been consistently implicated in 
the pathogenesis of both proliferative and nonproliferative diabetic retinopathy. 
Materials and Methods: Thirty-six male Sprague Dawley rats were randomly 
assigned to receive streptozotocin (n = 24) or buffer (control, n = 12). STZ
diabetic rats were further randomized to receive the ACE inhibitor, perindopril (2 
mg/l) in drinking water (n = 12). At 24 weeks, six rats in each of the 3 groups 
(control [C], diabetes [0], diabetes with perindopril [D+P]) underwent assessment 
of vascular permeability using a double isotope method. In the remaining 18 rats 
retinal VEGF mRNA was quantitated by in situ hybridization autoradiographic 
densitometry and grain counting within specific retinal layers. 
Results: In situ hybridization autoradiographic densitometry revealed increased 
VEGF mRNA in the retinae of 0 compared with C (C: 166 ± 9 vs 0: 252 ± 31 
00 units, p < 0.05). This overexpression was reduced in D+P to levels similar 
to those of C (D+P: 101 ± 1800 units, p < om 0 vs D+P). Similarly, by 
grain counting, increased VEGF mRNA was noted in the ganglion cell layer 
(GCL) and inner nuclear layer (INL) of 0 compared with C (GCL: 0.06 ± 0.01 vs 
0.13 ± 0.02, C vs 0, p < 0.01; INL: 0.03 ± 0.02 vs 0.12 ± 0.01, C vs D, P < 
0.01). Perindopriltreatment was accompanied by reduction in VEGF mRNA in 
both GCL and INL (GeL: 0.07 ± 0.02 and INL: 0.05 ± om, p < om D vs D+P 
for both GCL and INL). Retinal permeability as indicated by the tissue:blood 
isotope ratio was increased in D (1.26 ± 0.D3 vs 2.56 ± 0.32, C vs D, P < 0.01) 
and reduced in D+P (D+P: 1.47 ± 0.12, P < 0.05 vs D vs D+P). 
Conclusions: Treatment of diabetic rats with ACE inhibition ameliorated 
diabetes-associated changes in both VEGF gene expression and vascular 
permeability .. These findings implicate the renin-angiotensin system in the VEGF 
overexpression which accompanies diabetic retinopathy and provide a potential 
mechanism for the beneficial effects of ACE inhibition in diabetic retinal disease. 

40 
AMELIORATION OF RETINAL HEMODYNAMIC DYSFUNCTION USING A 
PROTEIN KINASE C ~ INHIBITOR IN PATIENTS WITH DIABETES. 
K. Ways, S. Bursell, T. Devries, J. Woodworth, C. Alatorre, G. King. and L.P. 
Aiello. Harvard Medical School, Boston, MA and Eli Lilly & Co., Indianapolis, IN, 
USA. 
Aims: Abnormal retinal hemodynamics in preclinical models of diabetes have been 
attributed to the activation of protein kinase C ~ (PKC-~). To assess whether PKC
~ activation occurred and affected retinal hemodynamics in humans, effects of 
LY333531, a PKC-~ inhibitor, on retinal hemodynamics in patients with diabetes 
was assessed. 
Materials and Methods: 29 patients with type 1 or 2 diabetes of less than 10 years 
duratio~ and no or minimal retinopathy were entered into a 28 day double-masked, 
randomized, placebo-controlled, dose-ranging study. Patients received either 
placebo, or oral LY333531 doses of 8 mg twice a day, 16 mg once a day or 16 mg 
twice a day. Retinal blood flow (RBF) and mean retinal circulation time (MCT) 
were assessed by a fluorescein dye dilution technique at the beginning and end of the 
28-day dosing period. Blood samples were collected for analysis of L Y333531 and 
338522, an equally potent and selective metabolite ofLY333531, after the first and 
last doses. 
Results: Increases in MCT and decreases in RBF are observed in patients with 
diabetes of less than 10 years duration and no or minimal retinopathy. Using a linear 
trend analysis across daily LY33353I doses, a statistically significant decrease was 
observed for MCT in patients receiving LY33353I (p=O.03). A trend toward a 
statistically significant increase in RBF was observed when RBF was correlated to 
LY333531 dose (p =.13). Similar relationships existed when RBF and MCT were 
correlated to the combined area under the curve (AUC) values ofLY333531 and 
338522, representing an index of exposure. Correlations with the rise in AUe values 
showed statistically significantlinem relationships with a decrease in MCT (p=O.04) 
and an increase in RBF (p=O.004). 
Conclusions: Oral administration of L Y333531, an inhibitor of PKC ~, ameliorates 
the abnormal retinal hemodynamics observed in patients with diabetes of less than 
10 years in duration and having no or minimal retinopathy. 
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41 
INTERFERON-y INDUCES INTERLEUKIN-1 CONVERTING ENZYME TRANSCRIPTION IN 
HUMAN ISLETS INDEPENDENTLY OF NITRIC OXIDE FORMATION. 
A.E. Karlsen', D. Pavlovic', K. Nielsen', J. Jensen', H.U. Andersen', F. Pociot', T. Mandrup
Poulsen', D.L. Eizirik' and J. Nerup'. 'Steno Diabetes Center and Hagedorn Research 
Institute, Gentofle, Denmark and 'Vrije Universiteit Brussel, Brussels, Belgium. 
IL-1B-induced nitric oxide (NO) production is crucial for rat fl-<:ell destruction. Neither IL-1B 
nor IFNy alone induce NO production in human islets, and combinations of these cytokines 
lead to human fl-cell apoptosis independently of NO. We recently analyzed transcription in 
human islets of the cysteine protease IL-1 converting enzyme (ICE), a caspase of key 
relevance in the apoptotic pathway. ICE expression was barely detectable in control and IL-
1 fl-exposed islets, but there was a Significant expression following exposure to TNFa+IFNy 
and to IL-1B+TNFa+IFNy, however, at a lower level. 8im of the present study was to 
determine the effects of IFNy or IL-1B alone on ICE expression, and whether NO production 
is involved in this effect of cytokines. Material and Methods: Isolated human islets (from 3 
different donors) were cultured for 6 or 24 h with IFNy and IL 1 fl separately or combined in the 
absence or presence of the iNOS inhibitor L-NMMA. RNA was isolated and multiplex RT-PCR 
analyses were performed. Results: ICE mRNA expression is expressed as percent of 
cyclophilin, used as internal standard. Results are mean +/- SEM. 

6 h: 
24 h: 

Control IL-1fl IFNy IFNy+IL-1fl IFNy+IL-1fl+LNMMA 

2.9± 1.1 
1.3 ± 0.6 

1.6± 0.9 
1.3± 0.9 

10.9 ± 3.2 
13.8±2.7 

5.9±3.1 
7.3 ± 2.8 

9.4± 2.2 
11.6±3.8 

Conclusions: IFNy alone, but not IL-1B, induced ICE expression in human pancreatic islets 
independent of NO production. This induction was already present after 6 h (p < 0.03, t-test) 
and was maintained for 24h (p< 0.02). IL-1B tended to inhibit IFNy-induced ICE expression 
(6 h: p = 0.045 and 24 h: p = 0.064), an effect prevented by iNOS inhibition. It is thus 
conceivable that ICE expression is critically involved in cytokine-induced NO-independent 
human islet apoptosis. 

43 
Islet cell apoptosis and the development of overt IDOM in the spontaneously 
diabetic BBIS rat. 

F.J. Lally and AJ. Bone. School of Phannacy and Biomolecular Sciences, 
University of Brighton, Brighton BN2 4G], UX 

The mechanisms underlying the progressive destruction of pancreatic B
cells leading to the development ofIDOM remain unclear. The aim of this 
study was to investigate the mechanism of B-cell death in the spontaneously 
diabetic BBIS rat during the prediabetic period prior to onset of overt 
disease. Serial pancreatic biopsies were taken from cohorts of individual 
diabetes-prone (DP) and diabetes-resistant (DR) BBIS rats before (40 days), 
during (70 - 80 days) and after (112 days) development of diabetes. 
Paraffin sections of biopsy samples were screened for apoptosis (TUNEL) 
and Fas and Fas-L staining by light and confocal microscopy. No apoptotic 
cells were observed in the pancreas of any OR animals or DP rats aged 40 
or 112 days. However, 417 OP rats biopsied at onset ofIDDM showed 
intra-islet apoptosis with a further 2 animals showing apoptotic cells in non· 
islet tissue. Overall analysis revealed that >40% of detected apoptotic cells 
were located within islets and the apoptotic index (% of total islet cell 
number) for islet cells in the diabetic animals was approximately 3.5% 
(118/3595). Islet specific Fas staining was observed in several DP animals 
at 112 days but this was not associated with apoptosis. Fas-L staining was 
detected in endocrine and exocrine tissue in biopsies from DP rats both in 
the presence and absence of apoptosis. Thus these findings demonstrate a 
significant association between islet cell apoptsis and the development of 
overt IDOM in the BBIS rat. Furthennore, Fas expression does not appear 
to be involved in apoptotic B-cell death but a role for Fas-L cannot be 
excluded. 

42 
REOUCED CYTOKINE-MEDIATED CYTOTOXICITY IN 
BIOENGINEERED INSULIN-PRODUCING RINm5F CELLS 
THROUGH OVEREXPRESSION OF ANTIOXIDANT ENZYMES 

S. Lortz, M. Tiedge, S. Lenzen, Institute of Clinical Biochemistry, 
Hannover Medical School, D-30623 Hannover/Germany 

Aims: NO and reactive oxygen species (ROS) are crucial elements in cytokine
mediated B-cell destruction. It was the aim of this study to characterise the cyto
protective effect of antioxidative enzyme overexpression against cytokine mediated 
cell toxicity. Methods: Catalase (CAT), glutathione peroxidase (Gpx) and Cu/Zn 
superoxide dismutase (SOD) were stably overexpressed in RINm5F celts. Celts 
were incubated with IL-IB atone or with a combination ofIL-IB, TNF-a and IFN-y 
for up to three days. Remaining viability was determined by the MTT-assay, cell 
proliferation rate by a BrdU-ELISA, the number of dead cells by counting and 
oxidative damage of cellular proteins was detected by a DNP-specific Westem
blot. The cytokine-induced NO-production by iNOS was measured by the Griess
assay. Results: After a 72 h exposure of the cells to lL-IB alone or a combination 
ofIL-IB, TNF-a and IFN-y we observed a time- and concentration-dependent de
crease of viability. White lL-IB alone resulted only in a moderate reduction of 
viabitity in the range of 25 %, the cytokine mix revealed a drastic loss of viability 
of more than 60 %. Overexpressing cells were significantly protected against tox
icity of the cytokine mix (remaining viability in % compared with untreated cetls: 
Controls: 33±7, CAT: 61±4, Gpx: 71±6, and SOD: 60±4) but not against IL-IB 
alone. The reduction of cytokine-mediated toxicity could also be confirmed by an 
increased proliferation rate and by a dramatic decrease of cell ~death. Overexpres
sion of cytoprotective enzymes did not prevent the activation of iNOS after cyto
kine exposure. In contrast RINm5F cells overexpressing cytoprotective enzymes 
showed a significant lower tevet of ROS-damaged protein residues. Conclusion: 
The overexpression of cytoprotective enzymes protected insulin-producing cells 
against cytokine-mediated cytotoxicity, especially against ROS-mediated protein 
damage. Increasing the antioxidative defense status of insulin-producing cells with 
molecular biology techniques may pave the way to gene therapy strategies for pre
vention of B-cell destruction during initial autoimmune attack in IDDM and after 
transplantation. 

44 
NF-l(B IS REQUIRED FOR CYTOKINE-INDUCED MANGANESE 
SUPEROXlDE DlSMUTASE EXPRESSION IN INSULIN-PRODUCING CELLS 
M.1. Darvitle l , Y-S. Ho2 and D.L. Eizirikl, IDiabetes Research Center, Vrije 
Universiteit Brusset, Brussets, Betgium and 2Institute of Chemical Toxicology, 
Wayne State University, Detroit, Michigan 48201. 
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Aims: Reactive oxygen species play an important role in the cytotoxic effect of 
inflammatory cytokines on pancreatic B-cells in type I diabetes mellitus. The 
antioxidant enzyme manganese superoxide dismutase (MnSOD) is part of the cellular 
defenses against these deleterious radicals. MnSOD gene expression is induced by 
cytokines in insulin-producing cells but the transcriptionat regulation of MnSOD 
expression in these cells is not well understood. In this srudy, we investigated the 
transcriptionat regulation by cytokines of the rat MnSOD gene in an insutinoma cell 
line, RINm5F, and in FACS-purified rat beta-celts. Materiats and Methods: We 
performed transient transfections with luciferase-reporterconstructs containing the 
promoter region up to 2.5 kb and a 0.3-kb intron 2 fragment of the rat MnSOD gene, 
site-directed mutagenesis and band-shift assays following cell exposure to control 
condition, interkeukin-IB (IL-tB, 30 Ulmt) and! or interferon-y(IFN-y, toOO U/ml) 
for 30 min to 16 h. Results: We identified two IL-!B-responsive elements conferring 
each an additive three-fold IL-IB-induced transcriptional activity (p<O.OO I vs control, 
n~3 to 5) in both RINm5F celts and purified beta-celts. The fIrst is located in the 
promoter region while the second is located in the second intron of the MnSOD gene. 
Interestingty, the intronic etement is required for a two-fold tFN-y-induced 
potentiation (p<O.OO t vs IL-IB, n~5) in RINm5F celts. Site-directed mutagenesis 
and band-shift assays showed that a NF-l(B binding site in each region is necessary, 
but not sufficient, for transcriptional induction by IL-IB. Conclusions: Our results 
suggest that NF-l(B is required for cytokine-induced expression of MnSOD in rat 
insulin-producing celts and may cooperate with C/EBP factors binding in the 
promoter region and with factors binding to a C/EBP motif and to an Ets motif in the 
intronic region. 
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45 
h:B-a PHOSPHORYLATION INHIBITION AND IL-IB 
INDUCED SUPPRESSION OF ISLETS 
J. Sternesjo and S. Sandler, Department of Medical Cell Biology, 
Uppsala University, Uppsala, Sweden. 
Aims: The aim of this study was to examine if a novel inihibitor of 
TNF-a induced IKB-a phosphorylation, BAY 11-7082, could inhibit 
IL-IS induced suppression of rat islet function. The transcription 
factor NF-KB is believed to be involved in IL-I induced suppression 
of rat islet function. NF-KB is bound to its inhibitor, IKB, in the 
cytosol. Activation of NF-KB involves phosphorylation of IKB, 
followed by ubiquitination and degradation by the proteasome. This 
activates NF-KB, resulting in translocation to the nucleus, binding to 
specific DNA sequences followed by gene transcription. Materials 
and Methods: Rat islets were cultured in medium RPMI 1640 + 
10% fetal calf serum and exposed for 48 h to 25 U/ml IL-IS with the 
inhibitor (0.4, 4 and 10 11M) added 60 min before IL-IS. Results: 
Pretreatment with BAY 11-7082 alone (0.4, 4 and 10 11M) had no 
suppressive effect on islet glucose oxidation (pmol/90 min x 10 
islets; 220±24, 232±42 and 221±84). IL-IS treated islets still 
showed a decrease in glucose oxidation (1 25±3 I , 91±33 and 
107±32) when pretreated with the inhibitor (0.4, 4 and 10 11M). The 
inhibitor alone did not have any significant effects on insulin release 
(nglh x 10 islets), neither at low (1.7 mM) or high (16.7 mM) 
glucose concentrations. IL-W induced suppression of glucose 
stimulated insulin release as compared to control (7±1.5 vs 24±5, 
p<0.05 vs control). This was partly counteracted by 10 11M BAY 
11-7082 (I9±3.3, p<0.05 vs IL-IS treated islets). Lower 
concentration of the inhibitor was not effective. Conclusions: We 
conclude that our data points to the importance of IKB 
phosphorylation in IL-IS induced suppression of islet insulin 
release. 

47 
SUSCEPTIBILITY AND DAMAGE OF FETAL RAT B CELL IN VITRO 
ARE INCREASED BY LOW PROTEIN DIET IN EARLY LIFE: 
PREVENTION BY TAURINE 

S. Merezak. A. Hardikar. J.i. Hoet. C. Remacle and B. Reusens. Laboratory of 
cellular Biology, Univ Catholique de Louvain, Louvain-Ia-Neuve, Belgium and 
Tissue Engineering and Bankink Laboratory, National Center for Cell Sciences, 
Ganeshkhink. Pune. India 

Background: We have previously shown that low protein diet (LP) in early life 
increased apoptosis in fetal and neonatal pancreatic B cells in vivo and also 
decreased taurine concentrations in the fetal plasma. Aim: The principle objective 
of this study was, first, to verify the effect of LP diet during gestation on the 
sensitivity of fetal B cells towards nitric oxide (NO) and secondly, to assess the 
protective effect of taurine, as an antioxidant in these conditions, Methods: 
Neoformed islets from fetuses of dams fed either LP (8%) or Control (20%) diet 
were incubated with taurine (0.3 or 3 mM) for 42 hours and then exposed to 
sodium nitropruside (SNP), a NO donor (at 10 and 100 11M) for the last 18 hours. 
BODIPY-FL dUTP, a specific probe of apoptosis. was used to detected apoptotic 
cell death using TUNEL method. In another series of experiments, the global cell 
death was measured by using ethidium bromide. In both experiments. confocal 
microscopy was used for the quantification of cell death. Results: Without any 
treatment, the number of B cells positive for apoptosis were significantly higher in 
the LP islets (1.12 ± 0.33 %) than the C islets (0.3 ± 0.54 %, P<O.OOl). 
Addition of SNP at 100 11M showed an augmentation of the apoptotic rate in both 
groups but 12.14 ± 1.87 % of B cells were apoptotic in C as compared to 19.15 ± 
1.63 % in LP islets (P< 0.001). Beta cells of LP group are then more sensitive to 
NO than C group. The pre-treatment of islet cells with 3 mM taurine induced a 
significant diminution of apoptotic rate to 5.83 ± 1.29 % in the LP islets and to 
2.18 ± 3.39 % in the C islets (P<O.OOl). Similar results were obtained when the 
global cell death was measured. Conclusion: OUf results show that the LP diet 
in early life augments the susceptibility of fetal B cells to NO. Moreover, taurine 
prevents this damage and could be envisaged in the prevention of type 1 diabetes. 
Its lower level in LP fetal plasma could contribute to the increased vulnerability of 
the LP fetal B cell. 
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IDENTIFICATION OF A NOVEL CYTOKINE-INDUCED GENE 
IN 8-CELLS BY DIFFERENTIAL DISPLAY OF mRNA 

M.-C. Chen, F. Schuit, D.G. Pipeleers and D.L. Eizirik. Diabetes 
Research Center, Vrije Universiteit Brussel, Brussels, Belgium. 

Aims: The cytokine IL-IB is a potential mediator of B-cell dysfunction 
and damage in type I diabetes mellitus. To clarify the molecular 
effects of this cytokine on B-cells, we are presently searching for novel 
IL-IB-induced genes. Materials and Methods: FACS-purified rat 
pancreatic B-cells were exposed to control condition (no cytokines) or 
to IL-IB (30 U/ml) for 6 or 24 h. Gene expression was compared by 
differential display of mRNA with RT-PCR (DDRT-PCR) and 
differentially expressed cDNAs were identified by sequencing. 
Results: Among the cytokine-induced genes, we identified a gene 
encoding for the rat serine protease inhibitor-3 (SPI-3). RT-PCR 
analysis confirmed that IL-IB increases SPI-3 mRNA expression in rat 
B-cells. IL-IB induced a 5-fold (P<0.05 vs control) increase in SPI-3 
mRNA content already after 2 h, with maximal expression at 6 h (12-
fold; P<0.05) and decline after 24h. Similar observations were made in 
mouse pancreatic islets and in insulin-producing RINm5F cells. The 
stimulatory effects of IL-IB on SPI-3 mRNA expression were 
decreased by actinomycin D (90% inhibition; P<O.OI), by 
cycloheximide (70% inhibition; P<O.Ol) and by the NF-kB inhibitor 
PDTC (50% inhibition; P<O.OI). A blocker of inducible nitric oxide 
synthase activity did not prevent IL-W-induced SPI-3 expression. 
Conclusions: SPI -3 is induced by IL-IB in pancreatic B-cells. This 
protein may be part of the "repair/defence" proteins triggered by 1.\
cells following immune-mediated damage. IL-Ill-induced SPI-3 
mRNA expression in B-cells depends on gene transcription, protein 
synthesis and activation of the transcription factor NF-kB, but not on 
NO production. 
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IN UTERO MALNUTRITION IMPAIRS NEOGENESIS AND INCREASES 
APOPTOSIS IN THE BETA CELLS. 
B. BREANT, A. GAROFANO AND P. CZERNICHOW, INSERM U 457, 
Hospital R. Debre, Paris, F. 
Aims: Maternal food restriction during late pregnancy in rats decreases 13-
cell mass in the offspring at birth. Prolonged maternal undernutrition until 
day 21 leads to 70% reduction in B-cell mass (R group), although I.\-cell 
proliferation remains normal. The aim of the present study is to further 
investigate the mechanisms controlling the expansion of l3-cell mass 
during postnatal malnutrition from birth to weaning. Materials and 
methods: Apoptosis was measured on pancreatic sections by the TUNEL 
method. Beta-cell regeneration was studied after streptozotocin treatment 
at birth (nO-STZ), a model involving increased neogenesis as well as 
proliferation of the remaining 13 cells. Beta-cell mass and islet number 
quantified by morpho metrical measurements on pancreatic sections in C
STZ and R-STZ rats, were compared to non-injected C and R rats, 
respectively. Results: In C animals we confirm in the 13 cells a wave of 
apoptosis around day 14 postnatal. The number of apoptosing S cells was 
significantly increased at all time points in R animals and peaked at day 
12, in keeping with the stunting of S-cell growth previously observed. STZ 
injection at birth induced hyperglycemia which normalized around day 7, 
both in T-STZ and R-STZ animals. In C-STZ rats, 80% of the 13 cells were 
destroyed at day 4 and S-cell mass regenerated to 50% that of non 
injected controls at day 7, with no further increase until day 21. The islet 
number/cm2 was entirely recovered from day 7, a reflect of increased 
neogenesis. However, in R-STZ animals, only 60% of the 13 cells were 
destroyed at day 4 and 13-cell mass did not increase until day 21. 
Furthermore, the islet number/cmZ was half that of non injected animals 
throughout the study. Conclusions: In utero malnutrition impairs the 
capacity of postnatal 13-cell regeneration by neogenesis and increases 
apoptosis in the 1.\ cells. These results provide an explanation for the 
impaired capacity of R animals to adapt /l-cell mass during ageing, which 
precipitates them in glucose intolerance. 
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PIVOTAL ROLE OF PPARy IN ADIPOCYTE DIFFERENTIATION AND FAT 
ACCUMULATION: ANALYSYS OF PPARy KNOCKOUT MICE 
N. Kubota, Y. Terauchi, H. Miki, H. Tamemoto, T. Yamauchi, R. Nakano, 
K. Komeda*, K. Eta, K. Tobe, S. Kimura, T. Kaillwaki, Tokyo University. 'Tokyo 
Medical college. Japan 

Aims: We investigated the biological role of peroxisome proliferator-activated 
receptor y (pPARy) using PPARy-deficient mice generated by gene targeting. 
Methods and Results: Heterozygous mutant mice (PPARy(+/-)) were bred to 
generate homozygous mutant mice (PPARy( -/-)). No PPARy(-/-) were found in 65 
live-born progeny of PPARy(+/-) intercrosses, indicating that disruption of the 
PPARy gene caused embryonic lethality. Viable PPARy(-/-) were detected according 
to the Menoolian law until 10.5 dp.c., but never detected later than lJ.5dp.c .. At 
1l.5dp.c., however, we were not able to identity abnormalities by histological 
analysis of P PARy( -/-) fetus. P PARy( +/-) showed normal glucose tolerance and lipid 
metabolism under a normal diet. When wild-type (WI) andPPARy( +/-) groups were 
fed with a high-carbohyd1lte diet, increases in body weight rnring 15 weeks were not 
distinguishable between the two groups. However, when they were fed with a high-fat 
diet, increase in body weight in WT was 22.5±1.4 g (n=13), whereas that in 
PPARy(+/-) was 16.5±J.l g (n=13) (P<0.05). Wet weight of white adipose tissues 
were 3.3±0.4g and 2.3±0.lg in WT and PPARy(+/-), respectively (P<O.05). To 
evaluate the role of PPARy in adipocyte differentiation, we prepared primary 
embryonic fibroblast (EF) cells from PPARy( +/-) intercrosses. Confluent EF cells 
were treated with the standard differentiation inwction medium containing 
isobutyl methyl xanthine, dexamethasone, insulin. The capacity of EF cells from 
PPARy( +/-) to differentiate into adipocytes was lower than that from WT, and EF 
cells from PPAR y( +/-) were not able to differentiate into adipocytes. Lipid contents 
after l2days of differentiation were S5.6±6.I, 55.3±2.S, and 20.4±O.7 ~g/mg of protein 
in EF cells from WT, PPARy(+/-), and PPARy(-/-), respectively (Wf vs 
PPARy( +/-): P<0.05; PPARy( +/-) vs PPARy(-/-): P<O.OI). To evaluate the role of 
thiazolidindione in adopocyte differentiation, confluent EF cells were treated with the 
standard differentiation induction medium plus pioglitazone. While EF cells from 
PPAR y( -/-) failed to differentiate into adipocytes, the impaired capacity of EF cells 
from PPARy( +/-) to differentiate into adipocytes was rescued by pioglitazone. 
Conclusions: This study provides the first direct evidence that PPARy plays a 
pivotal role in fat accumulation and adipocyte differentiation. 

51 
EARLY GROWTH RETARDATION LEADS TO 
ADIPOCYTE INSULIN RESISTANCE. 
S.E. Ozanne, B.T. Nave, c.L. Wang, M.W. Dorling and C.J. Petry 
Dept of Clinical Biochemistry, Addenbrooke's Hospital, Cambridge. 
Many studies have revealed a relationship between early growth 
retardation and Type 2 diabetes. Aim: To investigate the effect of early 
growth retardation on adipocyte insulin action in late adult life. 
Methods: Rats were fed either a 20 % or an 8 % protein diet during 
pregancy and lactation. Offspring were weaned onto a 20 % protein 
diet and studied at 15 months of age. Results: Adipocytes from growth 
retarded offspring (LP) (of dams fed 8 % protein diet) had elevated 
basal glucose uptake compared to control offspring (C) (mothers fed 20 
% protein diet) (104 + 5 compared to 79 ± 7 amol/min/cell, p < 0.05). 
Insulin stimulated glucose uptake into C adipocytes (121 ± 9 
amol/min/cell) but had no effect on LP adipocytes (106 ± 7 
amol/min/cell). Basal rates of lipolysis (5.85 ± 0.67 and 5.18 ± 0.80 
nmol glycerol released/h/104 cells for C and LP respectively) were 
similar as were isoproterenol stimulated rates (9.10 ± 0.99 and 8.25 ± 
0.73 nmol glycerol releasedlh!104 cells for C and LP respectively). 
Insulin inhibited this stimulated release in C adipocytes (4.93 ± 0.46 
nmol glycerol released/h/104 cells) but had a reduced effect on LP 
adipocytes with rates above basal (7.23 ± 0.68 nmol glycerol 
releasedlh!104 cells, p < 0.01). These differences were not related to 
changes in insulin receptor expression but were linked to decreased 
insulin stimulated phosphotyrosine-associated phosphatidylinositol 3-
kinase activity in LP adipocytes (4.5 ± 0.7 fold increase in LP versus 
7.5 ± 0.6 fold increase in C, p < 0.05). Conclusions: Maternal protein 
restriction leads to adipocyte insulin resistance with a molecular basis 
downstream of the insulin receptor in the insulin signalling pathway. 

50 
KRP-297 IMPROVES IMPAIRED FATTY ACID OXIDATION IN SKELETAL 

MUSCLES AND LIVERS OF ZUCKER DIABETIC FATTY RATS 

T. Ide, K. Murakami, M. Tsunoda, T. Mochizuki, and T. Kadowaki*, Kyorin 

Pharmaceutical Co., Ltd., Tochigi, and *University of Tokyo, Tokyo, Japan. 

The ex and y isoforms of peroxisome proliferators-activated receptors (PPARs) are 

key regulators in lipid homeostasis. We recently reported that a novel 

thiazolidinedione (TZD), KRP-297 (K) was a ligand for PPARa and PPARy, unlike 

classical TZDs such as troglitazone (T), were PP ARy-specific ligands. To 

understand the role of PPARa and PPARy on lipid abnormalities in insulin 

resistance, K (10 mglkg) and T (300 mglkg) were administered orally to insulin

resistant Zucker diabetic fatty (ZDF) rats for 2 weeks, and CO2 production from 

palmitic acid (PA, C16:0) in liver, soleus muscle, and epididymal adipose tissue 

were measured. Results: PA oxidation in soleus muscles was lower (P<O.05) in 

ZDF rats (3.97±0.45 nmol/g) than in lean (L) rats (9.12± 1.46 nmol/g). Decrease 

in PA oxidation in the soleus muscles from ZDF rats was improved by K (7.56± 

LOS nmol/g, P<0.05) and T (7.20± 1.04 nmol/g, P<0.05). Hepatic PA oxidation 

was also lower (P<O.05) in ZDF rats (S4± 13 pmol/DNA) than in L rats (190± 19 

pmollDNA). The defect in PA oxidation in the livers of ZDF rats was improved 

(p<0.05) by K (159±25 pmollDNA), unlike by T ( 9S±0.6 pmollDNA). The 

defect in PA oxidation in the livers from ZDF rats was not observed when the CS

fatty acid was used as a substrate, unlike the CI6 and CIS-fatty acids. There was no 

significant difference between ZDP and L rats in PA oxidation in adipose tissues, 

and K and T had no influence on PA oxidation in these tissues. Conclusion: K 

improved reduced fatty acid oxidation in the livers and skeletal muscles of ZDF rats, 

while T had an effect only in the skeletal muscles. These results suggest that 

agonisms of PPARa and PPARy may playa role in the prevention of lipid 

accumulation causing insulin resistance (lipotoxicity) in the skeletal muscles and 

livers. 
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GLYCOGEN SYNTHASE AND PHOSPHORYLASE ACTIVITY IN SKELETAL 
MUSCLE AND LIVER OF HYPERINSULINAEMIC RATS. 

SJ. Koopmans, C. van der Bent, 1. Que and J.K. Radder. ID-DLO Inst. for Animal 
Science and Health, Lelystad and Dept. Endocrinol. LUMC, Leiden, The Netherlands. 

Aim: The time dependent regulation of muscle and liver glycogen synthesis by insulin 
was examined in conscious rats. Materials and Methods: A hyperinsulinaemic (-600 
pm01l1) euglycacmic (5.5 mmol/l) clamp with 3-3H-glucose infusion. After 0, 0.5, 2, 
4, 8 or 12 h of hyperinsulinaemia, rectus abdominus/psoas muscles and liver were 
freeze-clamped for in vitro assay of glycogen synthase (GS) and phosphorylase (GP) 
activity, glycogen and glucose-6-phosphate (G6P) concentrations and 3-3H-glucose 
incorporation in glycogen. All reported changes are p<O.05. Results: Skeletal 
muscle: within 0.5-4 h of hyperinsulinaemia, GS fractional activity (sensitivity to 
G6P) increased from l8±2 to 35±3%; thereafter desensitization occurred and after 12 
h ofhyperinsulinaemia GS activity decreased to baseline values (17±3%). GP activity 
(ratio between GPa and GPb) decreased from 64±5 to 32±4% within 2-4 h of 
hyperinsulinaemia and remained suppressed thereafter. Muscle glycogen synthesis 
correlated with in vitro GS activity but GP activity correlated inversely with glycogen 
synthesis only during the initial 4 h of hyperinsulinaemia. Thereafter muscle glycogen 
synthesis decreased to baseline values whereas GP activity remained suppressed. 
latracellular G6P concentrations steadily increased from 0.32±0.07 to 0.79±0.1l 
!1mol/g muscle during the 12 h of hyperinsulinaemia confIrming the insensitiviry of 
GS to G6P. Liver: within 0.5-2 h of hyperinsulinaemia, GS activity increased from 
25±2 to 40±4% and GP activity decreased from 30±4 to l7±4% and remained 
constant for 12 h. Liver glycogen synthesis correlated with in vitro GS and correlated 
inversely with GP activity during the initial 8 h of hyperinsulinaemia. Thereafter (8 to 
12 h) liver glycogen synthesis increased 3-fold (from 1.0±0.3 to 3.2±0.9 mgikg.min), 
whereas in vitro GS and GP activity remained unchanged. latracellular G6P 
concentrations increased from O.17±0.02 to 0.36±O.03 !1molfg liver from S to 12 h of 
hyperinsulinaemia which may explain the increase in in vivo liver glycogen synthesis. 
Conclusion: Long-term hyperinsulinaemia induces desensitization of GS but not GP 
activity in skeletal muscle; in liver, no desensitization of as and GP activity occurs. 
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INSULIN RESISTANCE AND THE MALONYL-CoA FUEL SENSING 
MECHANISM IN THE hHTg RAT 
E. Sebokova, A.K. Saba' , I. K1imes and N. Ruderman', Institute of Experimental 
Endocrinology, Bratislava, Slovakia and 'Boston University Medical Center, 
Boston, MA, USA 
Aims: It has been proposed that an increase in the cytosolic concentration of long 
chain fatty acyl coenzyme-A (LCFA CoAl in skeletal muscle plays a role in the 
pathogenesis of insulin resistance (IR). Recent studies suggest that high levels of 
circulating free fatty acids (FF A) and muscle triglycerides (Tg) and malonyl CoA 
may be important contributing factors. To test this hypothesis, the levels of these 
"metabolites" were measured in a non-obese rodent with IR, the hereditary 
hypertriglyceridemic (bHTg) rat. Materials and methods: Control (C) and hHTg 
rats were fed a basal chow diet (SO) or a diet containing 70 cal% fat (IfF), which 
has previously been shown to produce IR. Insulin action was assessed during an 
euglycemic hyperinsuIinemic clamp (6.4 mUlkglmin) plus 'H-2-deoxyglucose tracer 
administration. Results: The levels of sennn FFA (0.89±O.12 vs 0.47±O.08 mmolll) aud 
malonyl-CoA (4.8±O.S vs 2.3±O.2 mnol/g), aud Tg in muscle (3.5±O.3 vs l.7±O.4 
#l.mol/g) were significantly higher in the hHtg than in C rats. When fed the HF diet, 
the concentration of malonyl CoA (4.3±O.6), Tg (5.1±O.4) aud FFA (l.l±O.I) all 
increased in controls. In contrast, no changes in the already high levels of these 
me1aholites were observed in bHTg rats. Insulin resistance, as evideoced by glucose 
infusion rate (GIR) during the clamp, was present in the bHTg rats on the basal diet (C
BD: 28.4±5.S vs bHTg-BD: 20.2 ±O.4 mglkglmio; p<O.OOI), but was not dimiIrished 
further by the HF diet (hHTg-HF: 18.6 ±O.6). In contrast, the HF diet decreased GIR by 
50% in C (15.2 ±O.4). In keeping with these findings, the glucose metabolic index (Rg') 
in skeletal muscles (Q. femoris: C-BD: 25.6±1.5 vs C-HF: 12.3±1.1 mmol/IOO g /mio; 
p<O.OOI) was reduced by HF diet in C anintals, but not in the bHTg rats (hHtg-BD: 
15.7±1.2 vs bHTg-HF: 17.5± 2.0). Conclusions: The results show that increased 
concentrations of malonyl CoA and Tg in skeletal muscle are associated with insulin 
resistance with both the bHTg rat aud control rats fed a HF diet. They also reveal that the 
same HF diet does not worsen IR or increase the already high levels ofTg or malonyl CoA 
in muscle of the bHTg rat. Whether these changes in muscle lipids are the cause or result 
of the insulin resistance remains to be determioed. 

55 
GUTT-4 OVEREXPRESSION INCREASES GLUCOSE TRANSPORT IN L6 
CELLS AND PRIMARY HUMAN MYOBLASTS FROM NIDDM PATIENTS 

Sahina Martinenghi, Gahriella Cusella De Angelis, Flavin Ravasi*, Fnmcesco 
Bmui. Cl:luuh) B()rdigu()Jl and Luca FalLJui. 

Depm1menl of Internal Medicine. TeletllOll Institute for Gene Therapy muj Division 
of OrtilOpaetiics, S,m Raffaele Scientific Institute, Mih:Ul, Italy 

A reduced gluco~e transport (GT) into skdetal muscle is the hallmm·k of insulin 
resistance in type II diahetes. Data from transgenic animals show that Glut-4 
muscular ()verexpressiou cOlTects the diabetic phenotype. Aim of the study wa.'i the 
conection of GT in plimary human myoblasts from type II diabetic patient.'i by Glut-
4 overexpressiol1. To this end, we have generated a retfOviral vector c::U1·ying the 
human Glut-4 cDNA (a gift of GI Bell) under the Moloney Murine Leukemia Virus 
L TR ::md the truncated, non-functional human nerve growth factor receptor (NGFr) 
for selection of transduced cells under the SV40 promoter. This construct was 
initially validated Oil L6 myohlasts, a rat skeletal muscle cell line. After 
tnmsduction, these cells showed a 75% positivity for NGFr expn:ssioll hy FACS 
scml, ami the expression of Glut-4 hy immunotluorescence analysis. A significant 
increase in hoth hasal mId insulin-stimulated glucose tf<UlSport W,l'i dl:!mon:-.lrated after 

transduction: (pmol.min-l.mg protein-}) myoblasts: basal: from IX4±66 to 417±X4, 
stimulated: from 221i±XX to 5X2±135; myotuhes: basal: from 270±7'! to fi02±122, 
stimulated: liOin 414±111 to l521±452). Primm·y human myoblast' liOin NIDDM 
patients, which retain a defect of glucose transport in vilro, me being isolated ,U1d 
exptmded in vih·O. These cells have heen transduced with high efficiency (100%) after 
~ infection cycles. Preliminary data on these cells are in agreement with uata 
ohtained in L6 cells, showing a 2 to 3-foltl increase in specific glucose transport, 
hoth in the hasal as well as in the insulin-stimulated condition. These data might 
constitute the h<l'iis for a gene therapy approach to NIDDM in hUII1::UlS. 

54 
EFFECTS OF CHRONIC GLUCOSAMINE ON IN VIVO 
GLUCOSE METABOLISM. 
L. Morviducci, L. Pastore, S. Morelli, E. Sagratella, D. Zorretta, A. Buongiorno, G. 
Tamburrano and A. Giaccari. Endocrinology, UCSC; Endocrinology, Clin. Med. 2, 
Univ. "La Sapienza"; Clin. Biochemistry, Istituto Superiore di Sanita; Rome, Italy. 
Aims: In vitro experiments suggest that increased glucose flux through the 
hexosamine pathway may be responsible for glucose toxicity. We and others recently 
demonstrated that an acute infusion of exogenous glucosaroine determines insulin 
resistance in normal rats in vivo, possibly through the inhibition of glucose transport. 
Glucose toxicity, however, is a chronic pheoomenon. Aim of this study was to 
evaluate the effect of a chronic glucosaroine infusion in control rats. Methods: We 
studied four groups of animals: Diabetic (90 % pancreatectomy) rats (0, n=6), 
Control rats chronically (7 days) i.v. infused with glucosaroine (5 ~mol'kg-l.min'l; 
CG, n=6) through an overhead suspended swivel, Control rats chronically i.v. infused 
with saline (CS, n=5), Control rats acutely infused with glucosaroine (5 Wmol·kg' 
l·min,l; AG, n=5). Chronic i.v. glucosamine was substituted with saline 24h prior the 
study. All animals were fasted for 24h, and insulin-mediated glucose metabolism was 
evaluated with euglycemic byperinsulinemic (20 mU·kg,l·mio,l) clamps (+[3-3H)
glucose). Results: Acute glucosamine reduced glucose uptake by -25% (AG: 
206±12 vs. CS: 271±16 ~mol-kg-I·mio'l; p<O.OI). Whole body glycolysis (calculated 
from the 3H20 rate of appearance) and muscle glycogen synthesis were similarly 
reduced, both contributing to the overall glucosamine-induced insulin resistance, .s 
previously reported. Diabetic animals (made similarly euglycemic by the 24h fast) 
resulted markedly insulin resistant (D: 177±16 ~mol·kg-I.min'l; p<O.OOI) with. 
reduction in glycogen synthesis mostly contributing to the reduced glucose uptake. 
Finally, rats chronically infused with glucosamine resulted similar to the saline infused 
r.ts, both wheo comparing overall glucose uptake (CG: 255±1S ~mol'kg-I'min'l) or 
glycogen synthesis and glycolysis. Conclusions: It is therefore concluded th.t 
increased hexosamine metabolism in-vivo: I) wheo acutely increased (during the 
clamp) reduces glycolysis and glycogen synthesis, with both pathways contributing to 
the decreased glucose uptake; 2) if the same increase of the hexosamine is prolonged 
for 7 days, and then discontioued for 24h, normal insulin sensitivity is restored. Since 
diabetic animals are still insulin-resistant in preseoce of (a shorter) euglycemia, 3) 
either a more (than 7 days) prolonged glucosamine infusion or a shorter (than 24h) 
interruption is needed to mimic glucose toxicity through a glucosamine infusion. 
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RAB4 AND RAB11 REPRESENT TWO POTENTIAL MEDIA
TORS OF GLUT4 DISTRIBUTION AND TRANSLOCATION IN 
THE HEART 
A. Kessler, O. Dransfeld, S. Sasson", E, Tomas#, A. Zorzano# and 
J. Eckel, Diabetes Research Institute, Dilsseldorf, Germany; "He
brew Univ., Jerusalem, Israel; # Univ. de Barcelona, Spain 
Aims: Earlier investigations from this laboratory demonstrated the presence of 
a 24 kDa GTP-binding protein in cardiac GLUT 4-vesicles. Western blotting 
analysis indicated that Rab4 (24 kDa) is expressed in the heart but does not 
colocalize to GLUT4. The functional implications of Rab4 and p24 in GLUT4 
translocation were investigated using an insulin-sensitive cardiac cell line 
(clone K6) stably overexpressing GLUT4. Methods: Cells were transiently 
transfected (effiCiency 60-70%) with Rab4-cDNA or Rab3-cDNA and glucose 
transport and GLUT4 translocation were determined. Results: Rab4 but not 
Rab3 reduced basal glucose transport with an enhancement of insulin action 
by 3040%. Cell surface biotinylation indicated that Rab4 overexpression resul
ted in a reduced GLUT4 abundance (about 40%) at the cell surface in basal 
cells. Insulin increased cell surface-GLUT4 by 100% compared to only 26% in 
control cells. In order to identify the p24 in the GLUT4 vesicles, a cholate ex
tract from a crude membrane fraction of pig heart was subjected to a three
step FPLC purification protocol. Fractions were analysed for the presence of 
24 kDa small GTPases, finally pooled and submitted to two-dimensional elec
trophoresis. Three spots of interest were analysed by mass spectrometry and 
identified as Rab11. Western blot analysis of microsomal membranes from pig 
and rat heart confirmed the expression of Rab11. Furthermore, 
GLUT4-vesicles isolated by immunoadsorption from cardiac microsomes were 
found to contain an appreciable amount of Rab11, which increased in respon
se to insulin. Conclusions: Our data show that Rab4 is involved in directing 
GLUT4 to the insulin-sensitive intracellular compartment. Rab11 colocalizes to 
GLUT 4 and may be involved in exocytosis and/or recycling of the transporter. 
We suggest that at least two Rab proteins with different intracellular locations 
could represent essential parts of the GLUT 4-translocation machinery. 
(Supported by DFG, SFB 351, C2 and EU COST 85) 
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EFFECTS OF THE RAPID-ACTING INSULIN ANALOGUE INSULIN ASPART 
ON POSTPRANDIAL GLYCAEMIC EXCURSIONS IN TYPE 2 DIABETES 
P Thorsbyl, AM Rosenfalck', L Kjems', KF Hanssenl , S Madsbad' and KI 
Birkeland1

, lAkerUniversity Hospital, Oslo, Norway, 2Hvidovre Hospital, Hvidovre, 
Denmark. 

Aims: The aim of the present study was, in a double blind, double dummy crossover 
design to compare the postprandial serum glucose profile after Insulin Aspart (IAsp) 
0.15 Ulkg body weight given at time too() minutes, to the postprandial serum glucose 
profile after Actrapid 0.15 Ulkg given at time FO(Acto) and F-30 (Act,,) minutes in 
relation to a test meal in patients with insulin treated Type 2 diabetes. We also wanted 
to study individual responses in absorption of IAsp using a new and specific 
monoclonal assay. Material and methods: Twenty-five (14M111F) Type 2 patients 
with a mean age of 59.7 (range 43-71) years, Body Mass Index (BMI) 28.3 (21.9-35.9) 
kg/m', HbAlo 8.5 (6.8-10.0)%, glucagon stimulated C-peptide 0.6 (0.3-2.5) nmoVI and 
diabetes duration 12.5 (3.0-26.0) years participated. We determined the total excursion 
of serum glucose concentration (EXC,l.) 0-360 min calculated as the incremental area 
under the curve. We also measured maximal concentration Cma,)Asp, time to maximal 
concentration !"'ulAsp and til' IAsp with the specific assay. Results: Mean (SD) 
EXC,l. was significantly smaller for IAsp 899(± 609) mmoVI x min compared to Acto 
1101 (± 497) mmoVI x min (p ~ 0.01). No difference in EXC,l. could be demonstrated 
when comparing IAsp to Act)o 899 (± 609) mmoVI min vs 868 (± 374) mmoVI x min. 
Furthermore, maximum serum glucose concentration was significantly (p<0.02) lower 
for IAsp 10.8 ± 2.2 mmoVI compared to Acto 12.0 ± 2.4 mmoVI. The median (range) 
Cm"IAsp was 50.3 (11.0-164.8) mUll, !",,,IAsp 60.0(20-180) minutes and tll,lAsp 
76(40-194) minutes. Conclusion: Immediate pre-meal administration oflAsp in 
patients with Type 2 diabetes resulted in improved postprandial glucose control 
compared to Actrapid injected immediately before the meal, but similar control 
compared to Actrapid injected 30 minutes before the meal. The absorption of IAsp is 
variable and slower in Type 2 than previously reported in Type 1 diabetic patients. 

59 
CSII VERSUS MDI IN IDDM PATIENTS TREATED WITH INSULIN 
LISPRO: RESULTS OF A RANDOMISED, CROSS-OVER TRIAL 
V. Melki, H. Hanaire-Broutin, S.Bessieres-Lacombe, GEDEC study group and J-P. 
Tauber. Diabetologie, Hopital de Rangueil, Toulouse, France 

Aims: To compare the efficacy of progranunable external pump (CSII) with insulin 
lispro (LP) and mUltiple daily injections (MDI) with LP on diabetes control of type 
1 diabetic patients previously on CSII with regular insulin (RJ). Materials and 
methods: Forty-one, C-peptide negative, type I diabetic patients (sex: 21M120F; 
age: 43 ±lOyrs; diabetes duration: 20 ±l1yrs; BMI: 24.0 ± 2.4kg/m'; HbAlc: 8.39 
±.87%) participated in a randomised, cross-over trial. After a 6 weeks period of 
CSII with RI, they were randomly assigned either to CSII with LP or to MDI with 
LP(before meals) and NPH(morning and bedtime) for a 4 months period. Then, they 
were switched to the other treatment for another 4 months. The patients were 
advised to check capillary blood glucose 6 times a day. Instructions were given to 
investigators to rapidly optimise insulin regimens by introducing a third NPH 
injection at noon if necessary. At the end of each period, HbAlc was measured and 
patients' memory meters were down-loaded to collect the mean glycemia, the mean 
standard deviation of glycemia, an index of glycemic fluctuations, and the number 
of hypoglycemia during the previous 2 weeks. Results: Forty patients completed the 
study. One patient dropped out 3 weeks after randomisation during MDI period. 
Basal insulin regimen had to be optimised in 75% of the patients during the MDI 
period (mean n of NPH injections/d : 2.65). The table shows the metabolic results 
observed at the end of each sequence of treatment (analysis of variance for cross
over study). Results are expressed as mean±SD. 

CSII MDI P 
HbAlc(%) 7.89 ±.77 8.24 ±.77 <0.001 

mean Glycemiall4days (mg/IOOml) 165 ±27 175 ±33 <0.05 
mean SD glycemiall4days (mg/IOOml) 73 ±15 82 ±18 <0.01 

glycemia<60mg/lOOmVI4days (n) 3.9 ±4.2 4.3 ±3.9 NS 
Mean insulin doses(IIJ/d) 38.5 ±9.8 47.3 <0.0001 

±14.9 
Conclusions: This randomised study demonstrates the superiority of CSII over MDI 
with insulin Lispro in terms of glycemic control and stability in type 1 diabetic 
patients, with lower insulin daily doses. 

58 
TEMPORAL EFFECT OF ACUTE ELEVATIONS IN FREE FATTY ACIDS 
ON ACTION OF FATTY ACID ACYLATEn INSULIN, NNJ04. 
M. Hamilton-Wessler, J. Marknssen', and RN. Bergman. Univ. of Southern 
California School of Medicine, Los Angeles, CA, USA and 'Insulin Research, 
Novo Nordisk NS, Bagsvaerd, Denmark. 
Binding of myristic acid acylated insulin, NN304, to fatty acid binding sites on 
albumin results in prolongation of NN304 action. Aims: This study examined the 
temporal effect of acute elevations in free fatty acids (NEFA) on NN304 action. A 
rise in plasma NEFA levels was initiated either with NN304 or after establishing 
NN304-stimulated glucose turnover. Methods: Three protocols were employed 
during euglycemic clamps in normal dogs (somatostatin; and 3.6pmoVrnin/kg Lv. 
NN304 infusion for 360 min): I.-O(no Liposyn; n~ 13), L-early( -30 to 360 min 
Liposyn, 1.5 mllmin; n~7), L-Iate(ISO to 360 min Liposyn; n~7). Results: Plasma 
steady state total NN304 (bound plus free) levels were 2517±lOS and 2249±152pM 
for L-O and L-Iate, and 172S±S7pM for L-early (p<0.01) consistent with 

,..--------, competitive NN304 displacement from albumin when 

r· 
i • 
£ 
Z • 

NEFA and NN304 rise simultaneously. Basal NEFA 
(0.8±O.ImM) fen to 0.IS±O.02 mM with L-O, and were 
raised to 2.9±O.2 and 2.6±O.lmM in L-early and L
late. NN304 alone (L-O) acted equally to stimulate 
glucose uptake (Rd; 3.4-fold increase, Fig.A) and 

.. ... 1 L·O L·"'Ir L·.l. suppress glucose production (EGP; 92% suppression, 

.~ Fig.B). Elevating NEFA early (L-early) caused a 30% 
• • reduction in stimulation of Rd and total reversal of 

J. l • . suppression of EGP (p';;0.05vs.L-O). Initiating a late 
I • . . rise in NEFA (L-Iate) caused a greater reduction in Rd 
~' . . (54%;P<0.01), and similar reversal of suppression of 

: ":. fA EGP (p>0.05vs.L-early). Conclusions: 1) Like native 
••••• ,.. '4'" ,.... insulin, NN304 acts indirectly to modify EGP via 

changes in lipolysis (NEFA); 2) The NEFA effect on Rd is less with an early vs. 
late NEF A rise due to NN304 displacement from albumin when NEF A and NN304 
rise concurrently. During NN304 administration, the potent effect of NEFA to 
induce insulin resistance is influenced by the timing of elevation in plasma NEF A. 

60 
INSULIN ASPART IMPROVES LONG-TERM GLYCAEMIC CONTROL IN 
TYPE 1 DIABETES - A RANDOMIZED TRIAL VS. HUMAN INSULIN 
P.D. Home l

, A. Lindholmz and A Riisz; tThe Medical School, Newcastle upon 
Tyne, UK; 2Novo Nordisk AJS, Copenhagen, DK for the European Insulin Aspart 
Study Group 
Aims: Insulin aspart is a rapid-acting insulin analogue to be administered 
immediately before meals, instead of 30 min before meals as is recommended for 
human insulin. The present study was performed to evaluate blood glucose control 
over 6 months with insulin aspart versus human insulin as meal-related insulin. 
Materials and Methods: People with Type I diabetes were randomized to 6 
months treatment with insulin aspart (n~707) or human insulin (n~358) as meal
related insulin three times daily with once or twice daily basal NPH insulin. Insulin 
aspart was given immediately before meals, and human insulin 30 min before meals. 
Efficacy and safety were evaluated after 6 months treatment. Results: At 6 months 
insulin aspart was superior to human insulin with respect to glycaemic control. 
Baseline-adjusted HbAlo was 0.12 (95%-CI 0.03 - 0.22) %Hb lower in the insulin 
aspart group than with human insulin (p<0.02). Prandial glucose increment over the 
three meals decreased in the insulin aspart group while remaining unchanged in the 
human insulin group, the difference at 6 months being 1.15 (0.87 - 1.43) mmoVI 
(p<O.OOO 1). The dose of pre-prandial insulin aspart and human insulin remained 
unchanged over the treatment period, while the NPH insulin dose was 8 % higher at 
6 months in the insulin aspart group than with human insulin. The risk of 
experiencing hypoglycaemia requiring third party intervention with insulin aspart 
relative to human insulin was 0.83 (0.59-1.18) (NS), while the risk of any 
symptomatic hypoglycaemia did not differ between groups. Major nocturnal 
hypoglycaemic events requiring parenteral treatment were fewer with insulin aspart 
(1.3 vs 3.4 % of patients) (p<0.05). Treatment satisfaction as assessed by the WHO 
Diabetes Treatment Satisfaction Questionnaire was significantly improved with 
insulin aspart with a difference ofl.3 (1.2 - 3.3) points (p<O.OOOI). Conclusions: 
Insulin aspart gave improved overall blood glucose control, fewer severe night-time 
hypoglycaemic events, and improved satisfaction when compared with human 
insulin. 
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61 
BASAL INSULIN GLARGINE (HOE 90l) IN TYPE 2 DIABE1ES: 
A 28-WEEK, NPH CONTROLLED TRIAL. 
J Rosenstock, S Schwartz, C Clark, M Edwards and D Donley for 
the US Study Group of Insulin Glargine in Type 2 DM Dallas, IX 
Alms: Iusulin glargine (21A-Gly-3o"a-L-Arg-3o"b-L-Arg-human insulin) is a 
biosyuthetic insulin analog with a prolonged action corupared to NPH. This 
multicenter, randomized, parallel group study compared insulin glargine with NPH 
in subjects with type 2 DM treated with insulin therapy without oral antidiabetic 
agents. Materials and Methods: Su~ects were treated with insulin glargine once 
daily (bedtime), NPH once daily (bedtime) or NPH twice daily (morning and 
bedtime) and were allowed to use preprandiaJ regular insulin as part of the daily 
regimen. Results: A total of 518 subjects with a mean age 59.3 years, mean 
glycohemoglobin (GHb) 8.5%, and mean fasting plasma glucose (FPG) 10.9 
mmollL were treated at 59 centers for up to 28 weeks. Total daily insulin dose at 
baseline, mean ± SD, was 64 ± 32 IV. There was no change in the basaJ dose of 
insulin glargine from baseline to endpoint, (-1 ± 19 IV, NS), whereas the dose of 
NPH was increased (7 ± 19 IV, p<O.Ol). Regular insulin use increased in both the 
insulin glargine and NPH groups (10 ± 22 IV vs. 6 ± 16 IV, respectively, p<O.OI). 
GHb was reduced (p<O.OI) similarly from baseline in the insulin glargine and NPH 
treated groups (-0.41 % vs. -0.59%, respectively, N.S.). Compared to the respective 
baselines, insulin glargine and NPH decreased FPG at endpoint (p<0.01) by -1.73 
mmollL vs. -1.08 mmollL, respectively (NS). Weight gain at endpoint was greater 
in the NPH group (0.4 kg vs. 1.4 kg, p<0.01). The number of subjects experiencing 
symptomatic noctwnal hypoglycemia was less (p<0.02) with insulin glargine 
(31.3%) than NPH (40.2%). Fewer subjects experienced severe hypoglycemia 
(insulin glargine 0.4% vs. NPH 2.3%, p=0.058). The overall adverse event profiles 
of insulin glargine and NPH were similar, although a slightly higher incidence of 
mild injectiou site pain occurred with insulin glargine. Conclusions: Once daily 
basaJ insulin glargine (n=246) was as effective as once (n=48) or twice (n=207) 
daily NPH in improving glycemic control with less symptomatic noctwnal 
hypoglycemia. 

OP9 
Lipids 
63 
Plasma lipids and hypoglycaemic therapies over 6 years in Type 2 
diabetic patients in the UKPDS 
CA Cull, HAW Neil, V Frighi, SE Manley, RR Holman, RC Turner for 
the UKPDS Group 
Diabetes Research Laboratories, University of Oxford, OX2 6HE, UK 

Aims : We have examined patients included in the UKPOS to determine 
whether intensive treatment with hypoglycaemic agents alters lipid proftles 
compared with a non-intensive policy. Patients: 2249 newly diagnosed 
White Caucasian Type 2 diabetic patients : 57% male; mean (SO) age 54 
(8) years; BM! 27.9 (5.3) kg/m2

; systolic/diastolic BP 138/84 (191l0) 
mmHg; total cholesterol (TC) 5.5 (1.1) mmollL; WL cholesterol 3.6 (1.1) 
mmollL; HDL cholesterol 1.07 (0.23) mmollL; geometric mean (ISO 

interval) triglyceride (TG) 1.6 (1.0, 2.7) (mmollL); median (lQR) fasting 

plasma glucose 8.3 (7.3, 10.0) mmollL; HbAlc7.0 (6.1, 8.1) %. Therapies : 
randomly allocated; conventional policy, primarily diet alone; intensive 
policy : chlorpropamide; g1ibenclamide; insulin or metformin (overweight 
patients). Analysis : intention to treat. Results : Over I year TC and TG 
increased with conventional policy while intensive policy prevented this 

increase. The effect was particularly apparent for chlorpropamide with TC 
(mean difference (95%CI) -0.15 (-0.31, -0.01) mmollL, and TG -0.22 (-
0.41, -0.03) mmollL, but was not as marked with glibenclamide or insulin. 

In overweight patients, the effect was seen with metformin with lower TC -
0.42 (-0.65, -0.20) mmollL, WL -0.20 (-0.37, -0.02) mmollL and TG -0.42 
(-0.76, -0.09) mmollL. These effects were similar but less pronounced by 6 

years. Conclusions : The hypoglycaemic therapies studied had modest 
effects on plasma lipids, although chlorpropamide and, in overweight 

subjects, metformin reduced both TC and TG. The chlorpropamide effect 
may have counterbalanced the increased blood pressure induced by this 
therapy. The metformin effect may have contributed to the reduced 
incidence of myocardial infarction. 

62 
INSULIN REGIMENS AND METABOLIC CONTROL IN ADOLESCENTS 
WITH TYPE 1 DIABETES OVER 3 YEARS. 
'P. Swift, 'HB. Mortensen, 'H. Lynggaard and 'P. Hougaard on behalf of the 
Hvidore Study group on Childhood Diabetes. 'Leicester Royal Iufirmary 
Children's Hospital, Leicester, UK, 'Department of Paediatrics, Glostrup 
University Hospital, Denmark, 3Novo Nordisk AlS, Bagsvrerd, Denmark, 
Aims: From the total number of2873 children and adolescents included in an 
international study in 1995, 892 adolescents were restudied in 1998 including 
clinical parameters and HbA1ccentrally measured. Material and methods: There 
were 441 boys and 451 girls, mean age 11.3 ± 2.2 years and mean diabetes duration 
4.6 ± 3.0 years in 1995. Only children with a diabetes duration of one year or more 
(1995) were considered thus excluding most children in the remission phase. All 
were treated by the same departments during the study period. Results: Over the 3-
years metabolic control as assessed by HbA" deteriorated from 8.7 ± 1.6% in 1995 
to 8. 9 ± 1.6 in 1998 despite the increasing use of multiple injection regimens (three 
or more) from 42 to 70%. The study group was divided into three subgroups 
according to injection regimen in 1995 and in 1998. Group I (n=250) remained on 
twice-daily insulin; group 2 (n=366) remained on multiple injections (three or more) 
; group 3 (n=256) shifted from twice-daily insulin to multiple injections from 1995 
to 1998. During this period the mean HbA" level increased 0.3 % in group 1,0.2 % 
in group 2 and 0.2 % in group 3. However the changes were lower than expected 
with regard to the known effects of age and duration. The increase in daily insulin 
dose between 1995-98 was significantly higher in group 3 ( 0.17 U/kgl24h compared 
to group 2 (0.09 U/kgI24h) . Body mass index (BMI) increased significantly in all 
subgroups during the study period. The BMI change was significantly higher for 
females in group 3 (3.6 kg/m') compared to females in group 2 (2.8 kg/m'). Twice 
daily premixed insulin alone was used in 21.7% of the adolescents in 1995 and 
13.5% in 1998. Those remaining on twice daily premixed insulin over the truee year 
period showed similar HbA" values compared to those shifting to another regimen 
during the period (p=0.9). Conclusion: In this large international cohort of 
adolescents metabolic control is unsatisfactory irrespective of insulin injection 
regimen. Other factors must be important. 

64 
THE DIABETES ATHEROSCLEROSIS INTERVENTION STUDY (DAIS): 
BASELINE CHARACTERISTICS AND 2 YEAR LIPID RESULTS. 
G. Steiner for the DAIS Project Group. Univ. of Toronto, Toronto, Canada. 
DAIS is the first study designed a priori to test whether correcting dyslipoproteinemia 
in men and women (40-65yrs) with type 2 diabetes will alter coronary disease. It is a 
randomized double blind angiographic study using micronized fenofibrate (Feno) vs 
placebo (plac) with 418 participants (305 men, 113 women; 250 Europeans, 168 
Canadians). 218 had no previous clinical CAD, while 200 did. The mean baseline 
values were TG 2.42mM, total cholesterol (Tch) 5.57mM, calculated LDL-Ch (LDLc) 
3.43mM, HDL-Ch 1.03mM, apoB 1.15g1L, BMI 28.8, HbAlc 7.53%, and fasting 
glucose 8.79mM. They did not differ between active and placebo groups. Though 1% 
of Canadians and 16% of Europeans were treated with oral agents plus insulin, their 
glycemic control did not differ. 15% were current smokers. Although 51 % had been 
diagnosed with hypertension, the entry mean BP was 140/82. Coronary follow-up is still 
under way and can not be reported. After 2 yrs. 95.2% were still in the study and the 
mean adherence to medication was 96%, not differing between Feno and Plac groups. 
Thus we can provide the first report of the long tenn effects of fibric acid related drug 
on lipids in well controlled tv e 2 diabetes. The mean % chanp;es in lipids were: 

TG T-Ch LDLc HDL-Ch apoB 

Plac 2.1% 0.8% + 1.6% +0.6% + 1.0% 

Feno -27.2% -9.0% -5.7% +6.7% -10.5% 

P 0.0001 0.0001 0.0001 0.0001 0.0001 

The hypoglycenuc regunen did not influence the lipid response. There were no 
significant differences between Feno and Plac in the occurence of cancer, clinical gall 
bladder or liver disease, muscle symptoms, CNS problems , GI complaints or renal 
disease. Micronized fenofibrate is safe and effective in the long-tenn treatment of the 

typical lipoprotein abnormalities (TG 1, HDL I) in well controlled type 2 diabetes. 



65 
PREVALENCE AND PROGRESSION OF DYSLIPIDAEMIA IN TYPE 2 
DIABETES: THE FREMANTLE DIABETES STUDY. 
W. A Davis T. Weeraratna. D. G. Bruce and T, M, E. Davis. University of 
Western Australia, Department of Medicine, Fremantle Hospital, Fremantle, 
Western Australia. 

Aims: To investigate the prevalence and management of dyslipidaemia in type 2 
diabetes in the community. 
Materials and Metbods: We analysed cross-sectional and prospective data from 
the Fremantle Diabetes Study (FDS), a study of care, control and complications in 
an urban multi-ethnic population. Each FDS patient has a full annual assessment 
and tile results are reported to hislher usual doctor(s). Dyslipidaernic patients are 
defined as those on hypolipidaemic drugs or with a serum lipid profile justifying 
treatment under Australian Pharmaceutical Benefits Schedule criteria (sernm total 
cholesterol >6.5 mmollL, or >5,5 mmollL wilb HDL-cholesterol <1.0 mmollL), 
Results: Complete data were available for four assessments in 676 patients, 
representing a mean±SD follow-up of 3.3±O.4 years. At baseline. 32,1% had 
dyslipidaemia and this increased to 47,3% at the 4th visit (P<O.OOI), Using multiple 
logistic regression, progression to dyslipidaernia was associated with body mass 
index (1"=0.02). and inversely wilb HbA,,, and diabetes duration (P=O.02). The 
percentage of dyslipidaernic patients treated with hypolipidaemic agents increased 
from 37.8% to 61.3% (P<O.OOI) during follow-up but the proportion on fibrate 
therapy fell from 36.6% to 16.8%. In those treated with a statin, the serum total 
cholesterol was ,,5.5 mmollL in 62.3% and 62.7% at baseline and 4'" visit, 
respectively (P>0.5). In both dyslipidaemic and nonnolipidaelnic patients, body 
mass index and HbA" fell during follow-up while HDL-cholesterol increased 
(P<O.OO I) despite a progressive increase in the fasting plasma glucose. 
Conclusions: I. Diabetic dyslipidaemia is common in the community. 2. Its 
prevalence increases by 5% of patients/year. 3. TIle proportion of dyslipidaernic 
patients receiving treatment is increasing. 4. This increase is due to greater use of 
statins. 5. A significant proportion of dyslipidaernic patients may be under-treated, 
6. Greater patient compliance witll lifestyle measures and management, changes in 
management tllfOUgh FDS results, and/or management changes independent of the 
FDS may help lower body weight and contribute to improved serum HDL 
concentrations despite the progressive beta cell failure of type 2 diabetes. 

67 
AUTOANTIBODIES AGAINST OXIDIZED LDL AND ADVANCED GLYCATION END
PRODUCTS IN NIDDM WITH NEPHROPATHY 
a,Benko, S,Ljubic, Z. Turk, and MGranic; 
The Vuk Vrhovac Universfty Clinic, Zagrab, Croatia 

Beckground, Oxidized LDL (oxLDL) plays an important role in the development of 
atherosclerosis, There is also evidence that advanced glycation endproducts (AGEs) are 
implicated in the pathogenesis of diabetic vascular complications, The aim of this study 
was to investigate the biological marker of in vivo LDL oxidation (autoantibodies against 
oxLDL) and serum AGE level in two age-matched groups of NIDDM patients (65 without 
microangiopathyand 27 with nephropathy), and in 25 normolipemic controls. Nephropathy 
was assessed on the basis of complete clinical examination, There was no difference in the 
glycemic control (HbAlc 7,9±2,5 vs S.3±2.0), age (59.S±12 vs 61,1±9), diabetes duration 
(S,9±5,1 vs 9,9±4,9) and lipoprotein status (CH:6,2±1,3 vs 6,S±I,2, LDL-c:4,2±I.1 vs 
4,3±0,9; TG:2, 1±1 ,3 vs 2,6±1 , 7) between the two NIDDM groups, Methods: Serum IgG 
antibodies against oxLDL were determined by ELISA using malondialdehyde-derived LDL 
(MDA-LDL) as antigen. Competitive ELISA using polyclonal anti-AGE antibodies was used 
to measure AGEs, Resuns: The tHer of autoantibodies against MDA·LDL was higher in 
both NIDDM groups vs controls (32,2±5,5 vs 20,1±4,S AcU/ml, p<O,OOI), NIDDM patients 
with nephropathy showed higher oxLDLab titer than those free from microangiopathy 
(34,S±S,6 vs 2S,1±7,3; p<0,05), A significant positive correlation was found between 
oxLDLab and urinary albumin/creatinine ratio (r=0.46, p<0,05), However, there was no 
correlation of oxLDLab with either standard lipid parameters or diabetes duration, OxLDLab 
was by 20% higher in NIDDM patients with coronary heart disease (n=5) than in NIDDM 
patients with nephropathy, A negative correlation was found between oxLDLab titer and 
metabolic control in both NIDDM groups (oxLDLab vs HbAlc, AGEs; r= -0,25, r= -3,3; 
p<O,OOI), Serum AGEs were significantly higher in NIDDM patients with nephropathy than 
in those free from microangiopathy (54,1±13 vs 47,1±14, p<0,05), A significant correlation 
was recorded between the parameters of early and advanced glycation (HbAlc vs AGEs 
p<0,OQ01), In conclusion, the results indicated the processes of oxidation and glycation to 
be more pronounced in nephropathy in vivo than in the age-matched NIDDM free from 
nephropathy, possibly contributing to the former group's susceptibility to accelerated 
vascular lesions, 

A19 

66 
SIGNIFICANT IMPROVEMENT OF APOB-CONTAINING LIPOPROTEIN 
METABOLISM BY INSULIN TREATMENT, IN NIDDM PATIENTS. 
RVerges '-, L.Duvillard-, F.Pont-, E.Florentin- and Ph. Gambert-, • Service 
Endocrinologie-Diabetologie, - INSERM U498; CHU Dijon, France. 

NIDDM patients exhibit multiple abnonnalities of apolipoprotein B (apoB)
containing lipoproteins metabolism, which are likely to play an important role in the 
development of premature atherosclerosis, in these patients, When diabetes is poorly 
controlled, wilb oral antidiabetic agents, NIDDM patients usually receive insulin 
therapy. However, modification of apoB metabolism induced by insulin treatment, in 
NIDDM, are not precisely known. Aims: the aim of lbe study was to precise lbe 
effect of insulin treatment on apoB-containing lipoprotein metabolism, in NIDDM, 
Materials and Methods; We perfonned an in vivo stable isotope kinetic study, using 
L-[I-13C] leucine, in 6 poorly controlled NIDDM patients, before and 2 months after 
the introduction of insulin therapy, and in 5 control subjects. Results: insulin 
treatment induced a decrease in VLDLapoB concentrations (121±42 vs 158±91 mg/I; 
p<0.05) due to an increased catabolism of VLDL towards IDL and LDL (0.20±0,08 
vs 0,14± 0.07 pool/h; p<0.05). Insulin treatment induced an acceleration ofIDLapoB 
turn-over, wilbout changing its plasma level, by increasing bolb its production rate 
(22.6±9.2 vs 18.2±9.6 mgll/h; p<0.05) and its catabolic rate towards LDL (0.34±O,22 
vs 0.22±0,16 pool/h; p<0.05). Insulin treatment increased LDLapoB production rate 
(20.2±7.4 vs 16.9±7.7 mg/l/h; p<0,05) and LDLapoB catabolic rate (0.022±0.004 vs 
0,018±0,004 pool/h; p<0.05), resulting in a constant LDLapoB plasma leveL When 
these kinetic data were compared to controls, it appeared that LDLapoB catabolic 
rate was completely normalized, in NIDDM, after insulin treatment, when 
VLDLapoB and IDLapoB catabolic rates, although significantly improved by insulin 
therapy, were not totally nonnalized, Conclusions: insulin treatment, in NIDDM, 
induces profound metabolic modifications of apoB-containing lipoproteins, resulting 
in significant decrease of the intravascular residence time of VLDL, IDL and LDL 
particles (as a direct consequence of lbeir increased catabolic rate). This is likely to 
reduce the atherosclerotic risk in such patients. Interestingly, LDLapoB catabolic 
rate. which is significantly decreased in poorly controlled NIDDM, is nonnalized by 
insulin therapy, 

68 
EFFICACY AND SAFETY OF ATORVASTATIN VERSUS SIMVASTATIN IN 
TYPE II DIABETES PATIENTS WITH CORONARY HEART DISEASE 
W, Marz,' H, Wollschlager,' G, Klein,' A, Neiss' and M. Wehling'. 'University of 
Freiburg, Germany. 2Stiidtisches Krankenhaus Amberg, Germany. 3Reha-Clinic, 
Bernried, Germany and 4University of Heidelberg, Germany. 

Aims: The Target Tangible study compared the effects of atorvastatin and simvastatin 
in a cohort of CHD patients in Gennany. This subgroup analysis assessed the efficacy 
and safety of these agents in type 11 diabetes patients, Materials and Metbods: 
Patients with LDL-C levels ,,130 mg/dL (3,4 mmollL) entered a 6-week washout. 
Those meeting lipid entry criteria were randomized (2:1) to atorvastatin 10 mg or 
simvastatin 10 mg for 14 weeks. The dose was increased to 20 mg and 40 mg at 
we~ks 5 and/or 10, respectively, if the target LDL-C of <100 mg/dL (2,6 mmollL) 
was not reached. Primary endpoints were efficacy (responder rates) and safety 
(adverse events and laboratory measurements). Secondary endpoints were changes in 
lipid parameters including TGs, Results: 2856 patients met the entry criteria; 517 
(18%) had diagnoses of type II diabetes. More diabetic patients (67%) reached their 
LDL-C goal than non-diabetics (61 %) and significantly (p<O,QOl) more atorvastatin 
patients than simvastatin, Atorvastatin also achieved greater TG lowering, 

Values on study completion Diabetic Non-diabetic 
Atorva -I Simva Atorva 1 Simva 

Patients achieving LDL-C goal 72 (%) 1 57 (%) 66(%) 1 52(%) 
Median triglyceride lowering -29 (%) I -15 (%) -28 (%) I -21 (%) 

.. 
There was no slgmflcant dIfference In adverse event rates between atorvastahn- and 
simvastatin-treated patients. Elevations of creatine kinase and liver enzymes >3x 
ULN occurred in 0.4% and 0.2%, respectively, of diabetics and 0.3% and 0.1 % of 
non-diabetics with no significant difference in these parameters between atorvastatin
and simvastatin-treated patients. Conclusions: The benefits of statin treatment were 
significantly greater in diabetic than in non-diabetic patients. Atorvastatin was more 
effective than simvastatin in lowering LDL-C and TGs, and more type II diabetes 
patients reached LDL-C goals with atorvastatin than with simvastatin. 
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OP10 
Genetics of Type 2 Diabetes 
69 
THE INSULIN GENE AND TYPE 2 DIABETES: EVIDENCE FOR LINKAGE AND 
ASSOCIATION MEDIATED EXCLUSIVELY BY PATERNALLY·DERIVED ALLELES. 
S.J.Huxtable, P.J.Saker, M.Walker, T.M.Frayling, J.C.Levy, GAHitman, S.O'Rahilly, 
A.T.Hattersley, and M.I.McCarthy. Section of Endocrinology, Imperial College School 
of Medicine, St. Mary's Hospital, London, UK 
Aims: Variation at the VNTR (variable number tandem repeat) minisatellite 5' of the 
insulin gene (INS) is known to influence several phenotypes, including type 1 diabetes, 
polycystic ovarian syndrome (PCOS) and birthweight. In type 1 diabetes, the longer 
class III VNTR alleles are protective; in PCOS, they increase disease risk. Case
control studies have hinted at similar class III associations for type 2 diabetes, but 
results are inconsistent and may reflect confounding population stratification. The 
family-based association methods used in this study are not subject to this source of 
error and also allow detection of parent-of-origin effects (as seen at the VNTR in type 1 
diabetes and PCOS). Materials and Methods: we studied 155 parent-offspring trios 
from the British Diabetic Association-Warren trios repository, each ascertained via a 
Europid proband with type 2 diabetes (age at diagnosis, 40(25-58)years, BMI 
32.1 (19.7-59.6)kgm-2, median(range)). Type 1 diabetes and MODY were excluded by 
clinical, biochemical (anti-GAD) and genetic means. VNTR class genotypes were 
inferred through analysis of the -23/Hphl polymorphism: the two sites are in tight 
linkage disequilibrium in Caucasians. Results: Of 119 heterozygous parents, 65 (55%) 
transmitted class III vs 54 class I (p:O.16, binomial, one-sided). However, this overall 
result masked clear parent-of-origin effects. In the 54 informative maternal 
transmissions, there was no deviation from expectation (23(43%) class III vs 31 class I, 
p:O.28, two-sided). In contrast, fathers displayed marked excess class III transmission 
(34(69%) vs 15, p:O.003 vs 50% expectation, p:0.003 vs maternal transmission). 
Conclusions: Using family-based association methods, we have provided the 
strongest evidence yet that variation at the INS-VNTR locus is a major influence on 
type 2 diabetes susceptibility. For the first time, we have demonstrated that this effect 
is mediated exclusively by the paternally-derived VNTR allele, raising the possibility 
that imprinted genes playa crucial role in the pathogenesis of type 2 diabetes. 

71 
The Tumour Necrosis Factor-Alpha -308 Promoter Polymorphism Is Associated 
With Increased Insulin Sensitivity In Caucasian Australian Females. 
AM de Silva l

, K Whitecross2
, J Pasco), M. Kotowicz3

, G Nicholson), P Zinunet1
, EJ 

Boyko' and GR Collier'. 'International Diabetes Institute, Caulfield, Australia, 
31622 Metabolic Research Unit, School of Health Sciences, Deakin University, 
Geelong, Australia 3217, 3Department of Medicine, Geelong Hospital, Geelong, 
Australia 
The TNF-alpha gene has been highlighted as a candidate gene that may be involved in 
the development of insulin resistance in obese individuals. Several investigators have 
identified sequence variation within the TNF-alpha gene and a number of 
polymorphisms have been variably associated with insulin resistance. Aim: In this 
study we investigated the Ncol polymorphism at position -308 of the TNF alpha 
promoter region. This polymorphism has previously been associated with increased 
transcription of the TNF alpha gene in vitro and we examined associations between the 
presence of this polymorphism and obesity and type 2 diabetes in humans. Materials 
and methods: Study subjects included 311 males from Nauru (mean BMI:36), a 
population with a particularly high prevalence of obesity and type 2 diabetes. We 
looked for associations between this polymorphism and diabetes- and obesity-related 
phenotypic markers. In addition, we examined the -308 polymorphism in 483 
Australian women (mean BMI:27), a population with relatively low rates of obesity 
and diabetes. Diabetes status was defmed using the ADA classification. Results: The -
308 polymorphism is a G to A base change and in the Nauruan population there were 
no subjects with the AI A genotype and the A allele was present at a frequency of only 
0.01. In contrast, in the Australian population, the frequency of the A allele was 0.21. 
Interestingly, in the Australian population, women with the AlA genotype (n=52) had 
significantly lower fasting insulin concentrations (7.98flU/ml) compared to subjects 
with the GIA (9.62flU/ml) or GIG (9.52J.lU/ml) genotypes, adjusted for age and percent 
body fat (p<0.05). Of interest also was the finding that in diabetic women, who were 
already hyperinsulinemic, the AlA genotype (n=8) was associated with a lower BMI, 
smaller waist circumference and markedly decreased circulating leptin concentrations 
(p<0.05). Conclusions: These findings suggest that sequence changes in the TNF 
alpha promoter may be associated with increased insulin sensitivity in non-diabetic 
Caucasian women. In addition, the findings in diabetic women implicate a role for 
TNF alpha in body fat accumulation and distribution which warrants further 
investigation. 

70 
CLONING OF THE 5' FLANKING REGION OF THE MOUSE INSULIN 
RECEPTOR SUBSTRATE -3 GENE. 
A. Orecchio, A. Giacchini, R. Dominici, G. Canettieri, B. Trinti, M. Zani, U. Di 
Mario, M. Andreoli, S. Sciacchitano. 
'Dept. of Experimental Medicine and Pathology, University "La Sapienza" of Rome. 
Aims: Aim of this study has been to clone and analyse the 5' flanking sequence of 
the recently cloned the mouse Insulin Receptor Substrate-3 (mIRS-3) gene in order 
to identify the mechanisms by which its expression is regulated. Insulin Receptor 
Substrate (IRS) proteins play an essential role in insulin-mediated mitogenic and 
metabolic signaling. IRS-3 gene is highly expressed in the fITst part, and almost 
undetectable in the last part of the mouse embryonic life. Materials and methods: 
Screening of mouse PI genomic DNA library was conducted using a 5' portion of 
the mlRS-3 coding sequence as a probe. One PI clone has been isolated, the DNA 
digested with Hind III, and subcloned into a pBluescript vector. A subclone 
containing the mIRS-3 entire gene and a 1,800 bp fragment at the 5' flanking region 
of the gene was isolated by colony hybridization. The nucleotide sequence was 
determined by automatic sequencing and compared to the promoter sequences in the 
eucharyotic promoter database. In order to identify the transcription starting sites, 
total RNA was isolated from mouse liver, and used as template for a labeled-primer 
elongation experiment. Results: The 5' region of the mIRS-3 gene lacks typical 
CAAT and TATA boxes but contains several potential Spl binding sites, consistent 
with a housekeeping gene. Two main transcription starting sites were identified at 
nucleotide position -361 and -179 respectively. Siguificant regions of identity with 
other mouse gene promoters, such as Hypoxantine-Phospho-Ribosyl-Transferase (nt 
-1564 to -1548 and -1403 to -1319 respectively), Interferon alpha 5 (nt -1327 to-
1277) and Ki-Ras (nt -1341 to -1324) were identified. Within these high homology 
regions, potential RxR and glucocorticoid receptors interacting sites were present. 
The sequence homology as well as the presence of similar potential transcription 
regulating sites, suggest the possibility that the expression of mIRS-3 gene might be 
regulated by at least some of the mechanisms acting for these genes. Conclusions: 
We have cloned and sequenced the 5' flanking region the mIRS-3 gene. The 
complete functional analysis of the mIRS-3 promoter region, and the identification 
of the factors that modulate its expression during both the embryonic development 
and adult life, will contribute to elucidate the specific role of this gene in mediating 
the mitogenic and metabolic effects of insulin. 

72 
K121Q POLYMORPHISM IN EXON 4 OF PC-l GENE IS 
STRONGLY ASSOCIATED WITH INSULIN RESISTANCE 

L. Frittitta 1, A. Pizzuti2, A. Argiolas3, S. Gracil, I. D. Goldfine4, M. 
Bozzali2, T. Ercolin03, B. Costanzo 1 , L. lacoviell05, V_ Tassi3 and V. 
Trischitta3. list Med Int, Endocr e Mal Met, Univ. di Catania; 21st Neurol, 
Univ. di Milano: 30iv. e Unite. di Ricerca di Endocr, 1st Scient Osp CSS, S 
Giov Rotondo; Italy; 40iab Res Lab, Mt. Zion Hospital UCSF, Sar· 
Francisco, USA; 51st Mario Negri SUO, S.M. Imbaro; Italy. 

Aim and Methods: we first identified by Single Strand Conformation 
Polymorphism and sequencing a polymorphic single base change 
(K121Q) in the PC-1 gene exon 4. We then investigated the association 
between this PC-l gene alteration and insulin resistance in 121 
unrelated healthy, normal glucose tolerant (by OGTT) subjects and 135 
patients with type 2 diabetes. Insulin receptor tyrosine kinase activity 
(lRTK) was also studied in cultured skin fibroblasts from 10 healthy 
subjects, 5 with and 5 without the Q allele. Results: As compared to 80 
KK subject, Q allele carriers (n=41 , 39 KQ and 2 QQ) showed higher 
glucose and insulin levels during OGTT (p<0.001 by 2-way ANOVA) and 
insulin resistance as indicated by euglicaemic clarnp (M 
value=5.25±1.38 mg/Kg/min, n=24, vs. 6.30±1.39, n~49, p=0.005). 
When subjects were subdivided in tertiles according to insulin 
sensitivity, Q allele frequency was lower in individuals (n=81) with high 01 

intermediate insulin sensitivity (11.7%) than in subjects (n=40) who were 
insulin resistant (27.5%, p=0.003) and in type 2 diabetic patients 
(n=135, 20.7%, p=0_02). Insulin stimulation of IRTK activity was reduced 
(p<0.01) in cultured skin fibroblasts from 5 healthy KQ vs. 5 matched KK 
subjects. Conclusions: PC-1 gene polymorphism K121Q is strongly 
associated with insulin resistance in both healthy subjects and in type 2 
diabetic patients. Our data raise the possibility that PC-1 genotyping 
could identify individuals who are at risk of developing insulin 
resistance, a condition which predisposes to type 2 diabetes and 
coronary heart disease. 



73 
LEPTIN RECEPTOR GENE POL YMORPIllSMS ARE ASSO
CIATED WITH INSULIN IN OBESE DIABETIC WOMEN. 
M. Wauters', T. Rankinen", I. Mertens', M. Chagnon", C. Bouchard", 
L. Van Gaal*' • University Hospital Antwerp, Wilrijkstraat 10, B-2650 
Edegem, Antwerp, Belgium, and ." Laval University, Quebec, Canada. 
Aim of the study: Serum leptin and insulin levels are well correlated, 

and leptin administration to rodents enhances insulin sensitivity and 

glucose utilisation. Leptin receptors are present on ~-cells, as well as 
on muscle and fat cells. Leptin inhibits especially the glucose
stimulated insulin secretion from pancreatic cells. Based on these data, 
we hypothesized that the leptin receptor (LEPR) could play a role in 
regulation of insulin levels after an oral glucose load. In this study, the 
possible effect of polymorphisms in the LEPR gene was investigated. 

Methods: Three LEPR polymorphisms Lysl09Arg, Gln223Arg and 
Lys656Asn were typed on genomic DNA. A total of 372 overweight 
and obese women (BMI>25), aged 18-60, were evaluated for diabetic 
state with an OGTT according to the WHO-criteria. Results: Out of 
these 372 women, 280 showed normal glucose tolerance, while 92 
showed impaired glucose tolerance (IGT) or type 2 diabetes. Statistical 
analyses were performed by carrier status with a GLM-procedure, in 
two age groups, 18-45 and 45-60 years, after adjusting the data for age 
and fat mass. In women aged 45 to 60 with IGT or diabetes (n=32), 
significant associations were found with Lysl09Arg for fasting insulin 
and 2h insulin response on OGTT (both p=0.04). In the same group, 
trends were seen for fasting insulin with the two other polymorphisms, 

for 2h insulin with Gln223Arg, and for the area under the curve with 
Lysl09Arg and Gln223Arg. In contrast, in younger women, no 
association could be found. Conclusion: These data seem to indicate 
that LEPR polymorphisms are associated with insulin response in 
older women with impaired glucose homeostasis. 
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INSULIN AND GROWTH HORMONE SECRETION IN MODERATELY 
OVERWEIGHT NEWBORNS DURING EARLY NEONATAL PERIOD. 
N.Beridze, M.Japaridze, R.Kurashvili, M.Dundua, G.Kebuladze, 
N.Kazakhashvili. Georgian Diabetes Center, Tbilisi, Georgia. 
The aim of the research was to study the pecnliarities of insnlin and growth 
hormone (GH) secretion in healthy newborns from nondiabetic mothers (38-40 
weeks of gestation) depending on their birth weight. Materials and methods: 
IRI, C-peptide (C-p), GH levels (ng/ml) and C-p/IRI molar ratio were 
measured in neonatal blood semm of umbilical vein immediately after birth 
and cranial vein on the 7-th day after the delivery (103 normalweight 
2500,0<NW<4000,0; 154 overweight OW:S;4350,0). Morphometric investigation 
of islet tissue of pancreases obtained from 18 NW and 22 OW foetuses, died 
from birth injury was also performed. Results: OW group had significantly 
(p<O.05) increased IRI, Cop, C-p/IRI levels (O.42±O.09; 2.34±0.08; 5.6±O.07), 
respectively and decreased GH level at birth (9.7±0.8, P<O.OI), compared to 
NW (0.30±0.02; 1.0l±0.07; 3.4±0.3; 26.2±1.3, respectively). OW foetuses bad 
2.5-fold increased (p<0.02) percentage of endocrine tissue in caudal part of the 
pancreas, 2.6 times greater(p<O.OI) content of D-cells inside the islets. A and 
D-cells content did not differ between the groups. At the 7-th day after the 
delivery and beginning of breast feeding infants' birth weigh did not change 
significantly (p>0.5). At the same time no changes of IRI level in both groups 
and of Cop, C-p/IRI ratio in OW-s was found, whereas the latter indices 
enhanced 3-and 4-fold (p<0.01), respetively in NW infants. During this period 
the decrement of GH level was observed in all neonates but its concentration 
remained significantly lower in OW-s compared to NW-s (7.l±0.7; 13.5±0.85, 
respectively, P<O.OOI). Conclusion: Moderately overweight infants from 
nondiabetic mothers revealed "-cell hyperplasia in conjunction with insulin 
hYIJerSecretion at biIih and decreased D-cell reactivity to the breast feeding at 
the 7-th day after dclivery. Relatively low level of GH in OW newborns 
preserved during the first week of extrauterine life. These changes may be 
considered as Jlredictors of future development of obesity and insulin 
resistance. 

74 
SYNERGlSTlC EFFECT OF POL YMORPHISMS iN UNCOUPLiNG PROTEiN I 
AND p,-ADRENERGIC RECEPTOR GENES ON LONG-TERM BODY WEIGHT 
CHANGE iN FINNISH TYPE 2 DIABETIC AND NON-DIABETIC CONTROL 
SUBJECTS 
K. Sivenius, R. Valve, V. Hakkarainen, L. Niskanen, M. Laakso and M. Uusitupa. 
Depts. of Clinical Nutrition and Medicine, University of Kuopio, P.O.BOX 1627, 
70211, Kuopio, Finland 

Aims: To investigate the independent and combined effects of the Trp64Arg 
polymorphism of the p,-adrenergic receptor gene and the (-3826) A~G 
polymorphism of the uncoupling protein I gene on body weight change in Type 2 
diabetic and non-diabetic control subjects in a prospectively conducted to-year 
follow-up study. Subjects and methods: 70 newly diagnosed, middle-aged Type 2 
diabetic patients and 123 non-diabetic control subjects from eastern Finland. 
Genotypes were assessed by polymerase chain reaction followed by enzymatic 
digestion. Results: There were no significant differences in the frequencies of the 
two polymorphisms between diabetic and control subjects. The polymorphisms were 
not cross-sectionally or longitudinally associated with body weight or BMI in 
diabetic or control subjects. When the diabetic and control subjects were analysed 
together after adjusting for age and sex, glucose tolerance status, and 
antihypertensive and hypoglycemic drug treatment, the change in the mean body 
weight was significantly greater among the subjects with both polymorphisms 
(n~ II) than among those with no polymorphisms (n~ I 03), (change in weight 
6.5±2.5% vs -0.2± 0.8%, p~0.036, and change in BMI 8.5±2.6% vs 2.0±0.8%, 
p~0.060), mean±SEM). Conclusions: The Trp64Arg and A~G polymorphisms of 
the p,-adrenergic receptor and uncoupling protein I genes are not major 
independent factors for body weight gain and obesity in Finnish subjects. However, 
in the present study the simultaneous existence of the two polymorphisms was 
associated with a tendency to gain weight suggesting a synergistic effect of these 
polymorph isms on body weight gain. 

76 
DOES MATERNAL DIABETES IMPAIR LONG CHAiN ESSENTlAL FATTY 
ACID SYNTESIS iN MOTHER FETUS AND BREAST MILK. 
B. Offley-Shore*, B. Thomas'V', K. GhebremeskelV, M. CrawfordV and C. Lowy*. 
GKT School of Medicine, St Thomas' Hospital, London SE I 7EH*. Institute of 
Brain Chemistry and Human Nutrition, University of North London N7 8DBV. 
Aims: Adequate supplies of Arachidonic (AA) and Docosahexaenoic acid (DHA) 
are vital to fetal development. Diabetes impairs the delta-6 desaturase enzyme 
required for AA and DHA synthesis. To determine whether dietary intake or the 
presence of diabetes altered the plasma long chain essential fatty acid concentrations, 
we examined dietary intake, maternal & cord plasma & mature breast milk levels. 
Method: Mothers 13 control (C), 10 gestational (GDM), 9 established diabetics 
(EDM) kept 4 day mid trimester food diaries. Third trimester maternal & cord blood 
& breast milk was collected. The plasma fatty acids were separated by GLC. 
Results: The total intake of n-6 & n-3 fatty acids was similar between the 3 groups. 
Maternal & cord plasma choline phosphoglyceride (CPG) total saturated fatty acids 
& total n-6 metabolites were similar, but total n-3 metabolites were lower in the cord 
plasma of the EDMs compared with the C & GDMs (5.0±0.49%*, 7.1 ±0.49%* 
6.5+0.38% respectively). Cord plasma CPG a Iinolinic acid was universally low; in 
contrast the CPG DHA % was over 50 fold greater but significantly lower in the 
EDM compared with C & GDM .(4.2+0.45%*,6.0+0.39%*,5.4+0.33% respectively). 
GDM & EDM Breast milk contained significantiY more totalsatorated fatty acids 
than the C mille Milk DHA levels were marginally lower in EDMs compared with 
the C & GDMs (0.34+0.04%* 0.46+0.05%* 0.48+0.07% respectively). 
Conclusions: The control & EDM women eat similar quantities of fats but their fatty 
acid plasma choline phosphoglyceride composition was significantly different; the 
EDM % total saturated fat was higher & the total n-3% was lower. The same trend 
was observed in the cord plasma & breast mille Synthesis of DHA appears to be 
reduced in the EDM women. A similar pattern is observed in their breast milk & the 
cord plasma. (* significantly different to corresponding control values p< 0.05. 
±~SEM) 
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77 
MALFORMATIONS IN NEURAL CREST DERIVED FETAL 
ORGANS AND EFFECTS OF MATERNAL VITAMIN E TREAT
MENT IN DIABETIC RAT PREGNANCY. 
VIf J. Eriksson, C. Martin Siman, Bert Wisse and Adriana C. Gitten
berger-de Groot. Department of Medical Cell Biology, Uppsala Uni
versity, Uppsala, Sweden, and Department of Anatomy and Embryol
ogy, Leiden University, Leiden, The Netherlands. 

Children of diabetic mothers show increased rate of cardiac malfor
mations, in particular of the out-flow tract, which may be a conse
quence of impaired development of the cranial neural crest cells 
(NCC). Aim: to study the development of NCC derived fetal organs in 
a rat model of diabetic pregnancy, with or without maternal antioxi
dant treatment. Materials and methods: rats of a malformation-prone 
strain were given streptozotocin-induced diabetes prior to pregnancy, 
which was interrupted on day 16 or 20. Results: fetuses of the diabetic 
rats showed low set external ears, severely malformed Meckel's car
tilage, small thyroid and thymus and absence of parathyroid glands. 
Cardiac anomalies included rightward displacement of the aorta, 
double outlet right ventricle (DORV), persistent truncus arteriosus 
(PTA) combined with ventricular septal defects due to a malaligned 
outlet septum. The malformations in the outflow tract covered abnor
malities of the great arteries; right sided aortic arch/descending 
aorta, and double aortic arches. Maternal dietary treatment with 
2 % vitamin E markedly reduced the severity of the malformations. 
Conclusions: The phenotypic appearance of these defects is strikingly 
similar to the DiGeorge anomaly in humans, which has been found in 
children of diabetic mothers, together with an over-representation of 
PTA and DORV. The teratogenic mechanisms may be similar, and 
accessible for study. 

79 
CORD BLOOD INSULIN-LIKE GROWTH FACTOR BINDING 
PROTEIN (IGFBP-l) IN THE CONTROL OF FETAL GROWTH IN 
DIABETIC PREGNANCY 
Authors: E. Wender-Ozegowska, K. Drews and R. Biczysko, UniverSIty of 
Medical Sciences in Poznan, POLAND 

The size of human infant at birth depends on several factors: genetic 
constitution. nutritional status and pathological conditions( maternal 
diabetes. pre-eclampsia or infections). Despite extensIve investigation. as 
yet. no specific endocrine mechanisms which would play an essential role in 
fetal growth have been identified. Recent attention has been focused on the 
role of growth factors (IGFs) and their binding proteins (IGFBPs) in the 
control of fetal growth. The aim of the study was to evaluate, if cord blood 
IGFBP-I plays any role in the control of fetal growth. The studv group 
consisted of 81 pregnant women with pregestational and gestational 
diabetes. Their glycemia was estimated by daily se!fmonitoring, by monthly 
performed diurnal glucose profiles as well as by measurements of HbA1c 

concentration. Cord blood insulin and IGFBP-1 levels were analysed by 
MEIA and ELISA technology. In the respective trimesters, in the analysed 
group of pregnancies the mean glycemia level was as follows: 114 mg/dl, 
100 mg/dl and 98 mg/dl. The HbA 1C concentrations were 7,7%, 7.5% and 
7,4% respectively (normal value 3,8%-6,3%). Eleven (J 3,6%) newborns 
achieved body weight (BW) exceeding the 90 percentile. 25 (31%) 
presented with BW below the 25 percentile. There was no correlation 
between maternal glycemia, cord blood insulin levels and newborns' BW, 
but cord blood IGFBP-1 concentration correlated with newborns BW 
(p. <0.001). The concentratIOn of IGFBP-1 was Significantly lower in the 
group of newborns with hypotrophy than with in those with overweight. 
Conclusion: In the well controlled diabetic pregnancy IGBP 1 of tetal 
origin may play an essential role in the regulation oUetal growth. 

78 
CHANGED PKC ACTIVITY IN EMBRYOS EXPOSED TO 
HIGH GLUCOSE MAY CAUSE DYSMORPHOGENESIS 
P. Wentzel and U.J. Eriksson. Department of Medical Cell 
Biology, Uppsala University, Uppsala, Sweden. 
Glucose-induced teratogenesis has been associated with dis
turbed inositol metabolism in the embryo which may alter 
protein kinase C (PKC) activity. Aim: to study the effect on 
embryonic development in vitro of changed PKC actiVity. 
Materials and Methods: we exposed in vitro embryos to 
30 mM glucose (30G), to 500 J.tM or 750 J.tM of scylla-inositol 
(500S1 and 750SI, an inhibitor of inositol uptake), and to 
1-5 J.tM of the PKC-inhibitor GF-I09200X. Results: 30G, 500SI 
and 750S1 embryos had lower somite number (16.3, 21.5 and 
19.5) and higher malformation score (MS; 9.4, 6.4 and 6.9) 
than control embryos cultured in 10 mM glucose (lOG) 
(somites: 28.7, MS: 0.1). Adding 1600 J.tM inositol to the 30G 
or 750S1 culture medium partly corrected these embryos 
(somites: 23.6-23.9, MS: 3.7-4.2), and completely normalized 
the 500S1 embryo development (somites: 28.6, MS: 0.6). 
1-5 J.tM PKC inhibitor yielded a dose-dependent decrease in 
somite number (down to 12.5) and an increase in MS in lOG 
(MS up to 9.5-10.0), and no normalization of the changed 
somite number and malformation score at 30G, despite addi
tion of the inhibitor. Conclusions: high glucose concentra
tion suppresses the embryonic metabolism of inositol yield
ing decreased PKC activity, which disturbs embryoniC devel
opment. Blocking this teratological pathway may diminish 
embryopathy in diabetic pregnancy. 

80 
CHANGES IN TIffi HAEMOSTATIC SYSTEM IN PREGNANT WOMEN WITH 
DIABETES MELLITUS TYPE 2 IN TIffi PERINATAL PERIOD. 
ABronisz, D.R0S6, AGraczykowska-Koczorowska, M.Kotschy and ASokup 
The L.Rydygier Medical University in Bygoszcz, Poland 
In the perinatal period the fluctuations of some haemostatic parameters were observed. 
In patients with type 2 diabetes the disturbances of the haemostatic system were found. 
The aim of our study was to evaluate some haemostatic parameters during the 
perinatal period in pregnant women with type 2 diabetes (DMP). The study was 
carried out on 10 DMP (mean aged 36,5 ± 5,5) with a good metabolic control (HbA,o 
5,2 ± 1,1%). The control group (CG) contained 24 healthy pregnant women (mean 
aged 25,6 ± 4,5). The blood was taken between 36-38 weeks of pregnancy (the III-rd 
trimester - T3), two hours after delivery of placenta (AD) and after puerperium (AP). 
The following haemostatic parameters were estimated: platelet count (PL T), activity of 
antythrombin III (AT III) and plasminogen activator inhibitor type I (PAl-I) as well 
as the concentration of tissue plasminogen activator antigen (tPA:Ag), fibrinogen (F) 
and fibrinogen/fibrin degradation products (FOP). The PLT in DMP in comparison to 
CG was significantly lower AD (P<0,05). The tPA:Ag concentration and PAl-I 
activity were significantly higher AD (P<O,05 for tPA:Ag and p<O,OI for PAl-I) and 
AP (p<O,05 for tPA:Ag and p<O,OI for PAl-I) in DMP in comparison to CG. The 
FDP concentration in DMP was significantly lower AD and AP in comparison to CG 
(P<O,O I and p<O,05 respectively). We also compared values of these parameters in 
DMP in 3 periods (table below, M±SD). 

Period PLT(GII) AT ill (%) tPA:~ng/ml) PAI-I(IU/ml) F (g/I) FDP(~ml) 

T3 161±47,2 1l1±27,3 14,2±13,5 22,2±8,2 37±I,5 5,6±5,8 
AD 119±19,5o 124±30,6 19,1±9,3 14,O±2,8o 3,0±1,5 5,7±4,5 
AP 157±23,5o 121±17,3 12,6±5,0 13,6±4,Oo 2,3±O,3o 3,3±3,5 
op<O,05 op<O,OI 
The PL T significantly decreased AD in comparison to T3 and then significantly 
increased AP. The significant decrease of P AI-I activity was observed AD and AP in 
comparison to T3. The significant decrease of F concentration was found AP in 
comparison to T3. Conclusion: the fibrinolytic activity in pregnant women with type 2 
diabetes in the perinatal period is decreased in comparison to healthy pregnant 
women. It could be the risk of thrombotic complications in these group of patients. 
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ACTIVATION OF THE VASCULAR ENDOTHELIUM AND Na+-Li+
COUNTERTRANSPORT IN TYPE 2 DIABETES 
K.D. Kohnert, W. Besch, 1. Strese, U. Frick, E. Zander, W. Kerner, 
Department of Pathophysiology, University of Greifswald and Clinics of 
Diabetes and Metabolic Diseases, Karlsburg, Gennany 
In type 2 diabetes, we previously found that albumin excretion rate (AER) was 
correlated with cardiovascular risk factors. Cardiovascular risk factors and 
diabetic nephropathy have shown associations with the elevated sodium
lithium countertransport (SLC) activity. To investigate the relationships 
between activation of the vascular endothelium, SLC and AER, plasma levels 
of the adhesion molecules sE-selectin, sICAM-I, s VCAM-I, von Willebrand 
factor (vWF), and SLC were measured in a cohort of 75 type 2 diabetic 
patients, mean age 60 ± II years, diabetes duration 12 ± 8 years. Patients 
were classified into normoalbuminuric (AER < 20 flgimin, n= 32) and 
microalbuminuric (AER 20 - 200 fig/min, n= 33). Adhesion molecules were 
determined by enzyme immunoasssay. SLC activity was measured as Na+
stimulated Lt efflux from Li+ -loaded erythrocytes; maximal rate of. turnover 
(V"",,) was calculated using the Eadie-Hofstee plot. Compared with 
normoalbuminuric patients, microalbuminuric patients had higer levels of sE
selectin (69.4 ± 32.2 vs. 53.5 ± 19.9 ng/mI, p= 0.013), being related to both 
SLC activity (r= 0.459, p= 0.000) and to V""" (0.441, p= 0.000). There was 
no direct association between sE-selectin and AER. Multiple regression 
analysis showed V""" (r= 0.384, p= 0.011) and systolic blood pressure (p= 
0.017) to be determinants of AER. Levels of sICAM-I (271.1 ± 76.6 vs. 
279.7 ± 74.2 ng/mI) and sVCAM-I (705.3 ± 224.7 vs. 679.8 ± 188.4 ng/mI) 
were neither significantly different between the patient groups nor were they 
related to sE-selectin, vWF or AER. The increased levels of sE-selectin and 
their association with SLC in type 2 diabetes with microalbuminuria suggests 
that these factors may be related to the activation of vascular endothelium and 
to the risk of cardiovascular complications. 

83 
INCREASED PROCARBOXYPEPTIDASE U LEVELS IN TYPE 
II DIABETES. 
L. Van GaaI, K. Schatteman', F Goossens', I. Mertens, S. Scharpe', I. De 
Leeuw and D. Hendriks'. Dept of Endocrinology, 'Lab Clin Biochemistry, 
University of Antwerp, Universiteitsplein I, B-261O Wilrijk, Belgium. 
Aims: Diabetics, type II diabetics in particular, are characterized by an 
increased cardiovascular risk. Among different factors triggering this 
risk, alterations in haemostasis and fibrinolysis such as increased levels 
of fibrinogen and PAl-I activity are well known in diabetics. 
Carboxypeptidase U (EC3.4.17.20:CPU,TAFI) is a recently discovered 
basic carboxy-peptidase which is formed in plasma from its precursor 
pro CPU during the processes of coagulation and fibrinolysis. The most 
important physiological function is believed to be a retardation of clot 
lysis. Materials and Methods: In order to evaluate whether proCPU 
levels are elevated in diabetes, we measured, in this preliminary study, 
proCPU levels in type II male and female diabetics (n=136) and 
compared them to an age (40-70y)-matched control group (n=272). 

Results: Mean proCPU levels reached 11 03±170 U/L (mean±SD) in 
diabetics (697-1687 U/L) whereas in non-diabetics a significantly 

(p<O.OOI) lower mean CPU level (985±159 U/L) was found (440-1456 
U/L). Both for men and women separately, higher proCPU levels were 
found in diabetic compared to non-diabetic subjects (p<O.OOI). In 
diabetics a limited relationship (r=0.20;p=0.028) existed between 
proCPU and HbAIC, without any relationship with fasting glucose 
levels. Conclusions: ProCPU, a recent described parameter related to 
coagulation seems to be clearly increased in male and female type II 
diabetics. Diabetes metabolic control may have a modest influence on 
their serum levels. Further studies are needed to establish other 
determinants. 

82 
EARLY MARKERS OF ENDOTHELIAL DYSFUNCTION IN TYPE 1 
DIABETES MELLITUS 
lSkrha i

, 1. KvasniCka', B. Kalvodova' and 1.Hilgertovai
.
i Laborato!), for Endocrino

logy and Metabolism, 'Dept. of Hematology and 'Dept. of Ophthalmology, Faculty of 
Medicine I, Charles University, Prague, Czech Republic 
Aims: To evaluate selected biochemical variables as markers of early vascular chan
ges in Type I diabetes. Patients and Methods: We examined 33 Type I diabetic 
patients (IS men and 15 women, mean age 39±S yrs) in a 6 year follow-up study. The 
whole cohort was separated into patients who did not develope diabetic retinopathy 
(Group A, n=IO), who developed or worsened diabetic retinopathy during 6 years 
(Group B, n=12) and who had persisted retinopathy (Group C, n=II) since the 
beginning of observation. The ophthalmological findings were confirmed by 
fluorescence angiography. Control group consisted of 20 healthy persons of compa
rable age and body mass index. Plasma tissue plasminogen activator (IP A) and its 
inhibitor (PAl-I), plasma free N-terminal 30-kD fibronectin domain (30-kD FN) as 
well as albumine: creatinine and glycosaminoglycan:creatinine ratios (GAG) in urine 
were determined at the beginning of the follow-up. Results: Their results are 
e CDressed as means and 2SD range or meanS±SD in the Table. 

GrouP A GroupB GroupC Controls 
30 kD FN (l1g1I) 772±162 906±216° 1040±194

00 645±142 
IPA(nglmI) 4.4 6.600 7.400 4.9 

(1.7-11.7) (3.0-14.5) (4.5-12.2) (2.S-S.7) 
PAl-I (nglml) 20.0 46.300 23.4 45 

(4-100) 113-160\ (4-135) (21-99) 
Albuminuria 0.44 0.63 1.0600 0.45 

(glmol creat.) (0.12-1.62) (0.1-4.27) (0.37-3.04) (0.17-1.14) 
GAG 2.4 4.400 3.9

0 2.0 
(glmol creat.) (0.7-S.6) (1.2-16.1) ! (1.6-9.2) (0.S-5.1) 

0 00 StatIstIcal SIgnificance as compared to Group A: p<0.05, p<0.01. 
Significantly higher plasma IPA, PAI-I and free 30-kD fibronectin domain and GAG 
in urine were found in diabetic patients before development or worsening of retino
pathy (Group B) as compared to those without changes. Conclusions: Selected bio
chemical variables may be used as markers of endothelial dysfunction in diabetes. 

84 
BLUNTED RESPONSE OF PLASMA ENDOTIffiLIN-1 AND ACTIVE RENIN 
LEVELS TO POSTURAL CHANGES IN PATIENTS WITH UNCOMPLICATED 
TYPE-II DIABETES 

LN. Legakis, D. Panayiotou and Th. D. MountokaIakis, University of Athens, 
Medical School, Third Department of Medicine, "Sotiria" General Hospital, 
152, Mesogion Ave., 1I5 27 Athens 

Aim: The present study was performed in patients with uncomplicated type-II 
diabetes to investigate plasma endothelin-I response to postural changes ana its 
relationship to corresponding plasma active rerun levels. Materials and Methods: 
Twenty-two individuals (7 female and 15 male) aged 49±4 years with BM! 2S±3 
kg/m with type-II diabetes and 12 healthy subjects aged 50±3 years with 
B'MI27±2kglm. Patients with diabetic retinopathy, nephropathy or cardiovascular 
disease were excluded from the study. Blood samples were drawn at baseline 0, 5 
and 10 minutes during a head-up tilt test and 30 minutes and 1 hour of standing. 
Endothelin-l was determined by competitive radioimmunoassay (peninsula 
Lab.Inc,USA) and Olasma active renin was measured by immonoradiometric assay 

~~c~~~~ If~~~~e'det~~:"~i~e~}u':;e':.',';~:::SSDer;o~°ili'e i~~tiftl~~t~;,:j~~~;"o"l':ll~ 
results, the one-way analysis of variance was used. Results: Basal endothelin-I 
levels did not differ significantly between the two g.t;oups and did not show any 
Significant difference during the head-up tilt test in eIther group. However, after 30 
nunutes of standing, they displayed a sIgnificant increase compared to the basal in 
both patients (P<0.001,F:S.9,basai M±SD: 11.2±4.3pg/mI v.s 30min 
M±SD:26.I±l9.4 pg/ml) and controls (p<IJ.OOI, F:409.8, 
basalM±SD:7.7±1.6pg/iri\ v.s 30min M±SD:28.2±O.6pglml). Interestingly, the 
values of endothelin-I after I hour of standing did not change significantly as 
compared to the 30min values. In contrast a significant increase was observed in 
the healthy group (p<0.05,F:24.7,30min of standing M±SD: 28.2±O.6pglml v.S I 
hour of standing M±SD:32.7±1.9pg/mI). Plasma active renin in diabetICS exhibit 
higher basal values:27.54±20.911U7ml compare to the controls:9.7S±3.IJlU/mI. 
Nevertheless, it showed a similar profile dunng the head-up tilt test. A silOlificant 
increase was observed after 30min of standing compare to the basal values 
(p<0.002,F:3.29, basal M±SD:27.54±20.9I1U/ml v.s 30 min of standing 
M±SD:46.6±42.111V1ml). In line with endothelin-I pattern, plasma active renin in 
diabetics showed a blunted response during the 30min to I hour of standing 
although a sigoificant increase was observed In healthy subjects (p<0.004,F:5.73,30 
min ±SD:26.9±6.611V1ml v.S I hourM±SD:36.26±5.6!'U/ml-control group). 
Conclusions: These results indicate that patients with uncomplicated type-II 
diabetes exhibit a higher basal plasma active renin levels and a blunted response of 
both plasma endothelin-I and active renin between 30min and I hour of standing 
compared to the healthy individuals. 

A23 



A24 

85 
NEGATIVE CORRELATION OF HIGH SENSITIVE CRP WITH INSULIN SENSITIVITY AND 
ENDOTHELIAL FUNCTION IN FIRST DEGREE RELATIVES OF TVPE2 DiABETICS 
M.D. Enderle, P. Beckmann, B. Balletshofer, K. Rittig, E. Maerker, A. Volk, C. 
Meisnero, S. Jacob, S. Matthaei, H.U. Haring, and K.Rett. 
Department of Endocrinology and Metabolism, °lnstitute for Medical Information 
Processing, University ofTuebingen, Germany 
Aims: Endothelial dysfunction is an early abnormality in the development of 
atherosclerosis. Insulin resistance is discussed to be an independent risk factor for 
atherosclerosis. In addition Atherosclerosis is thought to be a chronic inflammatory 
disease. We therefore measured biochemical and molecular markers for inflammation 
in vivo and looked for correlations with insulin resistance and endothelial 
dysfunction. Patients and Methods: We investigated 49 normotensive and 
normoglycemic first degree relatives of subjects with type 2 diabetes (22m, 27f, age 
32.2±8.4 y, BMI 24.7±4.6 kg/m', HbAlc 5.l±0.4%, 24h blood pressure 
l20.5172.3±9.817.0 mm Hg). Flow associaled vasodilatation (FAD%) as a parameter 
for endothelial function was measured with a high resolution ultrasound system (13.0 
:MHz). Insulin sensitivity expressed as metabolic clearance rate (MeR) was derived 
from an euglycemic clamp. Soluble intercellular adhesion molecule I (ICA.Ml) was 
measured by chromogenic substrate test, c reactive protein (CRP) by turbidimetric 
and high sensitive CRP (CRPhs) by nephelometric method. Values are given as 
means ± SD, Spearman correlation test. Results: FAD% = 5.3±2.6%, MeR = 

7.4±3.8 mllkg min", ICA.Ml~141.6±29.2 ng/ml, CRP~ 0.16±0.ll mg/dl, CRPhs ~ 
1.0±0.9 mg/1. FAD% positively correlates with MCR (R ~ 0.45, P ~ 0.0013). There 
is a tendency for a negative correlation between ICAMI and MCR (R ~ -0.25, P ~ 
0.085), CRP does not correlate with MCR (R ~ 0.05, P ~ 0.73). Whereas, there is a 
significant negative correlation with CRPhs and MCR (R ~ -0.35, P ~ 0.01). 
Conclusions: Our data indicate that the measurement of CRPhs and possibly ICA.Ml 
might be useful markers to identify people with incipient atherosclerosis and 
therefore increased cardiovascular risk. 

OP13 
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87 
The Role of Phosphatidylinositol 3-Kinase in Glucose-Stimulated Insulin Gene 
Transcription 

Caroline M. McKinnon, Wendy M. Macfarlane and Kevin Docherty, 
Department of Molecular and CeO Biology, Institute of Medical Sciences, 
University of Aberdeen, Foresterhill, Aberdeen, AB25 2ZD, UK 

Glucose stimulates insulin expression primarily through activation of the 
homeodomain transcription factor PDXl. This occurs via the triggering of the stress 
activated protein kinase 2 (SAPK2/p38) cascade, which leads to phosphorylation and 
activation of a cytoplasmic form of PDX1, which then translocates to the nucleus 
where it binds to its recognition sequences within the insulin promoter and stimulates 
gene transcription. The effects of glucose can be mimicked by the stress-inducing 
agent sodium arsenite. Glucose, but not arsenite, activation of SAPK2 and PDXI is 
inhibited by wortmannin and L Y294002 at concentrations that are known to inhibit 
phosphatidylinositol 3-kinase (Ptdlns 3-kinase). However, these inhibitors affect 
other enzymes. Therefore to characterise further the role of Ptdlns 3-kinase in the 
regulation ofPDXl DNA-binding and insulin promoter activity, we transfected MJN-
6 P cells with a dominant negative form of PtdIns 3-kinase (Ap8S). In untransfected 
cells glucose stimulated PDXl DNA-binding activity, as measured by electrophoretic 
mobility shift assay, almost 2.5 fold (n~8). This effect was completely blocked in ceUs 

overexpressing Ap85 Ptdins 3-kinase. To study the effect on the insulin promoter, 
MIN-6 cells were transfected with the plasmid pGLLUC-200 which contains a 
fragment (-65 to -265) of the human insulin promoter upstream of the firefly 
luciferase gene. Glucose stimulated the activity of the construct 2.5 fold (7004 ± 
3651 in low glucose, n~ and 17538 ± 6226 in high glucose, n~) at 16 mM 
compared with 0.5 mM. In cells co-transfected with pGLLUC-200 and Ap85 Ptdlns 
3-kinase the stimulatory effect of glucose was 1.5 fold (4600 ± 635 in low glucose, 
n~4 and 7S07 ± 2962 in high glucose, n~4). These results provide strong evidence 
that Ptdlns 3-kinase is involved in the pathway whereby glucose activates PDX 
DNA-binding and insulin promoter activity. 

86 
HEPATOCYTE OROWTH FACfOR INCREASES IN TYPE 2 
DIABETIC PATIENTS WITH INSULIN RESISTANCE. 
K. Ueda, T. Nakagawa, Y. Shimajiri, M. KDkawa, E. Matsumoto, 
H. Sasaki, T. Sanke and K, Nanjo. Wakayama, Japan. 
Aims: Hepatocyte growth factor (HOF) has been reported as an 
important cytokine for vasculer remodeling. We investigated the 
possible involvement of HOF with insulin resistance and macroangio
pathy in type 2 diabetic patients. Mathelials and Methods: We 
recruited 29 non-diabetic subjects (N) and 78 type 2 diabetic patients 
(DM) without diabetic microangiopathy, other disease, their past 
history of atherosclerotic disease nor alcohQlic habit for this study. We 
measured serum HOF level (nglml) in the subjects with ELISA (hHOF 
kit: Ootsuka, Japan). We estimated insulin sensitivity (S.I.) using 
minimal model analysis and measured intimal medial thickness (IMT) 
at carotid artery with ultrasonDgraphy in type 2 DM. Results: Serum 
HOF levels were significantly correrated with body mass index (N : 
r=0.6484, p<O.OOl, DM : r=0.439, p<O.OOl) and S.I. (N: r=-0.284, 
p<O.01, DM: r=-0.515, p<0.001) in both groups. Serum HOF levels in 
33 non-obese type 2 DM with insulin resistance (S.I.< 2.0 x 10"/min . 
"U/ml) were significantly higher than those in 29 non-obese type 2 DM 
without insulin resistance (0.231±0.056 vs 0.186±0.056, mean±SD, 
p<O.01). Moreover, serum HOF levels tended to incresse according to 
increment of IMT in type 2 DM. However, there was no correlation 
between serum HOF level and other clinical factors, such as, gender, 
age, blood pressure, serum lipids, fasting plasma gluose, HbAle, 
fasting serum insulin and C-peptide. Conclusions: Serum HOF level 
increases in insulin resistant state with or without obesity in type 2 DM 
and maight be concerned with the development of atherosclerosis. 

88 
POSSIBLE INVOLVEMENT OF ATYPICAL PR01EIN KINASE C IN 
GLUCOSE-INDUCED PHOSPHORYLATION AND ACTIVATION OFPDX-l. 
N. Furukawa, T. Shirotani, H. Kishikawa, K. Kaneko, E. Araki, and 
M. Shichiri, Department of Metabolic Medicine, Kumamoto 
University School of Medicine, Kumamoto, Japan 
Aim: We previously reported that both DNA-binding activity and 
transcriptional activity of pancreatic and duodenal homeobox gene-l 
(PDX-I) were increased with 20 mM glucose compared with 2 mM 
glucose, and involvement of PDX-I phosphorylation in this event. In 
this study, we tried to identify the protein kinase which phosphorylate 
PDX-I and the effect of the kinase on the glucose-induced 
transcriptional activation of the human insulin gene promoter in MIN6 
cells. Methods and Results: In an in vitro phosphorylation study, PDX-
1 was phosphorylated by PKC, but not by PKA or MAPK. 
Electrophoretic mobility shift assay (EMSA) and chloramphenicol 
acetyltransferase (CAT) assay using the human insulin gene promoter 
demonstrated that increased DNA-binding and transcriptional activities 
ofPDX-l induced by high glucose was blocked by calphostin C, an 
inhibitor of all PKC isoforms, but unaffected by PMA, an activator of 
classical and novel PKC, or 00 6976, an inhibitor of classical and novel 
PKC. These results suggested that the PKC family which activated 
PDX-l in MIN6 cells was atypical PKC. Western blot and 
immunocytochemical studies with anti-PKC 1;, antibody confirmed the 
presence of PKC 1;, in MIN6 cells. Furthermore, PKC 1;, activity was 
significantly increased (2 fold, p<0.05) by stimulation with 20 mM 
compared with 2 mM glucose. Conclusion: High glucose induced 
phosphorylation and increased DNA-binding activity of PDX-l by 
activating atypical PKC including PKC 1;" which in turn resulting in 
transcriptional activation of the human insulin gene promoter. 



89 
GLP-I PROMOTES DNA SYNTHESIS, ACTIVATES PI 3-KINASE AND 
INCREASES PDX-I DNA BINDING ACTIVITY IN P(INS-I)-CELLS 
M. Prentki" R. Roduit, S. Susioi and J. Buteau 
University of Montreal, Montreal, Quebec, Canada. 

Aims: Glucagon-like peptide-I (GLP-I) is a potent glucoincretin honnone and a 
potentially important drug in the treatment of type II diabetes. We have investigated 
whether GLP-I may act as a growth factor in the PCINS- I )-cells and have studied 
the signaling pathways and transcription factors implicated in this process. 
Methods: Cell proliferation was assessed by tritiated thymidine incorporation 
measurements. We have examined the action ofGLP-1 on the enzymatic activity of 
phosphatidylinositide 3-kinase (PI3-K). The DNA binding activity of transcription 
factors was investigated by electrophoretic mobility shift assay. mRNA 
measurements were perfonned using the Northern technique. Results: GLP-I 
caused an increase in tritiated thymidine incorporation in P(INS-I )-cells and PI3-K 
activity in a dose-dependent manner non-additively with glucose. The PI3-K 
inhibitors wortmannin and LY294002 blocked the effects of GLP-I on DNA 
synthesis. PDX-I DNA binding activity was increased by GLP-I at 3 or II mM 
glucose and the PI3-K inhibitor L Y294002 suppressed the action of GLP-I on PDX
I DNA binding activity. GLP-I and glucose alone did not change AP-I DNA 
binding activity. However, they synergized to increase the activity of AP-l. GLP-I 
also increased the expression level of PDX-I and insulin mRNAs. Finally, GLP-I 
increased the incorporation of tritiated thymidine in isolated rat islets. Conclusion: 
The results suggest that GLP-I may act as a growth factor for the P cell via a PI3-K 
mediated event. GLP-I could also regulate the expression of the insulin gene and 
genes encoding enzymes implicated in glucose transport and metabolism via the 
PI3-K/PDX-I transduction signaling pathway. 

91 
ANTISENSE-RNA SUPPRESSION OF CA'+/CALMODULIN DEPENDENT 
PROTEIN KINASE 118, (CaMK II) IN INS-l CELLS CAUSES A LOSS OF 
INSULIN, GLUT -2, GLUCOKINASE AND lAPP GENE EXPRESSION 
M. Osterhoff, M. Mohlig, J. Ortmann, F. Bikashaghi, H. Schatz, A. Pfeiffer, 
Medizinische Universitlitsklinik Bergmannsheil, D44789 Bochum, Germany 
Aims: CaMK IIO, is highly expressed in INS-I cells and coloca1ized with 
insulin secretory granules. The enzyme is activated in response to rising glucose 
levels in p-cells. To investigate its role in p-cells we suppressed CaMK lIS, by 
using retroviral antisense mRNA expression. Methods: CaMK ITS, was cloned 
in antisense direction into the retroviral expression vector p50-M-X-neo and 8 
stable clones were established after infection of INS-l cells. CaMK ITo, and 
insulin Northern blots were performed by using digoxigenin labled probes. 
Other mRNAs were detected by semiquantitative PCR. For Western blot 
detection our rabbit CaMK IIylo antibody was purified by stripping it with 
bacterially expressed CaMK IIy. For insulin promoter assays the rat insulin-l 
promoter (W. Knepel) was cloned into a luciferase vector. The IDX-l antibody 
we obtained from J. Habener. Results: In antisense CaMK lIS, cells sense 
CaMK lIS, was no longer detectable while antisense CaMK IIo, mRNA was 
overexpressed 20-50 fold. Western blots showed a 90% loss of the protein. 
Insulin was decreased from 90 J.Ig1mg in wt INS-l cells to 0-5 J.Ig1mg in 
antisense cells. Insulin mRNA was reduced by more than 90% and insulin 
promoter activity by -95%. Other mRNAs like G1ut-2, glucokinase and lAPP 
the transcription of which is controlled similarly to insulin gene transcription 
also were greatly decreased - determined by semiquantitative PCR - while p-cell 
specific mRNA expression of GLP-I receptor or calcineurin was not altered. 
The transcription factor IDX-IIPDX-IIIPF-IISTF-1 was present in the usual 
amount in all antisense cells as tested by Western blotting. In antisense cells 
MTS assays show a high metabolic activity at low glucose levels of 0.5 mmol/l 
which may be due to hexokinase taking over the function of glucokinase. The 
glucose independent insulin secretion seems not to be altered since the response 
to TP A was maintained. Conclusion: CaMK ns, seems to be involved in the 
transcriptional regulation of gene products neccessary for the glucose dependent 
insulin secretion. 

90 
GLUCOSE POTENTIATES CYTOKINE-INDUCED MITOGEN ACTIVATED 
PROTEIN KINASE (MAPK) ACTIVITY IN RAT ISLETS. 
A. M Ejm",s, N. Aa. Andersen and T. Mandrup-Poulsen. Steno Diabetes Center, 
Gentofte, Denmark. 
Glucose potentiates the effect of IL-I P on insulin release and nitric oxide (NO) 
production. Glucose is known to activate ERK1I2 and p38 in celllines.We have 
previously shown that IL-IP caused activation of the MAPKs ERK1/2, p38 and 
JNK. The aim of this study was to investigate the effects of glucose on cytokine
induced MAPK activity. The hypothesis was that glucose potentiates cytokine
induced MAPK activity and that this signals the modulating effect of glucose on 
insulin release and NO production. For this purpose rat islets were precultured 4 h at 
3.3 mM D-glucose and exposed to 0, 4, 20 or 60 Vlml IL-I pat 3.3, 5.5, 11 or 17 
mM D-glucose (D-G). MAPK activity was measured by phosphotransferase assay 
using Elk I, A TF2 and Hsp25 as substrates. Accumulated insulin release was 
measured by ELISA and nitrite production by Griess reagent. Exposure to 4 and 20 
Ulml IL-I P for 24 h had no effect while 60 Vlml IL-I P significantly increased 
insulin release at 3.3 and 5.5 mM D-G (p<0.04). At II mM D-G, exposure to 4 
Vlml IL-IP had no effect while 20 and 60 Vlml significantly inhibited insulin 
release. At 17 mM D-G all IL-IP concentrations significantly inhibited insulin 
release. Increasing D-G concentration from 3.3 to 11 ml\1 caused significant 
increases in IL-I P induced nitrite production at all IL-I P concentrations. Increasing 
the D-G concentration above II mM had no effect. Exposing islets to 3.3-17 mM D
G without IL-I P induced a significant increase in the phosphorylation of Elkl but 
had no effect on ATF2 and Hsp25. Increasing D-glucose concentration from 3.3-17 
mM caused a significant increase (Cuzicks test, p~O.023) in phosphorylation of 
Hsp25 induced by 4 Vlml IL-I P but did not affect phosphorylation induced by 20 or 
60 Vlml IL-I p. We suggest that p38 activity may signal glucose potentiation of 
inhibition of insulin release and increase in nitrite production at low concentrations 
ofIL-lp. 

92 
INSULIN SECRETION IN Ca++/CALMODULIN KINASE II1h-

DEFICIENT INS-I CELLS 
A.Pfelffer, M.Osterhoff, M.M6hlig, C.Mayer, F.Bikashagi, H.Schatz. Dept. 
Intemal Medicine, University of Boehum, D-44789 Boehum, Germany 
Aims:To explore the role of Ca-/calmodulin dependent protein kinase 118, (CaMK 
116, ) III insulin secretion its synthesis was suppressed in INS-I cells. CaMK 1I8, is 
the major CaMKII in INS-I cells. is associated with insulin secretion vesicles and is 
phosphorylated upon glucose stimulation. Materials and Methods: CaMK 110, was 
stabh suppressed by 90% at the protein level by a retroviral RNA antisense 
techmque while CaMK lIy was not altered (clone: INS-WI2). LacZ controls 
contained B-galactosidase in the same vector. Insulin was measured by RIA in 
supernatants of static incubations for 45 or 90 min. Results: Insulin content in INS
WI2 cells was 5±2 Ilglmg protein compared to 64±12 J.Ig1mg in LacZ controls 
(n~4). Due to loss of glucokinase and of GLUT2. INS-WI2-cells had a half max. 
glucose metabolism at I mM compared to 7 mM in controls. TPA (0.1 11M) 
increased insulin secretion by 63±8% in INS-W12 and by 240±56% in control cells. 
Glucose dId not stimulate insulin release between 0-11 mM (4±5% at II mM, n~6) 
in INS-WI2 but by 456±83% in control cells. Oxidative glucose metabolism was 
greatly stimulated by glucose in both cell types as shown by MTS-assays using 
antimy'cin. Insulin release after incubation for 2h in 0 mM glucose-KRB was 
dependent on mitochondrial metabolism and inhibited by 10 11M antimycin 
(58±13% of control, n~3) in INS-WI2 but not in control cells. Diazoxide (DZX, 250 
11M) decreased insulin release to 66±14% ofDMSO control values in INS-W12 but 
had no effect on control cells at 0 mM glucose. K- 40 mM stimulated insulin release 
III the presence of DZX to 20H18% in INS-WI2 and to 345±78% in INS-l 
cells. Conclusion: Insulin secretion in response to activation of PKC and to Ca- -
elenltion is maintained in the absence of CaMK 1I8, in INS-I cells indicating that it 
does not directly regulate exoc)10sis although its quantity may be modulated by 

CaMK IIo, . Glucose responses. however, are lost although glucose is metabolized 
and insulin secretion requires mitochondrial metabolism in CaMK I1S, antisense 
cells. CaMK lIS, appears to interfere with nutrient secretagogue stimulated insulin 
secretion by interfering with mitochondrial metabolism and cellular energy stores. 
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93 
THE QUANTIFICATION OF GLUCONEOGENESIS IN HUMANS BY 
'H,O AND [2-13qGLYCEROL YIELDS DIFFERENT RESULTS. 
M.T. Ackennans, A.M. Pereira Arias, P.H.L.T. Bisschop, E. Endert. H.P. 
Sanerwein and lA. Romijn. Department of Clinical Chemistry, Laboratory of 
Endocrinology and Radiochemistry, Academic Medical Centre, P.O. Box 
22660, 1100 DD Amsterdam, The Netherlands. 
Aim: There is no gold standard for the quantification of gluconeogenesis in 
VIVO. During the past decade methods based on the use of stable isotopes are 
reported, from which the methods using 'H20 or [2-\3qglycerol and the mass 
isotopomer dilution analysis of glucose are mostly used. Both methods do not 
involve assumptions regarding the enrichment of the oxaloacetate precursor 
pool. The aim of this study was to compare the results of both methods. 
Materials and Methods: We measured gluconeogenesis in 6 healthy 
postabsorptive males after administration of 2H20 (Sglkg body water) and, on 
another occasion, during a primed (190 Ilmol/kg), continuous infusion (3.1S 
Ilmol.kg·'.min·') of [2-\3C]glycerol. Endogenous glucose production was 
measured by a primed (24.6 Ilffiol/kg) continous infusion (0.33 Ilmol.kg·'.min· 
') of [6,6-2H2]glucose. Results: Endogenous glucose production was not 
different after 2H20 administration or during [2-13C]glycerol infusion (12.2 ± 
0.7 vs. 11.7 ± 0.3 Ilmol.kg".min· l

, p=ns). However. gluconeogenesis measured 
after 2H20 administration and during [2-\3C]glycerol infusion was 7.4 ± 0.7 
vs. 4.9 ± 0.6 Ilmol/kg/min, (p=0.03). representing...{iO vs --41% of the 
endogenous glucose production, resp. There were no statistically significant 
differences between the glucoregulatory hormones (catecholamines, cortisol, 
C-peptide, insuline and glucagon) between both study days. Conclusion: 
Gluconeogenesis measured by 'H,O yields consistently higher results than 
measured by [2-\3C]glycerol. This discrepancy between both methods 
probably relates to conceptual problems in underlying assumptions in one or 
both methods. 

95 
EFFECTS OF GLYCEROL AND LIPID INFUSION ON HEPATIC GLYCO
GENOLYSIS IN MAN. 
H. Stingl, M. Krssak, M. G. Bischof, M. Krebs, C. FUmsinn, P. Nowotny, W. Wald
hausl and M. Roden. Dept. Internal Med. 3, University of Vienna, Austria 
Aims: Both free fatty acids (FF A) and Glycerol are considered to stimulate gluco
neogenesis and could be also involved in the regulation of hepatic glycogen stores. 
This study was designed to examine the effects of glycerol per se vs. combined 
increase of FFA and glycerol on liver glycogen breakdown in man. 
Materials and Methods: After an overnight fast, healthy subjects (age: 25±2 yrs, 
BMI: 21.7± 1.1 kgfm') underwent 3 protocols: (I) glycerol infusion (GL YC; n=S; 
plasma glycerol: 1.4&±0.19 mM at 9 h; p<O.OOS); (II) lipidfheparin infusion (LIP; 
n=7; glycerol: 0.4&±0.03 mM, p<0.005; FFA: 2.S±0.1 mM; p<IO·J

) and (III) 0.9% 
NaCI infusion (CON; n=7; glycerol: 0.19±0.02 mM; FFA: O.S±O.I mM). Hepatic 
glycogen concentrations were determined noninvasively by in vivo 13C NMR spec
troscopy (3T/&Ocm Medspec, Bruker, FRG). Net rates of glycogen breakdown (V,,,,) 
were calculated from linear regression of the decrease of liver glycogen within 9 h. 
Results: Plasma glucose concentrations similarly decreased (p<O.OOS) from -S.2 
mM to -4.& mM during all 3 experimental protocols. Plasma insulin concentrations 
increased during LIP (0 min: 44±6 pM; 9 h: S2±6 pM; p=0.02), but declined during 
GL YC (0 min: 40±S pM; 9 h: 22±3 pM) and CON (0 min: 46±6 pM; 9 h: 29±S pM) 
(p<IO" vs. 0 min; p<O.OI vs. LIP). Before the start of infusions, hepatic glycogen 
concentrations were similar in all groups (-222 mM) and declined within 9 h to 
167±S mM during GLYC (p<IO") and to ISO±& mM during CON (p<IO.6

), but did 
not change during LIP (9 h: 206±6 mM, p<IO·6 vs. CON, p<IO" vs. GLYC). Plasma 
FFA elevation reduced Vo", by -&S% (LIP: 23±12 vs. CON: IS7±27 ~molfl 

liver'min; p<IO·4
), whereas plasma glycerol elevation decreased Vo", only by -S3% 

(72±11 ~mol!lliver'min; p<O.OI vs. CON; p<O.OS vs. LIP). 
Conclusions: These results suggest, that FFA are more effective than glycerol per 
se to reduce glycogen breakdown in man and might therefore play an important role 
in the regulation of hepatic glycogen stores. 

94 
INCREASED GLUCONEOGENESIS IN TYPE 2 DIABETES: SUBSTRATE 
CONTRIBUTION AND MODULATION BY LIPOLYSIS. 
A. Gastaldelli, S. Baldi, M Petti/i, A. Natali, S. Frascerra, S. Camastra, E. 
Toschi, and E. Ferrannini, Dept. of Internal Medicine, Univ. of Pisa, Italy. 
~: The contribution of gluconeogenesis (GNG) to endogenous glucose output 
(EGO) in type 2 diabetes, and its modulation by physiologic factors is still 
controversiaL Materials and methods: We used the deuterated water (2H20) technique 
to measure GNG in 29 type 2 diabetic patients (D, age=S8±1 yrs, BMI=29.0±O.S 
kg/m2, fasting plasma glucose [FPG]=8.2±O.3 mM, [range S.4 - 12.8]) and 9 
nondiabetic subjects (C, age=38±3, BMI=30.6±1.6) after 16 h of fasting. The night 
before the study, subjects ingested enough 2H20 to bring body water enrichment to 
""().50% at the end of the study. Total fractional GNG was determined from the ratio 
of deuterium enrichment at C-SIC-2 in plasma glucose assayed in hexa-methylene
tetramine. Fractional GNG from substrates other than glycerol (ie lactate, pyruvate, 
alanine, etc) was also evaluated from the ratio C-6/C-2. At 9 am, a primed-constant, 
3-h infusion of6,6-2H-glucose was administered to measure EGO.~: In type 2 
patients, EGO averaged 876±29 Ilmolfmin, of which 68±2% (or 601±30 ~mol/min) 
derived from GNG. Of the GNG flux, ISO±22 ~mol/min (or 2S±2%) was from 
glycerol, the remainder from other substrates. In nondiabetic subjects, EGO was 
760±42 Ilmol/min (p<O.OS vs D), of which 60±S% (or 427±48 ~molfmin) was by 
GNG (p<O.OI vs D). In the whole dataset, fractional GNG was positively related to 
FPG (r=0,42, p=O.OI). In 8 type 2 patiettts, acipimox (250 mg) was given to 
suppress lipolysis, and GNGIEGO measurements were repeated 2 h later. Following 
acipimox, plasma FFA fell from O.65±O.IO to O.12±O.02 mM, and glycerol decreased 
from 49± 7 to I 0±3 ~M, while FPG and plasma insulin dropped slightly (from 
8.1±0.4 to 7.I±O.3 mM and 8.8±0.9 to 73±1.4 ~U/ml, respectively). EGO 
decreased by 129±40 ~mol/min (p<0.02 vs baseline), which was mostly due to a fall 
in GNG (by 118±40 ~mol/min, p=0.02); of this, 46±29 ~mol/min was GNG from 
glyceroL Conclusions: We conclude that (I) GNG is increased in moderately 
hyperglycemic type 2 diabetic patients; (2) both glycerol and lactate/pyruvate/alanine 
contribute to the increase in GNG; and (3) short-term suppression of lipolysis has a 
small effect on GNG. 

96 
INFLUENCE OF OLEATE ON HEPATIC GLYCOGEN SYNTHESIS 
H.P. Sauerwein, I.A. Romijn, M. Neeft and A.I. Meijer 
Department ofBiochcmistry, Academic Medical Center, Amsterdam 
Aims. Free fatty acids are implicated as a causal factor of non-insulin 
depettdent diabetes mellitus (NIDDM). Itt liver, they activate 
gluconeogettesis but little is knoWll about their effect on glycogen synthesis. 
Methods. We have studied; a) the effect of oleate on glycogen synthesis in 
isolated hepatocytes from fasted rats incubated under conditions to ensure 
high rates of glycogen productiott, i.e. in the presence of glucose, 2% serum 
albumin, and of amino acids to ittcrease glycogen synthase a (GSa) activity 
by cell swelling; b) the glycogen content of livers and related parameters of 
rats that were fed for 3 weeks with a high-fat diet (25%; controls, 10% fat). 
Results. Glycogen synthesis in hepatocytes increased from 71.1±4.9 to 
85.3±5.4 in the presence of 1 roM oleate and decreased to 56.2±3.5 ].1mol/g 
dry mass of cellslh (n= 11) in the presettce of 2 roM oleate. Stimulation of 
glycogen synthesis was due to an increase (14%) in GSa with little effect Ott 
phosphorylase a (Pa) activity. Inhibition of glycogen synthesis at 2 mM 
oleate as compared to I roM oleate was due to the combined effects of a 
26% increase in Pa and a 9% decrease in GSa. The decrease in glycogen 
synthesis could not be ascribed to a detergent-like effect of oleate as 
intracellular A TP was not altered by oleate. Production of ketone bodies 
also gave ttO ittdication for mitochondrial uncoupling. 
In rats fed on the high-fat diet the glycogett content of the liver was about 
60% of the value in the controls (n=7 in each group). The concentrations of 
intrahepatic glucose, glucose 6-phosphate, UDPglucose, amino acids and of 
portal insulin and glucagon were similar as in control animals. The ratio 
Pa/Pa+h was 0.65±0.04 in control rats and 0.74±0.05 in the high-fat group 
(p<0.05). GSa/GSa+h was uttaffected by the diet (O.l4±0.01 vs. 
0.14±0.02). 
Conclnsion. Free fatty acids can inhibit hepatic glycogen synthesis by 
interfering with the activity of the enzymes involved in glycogen turnover. 
This may contribute to glucose intolerance in NIDDM. 
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THE INCIDENCE AND RELATIVE RISK FOR FOOT ULCERATION IN 
TYPE II DIABETES. 
T. Kastenbauer, S. Sauseng, G. Sokol', M. Auinger' and K. Irsigler. Ludwig 
Boltzmanu Institute for Metabolic Diseases and Nutrition, 3"' Medical Department 
for Metabolic Diseases and Nephrology', Hospital Lainz, Vienna, Austria 
Aims: The incidence offoot ulcers in newly diagnosed (n = 31) and long-standing 
(n=156) type II diabetic patients was deterntined in a 4-year prospective study. To 
calculate the relative risk for foot ulceration, subjects were assigned to an exposed 
and non exposed group by their peripheral sensitivity and plantar load. Materials 
and Methods: In all, 187 subjects were recruited out of a large diabetes 
outpatient's department. Exclusion criteria were: history of foot ulceration, 
claudication, amputation, and severe foot defonnities. Because clinically relevant 
parameters such as gender, HbAIc, neuropathy-status, foot deformities and plantar 
pressure did not differ between newly-diagnosed and long-standing subjects at 
baseline, their data were pooled for the outcome analysis. The exposed group was 
defined by a pathologically increased vibration perception threshold> 30 V plus a 
pathologically elevated forefoot plantar pressure. Results: The total observation 
time was 470.4 person-years. Seven exposed and 3 non-exposed patients (1 (3.2 %) 
newly-diagnosed and 9 (5.7 %) long-standing subjects) developed 18 neuropathic 
foot ulcers. The cumulative incidence of first foot ulceration for the whole study 
population was 5.9 % (95 % CI 2.5 - 9.3). The incidence density of all foot ulcers 
(including reulceration in the same subject) was 38.3 11000 person-years (95 % CI 
34.5 - 42.2) and of all foot lesions (including 3 subjects who developed infected 
interdigital fissures or apical blisters) was 44.6 1 1000 (36.9 - 45.9). The relative 
risk for the exposed group to develop an ulceration was 14.7. Conclusions: A risk 
classification system based on the vibration perception threshold and on plantar 
pressure is a powerful instrument to define patients at-risk for foot ulceration. 
Since newly diagnosed patients were not different from long-standing subjects in 
terms of baseline risk-factors and ulcer development, they should be screened and 
treated in the same way as long-standing diabetic subjects. 

98 
Hepatic insulin sensitivity is the single most important regulator of glucose 
tolerance P. Bavenholm*, 1. Pigon**, and S. Efendic**. Division of Medicine; 
Departments of Emergency and Cardiovascular Medicin* and Endocrinology**, 
Karolinska Hospital and Institute, Stockholm 

Aims: We studied the contribution of hepatic and extra-hepatic insulin sensitivity 
and insulin responsiveness to the variation in glucose tolerance in Swedish middle
aged men with normal OGrr (n=29), impaired OGrr (n=lO) and with mild 
diabetes (n=15). 

Metbods: Oral glucose tolerance and the insulin response (0-30 min) were 
assessed during DOTI. These three groups of subjects were well matched for age, 
BMI and lean body mass. Insulin sensitivity and glucose turnover were detennined 
during a 450 min sequential two-step euglycemic insulin clamp (infusion of 0.25 
and 1.0mUIkg/min). HPLC purified [63 H]glucose was used as a tracer and a step 
matched tracer infusion method was applied to prevent a decline in plasma glucose 
specific activity. The lean body mass was detemrined by the DEXA test. 

Results: Hepatic glucose production (Ra, rate of appearence) was decreased during 
the low insulin infusion rate in subjects with nonnal and impaired OGTI and 
diabetes (1.20±0.60 vs 0.86±0.46 vs 0.57±0.31 mglkglmin, p<O.OOI), and was 
suppressed at the high insulin infusion step. The respective rates of glucose infusion 
(M-values) necessary to keep normoglycemia (plasma glucose 5.11)lM) during the 
high dose insulin infusion were 8.1±3.1 vs 5.3±3.2 vs 5.2±2.4 mglkglmin (p=O.004). 
Using stepwise regression analysis, 41 % of the variability in glycemic responses 
during OGTT was explained by the magnitude of the decrease in Ra during the low 
insulin infusion rate, whereas only 18% was accounted for by extra-hepatic insulin 
sensitivity (M-value) and 12% by' the insulin response. Furthennore, in the diabetic 
subgroup delta Ra (increase in R2 0.30) and body mass index (increase in R2 0.22), 
together with insulin response (increase in R2 0.14) predicted as much as 69% of 
the variation in OGTT. In healthy subjects only delta Ra made an independent 
contribution to the variability in OGrr (Multiple R' 0.22). 

Conclusion: In conclusion, we demonstrate that hepatic insulin sensitivity plays the 
most important role in detennination of oral glucose tolerance. 
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PROSPECTIVE RISK FACTORS FOR DIABETIC FOOT ULCERATION 
IN A LARGE POPULATION SAMPLE. 
CA Abbott', AL Carrington" B Faragher', J Kulkarni', ERE Van Ross' and AJM 
Boulton', Withington Hospital" Manchester Royal Infirmary', Manchester, UK. 
Aims: A specialist diabetic foot screening programme was established in the 
primary care setting in the UK in order to identiJY risk factors in a large, 
prospective study. Methods: 9,710 diabetic patients were assessed for 
demographic, medical and social history, neuropatby symptom score, neuropatby 
disability score (NDS), mono filaments (MF), foot deformity score (PDS) and 
pedal pulse palpation. Patient risk of foot ulceration was categorised as 'high', 
"medium' or "low~. Two years after baseline screening, the incidence of new foot 
ulcers was assessed via postal questionnaires then confirmed via podiatry records. 
Results: 6,698 (69%) questionnaires were returned (403 patients had died, 201 had 
moved away and 2408 did not reply) and results are presented for patients with 
verified ulcer status (n=6,548). Mean age at baseline was 61.7 :,:13.3 years and 
diabetes duration, 5.0 (4.9, 5.2) years. 1,378 patients (21 %) had peripheral 
neuropathy (NDS,,:6/10) and 1,294 (20%) peripheral vascular disease (::2/4 pulses). 
During the 2 year follow-up 284 patients developed new foot ulcers (2.2% annual 
incidence). Baseline variables predictive offoot ulcers were: lower limb amputation 
(Relative Risk 9.5 [6.3, 14.2; 95% CI]), NDS,,:6/10 (6.4 [5.0, 8.1]), abnormal pin
prick (5.0 [3.9, 6.4]), abnormal vibration sensation (4.9 [3.8, 6.4]), absent ankle 
reflexes (5.0 [3.7, 6.8]), insensitivity to IOg-MF (4.5 [3.6, 5.7]), reduced foot pulses 
(2.9 [2.3, 3.7]) (p<0.001). Socio-economic class, smoking history and alcohol 
consmnption were not predictive of foot ulceration. Forward stepwise multiple 
regression identified diabetes duration, amputation, NDS,,:6110, 'high risk' 
category, insensitivity to IOg-MF, regular chiropody treatment, reduced palpable 
pulses, age, abnormal ankle reflexes and increasing PDS, in ranking order, most 
strongly predicted foot ulceration (p<O.05). Conclnsions: This very large, 
prospective study confirms that simple clrnical measures of peripheral neuropathy, 
in particular the NOS, are the best predictors of diabetic foot ulceration. 
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FACTORS ASSOCIATED WITH BONY REGROWTH FOLLOWING PARTIAL FOOT 
AMPUTATION 

D.G. ARMSTRONG, S. HADI, H.C. NGUYEN, AND L.B. HARKLESS. 
DEPARTMENT OF ORTHOPAEDICS, THE UNIVERSITY OF TEXAS HEALTH 
SCIENCE CENTER, SAN ANTONIO, TX, USA 

Aims: Hypertrophic bone fonnation has the potential to cause abnonnal foci of 
high plantar pressure which may increase risk for reulceration and reamputation. 
However, we are unaware of previous studies evaluating risk factors for this 
entity. Therefore, the purpose of this study was to evaluate risk factors 
associated with bony regrowth following partial foot amputation. Materials and 
Methods: The records of 92 consecutive diabetic subjects with a mean age of 
52.7 ± 6.0 years and a history of isolated partial ray amputation were abstracted 
from the University of Texas Diabetic Foot Registry. All subjects received 
repeat radiographs a mean 22.1 ± 6.1 months after the preliminary procedure. 
Hypertrophic bone fonnation was defmed as > 3mm of bony regrowth. Results: 
A total of 44.6% of subjects reviewed had hypertrophic bone fonnation a mean 
two years following their isolated partial ray amputation. Factors significantly 
associated with this regrowth included male gender (58.1% vs. 16.7%, p<O.OI, 
X2=14.0, Odds Ratio = 6.9, 95% CI = 2.3 -20.4) the use of manual bone cutting 
instrumentation (74.2% vs. 29.5%, p<O.OI, X2=16.6, Odds Ratio = 6.8,95% CI 
= 2.6 - 18.1), and osteotomy made distal to the surgical neck of the metatarsal 
(34.1% vs. 11.8%, p<0.02, X 2= 6.7, Odds Ratio = 3.9, 95% CI = 1.3-11.3). 
There was not a significant association between regrowth and age, degree of 
glucose control, renal disease, body mass index, nutritional status, peripheral 
vascular disease, or previous amputation history. Conclusions: The results of 
this study suggest that the use of manual instrumentation, male gender, and 
metaphyseal amputation level may be associated with long-tenn bony regrowth 
following isolated ray amputation. The use of power instrumentation when 
perfonning these procedures may lead to a lower incidence of this potential 
reaction, thereby potentially reducing the risk for ulceration, infection, and 
reamputation. 

103 
A FORCE-PRESSURE DEVICE IS ABLE TO DETECT ABNORMAL SHEAR 
FORCE PATTERNS IN THE DIABETIC NEUROPATHIC FOOT 
L. Uccioli, A. Caselli, C .Giacomozzi*, V. MacelIari*, L. Giurato, L. Lardieri, and G. 
Menzinger * Istituto Superiore di Sanit. and Endocrinologia, Universit. di Roma 
Tor Vergata, via Moscati 31, 00168 Roma Italia. 
Aims: Diabetic neuropathy has been widely investigated from a biomechanical point 
of view. Pressure measurement devices have detected abnormal pressure distribution, 
and force platforms abnonnal overall force patterns. The innovative instrument used 
in this study allows the simultaneous detection of pressure and all the components of 
the overall ground reaction during gait. Therefore shear force patterns have been 
recorded together with the specific values in correspondence with different subareas 
like the heel and the metatarsal heads. Materials and Methods: A prototype of a 
piezo-dynamometric platfonn has been used. It detects, for each sample, the force 
vector, its point of application, the free moment, and the pressure distribution under 
the foot. Local components of vertical and shear forces and free moment are reliably 
estimated for each foot subarea of interest, of any shape and size. Four groups of 
patients were evaluated: Controls (C=15), Diabetics without (D=14) and with 
neuropathy (DN=15) and Diabetics with previous neuropathic foot ulcer (DPU=IO). 
Results: Mean integrals and mean peaks of the vertical forces were similar in C and 
D, and significantly increased in DN and DPU (p<O.OI). Even more remarkable 
differences were found for the media-lateral forces: force peaks increased for 
metatarsal and decreased fo hallux in DN and DPU in respect of C (p<O.OI). 
Table 1. Mean ranges (max-min values) of shear forces under the metatarsals and 
hallux. Forces are expressed as % of body weight. 

METATARSALS 
C D DN DPU 

HALLUX 
C D DN DPU 

Ant-post 16.2±1 15±1 14±1 17.8±1 5.6±.8 4.4±.7 3.5±.5 3.6±.9 
Med-lat 4±.4 4.1±.3 4.9±.4* 5.1±.5* 1.6±.4 1.l±.3 .9±.3* .9±.3* 
Conclusion:The results of this investigation seem to support that the shear stress is 
altered in patients with peripheral neuropathy and may have a role in the pathogenesis 
of foot ulceration in these patients. Interestingly the medio-Iateral component of the 
shear stress was more altered than the antero-posterior component especially under the 
metatarsals. The measurement device we used has proved essential for the complete 
characterization of specific foot subareas in terms of local forces and moments. 
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ULTRASOUND BONE DENSITOMETRY OF THE HEEL AND ITS 
RELA TrONSHIP WITH THE BIOCHEMICAL MARKER OF BONE 
TURNOVER IN PATIENTS WITH CHARCOT OSTEOARTHROPATHY 
A.Jirkovska\ P.KasalickY', J. Hosova' and 1. Skibova' . Institute for Clinical 
and Experimental Medicine' Postgraduate Medical School', Prague, Czech 
Republic 
The risk of pathological fractures in the early stage of Charcot 
osteoarthropathy (CO) is high and therefore may be helpful to compare 
methods of bone turnover and heel bone densitometry. Aims: The aim of the 
study was to assess the heel ultrasound parameters in Charcot" sand non
Charcot" s foot and to compare it with the parameter of bone resorption -
collagen type I cross-linked C-telopeptides (ICTP). Patients and Methods: 
Both bone-specific diagnostic methods were assessed in 16 diabetic patients 
in the early stage of CO with a mean age of 51 ± 13 years and disease 
duration 16 ± 7 years which did not differ from 30 sex- and age-matched 
healthy control subjects. Quantitative ultrasound densitometry (QUS) of a 
heel was made on a Lunar Achilles QUS device and T-score (a multiple of 
standard deviation of young adults of the same gender) of densitometric 
parameter stiffnes was included into analysis. For the description of bone 
resorption, ICTP assessed by Radioimmunoassay Kit, Orion Diagnostica, 
Finland (normal range 1.8 - 5 ug/I, variation coefficient 6%) was used. 
Results: A significant difference between patients with CO and the control 
group was found in ICTP ( 8049 ± 4.37 vs. 3.94 ± 2.38 ng/ml, p < 0.001) 
which confirms active bone resorption in patients with CO. Ultrasound bone 
density (T -score of stiffness) was significantly lower in Charcot's foot 
comparing with non-Charcol's foot (- 3.00 ± 1.9 vs. - 2040 ± 1.32, P < 0.05), 
no significant difference between right and left foot was found (- 2.59 ± 104 
vs. - 2.82 ± 1.9). A significant correlation was demonstrated between ICTP 
and stiffness (r = - 0.73, P < 0.01) in Charcot's foot. Conclusions: A 
significantly lower ultrasound bone density in Charcot" s foot correlating 
with increased bone resorption confirm an increased risk of fracture in 
patients in the early stage of CO . 
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TREATMENT WITH A HUMAN SKIN EQUIVALENT, GRAFTSK1N 

(APLIGRAF®), IMPROVES HEALING RATE IN DIABETIC FOOT ULCERS 

HT Pham, BI Rosenblum, TE Lyons, JM Giurini, P Smakowski, JS 
Chrzan, GM Habershaw and A Veves. Deaconess Joslin Foot 
Center, Harvard Medical School, Boston, MA, USA 
Aims. To assess the ability of Graftskin (Apligraf®), a Human Skin 

Equivalent to improve the median time to wound closure and the 
wound closure rate in non-ischemic, non-infected diabetic foot 
ulcers. Methods. This was a prospective, randomized, placebo
controlled study. Patients in the Graftskin group received treatment 
material once a week for a maximum of four weeks (five 
applications). Graftskin treatment was compared to a control 
treatment consisting of woven gauze kept moist by saline. Proper 
wound care, including extensive debridement and weight off 
loading was provided to all partiCipants. Results. Sixteen patients 
were randomized to Graftskin application and 17 to control 
treatment. The two groups were matched for age, sex, diabetes 
duration, and ulcer size and duration. The Kaplan-Meier median 
time to complete closure was 38.5 days for Graftskin, significantly 
lower than the 91 days observed in the control group (p<O.01). 
Complete wound closure was achieved in 12 (75%) Graftskin 
treated patients compared to 7 (41 %) control-treated patients 
(p<O.05). There were no significant side effects related to Graftskin 
treatment. Conclusions. Weekly application of Graftskin, a living 
human skin equivalent, in diabetic foot ulcers for a maximum if four 
weeks results in a higher healing rate when compared to state of 
the art currently available treatment. Treatment with Graftskin was 
not associated with any significant side effects and may prove to be 
a very useful adjunct for the management of chronic diabetic foot 
ulcers, which are resistant to the currently available standard care. 



105 
The Treatment ofIndolent Neuropathic Ulceration ofthe Diabetic 
Foot with Hyafr< an ester of Hyaluronic Acid 

A.M. Foster, M. Bates M. Doxford and M.E. Edmonds (Diabetic 
Department, King's CoUege Hospital, London) 

Neuropathic ulceration is a common complication of the diabetic foot and 
ulcers associated with sinus formation and bone exposure are hard to heal. 
A new biomaterial HyalofiUR (Convatec Ltd) for treatment of indolent ulcers 
has recently been introduced. HyalofiU consists 100% of Hyaff an ester of 
Hyaluronic Acid. When applied to the wound it degrades thus providing a 
hyaluronic acid rich tissue interface. This may promote granulation tissue 
and speed healing. The aim of our study was to investigate whether HyalofiU 
could promote the healing of neuropathic ulcers with exposed bone and 
sinus formation. We studi,d 30 patients with indolent neuropatltic ulcers. 
Fifteen patients were treated with HyalofiU plus standard treatment (active 
group) and 15 received standard treatment alone (controls). In the active 
group, mean age was 58 ± 12 years (mean ± SD), mean duration of 
ulceration 45 ± 55 weeks. There were 13 ulcers with sinuses and 13 with 
bone exposed. Sites of ulceration were: toe I, metatarsal 11, heel 2 and 
rocker-bottom (Charcot) 2. In the control group, mean age was 55 ± 12 
years, mean duration of ulceration 48 ± 64 weeks. There were 9 ulcers with 
sinuses and 9 with bone exposed. Sites of ulceration were toes 4, metatarsal 
7, heel 2, rocker-bottom 2. In the active group 12/13 sinuses healed 
compared with 1/9 in the control group (p>0.01). In the active group, 10 of 
the 15 ulcers healed, compared with 3 out of 15 in the control group 
(p<0.05). We conclude that HyalofiU application results in a higher degree 
of closure of sinuses and improved healing of indolent neuropathic ulcers 
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THYMIC INSULIN-RELATED POLYPEPTIDES IN DIABETES-PRONE 
BIO-BREEDING RATS 
O. Kecha, R. Wlnkler, H. Martens, 1. Collette, P.J. Lefebvre, D. Greiner' and 
V. Geenen, University of Liege, Institute of Pathology CHU-B23, B-4000 Liege
Sart Tilman, Belgium and 'University Massachussets Medical Center, Worcester, 
USA. 
Aims. Insulin-like growth factor 2 (iGF-2) is the dominant member of the insulin 
family expressed in the thymus of different species. In the human thymus, the 
expression of the IGF-2 gene is under the control ofP3 and P4 promoters active in 
retal and extrahepatic adult tissues (1. Neuroendocrino!., in press). Antibodies (Ab) 
directed to IGFs or IGF receptors influence early T-cell development in murine 
fetal thymic organ cultures, whereas Ab to proinsulin have no effect (Eur. 1. Clin. 
Invest., in press). This study investigates the hypothesis that a defect of thymic 
IGF presentation could be involved in the pathophysiology of Bio-Breeding (BB) 
rat autoimmune diabetes. 
Materials & Methods. The expression of IGF-I, IGF-2, proinsulin, and actin 
genes was investigated by RT -PCR (30 cycles) in the thymus of diabetes-prone 
and diabetes-resistant BB rats. RT -PCR were performed on rat tissues from 
different ages: 2 days, 5 days and 5 weeks. For each series, liver and brain were 
also collected and used as control tissues. 
Results. IGF-2 transcripts were not detected by RT-PCR in the thymus of 11/15 
diabetes-prone BB rats, but were clearly identified in the thymus of 15/15 diabetes
resistant BB rats. The defect of thymic IGF-2 expression was evidenced at different 
ages. The expression of pro insulin and IGF-I genes was normal in the thymus rK 
diabetes-prone and diabetes-resistant BB rats. The defect of IGF-2 expression was 
thymus-specific since IGF-2 transcripts were detected in the brain and liver rK 
diabetes-prone BB rats. These results confirm previous observations at the protein 
level. 
Conclusions. IGF-2 is the dominant thymic insulin-related polypeptide involved 
both in the control ofT -cell differentiation and central self-tolerance. The defect rK 
IGF-2 expression in the thymus of diabetes-prone BB rats could contribute to the 
lymphopenia of these animals, a; well as to the absence of central T-cell tolerance 
ofinsulin-secreting islet Jl cells. 
(Supported by JDFl, FNRS, Fonds Suzanne et Jean Pirart of ABD, Fondation 
Leon Fredericq & A CC.) 
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DISORGANIZATION OF THYMIC MEDULLA PRECEDES EVOLUTION 
TOWARDS DIABETES IN FEMALE NOD MICE 
C. Atlan-Gepner. M. Naspetti. R. Valero. M. Barad, F. Lepault. B. Vialettes 
and P. Naquet. CIML INSERM-CNRS and Laboratory of Diabetology, UPRES
EA2193, Faculty of Medecine, University of Mediterranee, Marseille France. 
Aims: To study the structure of thymic medulla in autoimmune prone mice. 
Materials and Methods: mAb 95 which specifically recognises one subset of 
medullaIy epithelial cells in control mice was used to analyse cryosections of 
thymuses from NZB (n~3) and NOD mice (n~27). This mAb allows to quantifY the 
scattering of medullary epithelial cells in the cortex (AMC value) and the size of 
thymic medulla (MAlTA). Results: In control mice MAlTA and AMC were 0.24 ± 
0.Q3 and 0.94 ± 0.44 respectively, in contrast in medulla-less thymuses from RelB
deficient mice which develops a polyiullammatory disease they were 0.01 (no more 
medulla) and 15.89 ± 5.88 respectively (high disorganization). Thymuses from 
NZB mice in which medullaIy foci can be found (MAlT A~0.07 ± 0.02), cortex 
contain scattered medullary epithelial cells (AMO=12.52 ± 0.42). In NOD male 
mice, medulla was reduced (MAlT A~0.09 ± 0.06) and some scattered medullary 
epithelial cells can be found in the cortex (AMC=4.93 ± 1.79). The severity of 
disorganization of thymic medulla was shown to correlate with the subsequent 
evolution towards diabetes in female hemithymectomized NOD mice. Seventy day
old diabetes-prone female mice showed a combination of reduced medulla 
(MAITA=O.15 ± 0.04) and high AMC value (9.99 ± 4.3), non diabetes-prone mice 
showed a lower AMC value (6.55 ± 4.02) with a less reduced medulla (MAITA=O.2 
± 0.06). Non-major histocompatibility complex (MHC) NOD genes maiuly control 
tltis phenotype since C571BL6 H-2g7 congenic mice have a normal medulla. It 
persists in conditions where effector lymphocytes that lead to diabetes are inhibited 
in periphery. Conclusion: A thymic phenotype was identified in autoimmune prone 
mice which combines a smaller and partially disorganized thymic medulla and is 
linked to the intensity of the disease. These results suggest that alteration of thymic 
stroma might play a role in the progression towards autoimmune disease in NOD 
mice. 
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ANTIGEN EXPRESSION ON O-CELLS OF LONG-TERM CULTURED 
AND FRESHLY-ISOLATED ISLETS: EFFECT OF INF-y 
B. Kuttler, A. Hartmann and H. Wanka; Institute of Pathophysiology, Medical 
Faculty, University of Greifswald, Germany 

Aim: Although long-term culture decreases inununogenicity of islets due to a loss 
of "passenger" leukocytes permanent acceptance is not necessarily observed after 
allogeneic transplantation. Since cell-mediated recognition of foreign cells is 
influenced by surface antigens, we investigated whether antigen expression of B
cells is changed by long-term culture and whether INF-y is able to increase 
antigen expression of cultured islets. Materials and Methods: Islets isolated 
from IOd old LEW.IA rats were cultured at 37°C for 14d (tI4) or 28d (t28). 
Precultured islets or freshly-isolated islets (controls, to) were then incubated for 
2d without or with rat rINF-y (I000IUfml). After preparation of single cells 
antigen expression was determined by double labelling with monoclonal 
antibodies (OX6: MHC II; OXI8: MHC I; IA29: ICAM-I; KI4DIO: 6-cells) 
and measured on a flow cytometer. Results: Using freshly-isolated islets (n= 10) 
INF-y leads to induction of MHC II on B-cells (l.0±0.4% vs. 31.8±3.0%, 
p<O.OOI), to an increased MHC I antigen density (3.8±0.910gU vs. 43.9±7.810gU; 
p<O.OOI) and to an increase of ICAM-I+B-cells to IS.S±1.9% (p<0.05). The 
preculture (n=lO) resulted in a decrease of ICAM-I+B-cells (to: 10.2±1.0%; t14: 
S.6± 0.6%; t28: 4.3±O.8%), and had no effect on MHC I and II expression. INF-y 
induced MHC II on B-cells also after preculture of islets, but in a reduced extent 
(tI4: 11.8±1.0%; t2': 10.S±1.3%). MHC I antigen density was enhanced by INF-y 
as observed with freshly-isolated islets and was not significantly different. INF-y 
was not able to enhance ICAM-I+B-cells after preculture (!z,: 4.3±0.8% vs. 
S.S±l.l %). Conclusions: Antigen expression on B-cells is partly reduced by 
long-term culture of islets, but stimulation by INF-y, which is one cytokine 
released by graft invading lymphocytes, was not prevented. Therefore, we 
conclude that inununogenicity of islets seems to depend not only on the presence 
or absence of "passenger" leukocytes but also on antigen expression of the 
grafted islets, which is important for recognition by alloreactive lymphocytes. 

110 
SULFA TIDE STABILIZES INSULIN CRYSTALS AND, AT NEUTRAL pH, 
MEDIATES CONVERSION OF INSULIN HEXAMERS TO MONOMERS 

T. Osterbye, K.H. Jargensen, A. Kaas, J. Tranum-Jensen, P. Fredman and K. 
Buschard. Bartholin Instituttet and Panurn Instituttet, Copenhagen, Denmark; 
Institute of Clinical Neuroscience, Gateborg University, Sweden. 
Aim: To investigate whether an interaction exists between insulin and sulfatide 
(3'-sulfogalactosylceramide). Sulfatide is present in the secretory granules and at 
the surface of beta cells, and anti-sulfatide antibodies are found in high titres in 
patients with insulin-dependent diabetes. Methods: An ELISA assay was used to 
show and map the binding of sulfatide to insulin. Light and electron microscopy 
were used to quantify distortion of insulin crystals. Thin layer chromatography 
(TLC) was used to analyse the association state of insulin. Results: We 
demonstrate here that sulfatide binds to human insulin. This binding was found 
to involve AS-AIO (insulin A-chain amino acid in position S-IO) since labelling 
with a monoclonal antibody to this domain was reduced with 42% (p=0.004) in 
the presence of sulfatide. In contrast, labelling with monoclonal antibodies to 
A15, B3 and B25-B30 were not affected. Also functionally, sulfatide interacts 
with insulin. At pH 5.5, similar to that of beta-cell secretory granules, sulfatide 
substantially reduced degradation of pre-made insulin crystals; after 24 hours, 
complete distortion of pure insulin crystals were seen, whereas, in presence of 
sulfatide 90% of the crystals were conserved. SO% of these were still preserved 
after S days, and complete distortion was not seen before 21 days. At neutral pH, 
similar to that of beta-cell surface, TLC of dissolved insulin showed, that 
sulfatide mediated conversion of hexa- and dimer insulin towards the biological 
active monomer insulin conformation. That sulfatide mediates formation of 
insulin monomer at neutral pH was further supported by massive insulin 
fibrillation upon adjusting pH to 5.5, a phenomenon, which is never seen with 
hexamers. The precursor of sulfatide, galactosylceramide, showed no binding or 
interaction with insulin. Conclusion: Thus, for the first time, a genuine beta-cell 
component, sulfatide, is found to act as a molecular chaperone by stabilizing the 
insulin crystals under conditions similar to that of the secretory granules and, at 
neutral pH, by mediating dissociation of insulin hexamers towards monomers. 
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DIFFERENTIAL EFFECTS OF GLUCOSE ON THE PRODUCTION OF 
TUMOR NECROSIS FACTOR AND INTERLEUKIN-I P 
B. de Galanl, M.G. Neteal.2, N. Hancu2, P. Smitsl, andJ.W.M. Van derMeerl. 
I Department of Medicine, University Hospital Nijmegen, The Netherlands, and 
2Diabetes Center and Clinic, Cluj-Napoca, Romania 

An important modulatory effect of glucose on the immune system has been 
suggested by recent in vitro studies, including stimulation of synthesis of the 
proinflarnmatory cytokines tumor necrosis factor-a (TNF) and interleukin-6 (1L-6). 
Aims: to investigate the effect of glucose on spontaneous and lipopolysaccharide 
(LPS)-stimulated production of the proinflarnmatory cytokines TNF and IL-I p, in 
vitro and in vivo. Materials and Methods: peripheral blood mononuclear cells 
isolated from 5 volunteers were stimulated in vitro with LPS (J ngtml) (24h at 
37°C), in the presence of increasing glucose concentrations (5 to 30 mmollL). In 
addition, hypoglycemia was artificially induced in 4 volunteers by continuous 
infusion of insulin intravenously. At baseline (before start of insulin ). and at 
glucose concentrations of 5.0, 3.5 and 2.5 mmollL, blood samples were collected 
and circulating concentrations, as well as spontaneous and LPS-stimulated 
production of cytokines in a whole-blood assay were assessed. Results: After 
stimulation of cells with LPS in vitro, there was a significant dose-dependent 
increase in the synthesis ofTNF (up to a maximum 78% increase, p<0.03). Neither 
the LPS-induced production of IL-I p, nor the spontaneous release of cytokines, 
were influenced by hyperglycemia. After induction of artificial hypoglycemia in 
vivo, no effect of glucose concentrations on circulating levels or spontaneous 
C)10kine release was observed. However, the decrease in glucose concentrations 
resulted in a significant reduction of LPS-induced TNF synthesis (86% of baseline 
production at 5.0 mmollL glucose, 40% production at 3.5 mmollL, and 22% 
production at 2.5 mmollL, p<0.01). In contrast, no significant effect of 
hypoglycemia was exerted on LPS-stimulated IL-I p (86% of baseline production at 
5.0 mmollL glucose, 112% at 3.5 mmollL, and 68% at 2.5 mmollL, p>0.05). 
Conclusions: glucose concentrations modulate the stimulated TNF production 
capacity, but have no effect on IL-J p synthesis. Because TNF has an important role 
in both the pathogenesis of type I diabetes, as well as in the resistance to insulin, 
the potential clinical importance of this phenomenon deserves further investigation. 

111 
ANTI-SULF ATIDE ANTIBODIES IN IDDM DECREASE 

INSULIN EXOCYTOSIS 
K. Buschardl, M. Hay', K. Bokvisr, H.L. Olsen2, T. Hom3, S. Madsbad', P. 
Fredman', J. Gromada2 IBartholin Instituttet; 21slet Cell Physiology, Novo 
Nordisk; 3Dept. Pathology, Herlev Hospital; 4Dept. Endocrinology, Hvidovre 
Hospital, Copenhagen, Denmark and 'Dept. Clinical Neuroscience, University 
of G6teborg, Sweden. 

Anti-sulfatide antibodies (ASA;IgG) are found in the majority of newly 
diagnosed IDDM (type I) patients as well as in prediabetic persons. The aim of 
the study was to investigate the influence of ASA and sulfatide (3'
sulfogalactosylceramide) on beta-cell exocytosis. Incubation of rat islets with 
the monoclonal anti-sulfatide antibody Sulph I (20 fig/ml) for 24 h resulted in 
37% reduction of insulin secretion. Patch-clamp techniques and capacitance 
measurements of exocytosis were used to investigate how Sulph I affects 
insulin secretion. Pre-incubation of rat beta cells with Sulph I for O.S h reduced 
Ca2+-evoked exocytosis by 37% which was not associated with a change in the 
activity of the voltage-gated Ca2+ channels or the ATP-sensitive K+ -channels. 
No change in the exocytotic capacity was observed for boiled Sulph I or for a 
monoclonal antibody against a sulfatide precursor. Interestingly, ASA-positive 
serum from newly diagnosed IDDM patients reduced Ca2+ -induced exocytosis 
by 42%. Exocytosis was not affected by ASA-negative IDDM or control 
serum. Furthermore, ASA-positive IDDM serum washed through a protein A 
column did not affect exocytosis, whereas the ASA effluent decreased the 
exocytotic capacity of the beta cells with 35%. These data suggest that 
sulfatide is involved in the insulin secretion process. This is consistent with the 
presence of sulfatide in the secretory granules and at the surface of the beta 
cells. In addition, sulfatide stimulated Ca2+-dependent exocytosis by 180%. We 
speculate that ASA in pre- and newly diagnosed IDDM patients reduce the
sulfatide concentration and lead to an impaired secretory response. Thus, for 
the first time a specific antibody, associated with IDDM, and the corresponding 
genuine antigen have been demonstrated to affect beta-cell exocytosis. 
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Influence of immunization with an HLA-DRJ restricted GAD65 peptide on 
low-dose STZ diabetes in an HLA-DRJ/huCD4 transgenic mouse model. 
R. Laub. T. Lohmann'. H.J. Hahn§, T. Adler, F. Emmrich 
Institute of lnununology and Transfusion Medicine. 'Department of Internal 
Medicine III, University of Leipzig; ~ioserv GmbH, Greifswald, Germany 

Aims: lnunnne responses to glutamic acid decarboxylase 65 (GAD65) are 
known to precede manifestation and accompany progression of autoimmune 
diabetes. Using an DRJ[DRI7]+ I hu CD4+ I mu cd4' multiple transgenic mouse 
model, we tested whether immunization with the peptide covering the 
HLA-DR3 restricted sequence GAD65"6-267 (GAD-Pep) lead to hyperglycemia 
by itself, or may accelerate onset of streptocotocin (STZ) induced diabetes. 
Material and methodes: Mice were i. p. immunized with GAD-Pep emulsified 
in CFA and/or IF A. Ten days later these mice, and respective control animals, 
were treated with 40mg'kg STZ for five consecutive days (Iow-dose STZ), and 
blood glucose levels were monitored 
Results: STZ induced hyperglycemia was evident aronnd day twelve after the 
first injection of the diabetogenic drug STZ. In three independent experiments, 
preceding injection with GAD-Pep emulsifid in IF A or CF A, accelerated onset 
of diabetes in single mice (2 of 3, 3 of 4, and I of 4, respectively). 
Hyperglycemia occurred 3 to 5 days earlier than in STZ-treated control animals. 
Interestingly, animals immunized with GAD-Pep emulsified in CFA and 
boostered with peptide in IF A, were seemingly protected as compared to STZ 
treated controls. Immunization with GAD-Pep, using IF A or CFA as adjuvant, 
was not sufficient to indoce hyperglycemia by itself. 
Conclusion: Using transgenic mice, we show here that inununization with a 
HLA-DRJ binding peptide derived from the potential autoantigen GAD65 may 
increase the susceptibility of DRJ bearing transgenics to develop autoimmune 
diabetes. Apparently, altered susceptibility is greatly influenced by the 
inununization protocol. Importantly, induction of immune reactivity to putative 
pathogenetic peptide sequences alone is not sufficient to induce diabetes, rather, 
further diabetogenic stimuli are required. 
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REDUCED SUSCEPTIBILITY OF LARGE MAMMAL ISLETS TO 
HUMAN CYTOKINE TOXICITY. 
A.M. Rabuazzo, R. Lupi, F: Datta, G. Patane, L. Marselli, M. Realacci, S. Piro, 
S. Del Guerra, C. Santangelo, R. Navalesi, F: Purrello, and P. Marchetti; 
Catania, Pisa and Rome - Italy 
AiIM; The potential benefits of islet xenograft in Type I diabetes (lDDM) include 
the possibility that xenoislets may be less susceptible to autoimmnne attack. 
Cytokines playa major role in the pathogenesis of IDDM by causing alteration cf 
insulin release (IR) and cytotoxicity. We evaluated the function and survival cf 
isolated human (HI) and bovine (BI) islets exposed to a combination of 50 Ulml 
rh-interleukin I-beta, plus 1,000 Ulml rh-tumor necrosis factor alpha, plus 1,000 
Ulml rh-interferon gamma. Materials and Methods: Islets were prepared from 4 
human and 8 bovine pancreases by collagenase digestion and density gradient 
purification, and IR was evaluated after 24h exposure to the cytokines (CKs); islet 
cell survival was assessed by the annexin V and propidium iodide method after 
48h exposure of dispersed HI and BI cells to the CKs mixture; RT-PCR studies 
were performed to evaluate islet expression of mRNA encoding for Bcl-2, an 
antiapoptotic protein. Results: upon CKs exposure, IR from HI increased at low 
glucose, and decreased at increased glucose concentration (table I). With BI, the 
increase of IR at low glucose was accompanied by maintained IR at high glucose, 
with overall preserved capacity to sense the glucose changes (table I). 
Incubation with the cytokines induced apoptosis in HI (apoptotic cells: 39±5% 

HI (control) 
HI+cytokines 
BI (control) 
BI+cytokines 

IR (pg/islet/4Smin) 
3.3 mM glucose 16.7 ruM glucose 
23.9±3.8 (n: 6) 104±9.1 (n: 7)* 
46.7±4.8 (n: 9)# 48.7±5.8 (n: 9)# 
26.2±2.9 (n: 17) 130.2±15.7 (n: 18)' 
73.4+7.6 In: 15)# 119.6+10.5 In: 16)* 

* p<O.Ol vs 3.3 mM glucose and # p<O.OJ vs control 
in exposed cells vs 13±2% in control cells, p<O.OI) but not in BI (apoptotic cells: 
17±2% in exposed cells vs 12±2% in control cells, NS), and therefore more BI 
than HI cells exposed to Cks survived (79±6% vs 54±4%, p<O.OI). Accordingly, 
Bcl-2 down regulation was detected in HI, but not in BI, pre-exposed to the CKs 
mixture. Conclusions' BI are less susceptible than HI to human cytokine induced 
damage, which may tum to be a potential advantage ofxenotransplantation. 

114 
PROLONGED SURVIVAL OF RAT-ISLET XENOGRAFTS IN MICE BY 
CD45RB ANTIBODY MONOTHERAPY 
P. de Vos, L. Visser, B.J. de Haan, P. Klok, R. van Schilfgaarde and S. 
Poppema. Depts of Surgery and Pathology, Groningen, The Netherlands 
Anti-thymocyte globulin which contains antibody's against CD45 has proved 
to be one of the most efficacious agents in preventing rejection. Recently, 
anti-CD45RB alone has been shown to prolong kidney and islet allografts 
survival in mice. Aim of the present study is to investigate whether anti
CD45RB therapy is effective in preventing rejection of islet xenografts. 
Materials and Methods: Streptozotocin diabetic C57B6 mice received one 
thousand AO-rat islets under the kidoey capsule. The mice in the 
experimental group received 100 J.lg CD45RB i.v. on day -1, 0 and 5. Control 
xenograft recipients remained untreated. Results: All animals became 
normoglycemic within two days postimplant. Untreated control animals 
returned to hyperglycemia within 7 days postimplant (n=4). The CD45RB 
animals (n=6), however, survived for prolonged periods of time (P < 0.01) 
and returned to hyperglycemia on day 17, 17,26,27,45, and 54. To get more 
insight in the mechanisms responsible for the prolonged graft survival, we 
compared grafts of treated and nontreated animals at day 6 after 
implantation. Nontreated control grafts were heavily infiltrated by 
lymphocytes while the grafts of CD45RB treated animals only contained 
some lymphocytes in the periphery of the islets but virtually no infiltration. 
The grafts of nontreated controls contained more T -cells and B-cells than the 
grafts of treated animals. Also, in the grafts of controls the lymphocytes were 
more activated as evidenced by a higher CD25 expression. We found no 
expression of IL-2 or IL-4 mRNA (as measured by RT-PCR) in the grafts 
while the expression of IFN-y and IL-IO was virtually the same in treated 
and nontreated grafts. Our data show that CD45RB can effectively prolong 
the survival of islet-xenografts. Our present research is focussing on the 
optimalization of CD45RB-treatment on islet-xenograft survival. 
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DONOR AGE DOES NOT INFLUENCE THE OUTCOME OF ISLET 
TRANSPLANTATION. 
J-H. Juang, C-H. Kuo, and BR-S. Hsu. Division of Endocrinology and 
Metabolism, Chang Gung Memorial Hospital, Taipei, Taiwan, R.O.C. 

Aim: Old donor age has been considered as a risk factor and relative 
contraindication for transplantation. In this study, we investigated the 
characteristics and function of islets isolated from different donor age. 
Methods: Islets were isolated from 8-week (I-A), 32-week (I-B) and 
64-week (I-C) C57BU6 mice by collagenase digestion method. Three 
hundred islets were syngeneically transplanted under left kidney 
capsule of streptozotocin-diabetic recipients (R-A, R-B and R-C, 
respectively) . 
Results: The islet number of I-A, I-B and I-C was 97±4, 219±22 and 
281±19 isleUmouse, respectively. (P<0.05) The islet area in I-A, I-B 
and I-C was 0.019±0.002, 0.024±0.002 and 0.026±0.001 mm3

, 

respectively. (P<0.05) I-B and I-C contained more insulin (0.81±0.06 
and 0.92±0.07 I1g/150 islets, respectively) than I-A (OA7±0.09 I1g/150 
islets). (P<0.05) However, I-A and I-B had similar stimulation index in 
the first and second phase of insulin secretion. After transplantation, 
the fall of blood glucose in R-C was faster than that of R-A and R-B 
but the increase of body weight was similar in 3 groups. At 12 weeks 
after transplantation, the blood glucose, body weight and HbA1C were 
similar in all groups. However, the R-C had better glucose tolerance 
than R-A. (P<0.05) Normoglycemia could be maintained lifelong in R
A (43±4 weeks) and R-B (42±4 weeks). 
Conclusions: The islets isolated from donors with different age have 
different characteristics. However, donor age has little influence on 
the outcome of islet transplantation. 

117 
INFLUENCE OF PORTAL-VENOUS VS. SYSTEMIC-VENOUS DRAIN
AGE AFTER PANCREAS-TRANSPLANTATION ON HYPERINSU
LINAEMIA 
R. Ritzel, J. Maubach, M. Biising, T. Becker, J. Klempnauer, K. Hiicking, 
W.H. Schmiegel and M.A. Nauck. Departments of Medicine and Surgery, 
Ruhr-University, Knappschafts-Krankenhaus Bochum, Germany 
Aims: Pancreas transplantation is usually performed with pancreas graft 
vein anastomosis to the iliacal veins (systemic-venous drainage). The cir
cumvention of extraction by the liver may lead to hyperinsulinaemia, but its 
extent and potential influence on long term complications are controversial. 
Materials and Methods: Seven Type 1 diabetic patients (2 male / 5 fe
male, 43 ± 7 y., BMI 21.4 ± 2.5 kg/m', HbA,c 5.5 ± 0.4 %) studied 3 ± 2 
months after combined pancreas and kidney transplantation by the portal
venous drainage technique were compared to eight patients (3 male 1 5 
female, 41 ± 7 y., BMI 21.1 ± 2.7 kg/m', HbA" 5.2 ± 0.8 %) studied 6 ± 4 
months after transplantation with graft vein anastomosis to the iliac veins. 
Both patient groups were studied on two occasions in the morning after an 
overnight fast (a) with oral glucose (75 g), (b) with intravenous glucagon (1 
mg). Blood was drawn for measurement of plasma glucose, insulin, C
peptide, proinsulin and free-fatty-acids. Statistics: RM-ANOVA, t-tests. 
Results: There were no significant differences in glucose excursions after 
oral glucose (p = 0.27). Insulin levels were significantly lower after portal
venous drainage compared to systemic-venous drainage, both in the basal 
state (5.4 ± 0.6 vs. 13.5 ± 2.7 mUll, p = 0.02) and after stimulation with 
oral glucose (p = 0.035) or i.v. glucagon (p = 0.029). There were no signifi
cant differences for plasma concentrations of C-peptide (OGTT / i. v. glu
cagon; p = 0.32 1 p = 0.60), proinsulin (p = 0.26/ p = 0.60) and free-fatty 
acids (p = 0.99 1 p = 0.31). Conclusions: Pancreas transplantation with 
portal-venous drainage is a means for circumventing basal and post
stimulatory hyperinsulinaemia. 

116 
BETA CELL MASS IN CRYOPRESERVED ISLETS AFTER 
SYNGENEIC TRANSPLANTATION 

V. Nacher, M.perez, M. Biames, M. Raurell, J. Soler and E. Montanya. Lab. 
of Diabetes and Endocrine Unit. CSUB-Hospital de Bellvitge. Barcelona. 

Cryopreservation remains the most practical method for long-term storage of 
islet tissue before islet transplantation (Tx). However, a higher number of 
cryopreserved (CR) islets, compared with non-cryopreserved (Non-CR) 
islets, must be transplanted to achieve normoglycemia. Aim: to examine 
whether the higher requirement of CR islets may be due to an increased beta 
cell mass loss after Tx. Materials and Methods : streptozocin-diabetic Lewis 
rats (blood glucose: 28.3± 0.7 mM) were transplanted with 1400 syngeneic 
islets (700 Non-GR and 700 CR under each of the kidney capsules). Islets 
were cryopreserved by the sequential addition of DMSO and a slow cooling 
rate (0.25"C/min from -7.5°C to -40"C).The grafts were harvested at 4 (group 
1, n=7), 14 (group 2, n=7) and 56 (group 3, n=9) days after Tx. Beta cell mass 
was determined by point counting morphometry; beta cell replication was 
determined by bromodeoxyuridine incorporation and expressed as 
percentage of positive beta cells. ~: Blood glucose was 12.6± 2.0 mM 
in group 1, 9.7±2.2 mM in group 2 and 5.5±D.2 mM in group 3. Beta-cell mass 
was similar in CR and Non-GR islet grafts (group 1: 0.40±0.08 mg and 
0.50±D.07 mg; group 2: 1.04±D.31 mg and 1.15±0.29 mg; group 3: 
1.23±D.27 mg and 1.43±D.17 mg, respectively), and lower than the initially 
CR and Non-CR transplanted beta cell mass (2.52±0.16 mg and 2.98±D.20 
mg, respectivelY)(P<D.01). Beta cell replication was similar in CR and Non-GR 
islet grafts (group 1: 0.48±D.11% and 0.62±D.16%; group 2: 0.77±D.08% 
and 1.04±D.19%; group 3: 0.69±0.15% and 0.65±D.11%, respectively). 
Conclusion: beta cell mass and replication were similar in CR and Non-CR 
islets after T x, suggesting that the requirement of a larger number of islets to 
restore normoglycemia is not explained by a higher loss of beta-cell mass in 
CR islets after T x. 
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CARDIAC AUTONOMIC NEUROPATHY AFTER KIDNEY AND 
PANCREAS TRANSPLANTATlON 
P.Boueek, F.Saudek, M.Adamec, RKoznarova, T.Jediruilcova, Z.V1asakova, 
J.Skibova and V.Bartos. Institute for Oinical.and Experimental Medicine, Prague, 
Czech Republic 
Aims: Currently, pancreas transplantation represents the only method enabling the 
establishment of long-term norrnoglycemia in patients with type I diabetes. We 
have analysed the effect of kidney and pancreas transplantation (TxK +P) on the 
course of cardiac autonomic netlftlI'lIthy in type I' diabetic patients with kidney 
failure. Materials andMethods: ,Cardiac autonomic function was repeatedly tested 
in 19 patients (male/female ratio 8111) before and from 6 months to 7 years after 
a successful TxK +P with pennanent insulin independence. Autonomic function 
tests including beat-to-beat heart rate (R-R) variation at rest (MSSD), during deep 
breathing (IfE), lying to standing (R-RJO/15, R-Rmaxlmin) and systolic blood 
pressure response to standing (llsBP) were performed and assessed as described 
by Ewing and SlU1dkvist with the use of an original program. Power spectral 
analysis of resting heart rate variability (PSA HR V) during short term recording 
(TolPo, PoLF, PoHF, PSDLF, PSDHF, PoLFIHF - total power, spectral p<lwer, 
power density and power ratio of low and high frequency components) based on 
Fast Fourier Transfonn (VlU'iaPuIse TF3, Sima Media Olomonc, Czech Republic) 
was also used in 7 patients. Pre- and post-transplant results were compared by the 
paired Wilcoxon test. Results: Abnonnal results of most function tests indicative 
of autonomic damage were obtained in the pre-transplant period Post-transplant, 
solely slight improvement inJleart rate response to standing (pre-Txlpost-Tx, 
mean±SD: R-R30115 0,98 ± 0,03/1,01 ±, 0,03 p<0,01; R-Rmaxlmin 1,06 ± 
0,111,11 ± 0,19 P<O,(6) had occurred before the end of the follow-up. Nocl!ange 
in parameters of PSA HRV has been noted doring the follow-up period. 
Conclusions: Adwnced cardiac autonomic neuropathy present in type 1 diabetic 
patieflts with kidney failure is probably not reversible even by long-term 
nonnoglycemia following successful pancreas transplantation 
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ROLE OF METFORMIN ON ISLET ENGRAFTMENT AFTER 
TRANSPLANTATION IN HUMANS. 
P. Maffi", F. Bertuzzi, L. Aldrighetti, MV Taglietti, A. Castelnuovo, G. 
Pozza, V. Di Carlo, A. Secchi - San Raffaele Institute, Milan, Italy 
AIMS: Islet engraftment is a major problem of islet transplantation. A 
reduction of insulin resistence could improve islet engraftment. The aim of our 
study was to investigate the role of metformin on the islet function in 
humans. MATERIALS AND METHODS: 19 islet transplantations were 
performed, simultaneously or after kidney, in 16 IDOM patients (3 pts 
received the islet twice). The islets, separated with the automated method, 
were infused intraportally. 6 patients received metformin (1:5 g/day), 
pentoxifylline (1.2 g/day) and nicotinamide (1.5 g/day) (Group 1), while 13 
patients did not received these drugs (Group 2). All patients were treated 
with the same immunosuppressive therapy (ATG/ ALG -IMTIX- for 
induction; prednisone, cyclosporine, azathioprine or mycofenolate mofetyl 
for chronic treatment). Fasting C-Peptide (ng/ml), exogenous insulin 
requirement (% of the pre-tranplant doses), insulin independence and fiR! 
after Arginine infusion (A UC IlU / 60 min) were considered in order to assess 
t h d thfi ths e islet function uring e 'rst6 mon 

RESULTS Group 1 Group 2 
Fasting C Pep lweek (ng/ml) 2.83 1.47 • 
Fasting C Pep 2w (ng/ml) 4.19 2.13" 
Insulin requir lw (% of pre tx doses) 75% 120% 
Insulin requir 3w (% of pre tx doses) 52% 79% 
Insulin nequir 6Ms (% of pre tx doses) 2% 59% 
Insulin free 6Ms 2/4 pis 2/12 pts 
Arginine AUC IMs(uU/60min) 1410 1115 

" statistically different, t Student test 
CONCLUSIONS: a reduction of insulin requirement and an increase of C 
peptide release is observed in patients treated with metformin, probably 
through an improvement of islet engraftment. 

OP18 
Vascular Dysfunction: 
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Lll'OPROTEIN Lll'ASE STIMULATES HUMAN VASCULAR SMOOTH MUSCLE 
CELL GROWTH. 
G. Renier and J-c. Mamputu. CHUM Research Center. Notre-Dame Hospital. 
Department of Nutrition, University of Montreal, Montreal, Canada. 

Diabetes is a major risk factor for atherosclerosis. The overproduction of lipoprotein 
lipase (LPL) that we previously documented in mononuclear cells of type II diabetic 
patients may contribute to the acceleration of this vascular injury by promoting vascular 
smooth muscle cell (VSMC) growth. Aims: The present study was aimed at examining 
the effect ofLPL on VSMC proliferation. Materials and Methods: Human VSMCs 
were isolated from saphenous veins and cultured for 24h in DMEM supplemented with 
20% fetal bovine serum. Growth-arrested VSMCs were treated with the appropriate 
experimental agents for 24h, then incubated in the presence of [methyl-3H]-thymidine 
for an additional 4Sh period. Results: Incubation of growth-arrested human VSMCs 
with purified endotoxin-free bovine LPL (I ~glmI), in the absence of any added 
exogenous lipoproteins, induced VSMC proliferation (192% over control values, P < 
0.01). Addition of lipoproteins to the culture media did not further enhance LPL effect. 
Inactivation ofLPL by guanidine hydrochloride or immunoneutralization of the lipase 
by the monoclonal 502 antibody did not suppress the LPL stimulatory effect on VSMC 
growth. On the contrary, preincubation of VSMCs with the specific protein kinase C 
inhibitors, calphostin C and chelerythrine, totally abolished LPL-induced VSMC 
proliferation. In LPL-treated VSMCs, a significant increase in PKC activity was 
observed. Treatment of VSMCs with heparinase III (1 Ulml) totally inhibited LPL
induced human VSMC proliferation. Exposure of growth-arrested VSMCs to 
conditioned media from unstimulated human monocyte-derived macrophages (MOMs) 
significantly induced VSMC proliferation (172 ± 19% over control values, P<O.OI). 
While treatment of VSMCs with heparinase totally suppressed this proliferative effect, 
immunoneutralization of MDM conditioned media with antibodies against LPL or 
platelet-derived growth factor did not abolish the growth response ofVSMCs to MDM 
supernatants. Conclusion: These data indicate that LPL exerts a direct stimulatory effect 
on VSMC proliferation. This effect may contribute to the accelerated atherosclerosis 
associated with type II diabetes. 
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EFFECTS OF LONG CHAIN FATTY ACIDS ON ANTIOXIDANT 
DEFENCES IN PORCINE VASCULAR SMOOm MUSCLE CELLS. 

l.S.Gillespie, D.McMasterb
, C.Mercer", and E.R.Trimble.' "Departments of 

Clinical Biochemistry and "Medicine, Queen's University of Belfast, U.K. 

Aims: Oxidative stress is a major factor causing diabetic vasculopathy. Both 
glucose and fatty acid metabolism are abnormal in diabetes. The aim of this 
project is to study how common long chain fatty acids (F As) alter the response of 
vascular smooth muscle ceUs (VSMC) to glucose-induced oxidative stress. 
Materials and Methods: VSMC were cultured in 5 mM or 25 mM glucose and 
a mixtnre of 0.4mM palmitic (16:0) and O.SmM oleic (IS:l) acids (BSA as 
carrier). Activity of key antioxidants, glutathione (GSH), catalase, glutathione 
peroxidase (GPX), and superoxide dismutases (SODs) were measured. 
Malondialdehyde (MOA) and protein carbonyls (markers of lipid and protein 
peroxidation respectively) were analysed, as was oxidative DNA damage using 
the Comet assay. Levels of catalase mRNA were also measured. Results: GSH 
levels in 2SmM glucose feU from 3.7±0.7 to l.3±O.1 U/mg protein, p<O.OOI, 
indicating oxidative stress. FAs had no further effect on GSH. Catalase activity 
and mRNA levels were not altered by glucose alone. At SmM glucose FAs 
caused no change in catalase mRNA but activity increased from 6.7±1.2 to 
IS.9±2.2 Ulmg protein, p<O.OOI; at 2SmM glucose, FAs caused a 44.4% 
increase in mRNA, p<0.02, while activity increased from 7.4±1.I to lS.5±2.6 
Ulmg protein, p<O.OOI. Neither glucose nor FAs affected GPx. CuZnSOD, or 
MnSOD activity. MDA levels decreased in the presence of BSA and FAs, 
p<0.04. a result supported by decreasing trends in protein carbonyls and DNA 
damage. Conclusions: It is proposed that increased fatty acid metabolism is 
responsible for increased transcription and translation of catalase. The increased 
catalase activity in the presence offatty acids may be responsible, at least in part, 
for reduced free radical damage to VSMC under these conditions. 
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HIGH GLUCOSE EXPOSURE INDUCES GLUTATHIONE PEROXIDASE 
IN BOVINE RETINAL ENDOTHELIAL CELLS. 
M. Lecomte'. E. Vericelb• c. Paget'. D. Ruggiero'. M. Lagarde,b and N. 
Wiernsperger'. a. Diabetic Microangiopathy Research Unit. LIPHA-INSERM 
U352 and b. INSERM U352, INS A-Lyon, 69621 Villeurbanne, France. 

Aims : The mechanisms by which hyperglycemia induces retinopathy are still 
poorly understood but are likely to be multiple. Nonreceptor mediated endothelial 
glucose signaling through either hyperosmolar or oxidative stress could contribute 
to this microvascular injury. Materials and Methods : In this study, we first 
determined glutathione peroxidase (Se-GPx) activity in native bovine retinal 
microvessels and cultured bovine retinal microvascular cells : endothelial cells 
(BREC) and pericytes (BRP). We further investigated the effects of hyperglycemia 
(up to 50 mM) on glutathione peroxidase (Se-GPx) in BREC by enzymatic assay 
and western blotting, and compared it to non-permeant osmolytes such as mannitol 
or NaC!. Cells were cultured chronically with or without agents during 2 passages 
(6 days on average). Results: Basal Se-GPx activity of pericytes in culture was 
very low contrasting with that found in BREC (1.1 ± 0.2 vs 22.0 ± 1.8 U/mg of 
proteins). In BRP, either Se-GPx, catalase or superoxide dismutase (SOD) were not 
modified by hyperglycemia or mannitol. For BREC, high glucose (25 mM or 50 
mM) modified only Se-GPx activity (117 % of control at 50 mM glucose, p<0.05) 
but decreased it by 20 % (p<0.05) when compared to 50 mM mannitol. This 
increase was reproduced by NaC! (25 mM) (137 % of control, p<0.05), isoosmotic 
to mannitol. Induction of enzymatically active Se-GPx protein in BREC incubated 
with glucose (135 % of control, p<0.05), mannitol (156 %, p<0.05) or NaCI (166 
%, p<O.05) was further confirmed by western blotting. In parallel, markers of lipid 
peroxidation such as thiobarbituric acid reactive substances (TBARS) or an 
isoprostane (8-epi-PGF2.) were not modified in BREC incubated with glucose or 
mannitol. Conclusions: These data indicate that (I) there is an induction of Se
GPx during hyperosmotic stress induced by glucose, mannitol and NaC!, which is 
specific of BREC and (2) this induction might represents an important endothelial 
antioxidant defense mechanism in response to osmotic stress. 
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NITRIC OXIDE PRODUCTION AND HIGH GLUCOSE-ENHANCED 
RETINAL ENDOTHELIAL CELL MONOLAYER PERMEABILITY 

G. Pugliesel, F. Pricd·2, G. Letol, L. Amadio\ C. lacobinil, S. Catalanol, S. 
Cordone\ A. Zicari', R. Gradini', P. Sale', C.M. Rotella4 and U. DiMariol 

Dip. 1 Scienze Cliniche & 'Med. Sperim. e Patol., "La Sapienza" Univ. of Rome; 
21st. Superiore di Sanit., Rome; and 4Dip.Fisiopat. C!in., Univ. of Florence, Italy. 
In previous studies, we have demonstrated that high glucose is capable of increasing 
retinal endothelial cell monolayer permeability, which is considered to be involved 
in the pathogenesis of diabetic retinopathy. Aim. To investigate the role of nitric 
oxide (NO) production in the increased retinal permeability induced by high 
glucose. Materials and Methods. Bovine retinal endothelial cells (BREC) were 
seeded on permeable membranes and exposed to media containing high glucose 
(HG, 30 mM) vs. normal glucose (NG, 10 mM) for I or 30 days ± agents inhibiting 
NO production/action or mimicking NO action. Monolayer permeability was 
assessed as transendothelial passage of 125I-albumin over Sh. NO synthase (NOs) 
levels, endothelial isoform, were assessed by immunofluorescence and Western 
blot, whereas nitrite/nitrate (N02INO,) levels were measured by the Griess 
reaction. Results. 125I-albumin leakage induced by exposure to HG vs. NG for I 
day (9.6±1.7% vs. S.4±0.S% at Sh), but not to HG vs. NG for 30 days (S.I±0.9% 
vs. S.I±0.3%), was reduced by the NOs inhibitors L-N-monomethylarginine 
(7.2±1.l %), arninoguanidine (7.1±2.0%) and methylguanidine (7.3±2.0%) and the 
NO-scavenger CPTIO (7.S±1.l %) at I mM concentration. HG-induced changes 
were further enhanced by the NO-donor sodium nitroprussiate (SNP, I mM) and 
reproduced by the NO and superoxide donor 3-morpholinosydnonimine (SIN-I, I 
mM) and their product peroxynitrite (ONOO', 40 j.1M). The effects of SNP and 
SIN-I were prevented by CPTIO, superoxide dismutase, and uric acid, the latter 
attenuating also the permeability changes induced by ONOO. Under HG 
conditions, NOs expression and N02INO, production were enhanced at day I and 
reduced thereafter. Conclusions. The short-term, but not the long-term, effects of 
HG on retinal endothelial permeability seem to be related to an increased activity of 
the endothelial NOs and consequent NO production which, in the presence of 
enhanced superoxide generation, results in increased peroxynitrite formation. 
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INCREASED RETINAL ENDOTHELIAL CELL PERMEABILITY 

INDUCED BY THE DIABETIC MILIEU: ROLE OF OXIDATIVE STRESS 
F. Pricci!·2, G. Letol, L. Amadio!, S. Cordone!, C. Iacobini\ S. Catalano', F. 
Violi', C.M. Rotella4, U. Di Mariol and G. Pugliese I 
lDip. Scienze Cliniche & 3Clinica Medica I, "La Sapienza"Univ. of Rome; 2Istituto 
Superiore di Sanit., Rome; and 4Dip. Fisiopat. Clin., Univ. of Florence, Italy. 
Vascular permeability was shown to be increased in tissues targets of diabetic 
complications early in the course of the disease. The increased permeability 
occurring at the retinal level may be involved in the pathogenesis of retinopathy 
by favoring the accumulation of circulating macromolecules and cells within the 
tissue. Aim. To investigate the role of oxidative stress in the increased retinal 
endothelial cell permeability, which we have previously shown to be induced by 
the diabetic milieu. Materials and Methods. Bovine retinal endothelial cells 
(BREC) were (a) either seeded on permeable membranes and exposed to media 
containing high glucose (HG, 30 mM) vs. normal glucose (NG, 10 mM) for I or 
30 days or (b) grown on membranes previously coated with AGE-modified BSA 
vs. native BSA, ± various antioxidants. Monolayer permeability was assessed as 
transendothelial passage of l25I_albumin over Sh. Results. Permeability was 
increased by incubation in HG vs. NG for 1 day (9.6±1. 7% vs. S.4±O.S% at Sh). 
These increases were reduced or virtually normalized by superoxide dismutase 
(SOD, ISOU/ml; 6.3±O.7%), catalase (ISOU/ml; S.l±1.3%), SOD + catalase 
(6.l±0.S%). and deferioxamine (SmM, 7.l±1.0%). Leakege of 125I-albumin was 
also decreased dose-dependently by Vitamin E (6.8±1.0% with 100~M), but not 
by its acetylated or qninone forms, deprived of antioxidant activity. Likewise, the 
increases in permeability observed in BREC grown in HG for 30 days (S.1±0.9% 
vs. S.1±0.3%) or on BSA-AGE vs. BSA (7.I±O.7% vs. 3.S±0.3%) were 
prevented or attenuated by these interventions. Under HG conditions, superoxide 
and lipoperoxide levels were significantly increased vs. NG. Conclusions. These 
results indicate that increased monolayer permeability induced by HG or BSA
AGE is mediated by the associated increase in oxygen free radical generation. 
Antioxidants might hence be helpfid in the prevention or treatment of retinopathy. 
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FUNCTIONAL ASPECTS OF ANGIOTENSIN II RECEPTORS IN 
HUMAN GLOMERULAR ENDOTHELIAL CELLS (HGENC) 
L. Pala, B. Cresci, S. Giannini, C. Manuelli and C.M. Rotella. Section of Metabolic 
Disease and Diabetes. University of Florence, Florence, Italy 
Two major All receptor subtypes (ATI and AT2) have been identified. In adult 
kidney ATI predominates and accounts for most of the biological actions of All; 
however 10% of All receptors are AT 2. Which of the effects of All in the kidney are 
actnally transduced by AT, is currently not well understood. Aims: this study was 
carned out to identify AT2 receptors in HGENC and to investigate a possible 
physiological role. Materials and metbods: for binding experiments HGENC at 
second (-2p) and ninth passage (-9p) bave been grown at conlluence and serum 
deprived in 24-well plates for 24 hr and then incubated in presence of [125I](Sar_l, 
Ile-8)AII with increasing concentrations of All, DUP753 (AT! antagonist) and 
PDl23l77 (AT, antagonist). For DNA synthesis HGENC were plated in 24-well 
plates, maintained in serum free for 24 hr and then treated with stimuli. HGENC 
were then incubated with l'H]thymidine during the last 24 hr of stimulation. 
Results: Scatchard analysis in HGENC-2p showed the presence of one class of 
binding sites with an apparent Kd 1.01 oM and a Bmax of 5.2 fmolesllE5 cells. The 
pbarmacological characterization of All receptors revealed that All and PDl23 
compete for the All binding with different affinities: 2.44 oM and 810M 
respectively; DUP753 was unable to displace the tracer at concentrations up to 
lOiJM. Instead, binding studies on HGENC-9p demonstrated complex competition 
curves compatible with the presence of both ATI and AT2 receptors. The parameters 
of these binding sites did not depend on the cellular density. We next studied the 
AT2 actions on HGENC: the addition of All (l00nM) to HGENC-2p determined a 
slightly significant inhibitory action which was not influenced by DUP753; in 
contrast, pretreatment of HGENC with PDl23 totally prevented the All 
antimitogenic effect. In later passages (HGENC-9p) DUP753 pretreatment reduced 
All thymidine uptake, while PD 123 determined an All mitogenic stimulation. This 
effect was abolished when HGENC were pretreated with DUP753 in addition to 
PDl23. Finally, All was able to stimulate the release of PDGF only in HGENC-9p 
and this effect was counteracted by the presence of DUP7S3. Conclusions: i) 
HGENC present All receptor subtypes depending on the cell passage, ii) AT2 seem 
to have a predominant inhibitory effect on HGENC growth, iii) AT! could promote 
cell growth, probably also modulating the PDGF release. 
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REGULATION OF INSULIN-LIKE GROWTH FACTOR BINDING 
PROTEIN-3, -4 AND -5 EXPRESSION IN ENDOTHELIAL CELLS. 
G. Dahlfors l and H.J. Arnqvist2, Departments of lCellbiology 
and 2Internal Medicine, Faculty of Health Sciences, Linkoping 
University, S-581 85, Sweden. 
Aims: To investigate the effect of growth factors associated 
with diabetic complications on the expression of insulin-like 
growth factor binding proteins (IGFBPs) in endothelial cells. 
Materials and Methods: Cultured endothelial cells from bovine 
aorta were stimulated with vascular endothelial growth factor 
(VEGF), transforming growth factor-f31 (TGF-f31), IGF-I, insulin 
or angiotensin II for 18 hours. Gene expression of IGFBPs was 
measured by solution hybridization. Values are given as 
means±SD and statistical comparisons are made according to 
ANOV A Scheffe F-test. Results: IGFBP-3, -4 and -5 mRNA was 
abundantly expressed by the endothelial cells while IGFBP-l 
was not detected and IGFBP-2 and -6 mRNA expression was at 
the limit of detection. VEGF inhibited the expression of IGFBP-
3 mRNA (45±6 % of control; P<O.OI), had no effect on IGFBP-
4 and strongly enhanced IGFBP-5 expression (251±68 % of 
control; p<O.OI). TGF-f31 inhibited IGFBP-3 mRNA expression 
(38±9 % of control; p<O.OOI), as also described earlier. In 
addition we showed that IGFBP-4 mRNA was inhibited by 
TGF-f31 (58±17 % of control; p<O.05) and that IGFBP-5 was 
not significantly altered although a tendency to inhibition was 
seen (68±6 % of control). IGF-I, insulin or angiotensin II did not 
have any effect on IGFBP mRNA expression. Conclusions: 
VEGF and TGF-f31, both associated with diabetic complications, 
differentially regulate gene expression of IGFBP-3, -4 and -5 in 
bovine aortic endothelial cells. 

OP19 
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LOCALISATION AND FUNCTIONAL ACTIVITY OF A SOLUBLE 
SNAP-25 MUTANT IN INSULIN SECRETING HIT CELLS 

C. Gonelle-Gispert, P. A. Halban and K. Sadoul. University of Geneva, Medical 
Center, Geneva, Switzerland. 

The t-SNARE SNAP-25 is a palmitoylated protein associated with the plasma 
membrane. It is essential for granule docking/fusion in regulated insulin secretion. 
Aims: To investigate the cellular localisation and functional activity in HIT cells of 
SNAP~25 mutated in one or two of the four putative palmitoylated cysteines. 
Materials and Methods: A GFP-(Green Fluorescent Protein)-SNAP-25 fusion 
protein, resistant to cleavage by Botulinum neurotoxin E (BaNTlE), was used to 
produce GFP-SNAP-25 fusion proteins mutated at Cys85 or Cys8S,88, Proteins were 
expressed in HIT cells and cellular localisation examined by fluorescence microscopy 
or cell fractionation (membrane vs cytosol) followed by Western Blotting. The ability 
of the toxin-resistant GFP-SNAP-25 and the Cys mutants to promote insulin secretion 
was tested in HIT cells following inactivation of endogenous SNAP-25 by BaNTlE. 
Results: The toxin-resistant GFP-SNAP-25 fusion protein was localised at the plasma 
membrane and reconstituted insulin secretion from BaNTlE treated cells as efficiently 
as toxin-resistant SNAP-25, which allowed to exclude artefacts due to GFP. Cell 
rractionation of HIT cells transfected with GFP or toxin-resistant GFP-SNAP-25 (as 
controls for cytosolic and membrane localisation, respectively) or the toxin-resistant 
Cys mutants showed that the single (Cys"/Ala) mutant remained partially on the 
membrane whereas the double mutant (Cys"88/Ala ) was totally cytosolic; 
fluorescence microscopy confirmed these results. At the functional level the toxin
resistant GFP-SNAP-25 single Cys mutant (Cys"/Ala), although partially cytosolic, 
reconstituted completely insulin secretion when expressed in HIT cells exposed to 
BoNTIE. Despite being completely cytosol ie, the double Cys mutant (Cys8S,88/Ala) 
retained some functional activity. Conclusions: These results suggest that eys 
residues 85 and 88 are necessary for membrane association of SNAP-25 in insulin 
secreting cells and that the functional activity of SNAP-25 is not completely abolished 
when it is not membrane associated. 
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Comigration of Synapsinl und CaM Kin II 02 with Insulin in INS-l 
S. Wolter, M. Mohlig, J. Lang ... , M.Osterhoff, H. Schatz, A. Pfeiffer 

Medizinische Universitatskliniken Bergnnannsheil, Bochum, Germany 
... Centre Medical Universitaire, Geneve, Suisse 

Background: Numerous data indicate a role of CalciumlCalmodulin
dependent protein kinase II (CaM Kin II) in insulin secretion but the 
mechanism of its action is poorly understood. The phosphorylation of 
Synapsin 1 by CaM Kin II leading to debundling of actin fibers and release 
of actin bound granules to the readily releasable pool is one conceivable 
feature comparable to its function in neurosecretion. Methods: Subcellular 
fractions of INS-I insulinoma cells were made by sucrose density gradient 
centrifugation and by nycodenz gradient centrifugation. Analysis of 
tractions was performed by protein measurement, refractometry, insulin
RIA, arylsulfatase activity assay and immunoblotting with 
laserdensitometric quantification. Results: A protein band of the aspected 
size of 85 kDa was detected using a Synapsin I-directed antibody in 

immunoblots of INS-I. Synapsin I paralleled CaM Kin II 02 and Insulin in 
fractions of the sucrose density gradient of INS-I. On the other hand 
markers for endoplasmatic reticulum, plasma membrane and synaptic like 
vesicles had different patterns of subcellular distribution. Concentration of 
insulin by nycodenz density centrifugation resulted in the enrichment of 

both CaM Kin II 02 and Synapsin 1. Conclusion: A protein of 85 kDa 
supposed to be Synapsin I was detected in immunblot of INS-I. 

Comigration of CaM Kin II 02 and Synapsin 1 with insulin strongly 
supports the hypothesis of their interaction during insulin release. 
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TRANSLOCATION OF MYOSIN LIGHT CHAIN KINASE MAY CONTRIBUTE 

TO PROTEIN KINASE C-POTENTIATION OF INSULIN RELEASE. 

T. Niwa, W. Yu, H. Hidaka, T. Senda and l. Niki. Departments of Pharmacology 

and Anatomy, Nagoya University School of Medicine, Nagoya, Japan 

Ai m: This study was undertaken to investigate underlying mechanism for protein 

kinase C activation of insulin release. Materials and Methods: All experiments 

were carried out using MIN6 beta-cells. Intracellular movement of the insulin 

granules was visualized by phase-contrast microscopy and an image analyzer. 

Distribution of the insulin granules and myosin light chain kinase (MLCK) was 

examined by immunofluorescence and immunoelectron microscopies. Insulin 

secretion was measured by radioimmunoassay. Results: Activation of protein 

kinase C by 12-0-tetradecanoyl-phorbol 13-acetate (TP A) caused a shift of insulin 

granules to the cell periphery, which was not reproduced by forskolin, the adenylate 

cyclase activator. In contrast, forskolin, but not TP A, activated the granule traffic. 

We found that MLCK, which regulates intracellular movement of insulin granules, 

was also translocated to the plasma membrane under activation of protein kinase C. 

Morphological studies demonstrated that considerable parts of MLCK 

immunoreactivity were co-Iocalized with the insulin granules. Co-activation of 

protein kinases A and C resulted in a further increase of the number of peripheral 

granules, and in strong potentiation of insulin release. Conclusion: Protein 

kinases A and C may act on granule traffic and docking/priming, respectively, in the 

secretory cascade upstream exocytosis, and translocation of MLCK under protein 

kinase C activation may activate granule traffic in the vicinity of the plasma 

membrane and increase the number of readily-releasable granules. 
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ROLE FOR [Ca2+] MICRO DOMAINS IN GLUCOSE-INDUCED 
MOVEMENT OF GFP-TAGGED SECRETORY GRANULES. 
E. Renstrom, S. Barg, E. Seward, P. Rorsman, and G.A. Rutter, 
Department of Biochemistry, University Medical School, Bristol 
BS8 lTD, U.K. Molecular and Cellular Physiology, University of 
Lund, Siilvegatan 19,22362 Lund, Sweden 

Aims. We have previously demonstrated that enhanced green 
fluorescent protein (EGFP) can be targeted to insulin secretory 
granules with high specificity after expression of chimaeric cDNA 
encoding a phogrin.EGFP fusion protein. Elevated glucose 
concentrations prompt granule movement, an effect mimicked by 
increases in intracellular [CaH

]. The aim of this study was to monitor 
the effect on secretory granule mobility of intracellular modulators 
of insulin secretion, including Ca2+ and cAMP, introduced into the 
cell cytosol through the patch pipette. Materials and Methods. 
Combined laser-scanning confocal microscopy was performed with a 
Leica DMIIRBI inverted microscope (488 nm excitation, 510 nm 
emission), and standard electrophysiology equipment. Results. 
Under voltage clamp (-70 m V), dialysis of single INS-l cells 
(passage # 90 - 100) with Mg.ATP (10 mM), cAMP (0.1 mM), and 
EGTA-buffered Ca2

+ (2 fl.M) had little effect on secretory granule 
movement. However, further increases in intracellular [Ca2+] to > 
100 fl.M, achieved by cell hyperpolorization, provoked the 
movement of vesicles towards the plasma membrane (visualised 
with the hydrophilic dye, FM4-64). Conclusions. Combined 
electrophysiology and dynamic EGFP imaging suggest that secretory 
vesicle movement requires concentrations of Ca2

+ well in excess of 
those in the bulk cytosol, indicative of high [Ca2+] microdomains 
close to mobile granules. 
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POSSIBLE ROLES OF ACTIN FIBERS IN INTRACELLULAR 

DISTRIBUTION OF INSULIN GRANULES. 

I. Niki, T. Niwa, T. Fukasawa and T. Senda. Departments of Pharmacology and 

Anatomy, Nagoya University School of Medicine, Nagoya, Japan 

Aim: The aim of this study was to investigate the motor protein/cytoskeleton 

system relevant for intracellular traffic of insulin granules in the pancreatic beta

cell. Materials and Methods: MIN6 beta-cells were used in whole 

experiments. Insulin granule traffic in living cells was observed by phase

contrast microscopy and intracellular distribution of F-actin and insulin were 

determined by FITC-phalloidin and anti-insulin antibody, respectively. For 

immunoblotting, MIN6 extracts were fractionated by sucrose-gradient 

ultracentrifugation, and insulin secretion was detennined by radioimmunoassay. 

Results: Bioimaging of the intracellular movement of the insulin granules 

revealed that the granule movement was transiently activated by depolymerization 

of F-actin with mycalolide B, which was not reproduced by treatment with 

colchicine. Western blotting of sucrose-gradient fractions of MIN6 extracts 

demonstrated that myosin light chain exists in the insulin-rich fractions, but not 

in synaptophysin-rich ones (small density granules). In MIN6 cells, F-actin did 

not form evident barrier structure beneath plasma membranes. However, 

mycalolide B treatruent of MIN6 cells caused marked translocation of the insulin 

ranules in the vicinity of the plasma membrane and resulted in a rapid increase of 

insulin output. Conclusion: We suggest that the bata-cell granules are 

associated with myosin as a motor protein, and that actin fibers may play dual 

roles in the insulin secretory machinery (cable for traffic and hindrance to granule 

docking). 
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SPONTANEOUS GRANULAR LOCALIZATION AND REGULA TED 

SECRETION OF GREEN FLUORESCENT PROTEIN IN INS CELLS. 

M. Molinete, V. Lilla, M. Ravazzola and P.A. Halban, University of Geneva 
Medical Centre, 1211 Geneva 4, Switzerland. 

Aims: To follow intracellular trafficking and subcellular localization of proinsulin 

in living cells using Green Fluorescent Protein (GFP) fluorescence as a marker. 
Materials and Methods: A preproinsulin-GFP fusion protein (PPI-GFP) was 
expressed by transfection in INS-\ cells. The interpretation of experiments using 
GFP-fusion proteins is dependent upon the assumption that the localization cf 
GFP is determined by the protein to which it is fused. A fusion protein 
consisting of signal peptide-GFP (Sp-GFP) but devoid of any proinsulin 

sequence was therefore used as a control. Cells were examined by confocal and 

electron microscopy. Release of GFP was measured by Western blot and cf 
insulin by radioimmunoassay. Results: By confocal microscopy, fluorescence in 

PPI-GFP cells was compatible with localization of GFP in granules (with GFP 

fluorescence and insulin immunofluorescence superimposed). Unexpectedly, the 

same pattern was observed in Sp-GFP cells. The spontaneous granular 

localization ofGFP independent of any proinsulin sequence in Sp-GFP cells was 

established by high resolution (EM) immunocytochemistry. In keeping with its 

granular compartmentalization, GFP secretion from INS cells expressing Sp-GFP 

was stimulated 8-10 fold by secretagogues and similar to insulin, with limited 

basal secretion (GFP: 4.5±0.3 % cell contentlh vs insulin: 4.8± 1.3). Such was 

not the case when a protein secreted by the constitutive pathway, secretory 

alkaline phosphatase (SEAP), was expressed in INS cells (<2-fold stimulation; 

basal secretion l7±2.6%/h), confirming that the constitutive and regulated 

pathways do coexist in INS cells. Conclusions: In INS cells, GFP (but not 

SEAP) is unexpectedly recognized as a regulated secretory protein and stored 

along with insulin in granules. This raises questions about the specificity and 
mechanism of this sorting process and, in a more general context, concerns about 

the validity ofGFP as a passive indicator of secretory protein localization. 
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INOSITOL HEXAKISPHOSPHATE STIMULATES DYNAMIN-1 MEDIATED 
ENDOCYTOSIS IN PANCREATIC B-CELLS 
M. H<2lY', A.M. Efanov', A.M. Bertorello', S.v. Zaitsev', H.L. Olsen', K. 
Bokvist', J. Zwiller', P.-O. Berggren', J. Gromada'. 'Islet Cell Physi010gy, 
Novo Nordisk NS, Bagsvaerd, Denmark; 'Molecular Medicine, Karolinska In
stitute, Stockholm, Sweden and 31NSERM U338, Strasbourg, France. 

Inositol hexakisphosphate (InsP.) is under metabolic control and serves as a 
signal in the pancreatic B-cell stimulus-secretion coupling by increasing Ca'+
channel activity and insulin exocytosis. We have explored the effects of InsP. 
on endocytosis in mouse pancreatic B-cells using the standard whole-cell con
figuration of the patch-clamp technique and capacitance measurements. InsP. 
elicited endocytosis in a Ca'+ -EGTA buffer with a free Ca'+ concentration of 54 
nM without a concomitant stimulation of exocytosis. The effect was concentra
tion dependent with a half-maximal stimulatory effect at 10.2 flM. Using the 
membrane dye FM1-43 with quantitative fluorescence microscopy we found 
that InsP. stimulated endocytosis in the presence of both low (30 nM) and high 
cytoplasmic Ca'+ concentrations (10 flM). This effect was mediated by activa
tion of dynamin I and was not observed in cells treated with antisense oli
gonucleotides against dynamin I but not dynamin 1/. Western blot analysis 
with specific antibodies for dynamin I and 1/ demonstrated the expression of 
both forms of dynamin in the B-cell. Dynamin I is a high-affinity substrate for 
the protein phosphatase (PP2B) calcineurin and endocytosis was abolished 
by the specific calcineurin inhibitors deltamethrin and cyclosporin A. By con
trast, okadaic acid (an inhibitor of type 1, 2A and 3 phosphatases) failed to 
affect endocytosis. Dynamin I is also a substrate for protein kinase C (PKC) 
and the stimulatory effect of InsP. on endocytosis was antagonised by the 
PKC inhibitors calphostin C and bisindolylmaleimide but not by the protein 
kinase A inhibitor Rp-cAMPS. These data suggest that endocytosis may in
volve a time-dependent dephosphorylation and rephosphorylation of dynamin 
I by sequential activation of the serine-threonine protein phosphatase cal
cineurin and protein kinase C. This suggests that InsP. serves as a physio
logical signal regulating vesicular trafficking in insulin secreting cells. 
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DE1ERMINANTS OF THE QUALITY OF LIFE OF PATIENTS WITH TYPE 1 
DIABE1ES IN TURKEY 
A.M ~engiil, F. Salman, M. Sargm, E. C')zer, K. Kar§ldag, S. Salman, S. Gedik, 
i. Salman, N. Din<;<;ag and M. T. Y1Irnaz. Medical Faculty of Istanbul University, 
Division of Diabetes, Istanbul-TURKEY. 
Aims:The concept of Quality of Life (QOL), is understood as a multidimensional 
construct made up of physiological, psychological and social aspects.In this study, we 
examined the overall QOL and its possible relationships with sociodemographic, 
diabetes-specific and metabolic control parameters as well as presence of diabetic 
complications in patients with Type 1 diabetes. Materials and methods: A cohort of 
300 patients with Type 1 diabetes (mean age 24.4±9.6 years, 144 female, 156 male, 
diabetes duration 12.6±4.8) were included in this study. The evaluation was made 
based on "Diabetes Quality of Life Measure" (DQOL) questionnaire, after 
standardization and validation to Turkish population characteristics. The 
questionnaire composed a total of 46 items investigating four different subscales, 
satisfaction (15), impact (20), social/vocational worry (7) and diabetes worry (4).One 
way anova and student -t test were used to detect the specific contribution of each 
variable to DQOL.Results: Mean score was 73.58±12.6 in females and 73.62±13.4 in 
males. Our study suggested that DQOL strongly correlated with diabetes duration 
(p<0,05), economical level (p<0.001), general education (p<0,01), diabetes education 
(p<0,001), adaptation to diabetes therapy (p<O,OOI), adaptation to dietary therapy 
(P(O,OOI), frequency of regular exercise (p<O,OI), frequency of follow-up visits 
(p<0,001), frequency ofhome-monitoriug (p<0,001), habituals (smoking and alcohol) 
(p<O,OOI), FBG (p<0,05), HbAlc (p<O,OI),BMI (P<O,05), frequency of 
hypoglycemia (p<0,05), and presence of chronic complications (p<O,OOI).On the 
other hand sex, mode of therapy (conventional versus intensive insulin therapy), 
house environment, fannly history of diabetes, frequency of hypoglycemia, did not 
appear to be interfered with DQOL scores. Conciusions:The results indicated that 
QOL in our Type 1 diabetic population is moderate. Education and good metabolic 
control along with self monitoriug facilities will not ouly postponed the development 
of devastating complications, but will certainly improve the overall QOL of these 
patients. 
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THE IMPACT OF DIABETIC COMPLICATIONS ON THE QUALITY OF 
LIFE OF PATIENTS WITH TYPE 2 DIABETES 
A LIoyd and PK Hopkinson. Glaxo Wellcome Research & Development Ltd, 
Greenford, Middlesex, UB6 OHE, UK 
Aims: This study investigated the impact of long-term diabetic complications on 
the quality of life (QoL) of patients with type 2 diabetes. 
Methods: A total of 1230 patients from three clinical trials completed the 
SF-36 QoL questionnaire at baseline. Demographic details, body mass index 
(BMl), blood glucose (HbA" and FSG), and the presence and severity of nine 
specified diabetic complications were also collected. To establish the key 
determinants of QoL, each scale of the SF-36 was analysed by multiple regression 
analysis using the above factors as explanatory variables. Repeated stepwise 
backwards elimination was used to remove the least significant factors from the 
model until all remaining factors were significant at the 10% level. 
Results: The mean (SD) age of the patients was 61.1 years (10.8); mean FSG was 
11.1 mmol/I (3.0), and mean HbA 1, was 8.0% (1.4). Fifty-seven percent of 
patients were male. The most prevalent diabetic complications were hypertension 
(46% patients), peripheral sensory neuropathy (PSN; 12%), coronary artery 
disease (CAD; 8%) and peripheral vascular disease (PVD; 7%). Most (73%) of the 
tomplications reported were assessed to be 'mild', 22% 'moderate' and 5% 
'severe'. Any presence of PSN was associated with significantly lower scores (ie 
worse quality of life) in the role-emotional, bodily pain and mental health scales; 
CAD with significant reduction of all SF-36 scales except role-emotional and 
mental health; and PVD with significantly lower general health, physical and 
social functioning scales. Hypertension did not have an independent effect on 
QoL. 
Conclusion: Many aspects of QoL are adversely affected by diabetic compli
cations, in particular by CAD. The presence of even mild diabetic complications 
has a significant impact on patients' quality of life. 

A37 



A38 

136 
MEDIATORS OF QUALITY OF LIFE DURING STAGED DIABETES 
MANAGEMENT VS. USUAL CARE IN TYPE 2 DIABETES 
M.A. Testa, L. Blonde, R.R. Turner, J. Hayes and D.C. Simonson, Harvard 
University, Phase V Technologies, Ochsner Clinic, and Brigham and Women's 
Hospital, Boston, MA and New Orleans, LA, USA. 
Aims: The positive effects of oral hypoglycemic therapy on quality of life (QOL) in 
type 2 diabetes are mediated primarily by improvements in hyperglycemic symptoms. 
However, other management practices such as specialty care, diabetes nurse 
education or treatment algorithms might result in QOL improvements independently 
mediated by other mechanisms such as improved psychological functioning. 
Materials and Methods: The impact of Staged Diabetes Management (SDM) using 
nurse educators supervised by an endocrinologist versus Usual Care (UC) by a 
primary care physician (PCP) on QOL and glycemic control was evaluated in 106 
SDM patients and 77 UC patients during a 12-month, unblinded, clinical trial. 
Results: Patients were 48% male and 59% Caucasian; 80% completed high school 
and 66% were currently married (p=ns between groups). At baseline, the SDM group 
was slightly younger (60±1.1 vs. 65±i.2 yrs, p<O.OI) with somewhat higher HbA" 
levels (8.5±0.2 vs. 8.1±0.2%, p=0.07). HbA" decreases from baseline were greater for 
SDM at both six (1.4±0.1 vs. 0.7±0.2%, p=0.002) and twelve (I.1±O.l vs. 0.4±0.2%, 
p=0.004) months. No QOL differences were present at baseline. However, significant 
differences controlling for age were found for Overall QOL which improved at six 
months by +0.66 standard deviation (SD) units in the SDM group and worsened by 
-0.22 SD units in the UC group, p<O.OO i. QOL remained significantly different at 
final visit (-0.25 vs. +0.46, p=O.O I). While all QOL changes favored SDM, those 
contributing the largest differences (SDMlUC) were symptom distress (+0.811-0.31, 
p=0.002), health status (+0.50/-0.21, p=0.02), health perceptions (+0.54/-0.07, 
p=0.03), vitality (+0.411-0.17, p=0.03), symptom interference (+0.06/-0.50, p=O.03), 
psychological well being (+0.26/-0.26, p=0.04), emotional ties (+0.18/-0.28, p=0.03) 
and positive affect (+0.19/-0.20, p=0.04). Stepwise regression analysis revealed that 
both symptom distress (p=0.03) and psychological distress (p=O.02) were 
significantly affected by changes in HbA1, independently from treatment assignment. 
Conclusions: While improved glycemic control mediates QOL changes primarily 
through reductions in physical and psychological distress, SDM provides an 
independent benefit through improved emotional and psychological well being. 

138 
PSYCHOLOGICAL COMORBIDITY IN DIABETIC PATIENTS FEARFUL 
OF SELF-INJECTING ANDIOR SELF-TESTING 
E.D. Mollema\ R.I. Heine1.3· H.M. van dec Ploeg2 and F.I. Snoek1.2 Ilnstitute for 
Research in Extramural Medicine, Vrije Universiteit, Amsterdam, 2 Department of 
Medical Psychology. Vrije Universiteit. Amsterdam. 3 Department of Internal 
Medicine, Vrije Universiteit Hospital, Amsterdam, NL 
Aims: The prevalence of both fear of injecting and fear of self-testing is estimated to 
be ± 1-2 % among insulin-treated diabetic patients. One of the aims of this ongoing 
studY is to characterize patients who are fearful of self-injecting/self-testing in terms 
of depression. psychopathology and other fears/phobias. Materials and methods: In 
a survey among 1484 members from the Dutch Diabetic Association, data were 
gathered on a number of questionnaires, including the Diabetes Fear of Injecting and 
Self-testing Questionnaire (D-FISQ). Highscorers on the D-FISQ (n= 119) were 
selected using a cut-off score (;, 95th percentile) on one or both of the subscales (resp. 
fear of self-injecting [FSI) & fear of self-testing [FST)). Subjects were requested to 
complete questionnaires providing information on psycho-pathology (Symptom 
Checklist; SCL-90), depression (Becks Depression Inventory; BDI) and 
fears/phobias (Fear Survey Schedule; FSS-III-R). The scores of the subjects on these 
questionnaires were compared to normgroups. High scores are defined as mean + 
2sd (expected prevalence in a population = 5%). Results: Respens was 70% (n=83); 
44% male, 52 % type 1, mean age 47.0 (± 15.9) years, mean DM duration 13.9 (± 
9.7) years, mean insulin use 12.7 (± 10.0) years. In this sample, 11% reported high 
scores on depression (BDI). 13% scored high on anxiety (SCL-90) and II % on 
hostility (SCL-90). The FSS-III-R scores demonstrated a relative high prevalence of 
social fear (14%), agoraphobia (35%), fear of animals (18%), and fear of 
aggressive/sexual scenes (31 %); 24% scored highly on fear of blood/injections/ 
wounds. Conclusions: Prevaleuce of psychologieal comorbidity -especially fears and 
phobias- is high in this group of patients fearful of of self-injecting/self-testing. This 
underscores the complexity of the psychological problems of these patients and the 
need to tailor treatment to the individual patient. 
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COGNITIVE BEHAVIOURAL GROUP TRAINING FOR TYPE I PATIENTS IN 
POOR CONTROL: EFFECTS ON GL YCAEMIC CONTROL AND WELL-BEING. 
NCW van der Ven!, CHC Lubach', RJ Heine', and FJ Snoek'. lDepartment of 
Medical Psychology, 'Department of Endocrinology, University Hospital Vrije 
Universiteit. Van der Boechorststraat 7, 1081 BT Amsterdam, The Netherlands 
Aims: A substantial number of type I OM patients does not succeed in reaching good 
glyeaeotic control, and are thus at increased risk of developing complications. Next 
to optimal medical treatment and edocation, the need for psychosocial interventions 
to assist these patients to cope more effectively with their self management is 
generally acknowledged. The aim of this pilot study was to develop and evaluate a 
short Cognitive Behavioural Group Training (CBGT) for type I OM patients in poor 
control. Methods: The effects of CBGT on self care-behaviour, diabetes-related 
distress (PAID, 0-100), emotional well-being (WBQ, 0-36), and glycaeotic control 
(HbA1c, ref 4.3-6.1%) were evaluated in a prospective study with 24 type I OM 
patients in poor control (HbA1c>8.5%), (mean age 35.17 ± 11.13 yrs; 9 male/15 
female; mean duration of diabetes 17.62 ± 9.35 yrs; Mean HbA1c 9.2% ± 1.2), with 
no serious medical or psychiatric co-morbidity. CBGT consists of 4 weekly sessions 
delivered by a psychologist and diabetes educator, with cognitive restructuring and 
stress-management as main components. Results: Results for the first 3 groups 
(n= 16) at 3 months follow-up show a decrease in diabetes-related distress, (mean 
PAID-score drop: 45.08 to 35.95, t=-3.46, p<0.001), and an increase in positive 
well-being (mean PosWBQ-score 6.94 to 7.63, 1=-2.42, p<0.05). Changes in self
care were highly variable, as expected given the high variability at baseline. 
Glyeaeotic control tended to improve (mean HbA1c drop: 9.57 to 8.86%, t=-1.83, 
p=0.088), with greatest benefits for those in worst control. Formative evaluations 
show CBGT was feasible in terms of protocol integrity and attendance, and highly 
appreciated by participants. Conclusion: This pilot study demonstrates that CBGT, a 
short psycho-educational intervention, is feasible and suggests that it assists type I 
DM patients with a history of persistent poor control to improve their glycaeotic 
control and quality of life. 
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THE ASSOCIATION OF METABOLIC CONTROL AND QUALITY OF LIFE WITH SOCIAL 
STATUS AND ETHNIC MINORITY ORIGIN FOR ADOLESCENTS WITH DIABETES. 
T. Danne" H. Hoey'. H. McGee'. H. Fitzgerald', P. Hougaard', H. Lynggaard', H.B. 
Mortensen' on behalf of the Hvid0re Study Group on Childhood Diabetes. 'Charite Children's 
Hospital. Berlin. Germany; 'National Children's Hospital, Dublin, Ireland; 'Novo Nordisk AlS, 
Copenhagen, Denmark, and 'Department of PaediatriCS, Glostrup. Denmark 

Aims: Quality of life (QOL) of child and family was assessed using self-rating questionnaires 
on 2,077 adolescents with diabetes (boys 1,073, girls 1,004), median age 14.0 years (range 
10-18 years), involving 17 countries including Europe, Japan and North America. HbA1c was 
analysed centrally and clinical data was collected in order to study the relationship of metabolic 
control and QOL with social status and ethnic minority origin. Materials and Methods; 
Adolescents completed the Diabeles Quality of Life Questionnaire, DOOL (impact, worries. 
satisfaction and health perception); and family burden was assessed by a multidimensional 
questionnaire to parents and health professionals. Regarding social status, parents were 
asked whether there were 1 or 2 parents at home, and if the parents were employed. The 
health professional was asked if the adolescent belonged to an ethnic minority or an immigrant 
group. Results: HbA1c was unrelated to social status (p=0.76), but was significantly higher in 
ethnic minorities (p=0.02). The QOL was positively related to social status (p=0.0006); and 
particularly to impact of diabetes (p=0.002) and satisfaction with life (p=0.003), but also to 
worries (p=0.05), health perception (p=0.11); and more modestly to family burden as 
perceived by parent (p=0.06), and by health professional (p=O.09). QOL for adolescents 
differed by ethnic status regarding impact of diabetes (p=O.03), but not worries (p=O.23), 
satisfaction (p=0.10), health perception (p=0.70), or family burden as perceived by parent 
(p=O.46), or health professional (p=O.87). Where different, QOL was lower for adolescents of 
minority status. Conclusions: Adolescents from families of lower social status and ethnic 
minority groups have a poorer QOL particularly as perceived by adolescents themselves, and 
in addition, ethnic minorities have a poorer HbA1c. Both groups require greater input of 
medical and social resources. 
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PREDICTION OF CHILDREN'S ADJUSTMENT TO DIABETES 
B. Lernmark, G. Thernlund, K. Fredin and B. HHgg16f. Child and Adolescent 
Psychiatry, Karolinska Institute, Stockholm, University of Lund and University of 
UmeA, Sweden. 
Aims: To predict psychological adjustment and metabolic control at 5 years disease 
duration from assessments of affective reactions and psychological factors during 
the first year after onset of type I diabetes. Materials and methods: Children 
(n=67), 0-14 years of age were recruited for a longitudinal study immediately after 
onset of diabetes. Hospital staff assessed affective reactions to diabetes in all 
children, older children also assessed themselves. At 9 months children were 
assessed for psychological functioning (locus of control, clinical behavior, 
emotional well-being) and adjustment to diabetes. After 5 years diabetes duration, 
adjustment to diabetes was assessed by two questionnaires on adaptation and by 
depressive symptoms. The data was analyzed by multiple regression analysis with 
stepwise entering of possible predictor variables. Results: Affective reactions of 
increased anger and injections anxiety, but decreased general anxiety assessed by 
the child, predicted negative attitude to diabetes with 76% of the variance explained 
(p=O.OO I). Injection anxiety predicted overall adaptation to diabetes (28%; 
p=0.037). More anger assessed by the child predicted more symptoms of depression 
five years later (41%; p=0.008). When the staff assessed increased protest and more 
injection anxiety, the child expressed more negative attitudes (12%; p=0.021) more 
emotional difficulties (15%; p=0.011) and less good quality of life (9%; p=0.041) 
five years later. A more external locus of control predicted more emotional 
difficulties at 5-year follow-up (13%; p=O.013). Problems in adjustment at 9 months 
predicted adaptation problems at 5 year (16%; p=0.022). Major behavioral problems 
in clinical rating was associated to more anxiety at 5 year (38%; p<O.OOI). 
Metabolic control (Hemoglobin Alc) at five years diabetes duration was mainly 
explained by earlier metabolic control, but the result also indicated that a more 
internal locus of control as well as a higher score in the clinical rating could affect 
metabolic control. Conclusion: Early affective reactions, locus of control and 
adjustment to diabetes can predict psychological adjustment 5 years later. It should 
be of concern to early identify and treat patients with strong affective reactions and 
adjustment difficulties to reduce or prevent future adjustment problems. 

OP21 
Stimulation of Insulin Secretion 
141 
EFFECT OF NUTRIENT INGESTION ON GLUCAGON-LIKE PEPTIDE 1 (7-36 
AMIDE) SECRETION IN TYPE 1 AND TYPE 2 DIABETES. 
R. Lugari, C. Dell'Anna, D. Ugolotti, A. Dei Cas, A.L.BarilIi, L. Sarti', B. 
Marani', M. lotti', R. Zandomeneghi' and A. Gnudi. Department of Endocrinology, 
University of Parma, 'Department ofintemal Medicine, University of Modena, Italy. 
Postprandial release of Glucagon-like Peptide I (GLP-I) 7-36 amide from intestinal 
L-cells strongly stimulates insulin secretion, contributing to the regulation of glucose 
homeostasis in healthy subjects. In pharmacological concentrations, GLP-I is able to 
raise insulin and to low plasma glucagon levels also in type 2 diabetic patients, 
nearly normalizing both fasting and postprandial hyperglycaemia. Owing to its 
antidiabetogenic effects, the peptide reduces meal-related insulin requirement in type I 
diabetic patients as well, suggesting that GLP-I may bave therapeutic implications in 
both type 2 and type 1 diabetes treatment. Taken together these observations indicate 
that in conditions of hyperglycaemia an impaimaent of the entero-insular axis exists. 
Aims: to further assess this metabolic disorder evaluating the GLP-I response to 
nutrient ingestion in type I and type 2 diabetes. Methods: 16 type 1 (age 40.5±14 
yr, duration of disease 16±13.5 yr, HbAIC 7.8±1.5%), 14 type 2 diabetic patients 
(age 56.5±13 yr, known duration of disease 8.6±7.7 yr, HbAI C 8.1±1.8%) and 10 
matched controls were studied. In postabsorptive state a standard mixed breakfast (230 
Kcal: carbohydrates=60%, Iipids=22%, proteins=18%) was administrated to all 
subjects and blood samples were collected at: 0,30,60,120,180 min. for plasma 
glucose, insulin, C-peptide, glucagon and GLP-I determination. Results: in normal 
subjects the meal induced a significant increase of GLP-I at 60 min (p<0.05), 
returning towards fasting levels in the following two hours. In type 1 diabetics basal 
GLP-l values were similar to controls (l06.5±6 vs 97.3±l2 pgiml), but the peptide 
response to the meal resulted significantly different (p<O.OI), failing meal ingestion 
to increase postprandial GLP-I concentrations, which even decreased during the test. 
A similar pattern in both basal and postprandial GLP-I secretion was observed in the 
type 2 diabetic patients examined (p<O.01), No significant variations of plasma 
glucagon occurred following meal ingestion in both groups of patients examined. 
Statistical evaluation of the results was performed by analysis of variance. 
Conclusions: in spite of normal basal GLP-I secretion, intestinal L-cell 
responsivity seems to be lost in diabetes, both in the condition of insulin deficiency 
and insulin resistance. It may be postulated that the continuous GLP-I stimulation, 
secondary to chronic hyperglycaemia, may induce a progressive desensitization of L
cells with consequent peptide failure response to specific stimulation. 
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THE EFFECT OF EXOGENOUS GLP-I ON THE GLUCOSE MEDIATED 
INSULIN SECRETION: A DOSE-RESPONSE STUDY IN PATIENTS WITH 
TYPE 2 DIABETES MELLITUS AND CONTROL SUBJECTS. 
L.L Kjems1

, Aa. Volund2, S.Madsbadl
• IDept. of Endocrinology, Hvidovre Hospital 

and 2Novo Nordisk AlS, Copenhagen, Demnark. 
Glucagon-like-peptide-I (GLP-I) (7-36) amide is an intestinally derived hormone that 
stimulates insulin secretion both in vivo and in vitro including patients with Type 2 
diabetes mellitus (OM). Being a future treatment for Type 2 diabetes, the optimal 
dosage and the effect on the glucose mediated insulin secretion needed to be 
established. We therefore performed dose-response curves in 7 patients with OM, 
fasting plasma glucose (FPG) -7-9 mm01l1 and 7 matched control subjects (CNT), 
FPG -4.0-5.5 mm01l1. GLP-I was infused intravenously on three separate occasions at 
concentrations of 0.5, 1.0 and 2.0 pmol/kglmin and saline infused on a fourth occasion 
as control, all in randomised order. During all four experiments, the glucose levels 
were stepwise clamped between 6-20 mm01l1 using a graded intravenous glucose 
infusion. To explore the dose-relationship between glucose and insulin secretion rates 
(ISR), we calculated ISR by the use of peripheral plasma C-peptide profiles and the 
Deconvolution Method by Eaton/Polonsky, modified to population based parameters 
for C-peptide kinetics. The higher the GLP-I infusion the more upward and leftward 
shifted the glucose- and ISR response curves became. This was observed for both OM 
and CNT subjects. The GLP-I infusions resulted in significant elevations of the 
maximal ISR (MISR) pmol/kglmin, seen as a 3-fold increase in DM patients and a 2-
fold increase in CNT subjects during the 2.0 pmol/kglmin GLP-I infusion compared 
to the saline infusion (Table). The II-cell responsiveness to changes in glucose 
ISR/FPG) also increased si nificantiy (Table). 

DM CNT DM CNT 
Saline Infusion: GLP-l (1.0 moVkglmin): 

MISR 4.2 13.0 MISR 10.4 21.6 
B cell responsiveness 0.2 0.6 a cell responsiveness 0.7 3.0 

GLP-l(O.5 pmoVkglmin): GLP-I (2.0 pmoVkglmin): 
MISR 9.7 20.3 MISR 12.8 25.2 
6 cell responsiveness 0.6 2.0 6 cell responsiveness 1.3 6.7 

We conclude that GLP-I SIgnIficantly enhances the II cell responsIveness to glucose 
as well as maximal secretory capacity. 
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GLP-I SECRETION IS DECREASED IN NIDDM PATIENTS COMPARED TO 
MATCHED CONTROL SUBJECTS WITH NORMAL GLUCOSE TOLERANCE 
M. Toft-Nielsen"', M.B. Damholt', L. Hilsted3

, T.E. Hughes', T. Krarup', S. Madsbad' 
and J.J. Holst'. 'Hvidovre Hospital, 'The Panum Institute, 3Rigshospitalet, 'Novartis, 
and 'Gentofte Hospital, Copenhagen, Denmark and New Jersey, USA. 

Aim: To investigate the secretion of the incretin hormone GLP-I in NIDDM. 
Methods: A 4 hour mixed meal stimulation (2200 kJ) was carried out in 54 NIDDM 
patients (males/females: 44/10; age: 56±1 yrs; BM!: 30.2±0.7 kg/m'; HbAlc: 
8.4±0.2%; diabetes duration: 4.7±0.8 yrs), and in 33 control subjects with normal 
glucose tolerance according to WHO criteria and similar medians, means, and ranges 
for gender, age and BMI (males/females: 27/6); age: 56±1.6 yrs; BMI: 29.6±l.l). 
Plasma concentrations of glucose, GLP-I, insulin, C-peptide, glucagon, pancreatic 
polypeptide (PP), gastric inhibitory polypeptide (GIP), and dipeptidylpeptidase IV 
activity (DPPIV, which inactivates GLP-I) were measured. Results: The GLP-I 
response, in terms of AUC from 0 to 240 min after start of the meal, was significantly 
decreased in the patients (2483±145 (patients) as compared to 3145±204 pmolxmin 
(controls), p=0.008). Also AUC for GIP was decreased (l3377±735 (patients) 
compared to 15991±1267 pmolxmin (controls); p = 0.044, non-parametric test). 
Multipel regression analysis with total AUC for GLP-I as dependent parameter and 
diabetic state, age, BMI, gender, insulin sensitivity and beta-cell function (Homa 
model), DPPIV activity, HbAlc, fasting plasma glucose, AVC of plasma glucose, and 
AUC and incremental AVC of insulin, C-peptide, glucagon, PP and GIP showed after 
backwards elimination a significant negative correlation between AVC GLP-I and 
diabetes (p<0.000 I), and BMI (p=0.0056), and a significant positive correlation to 
insulin sensitivity (p=0.0006), and AUC glucagon (p<O.OOOI). In the model GLP-I 
responses were lower in men (p=0.0046). This model explained 43 % of the 
variability in the GLP-I response of the subjects. Conclusion: We conclude, that the 
meal-related GLP-I response in NIDDM patients 1) is decreased, and 2) that it is 
inversely related to diabetes, and BMI, and positively to insulin sensitivity and 
glucagon. The decreased GLP-I response may contribute to the diabetic state. 
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SYNERGISTIC INSULINOTROPIC ACTION OF O-GLUCOSE 
PENTAACETATE AND GLP-I IN RATS 
J. Cancelas, J.A. Garcia-Martinez, M.L. Villanueva-Penacarrillo, 1. Valverde 
and W.J. Malaisse. Fundacion Jimenez Oiaz, Madrid, Spain and Laboratory 
of Experimental Medicine, Brussels Free University, Brussels, Belgium 
Aims: Selected monosaccharide esters were recently proposed as potential 
new insulinotropic tools in the treatment of type 2 diabetes. The individual 
and combined effects of one of these esters, a-O-glucose pentaacetate (GPA), 
and GLP-I on insulin secretion were now investigated in fed male 
anaesthetized Wistar rats. Methods: GPA (1.7 mmolll in saline) was first 
injected over 30 s in an amount of 8.5 nmol per g body wt., and then infused 
for 12 min at a rate of 1.7 nmol.min,J per g. GLP-l (2.0 ~mol/l in saline 
containing I % [w/v] human serum albumin) was injected over 30 s in an 
amount of 5 pmol per g 2 min after the start of the GPA infusion. Results: 
The administration of GP A increased within ISO s the plasma insulin concen
tration by 1,59 ± 0,56 ng/ml (n = 10; P < 0.025), whilst that of saline failed to 
do so (P > 0.5). The further rise in insulin concentration recorded 2 and 5 
min after injection of GLP-I was also more pronounced in the rats receiving 
GPA than in its absence, the latter value averaging no more than 63,9 ± 10.8 
% (n = 12) of the mean former one. Likewise, at the 2'd and 51h min after 
injection of GLP-l, the paired increment in the insulinogenic index, Le, the 
plasma inSUlin/glucose ratio, averaged, in the rats not injected with GPA, 
only 55,8 ± 10,7 % (n = 12) of the mean corresponding value found at the 
same time in the rats infused with the ester. In these experiments, the plasma 
insulin concentration reached, 2 to 5 min after GLP-l injection, mean values 
of 11.42 ± 2,01 and 5,08 ± 0.48 ng/ml, as distinct (P < 0,001) from a basal 
value of 2.27 ± 0.24 ng/ml (n = 10-12). Conclusions: In normal rats, GPA 
and GLP-I act synergistically in increasing plasma insulin concentration. 
Hence, selected monosaccharide esters could be used to optimize the islet B
cell secretory response to GLP-I in non-insulin-dependent diabetes, 
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MEASUREMENTS OF SATIETY AND FULLNESS FOLLOWING A 
SUSTACAL CHALLENGE IN TYPE 2 DIABETIC SUBJECTS 
ADMINISTERED SYNTHETIC EXENDIN-4 (AC2993). 
A. Young, A, Gottlieb, M, Fineman, O. Kolterman. San Diego, CA 
Exendin-4, a 39 amino acid peptide identified in salivary secretions and the 
circulation of Heloderma suspectum, shares 53% structural identity and several 
biological actions of glucagon-like peptide-I (GLP-I), including insulinotropic, 
glucagonostatic and gastric inhibitory effects. Unlike GLP-I, synthetic exendin-4 
(AC2993) has a prolonged duration of action and an ability to inhibit food intake after 
peripheral injection in rodents, and is being explored as an antidiabetic therapy. To 
assess a possible effect on satiety in man, 8 non-insulin-using type 2 diabetic patients 
reported assessments of satiety and fullness on a 100mm visual analog scale at 30 and 
60 min intervals for 6 hours following a 7 kcaVkg Sustacal® challenge and 
subcutaneous injection of placebo or 0.1, 0.2,0.3 or 0.4 ~gIkg doses of AC2993 (n=9, 
8, 7, 7, 5) administered in a placebo-balanced dose-rising design with 48 hours 
between doses. Reports of nausea were also collected, Reported satiety and reported 
fullness increased with placebo and with all doses of AC2993 following the 
Sustacal® challenge, reaching maximal sensation at t=60-120 min. Reported satiety 
returned to pre-chaIlenge, pre-dose values at -t=6 hours except for the 0.4 ~gIkg dose 
where satiety was still elevated at 8 hours. Reported fullness increased and then 
returned to baseline 6.5 hours after Sustacal® for placebo treatment, 7.5 hours later 
for 0.1 and 0.2 flglkg doses, 8 hours for the 0.3 ~gIkg dose, and remained elevated at 
8 hours for the 0.4 flglkg dose. In addition to the general Sustacal®-associated 
change in satiety and fullness, there was a sustained AC2993-associated dose
dependent increment, especially in the fullness sensation. In contrast to assessments of 
satiety and fullness, reported nausea was early in onset, peaking within 30 min with 
the 0.4 flglkg dose of AC2993 and declining thereafter. In conclusion, these data 
suggest that AC2993 evokes sustained sensations of satiety and fullness after 
subcutaneous injection in type 2 diabetic patients, and that these sensations can be 
dissociated from sensations of nausea 
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PACAP CONTRIBUTES TO INSULIN SECRETION INDUCED 
BY GASTRIC GLUCOSE GAVAGE IN MICE 
K. Filipssonl, J. J. Holsr and B. Ahren\ lLund University, Malmo, 
Sweden and 2Panum Institute, Copenhagen, Denmark. 
Aim: To study the physiological contribution of pituitary adenylate cyclase
activating polypeptide (P ACAP) to the marked insulin secretion induced by 
oral glucose. Method: Either of the PACAP receptor antagonists, PACAP(6-
27) or PACAP(6-38) (1.5 nmol/kg) was injected iv at 5 min before a rapid 
gastric gavage in overnight fasted anesthetized mice (150 mg/mouse). Blood 
was sampled before and at five time points after the glucose administration for 
analysis of insulin, glucose and GLP-I. Results: Gastric glucose increased 
plasma insulin from 257±45 to 1060±118 pmol/I and plasma GLP-I from 
19±2 to 42±4 pmol/l at their maximal at IS min (both p<O.OOI, n=18). 
PACAP(6-27) reduced this insulin response by 32% (p=0.018) without 
altering the concomitant increase in glycemia and potentiating the GLP-I 
levels to 62±7 pmol/l (p=0.041). The subsequent glucose elimination was 
diminished by PACAP(6-27). The other PACAP antagonist, PACAP(6-38), 
inhibited the insulin response to gastric glucose by the same degree. 
Combination of the GLP-I antagonist, exendini9-39) (30 nmol/kg) and 
PACAP(6-27) (1.5 nmol/kg) reduced the insulin response to gastric gavage by 
37% (p=0.009). To verify the specificity ofPACAP(6-27), the antagonist was 
found to inhibit the insulin response to iv P ACAP27 (1.3 nmol/kg) without 
affecting that to glucose alone (1 g/kg) or glucose together with carbachol (0.5 
~mol/kg), GLP-I (10 nmol/kg), cholecystokinin8 (15 nmol/kg) or gastrin 
releasing peptide (2 nmol/kg). Conclusions: PACAP receptor antagonism 
inhibits insulin secretion after gastric glucose through a direct action on 
insulin secretion and not indirectly through altered glucose uptake; this is 
accompanied by a compensatory increase in GLP-I secretion. Hence, the 
study shows that PACAP contributes to the gut-islet axis acting in concert 
with GLP-I to allow a normal incretin response. 
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SUSTAINED IMPROVEMENT OF GLUCOSE TOLERANCE BY DPP·IV 

INHIBITION AFTER CHRONIC TREATMENT WITH NVp·DPP728 
B. Balkan, L. Kwasnik, B. Battle and X. Li. Novartis Institute for Biomedical 
Research, Summit, Nl 
Inhibition of dipeptidylpeptidase IV (OPP·IV) has been suggested as treatment 
for prandial hyperglycemia in type 2 diabetes because OPP·IV is the key 
enzyme mediating inactivation of GLp·] in vivo. We and others have 
demonstrated profound improvements in oral glucose tolerance in a number of 
animal models during OPP·IV inhibition, that correlate with increased levels of 
active GLp·] (7·36 amide) and increased insulin responses. Aims: Here we 
investigated the effects on glucose tolerance of chronic treatment with a 
selective and potent OPP·IV inhibitor (NVP-OPP728). Further, we studied 
whether chronic treatment would lead to a diminished beneficial effect of OPP
IV inhibition (tachyphylaxis). Methods: Male SO rats, rendered insulin 
resistant by high fat, were provided with NVp·OPP728 in the drinking water 
(lOO/LmoVIOOml). This dose produces >80% inhibition of plasma OPP-IV 
during the period of food intake (dark phase). After approximately 6 weeks of 
access to water with or without NVP·OPP728, the animals were implanted with 
jugular vein catheters. After recovery, the animals underwent an oral glucose 
tolerance test (lg/kg) after an overnight fast and with access to pure water only. 
Animals that were on chronic treatment received 100/LmoVkg NVP-OPP728 
orally, 30 min. prior to the glucose load. Results: Glucose tolerance was 
improved by 52% (2437 vs. 1170, p<O.OOI, see table below, AUC= area under 
curve). Acute treatment (only) produced a similar improvement (·42%, 2482 vs. 
1434, p<O.OOI). Conclusions: We conclude that chronic treatment with a 
OPP·IV inhibitor does not lead to adaptations resuiting in tachyphylaxis. Thus, 
chronic administration of NVP-OPP728 could be a promising therapeutic 
a roach to im rove I cemic control in t e 2 diabetic atients. 

AVC lucose (in m Idl*45 min) Acute NVp·DPP728 
1170+108 
1434+90 
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INSULINOTROPIC EFFECT OF EXENDIN-4 IN HUMANS 
I.M. Egan, A.R. Clocquet and O. Elahi. National Institute on Aging, Baltimore, MD, 
USA, Massachusetts General Hospital, Boston, MA, USA 

Exendin-4 (E4) is a peptide found in the saliva of Gila Monsters. It has 53% 
homology with GLP·l, the most potent naturally occurring incretin. GLp·I has a 
very short biological Y, life (2·4'). We previously reported that during a 
hyperglycemic clamp at a plasma glucose (GL) level of ~11 mmoVl, the 60-120' 
insulin (IRJ) level in normal (N) volunteers was 234±61 and l50±57 pmol/l in 
diabetics (OM). When GLp·I was infused (60·120', 1.5 pmol·kg·1·min,l) the 
corresponding IRJ level was potentiated to 1963±295 and 1050±334. Aims: To 
examine the insulinotropic effect of E4 in 7 N and 7 OM volunteers during a 
hyperglycemic clamp. Materials and Methods: N group age range~ 24·56 yrs, mean 
(X)~4; BMI range~20.2-36.4, X~27.8; MIF~3/4. In the OM group, age range~4· 
74, X~54; BMI~31·47, X~37, MIF~5/2. Basal GL (N~5.5, OM~10.7 mmol/I) was 
raised by 5.4 mmol/l in each volunteer for 5 hrs. E4 was infused from 60·120' (0.15 
pmol·kg,l.min,l). Results: Plasma IRJ (pmol/I) and glucagon (IRG, pmol/l) levels 
and GL utilization rates (M, flmol·kg,l·min,l) were: (X±SE) 

N OM 
0·60' 60·120' 240-300' 0-60' 60·120' 240·300' 

GL II.1±O.3 10.6±0.0 10.8±0.2 15.9±1.3 16.2±1.3 15.9±1.4 
IRJ 297±11O 1914±300 1993±613 151±21 713±188 681±274 
IRG 5.7±0.8 4.4±1.0 3.6±0.9 151±21 13.8±2.5 12.0±1.7 
M 12.6±2.2 53.1±4.7 87.1±7.9 3.5±l.7 16.3±9.4 25.8±16.7 
All volunteers ate a meal at 330'. Postprandial GL did not rise in any volunteer. 
Basal NEFA in the N and OM group were 0.57±0.05 and 0.63±0.06 mmol/l, and fell 
to 0.14±0.03 and 0.42±0.09 at 60'. The 120' level was 0.04±0.01 and 0.14±0.03 
remained there for the duration of the clamp. Plasma leptin levels increased in the N 
group after E4 infusion but not in the OM group. Conclusions: At 1/10 the dose of 
GLP·I, E4 is equally potent with a much longer duration of action and is therefore a 
potential agent for treating type 2 OM. 
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AC2993 (SYNTHETIC EXENDIN-4) LOWERED POSTPRANDIAL PLASMA 
GLUCOSE CONCENTRATIONS IN PEOPLE WITH TYPE 2 DIABETES. 
O. Kolterman, M. Fineman, A. Gottlieb, E. Petrella, K. Pricket, and A. Young. 
San Diego, CA 
Exendin-4, a 39 amino acid polypeptide isolated from the salivary secretions of the 
Gila Monster (Heloderma suspectum), shares 53% homology and certain biologic 
actions of glucagon· like peptide-l (GLP·l), including its reported abilities to enhance 
glucose-stimulated insulin secretion, suppress postprandial glucagon concentrations 
and regulate gastric emptying. Unlike GLP-I, exendin·4 has been shown to have a 
prolonged duration of glucose lowering action in vivo and is being explored as an 
antidiabetic therapy. We evaluated the safety, tolerability, and efficacy of synthetic 
exendin·4 (AC2993) in 7 male non·insulin using patients with type 2 diabetes who 
had discontinued other antidiabetic therapy for a minimum of 7 days. A balanced, 
single-blind, dose·rising, placebo controlled crossover design was employed in which 
each patient received SC injections of placebo and 0.1, 0.2, and 0.3 flglkg AC2993 48 
hours apart. Five of 7 patients also received a 0.4 ~glkg dose. Plasma glucose, 
concentrations were assessed fasting and in response to 7 Kcal/kg Sustacal® 
administered at the time of AC2993/placebo injection. No safety issues were 
identified from repeated hematology, blood chemistry, urinalysis and ECG 
measurements. The placebo, 0.1 and 0.2 flglkg doses were well tolerated. Ooses of 
0.3 and 0.4 flglkg elicited a dose·dependent increase in nausea and vomiting occurred 
at the highest dose. Mean peak plasma AC2993 concentrations rose dose-dependently 
and were detectable for 15 hours at doses of 0.2 flglkg and above. For all AC2993 
doses, mean plasma glucose concentrations peaked in response to Sustacal at 30·45 
minutes and returned to below baseline within 90·120 minutes. For placebo, mean 
plasma glucose concentrations continued to rise through 90 minutes and did not 
return to baseline until 6 hours post- Sustacal®. Mean change in plasma glucose (0-
300 min) was +75, -5, +3, -5, and -17 mgidl for PBO, 0.1, 0.2, 0.3, and 0.4 flglkg 
respectively (P <0.02 vs. PBO). The lowest plasma glucose recorded was 83 mgidl. 
In conclusion, SC injection of AC2993 to patients with type 2 diabetes, identified no 
safety issues, was well-tolerated at doses 0.2 ~glkg, led to detectable AC2993 plasma 
immunoreactivity for up to 15 hrs and decreased plasma glucose in all tested doses 
without inducing hypoglycemia. Thus, these observations support the continued 
exploration of AC2993 for the treattnent of type 2 diabetes. 
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THE EFFECTS OF A SPECIFIC GLUCAGON ANTAGONIST ON GLUCAGON 
STIMULATED GLUCOSE PRODUCTION 
K.F. Petersen!, J.T. Sullivan3, J.M. Amatruda3 , J.N. Livingston3 and G.!. 
Shulman l,2. Yale University I, Howard Hughes Medical Inst.2, New Haven, CT, Bayer 
Corp.3, West Haven, CT, USA 
Aim: To examine the efficacy of a novel glucagon antagonist in humans. Methods' We 
studied 16 young, healthy men before and after a single dose (200mg p.o.) of a selective 
glucagon antagonist (BAY 27-9955). During both studies, basal glucose production 
(GP) was measured after a 12 hr fast with a primed-continuous infusion 
(0.05mg/kg·min) of [6,6- 2H]glucose. At t=120 minutes, a 3 hr infusion of 
somatostatin (O.lflglkg·min) was initiated in order to suppress endogenous glucagon 

I ....... ' I and insulin release. Insulin was infused at 
24pmollm 2·min to replace basal insulin 
concentrations and glucagon was infused at a rate of 
3ng/kg·min in order to induce selective 
hyperglucagonentia. Results: During this infusion 
plasma [glucagon] increased from 50 pg/ml to 100 
pg/ml (p<O.OOI). During the basal state, plasma 
[glucose] remained constant at 5mmolJl and GP was 
13flmollkg·min. During the glucagon infusion, 

_iIfIO'I) GIo pIa sma I fiQI.,H 21 
[glucose] increased immediately to a peak of -12 
mmolll (Fig I) and GP increased by a factor of l .. 
almost 2 from 12flIDol/kg'min to 23flIDollkg·min 11 " 
(p<O.OOI) (Fig 2). In the studies where 200mg of Ii .. ±",~U~jl1ii~~ 
BAY 27-9955 was given, the increase in plasma ~ 'f 1 .. "' .... 1 

[glucose] was blunted (peak -8mmolll) (p<O.OOI) i 
and GP remained unchanged as shown in Fig 2. 
There were no side effects of this drug at this dose. 
Conclusion: During a physiologic increase in (I (I M 

plasma [glucagon], BAY 27-9955 almost ... -
completely blocked the glucagon induced increase in hepatic GP. Given the well 
established relationship between fasting plasma [glucose] and rates of GP in patients 
with diabetes, this novel class of glucagon receptor antagonists may prove very useful 
in the treatment of patients with type 2 diabetes. 
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A NEUROPATHOLOGICAL BASIS FOR PAIN IN DIABETIC 
AMYOTROPHY. 
D. Walker, RA Malik, M. Reijanovic, A. Banula, Z. Milicevic, A.J.M. Boulton and 
the Croatian Study Group for Diabetic Amyotrophy. Manchester, UK, Zagreb, 
Croatia. 
Aims: Pain is a major feature of diabetic amyotrophy and its duration suggests 
significant structural as opposed to metabolic abnormalities. Materials and 
Methods: We have studied 10 Type II diabetic patients (Age- 65.4 ± 7.2 yr., 
duration of diabetes- lO'.2 ± 7.6 yr., duration of amyotrophy-4.2 ± 1.8 months, 
HhAlc-7.7 ± 1.3%) with amyotrophy (DA), 14 diabetic patients (DN) with an 
equivalent degree of neuropathy without amyotrophy, and 14 control ~ects (C). 
Results: Diabetic patients with amyotrophy had marked pelvifemoral weakness 
(MRC-15.9 ± 3.5/30) and pain (Visual Analogue Score of 7.8 ± 1.6/10). The 
intermediate cntaneous nerve of the thigh (lCNf) and sural nerve were biopsied in 
DA and the sural nerve alone in DN and C. Myelinated fibre density (no.mm-2) was 
significantly reduced in the ICNf (3104 ± 181, P<0.0004) and sural nerve (2756 ± 
454, P<0.0009) of DA v DN (4042 ± 539) and C (6049 ± 342). Myelinated fibre 
area (flID') did not differ significantly between ICNf (27.7 ± 2.4) and sural (28.9 ± 
2.2) ofDA v DN (31.8 ± 1.9) or C (29.1 ± 1.6). However, myelinated fibre axonal 
area (flID2) was significantly reduced in the ICNf (5.9 ±O.4, P<O.OOOI) and sural 
(7.1 ± 0.3, P<O.0008) of DA v DN (10.8 ± 0.8) and C (10.5 ± 0.8). Unmyelinated 
fibre degeneration (%unassociated Schwann cell profiles) was increased in ICNf of 
DA (47.8 ± 5.6) (P<O.002) v the sural of C (20.6 ± 1.9) but was not different from 
the sural of DN (57.9 ± 4.5). Unmyelinated axon density was significantly increased 
in the ICNf of DA (101020 ± 9513) v C (64116 ± 4889) (p<0.005) and axon 
diameter was reduced in ICNf of DA (0.58 ± 0.04) v C (0.83 ± 0.02) (p<0.0005). 
Conclusions: Diabetic amyotrophy is characterised by a distal loss of myelinated 
fibres with axonal atrophy and unmyelinated fibre regeneration. Such significant 
structural as opposed to functional changes may account for the severe and 
protracted pain in this condition. 
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APPLICATION REGIMES OF DIPEPTIDYL PEPTIDASE IV INHIBITORS 

TO IMPROVE GLUCOSE TOLERANCE IN RATS 

E.-I. Freyse, S. Knospe, K. Glund! and H.-U. Demuth\ Karlsburg and Halle/Saale\DE 

Aims: Isoleucine thiazolidide (IT) protects insulinotropic potency of intestinal 
incretins from dipeptidyl peptidase IV (DPIV) inactivation after meals and im
proves glucose tolerance (Gt). DPIV i,nhibitors are considered as a new tool to 
treat type 2 diabetes. We clarified dose effect characteristics of the IT drug 
form P31/98. We also applied the chemically more stable drug P32/98 with 
comparable plasma DPIV inhibiting capacity to elucidate optimal timing of 
drug application before oral glucose loads (OGTI). - Material and Methods: 
Male Wistar rats (~ 350 g body weight) were instrumented with chronic 
catheters (A.carotis). P31/98 (1.25, 2.5, 5, 7.5 ... 50, 100 Ilmol/300 g b.w.) 
dissolved in 40 % glucose solution was orally given (S I). In addition 2.5 flmol 
P32/98 per 300 g b.w. were given orally at 0, 5, 10, 20, 40 or 60 min before 
OGTT (S II). Control animals (C) received the OGTI. Plasma DPIV-activity, 
insulin, C-peptide and glucose were measured during 2 h OGTT (2.0 glkg 
b.w.; n=5 each group). - Results: In S I plasma DPIV-acitivity was dose
dependently diminished at P31/98 doses of 10 to 100 Ilmol/300 g b.w. (C: 
14±3, 10 Ilmol/300 g: 55±3, 100 flmol/300 g: 88±2 %; means±SEM; p<0.05). 
5.0 Ilmol/300 g b.w. induce an early and higher insulin peak than C (C 16±2, 
13±4; 10±0 min, 32±10 ng/I; S), lowest glucose area under the curve (AUC 0-
60 min; C 161±26; llO±12 mmol·minll, S) and reduce C-peptide AUC slightly 
(C 228±46; 168±36 nmol·minll; NS). To improve Gt a dose dependency was 
proven for low doses (cubic regression analysis: r=0.676; S). In S II P32/98 
application before OGTI induced improvement in glucose AUC (0: 135±16, 
5: 108±13, 1O:90±21, 20: 77±16, 40: 71±20, 60 min: 107±29 mmol·minll; S 
for 10 to 40 min). - Conclusions: 1. DPIV inhibitors improve Gt by early and 
increased insulin secretion. This seems to save insulin. 2. 5.0 Ilmol P31/98 or 

2.5 Ilmol P32/98 per 300 g b.w. are most effective in improving Gt. 3. DPIV 
inhibitors given 20 to 40 min before OGTI further improve Gt. 
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REGIONAL SYMPATHETIC DENERVATION IN PATIENTS WITH 
PAINFUL DIABETIC NEUROPATHY 
Cees J. Tack] and David S. Goldstell1~. lOivisioLl or General Internal Medicine. 
University Hospital Nijmegcn. The Netherlands. and 2Chnical Neurochellllst)) 
Section. NINDS. NIH. Bethesda. Maryland. USA. 
Aims: Pain in peripheral diabetic neuropathy has been thought to be related to 
abnonnal sympathetic nerve activity in the affected limbs. and dnlgs that intemct 
with sympathetic neuronal function like desipramide and clonidine have 
documented effect in pain treatment. To investigate the function of the peripheral 
sympathetic nervous system in more detail in vivo. we combined neurochemical 
measurements with fUllctional positron emission tomography (PET). 
Methods: Nine patients \\"Ith diabetes mellitus (M·F = ..j. 5. age () I ± 7 years) and 
painful peripheral neuropathy of the feeL. but \\ Ithollt gcncralil.ed autonomic 
neuropathy. under,,~:ent i.\·. infusion of triliatcd norcpinephnnc (NE) and sampling 
of ancrial and venous blood in both feel and III onc arm. before and dunng 
ganglion b.lockadc with trilllcth.aphan. PET sCaJllllng after i.v. 11N-all1ll1onia was 
used to linage local perfuslOll and I,· (J-II:fFIOuorodopallllllc to llIlagc 
sympathetic nerve mncn alion. The results wcre compared \\ ith those in thc lUl1bs 
of nOIlilal voluntcers (n= 12). and in Ihe unafTectcd leg (n= 15) or unaffected ann 
(n=16) of patients with unilateral complex regional pain syndrome (CRPS). 
Results: Regional NE spillover in the feet \\·as significantly less in the group with 
painful diabetic neuropalhy Ihan in Ihe control groups and significantly less in the 
affected feet than in the unaffccted arms of the control patients of subjects. After 
trimethaphan. foot NE spillover decreased more III the control groups than in the 
patients with diabetic ncuropathy. Reported palll scores in patients with diabctes 
did not change during ganglion blockadc. PET scanning rcyealed decreased nO\\

corrected 6-1 18Flfluorodopaminc-deriycd radioaclidty in patients \\ith diabetiC 
neufopaU1Y. compared to values ill normal yoluntcers 
Conclusions: These results prO\·idc ncufOchelnical cvidence. supportcd by 
sympatho-imaging findings. for selective regional (pal1iaVseleCliyc) denervCltion of 
the sympatllelic nervous syslem in the legs of patients with painful diabetic 
neuropathy. Pain in these patients appears not to bc sympathetically-mediated. 
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EVALUATION OF AN ARI ON DIABETIC NERVE FUNCTION, 
METABOLISM AND ANTIOXIDANT STATUS: AN INTERVENTION STUDY 
l. Obrosova, C. Van Huysen, L. Fathallah, M.J. Stevens, X. Cao, D.A. Greene, 
University of Michigan, Ann Arbor, MI, USA 
Aims. ARIs prevent peripheral nerve dysfunction in experimental diabetes. However, 
some intervention studies (both experimental and clinical) appeared disappointing 
which could reflect either their inadequate design and insufficient correction of the 
sorbitol pathway activity, or the ineffectiveness of ARIs in reversal of functional and 
metabolic deficits of diabetic neuropathy in general. We evaluated if diabetes-induced 
changes in nerve function, metabolism and antioxidant status can be corrected by the 
dose of ARI (sorbinil, 60 mg/kgld in the diet) resulting in complete inhibition of 
increased nerve sorbitol pathway activity. Materials and Methods: The groups 
included control (C) and STZ-diabetic (D) rats treated with or without ARI for 2 wks 
after 4 wks of untreated diabetes. Sciatic endoneurial nutritive blood flow (NBF) was 
measured by hydrogen clearance. Sorbitol pathway and other metabolites, phospho
creatine (PCr), creatine (Cr) and A TP were assayed by enzymatic methods, GSH and 
ascorbate (AA) fluorometrically. Results: NBF(ml*min· I *100g· l

) and motor and 
sensory nerve conduction velocities (MNCV and SNCV, mls) were decreased in D 
(9.3±0.8, 44.7±1.2 and 32.3±OA vs. 17.6±1.3, 57.0±1.7 and 38A±1.0 in C, p< 
0.01), and this decrease was corrected in D+ARI (14.0±0.6, 54.3±1.3 and 36.6±1.0, 
p<0.05 vs.D). Free mitochondrial and cytosolic NAD<INADH ratios (assessed from 
P-hydroxybutyrate and lactate dehydrogenase systems), PCr levels and PCrlCr ratio 
were decreased in D vs.C, and both NAD<INADH ratios and PCr levels were 
ameliorated but not normalized by ARI while PCrlCr was completely restored. GSH 
and AA levels were decreased in D, and only GSH but not AA levels were normalized 
by ARl. Conclusions: ARI treatment is an effective approach for restoration of NBF, 
MNCV and SNCV, and at least partial correction of nerve metabolic and antioxidant 
deficits in diabetes. It remains to be established if residual metabolic and antioxidant 
imbalances 1) are of any importance for development of diabetic neuropathy and 2) 
can be corrected by longer ARI treatment or are due to AR-independent mechanisms. 
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ISOLA TED POST -CHALLENGE HYPERGL YCAEMIA 
INCREASES THE RISK OF MORTALITY 
JE Shaw, MP de Courten and PZ Zimmet. International Diabetes 
Institute, Melbourne, Australia. 
Aims: The aim of this study was to examine the possible link between 

isolated post-challenge hyperglycaemia (IPH) (plasma glucose :2:11.1 
mmolll, 2h after a 75g oral glucose load, and fasting plasma glucose 
<7.0 mmol/I) and mortality. Materials and Methods: The data from 
three population based longitudinal studies (in Mauritius, Fiji and 
Nauru) were pooled, and mortality rates were determined in 9179 
people, who were followed for between 5 and 12 years. Vital status was 
available for 99% of the cohort. Results: At baseline, there were 595 
people with previously diagnosed diabetes, and 799 with newly 

diagnosed diabetes (fasting plasma glucose :2:7.0 mmolll, or 2h plasma 

glucose d 1.1 mmol/I), of whom 243 (31%) had IPH. In comparison to 
people without diabetes, people with IPH had an increased risk of all 
cause mortality (Cox proportional hazards ratio [95%CI] adjusted for 
age and other risk factors: 2.7 [1.8-3.9] - men; 2.0 [1.3-3.3] - women), 
and of cardiovascular mortality (2.3 [1.2-4.2] - men; 2.6 [1.3-5.1] -
women). These risks were at least as strong as for those people who 
were diabetic on both the fasting and 2h values (n=404), for all cause 
mortality (1.9 [1.4-2.6] - men; 1.5 [1.0-2.3] - women), as well as for 
cardiovascular mortality (1.7 [1.0-2.8] - men; 1.7 [0.9-3.2] - women]). 
In addition, men with IPH had a high risk of cancer death (8.0 [3.6-
17.9]). The median fasting glucose in people with IPH was 6.0 mmol/I 
(5.7 mmolll in those who died). Conclusions: People whose only 
glucose abnormality is in the post-challenge state form a significant 
proportion of the diabetic population, and have an increased mortality 
risk. This should be considered in the design of screening programmes 
that use only the fasting glucose. 

155 
POL YOL LEVELS AND MORPHOLOGY OF SURAL NERVE IN 
RELATION TO NERVE FUNCTION AND NEUROPATHY 
G. Sundkvist, L.-B. Dahlin, K.-F. Eriksson, 1. Rosen, S. A. Lattimer, A. 
A. F. Sima, Sullivan K, and D. A. Greene. Depts of Endocrinology, 
Hand Surg, Vase and Renal Diseases, and Neurophysiology, Malmo 
University Hospital, Malmo, Sweden, and Internal Medicine and 
Pathology, University of Michigan, Ann Arbor, USA 
Aims: Relate sorbitol and myo-inositol levels and morphology of sural 
nerve to nerve function and clinical neuropathy in men with diabetic, 
impaired (IGT), and normal glucose tolerance. 
Materials and Methods: After neurophysiological examination, sural 
nerve biopsy was performed in 10 men with Type I diabetes, 10 with 
IGT, and 10 with normal glucose tolerance. 
Results: Sural nerve conduction velocities (median [IQ range]) (41.0 
[6.0] mls vs 47.0 [3.0] mls; P = 0.014) and amplitudes (SNAP) (3.7 [ 
3.5] IlV vs 11.3 [10.6]) IlV; P = 0.04) were lower in diabetic than in 
IGT subjects. Sorbitol levels were higher in diabetic subjects (643 [412] 
nmollmg prot.) compared with IGT (286 [83] nmol/mg prot. P = 
0.00032) and normal subjects (296 [250] nmol/mg prot.; P = 0.0191). 
Nevertheless, there was a negative correlation (r = -0.69; P =0.0376) 
between SNAP and sorbitol levels in IGT. Nerve morphology did not 
differ between the three groups. In diabetic and IGT subjects, however, 
myelinated fiber density (MNFD) was (P = 0.0021) lower in 9 subjects 
with clinical neuropathy (4076 [1091] nr fibers/mm') than in 10 
without (5219 [668] or fibers/mm'). Myo-inositol levels were lower (p 
= 0.0283) in diabetic patients with clinical neuropathy (25049 [3985] 
nmol/mg prot) than in those without (32253 [7503] nmol/mg prot). 
Conclusions: High sorbitol levels were associated with disturbed nerve 
function in IGT, low myo-inositol levels with clinical neuropathy in 
diabetes, and reduced MNFD correlated with clinical neuropathy but 
not with glucose tolerance status. 

157 
INFLUENCE OF GENDER ON CARDIOVASCULAR RISK FACTORS AND 
INSULIN RESISTANCE IN IMPAIRED FASTING GLUCOSE. 
P. Gourd/, J.B. Ruidavets', D. Arveiler', Ph. Amouyel', A. Bingham' and J.P. 
Tauber'. I Service de diabetologie, CHU Rangueil, Toulouse. 'MONICA Toulouse. 
'MONICA Strashourg. 'MONICA Lille. 'INSERM 258, Paris. 
Aims: To compare the levels of cardiovascular risk factors and insulin resistance 
assessed by HOMA (Homeostasis Model Assessment) in men and women affected 
by impaired fasting glucose (IFG, 6.1-6.9 mmoI/L). Materials and methods: In a 
random sample of 3508 subjects, aged 35-64 yrs, participating in the French 
MONICA study hetwecn 1995 and 1997, IFG affects 88 women and 181 men. 
According to standardized MONICA protocol, these subjects underwent clinical 
and blood pressure (BP) measures, then centralised biological determinations were 
performed on fasting blood sample. Results: In univariate analysis, physical 
activity level (p<O.OI), alcohol consumption (35.2 vs 9.3 glday, p<O.OOI), waist 
circumference (99.8 vs 93.2 cm, p<O.OOI), diastolic BP (87 vs 83 mmHg, p<O.OI) 
and triglycerides (1.61 vs 1.35 mmollL, p<0.05) are higher in men than in women, 
whereas age (51 vs 55 yrs, p<O.OOI), BM! (28.2 vs 29.5 kg/m', p<O.05) apoAI (160 
vs 168 mg/dL p<O.05) and HDLe (1.29 vs 1.50 mmol/L, p<O.OOI) are lower in men 
than in women. Systolic BP, total cholesterol, LDLe, apoB, fasting insulinemia and 
HOMA values are similar in both sexes. After multivariate adjustment including 
age, alcohol consumption, physical activity level, BMI and waist circumference, a 
significant difference remains only for HDLe (p<O.OI). The number of actual and 
ex-smokers is higher in men than in women (23.2% and 50.3% vs 14.8% and 
15.9%, p<O.OOI). The prevalences of hypertension (antihypertensive treatmcnt or 
sBP2:140 or dBP2:90 mmHg) and dyslipidemia (hypolipemic treatment or 
LDLe2:4.1 or triglycerides2:2.3 mmol/L) reaches respectively 58% and 32% in men, 
56% and 38% in women (ns). Conclusions: IFG is associated with high 
cardiovascular risk factors level in both sexes. No difference in cardiovascular risk 
factors and insulin resistance profiles appears between men and women except for 
HDLe and tobacco consumption. 
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EVALUATION OF THE 1997 A.D.A AND 1998 W.H.O. DIAGNOSTIC 
CRITERIA FOR DIABETES IN A CHINESE POPULATION 

K.S.L.Lam, N.M.S.Wat, T.H.Lam' and E.D.Janus". Deparnnents of 
Medicine and Community Medicine', and Clinical Biochemistry Unit", 
University of Hong Kong, Hong Kong, China. 

Aims: We evaluated, in this study, the relative merit of the new diagnostic 
criteria for diabetes proposed by the American Diabetes Association (ADA 
1997) and the World Health Organisation (WHO 1998). Although both 
organisations agreed that the diagnostic fasting plasma glucose (FPG) for 
diabetes should be lowered from 7.8 mmollL to 7.0 mmollL, the ADA 1997 
diagnostic criteria are based on FPG only, whereas the WHO criteria retain 
the use of the standard oral glucose tolerance test (OOTT). Materials and 
Methods: We analysed the data collected from the Hong Kong cardiovascular 
Risk Factor Prevalence Study using both sets of diagnostic criteria and those 
proposed by the WHO in 1985. This population-based study was conducted 
from 1995 to 1996 and included a 75-g OGTT performed in 2752 Chinese 
subjects aged 25 to 74 years. Results: Based on the 3 sets of criteria, the 
prevalence of diabetes (known and unknown) was 7.3% (ADA 1997), 9.7% 
(WHO 1998) and 9.3% (WHO 1985) respectively. Subjects diagnosed as 
diabetic by the WHO 1998 criteria, but not when the ADA 1997 criteria were 
used, had adverse cardiovascular risk profiles which were comparable to 
those classified as diabetic by both. Of those subjects classified as normal by 
the ADA 1997 criteria, 15 % had impaired glucose tolerance and 2 % had 
diabetes using WHO 1998 criteria. These subjects with abnormal 2h-PG only 
had unfavorable cardiovascular risk profiles compared to those classified as 
normal by both, with those with diabetes having cardiovaseular risk profiles 
comparable to subjects with impaired fasting glucose (IFO), the new category 
of glucose intolerance introduced by the AD A. They would be missed if FPG 
alone was tested. Conclusion: These data are in support of the WHO 
recommendation ·that the OGrr be retained to maximally identify at risk 
individuals. 

OP25 
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EFFECT OF TROGLITAZONE ON GLUCOSE METABOLISM AND INSULIN 
SENSITIVITY IN RELATIVES OF TYPE 2 DIABETIC PATIENTS. 
K Levin, 0. Hother-Nielsen, J E. Henriksen and H Beck-Nielsen, Diabetes Research 
Centre, Odense University Hospital, Denmark 

Aims: We investigated the effect of troglitazone (rGZ) on glucose metabolism, 
insulin sensitivity and glycogen synthase activity in first degree relatives of type 2 
diabetic patients. Methods: The relatives were randomized in a double blind manner 
and treated for 12 weeks with either TGl 200 mg or placebo. Before and after 
treatment an oral glucose tolerance test (OGTT) and an euglycaemic hyperinsulinaemic 
clamp (40mU/m' Imin) were performed. The latter including tritiated glucose (HOT
GINF), indirect calorimetry and muscle biopsies for enzyme analyses, Materials: 
Twelve relatives (11m 6/6) receiving TGl and II (3/8) relatives receiving placebo (age: 
30,8± 2,0 vs 30,6±1,7 yr, BM!. 29,6±O,8 vs 30,6±1.4 kg/m') were compared. Results: 
Data from OGTT showed that no changes occurred in weighted mean p-glucose in the 
TGl group compared to the placebo group during treatment (7,8±0,5 to 7,9±0,5 vs 
7,9±0,3 to 8,I±O,5 mmol/l, NS). Also IGT status (3 in each group) remained 
unchanged. However, weighted mean p-insulin decreased in the TGZ group compared 
to placebo (394,8±84,6 to 348,6±91,4 vs 381,8±59,7 to 493,7±88,9, p<0,05). Insulin 
sensitivity as measured by the glucose infusion rate during insulin stimulation increased 
in the TGl group (I64,5±24,3 to 2l8,2±32, I vs 149,5±23,3 to 154,6±23,5 
mg/minlm', p<O,01) No significant differences in insulin stimulated glucose and lipid 
oxidation calculated from indirect calorimetry were found (glucose ox from' 
12S,2±11,6 to I36,8±12,4 vs 112,8±5,7 to I07,8±8,2mg/minlm', NS), (lipid ox fi'om' 
16,7±5,4 to 13,0±5,9 vs 25,0±2,8 to 27,7±3,6 mg/minlm', NS). Glucose storage (Rd -
glycolytic flux (calculated from tritiated water» on the other hand, increased 
significantly in the TGl group (98,2±18,1 to 140,0±23,9 vs 83,5±16,3 to 
89,4±I 5,9mg/minlm', p<O,05) This increase however, was not reflected in a 
simultaneous increase in glycogen synthase activity (FV 0,1 G6P. 0,43±O,03 to 0,43±O,04 
vs 0,42±O,04 to 0,47±O,03 %, NS) Conclusion: Treatment with troglitazone 
significantly increases insulin sensitivity in relatives of patients with Type 2 diabetes 
and this effect seems mainly to be located to the glucose storage pathway of glucose 
metabolism, However, this seems not mediated via an increased insulin activation of 
glycogen synthase. 

159 
DIFFERENCES BETWEEN IMP AIRED FASTING GLUCOSE AND IMP AIRED 
OLUCOSE TOLERANCE: ASSOCIATED RISK FACTORS IN THE POPULATION 
P de Pablos, F Rodriguez', J Martinez, V Sanchez, C Santana, I Garcia and A Macias; 
Endocrinology and 'Preventive Med. Depts; Hosp. N. S. del Pino, Las Palmas, Spain. 

Aims: To compare the new "impaired fasting glucose" (!FG) diagnostic category 
(ADA, 1997) with the classical "impaired glucose tolerance"(lGT) category, by means 
of a population study, with reference to the associated cardiovascular risk factors. 
Methods: These categories were compared by a random stratified sampling in a 
representative council of our area. 69 I subjects had an standard OGrr performed in 
the fasting state (excluding those who had been previously diagnosed as having 
diabetes mellitus or had fasting glucose> 7.8 mM/L). Height, weight, waist and hip 
perimeters and blood pressure were measured; fasting lipid profile (triglycerides, total 
and HDL cholesterol) was determined. Medication and tobacco use was also reported. 
Results: 118 subjects (17.1%) had lOT and 61 (8.8%) had IFG. Only 22 subjects 
(3.2%) had both lOT and !FG. Of the subjects with IGT, 91 (77.1%) were nonnal, 22 
(18.6%) had IFG and 5 (4.2%) had DM according to the new ADA criteria. Of the 
subjects witll IFO, 28 (45.9%) were normal, 22 (36.1%) had lOT and II (18.0%) had 
DM according to tlle classical criteria. Cohen's kappa for concordance was 0.53\. A 
Illultiple logistic regression study showed that tlle risk factors associated witll IFO 
were: body mass index (p=O.021), diastolic blood pressure (p=0.44) and (marginally) 
systolic blood pressure (p=0.051) without association Witll age, sex, tobbaco use, 
waist/hip ratio or lipid profile. Witll lOT the associations were: age (p=0.001) and 
(marginally) body Illass index (p=0.060) and plasma triglycerides (p=0.097) without 
association with sex, tobacco use, blood pressure, waist/hip ratio or cholesterol. 
Conclusions: We conclude tlmt the overlapping of!FO and IGT is poor; besides, tlle 
cardiovascular risk factors associated with tllese categories appear to be different in 
our population. Therefore, tlle substitution of IFO for !HC would be inadequate. 

161 
PPARy2 AMINO ACID POLYMORPHISM PR012ALA ALTERS THE 
CORRELATION BETWEEN INTRAMYOCELLULAR LIPID CONTENT AND 
INSULIN SENSITIVITY IN OFFSPRING OF TYPE 2 DIABETES PATIENTS 
SJacob, K.Brechtel, K.Rell, J.Machann, M.Koch, M.Nielsen, K.L6blein, R.Becker, 
E.Maerker, A.Volk, M.Deninger, W.Renn, F.Machicao, C.D.Claussen, F.Schick, and 
H.U.Haring; Depts of Endocrinology and Dept. of Radiology, University of Tiibingen, 
Tiibingen, Oermany 

The peroxisome proliferator activated receptors and its mutations could playa role in 
the pathogenesis of obesity and type 2 diabetes mellitus. Lately a mutation in the 
coding sequence of isoform PPARy2 was described, with a substitution of Prolin to 
Alanin at codon 12 (Pro12Ala). Recently, we and others found a close and negative 
correlation between insulin sensitivity (IS) and intramyocellular lipid content (IMCL) 
in lean offspring of type 2 diabetes patients (OFF-DM). AIM and METHODS: To 
see whether this Pro12Ala mutation affects the association of increased IMCL and 
insulin resistance, we selected a group of 12 lean subjects, heterozygous for this 
mutation (Pro 12Ala), from more than 300 OFF-DM who had undergone extensive 
metabolic phenotyping. To minimize confounders, the control group without this 
mutation (C) was matched according to sex, BMI, fat mass and body fat distribution 
(WHR). IS was assessed by a standard hyperinsulinemic glucose clamp, with MIl as 
an index of insulin sensitivity; in addition IMCL and total muscular lipid (TML) were 
quantified by proton magnetic resonance spectroscopy in two muscles of the calf, the 
tibialis anterior(TA) and the soleus muscle (SOL). RESULTS: Due to matching there 
were no significant differences between both groups. IMCL and TML in both muscles 
were similar or tended to be even higher in Pro12Ala. However, despite this, IS was 
markedly higher in Prol2Ala, also fasting Insulin was significantly lower (*p<0.05). 

IMCL- Mil 
SOL "mini Vlml 

Pro12Ala 9,3 14,84* 
C 2,8 9,5 8,7 20,2 8,5 8,63 

CONCLUSION: In this well matched group of lean subjects, Prol2Ala had similar 
or even slightly higher IMCL and TML in both muscles; however, inspite of this, 
insulin sensitivity was markedly higher (+72%). One could therefore speculate that 
the Pro12Ala mutation has some protective role and reduces the negative impact of 
IMCL depots on insulin sensitivity. 
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OSCILLATING CONCENTRATIONS OF FREE FATTY ACIDS INDEPENDENT OF INSULIN AND 

GLUCOSE OSCILLATIONS 

N. P0fksen, C. JOOI, and 0 Schrmtz. Aarhus, Denmark 
Aim. Glucose and insulin concentrations exhibit significant oscillations at a periodicity of 
5 to 15 minutes, due to pulsatile insulin secretion, and oscillatory hepatic glucose output, 
correlating to pulsatile release of glucagon and somatostatm. Recent data support an 
important role offree fatty acids (FFA) on insulin release. Conversely, adipose tissue is 
highly insulin sensitive, suggesting possible oscillatory lipolysis due to pulsatile insulin 
release. The aim of the present study was to examine I) if oscillations in FF A occur with 
enhanced lIpolysis (fastmg), and at basal conditions, and 2) if such oscillations may be 
entrained by glucose induced pulsatile insulin secretion. Materials and methods. In 
protocol I 7 healthy subjects were studied at basal (10 h fast) and long term fasting (60 
h fast) conditions. In protocol 2 the relation of glucose and insulin oscillations to FF A was 
exammed in 6 subjects, where glucose (6 mg/kglmin) was infused over I min every 7 or 
every 12 min for 60 mm after which frequency was abruptly altered to opposite frequency 
for additlonal60 min. In both protocols minutely sampled blood was analyzed in triplIcate 
for insulin (ELISA. CV -3 %), glucose (glucose oxidation, CV-5%) and FFA (enzymatic 
colorimetric method, CV ~2 %) concentrations. Data was analyzed for significant 
oscillations applying autocorrelation (AC) and spectral analysis (SA) to fIrst dIfferenced 
concentranon time series. Results, At long term fasting SIgnifIcant (p<0.05) OSCIllations 
m FFA were detected in 6n subjects by SA (periodicity 3.7 ±0.2 min), and in 4n subjects 
by AC (penodJcity 3.8 ±O.3 min). At basal condition similar periodicities (3.8 ±0.2 mm) 
were detected by SA in 5n, but orily in In by AC (periodicity 3.5 min). The detected 
periodicities ofFFA oscillations were significantly faster than insulin oscillations (7.1 ±0.3 
min by AC) InfuSIOn of glucose at 7 or 12 min interval resulted in signifIcant «0.05 by 
AC) oscillatIOns in glucose (-5 %) and insulin (-100 %) at identical periodicity in all 
studies. In contrast, no FF A oscillations occurred at expected periodicities (7 or 12 min) 
by SA or AC, whereas a dominant peak was observed in 7112 data series at a mean 
periodiCity of 4.0 ±O.2 min. The data demonstrate occurrence of significant oscillations 
in FF A at a periodicity of.-..4 min at long term fasting, and at basal conditions. These 
oscIllatIons are different in frequency from insulin oscillations, and are not entrainable by 
short tenn glucose induction of pulsattle insulin release. An insulin and glucose 
mdependent mechanism, likely sympathetic, seems to control these osclllatlOTIS 

OP26 
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PHOSPHATIDYLINOSITOL-4-PHOSPHATE STIMULATES EXOCYTOSIS 
IN PANCREATIC B-CELLS BY ACTIVATION OF PROTEIN KINASE C 

H.L. Olsen', P. Thams', K. Capito', K. Bokvist" J. Gromada'. 'Dept. Islet Cell 
Physiology, Novo Nordisk AlS, DK-2BBO Bagsvaerd and Dept. Medical Bio
chemistry and GenetiCS, Panum Institute, DK-2200 Copenhagen, Denmark. 

Granule-associated phosphatidylinositol-4-kinase activity is required for 
stimulated secretion and might be an important basis for ATP use in the exo
cytotic pathway. Here we have explored the effects of phosphatidylinositol-4-
phosphate (Ptdlns-4P) on Ca'·-evoked exocytosis in mouse pancreatic B-cells 
using the standard whole-cell configuration of the patch-clamp technique and 
capacitance measurements of exocytosis. The rate of increase in cell capaci
tance, elicited by infusion with a Ca'· -EGTA buffer with a free Ca'· concentra
tion of 0.22 f!M, increased 2-fold by inclusion of 1 f!M Ptdlns-4P in the pipette 
solution. The effect was concentration dependent (EC50=8 nM) and mimicked 
by Ptdlns-3P, Ptdlns-4,5P" Ptdlns-3.4P" Ptdlns-3.4,5P" but not by phosphati
dylcholine, inositol 1.4,5-trisphosphate or phosphatidylinositol. The effect of 
Ptdlns-4P on exocytosis was dependent on protein kinase C (PKC) and was 
blocked by staurosporine and calphostin C. In accordance with these results, 
Ptdlns-4P stimulated PKC activity 2-fold in a 100000g soluble fraction of 
mouse islets. Ptdlns-4P did not affect phospholipase A, or D in mouse islet 
homogenate. These results suggest an important role for phosphastidyli
nositol-4-kinase in Ca'·-activated secretion. Indeed, exocytosis stimulated by a 
maximal Ca'· concentration (2 f!M) was reduced by 380% by pre-treatment 
with the phosphatidylinositol-4-kinase inhibitor phenylarsine oxide (20 f!M). 
This block could be reversed by addition of 2,3-dimercaptopropanol (0.1 mM) 
or ptdlns-4P (1 f!M). These data suggest that Ptdlns-4P-mediated stimulation 
of PKC is important for regulated fusion of secretory granules with the 
plasma membrane. Finally, our data implies that lipid kinase-mediated phos
phorylation might represent an important step in ATP-dependent priming of 
secretory granules in insulin exocytosis, 

163 
INCREASED CONTRIBUTION OF LIPOGENESIS AND DECREASED CONTRIBUTION OF 
NEFA REESTERIFICATION TO TRIGLYCERIDES SECRETION IN INSULIN-RESISTANCE. 
F. Diraison, P. Moulin, M. Beylot. INSERM U499, CRNH and Department of 
Endocrinology, Lyon, France. 
Aims: Abnonnalities of NEF A and triglycerides (TG) metabolism are observed in 
insulin-resistance and diabetes. Thus it is important to measure simultaneously the 
main pathways of NEF A and TG metabolism in human subjects. Protocol 5 
normal subjects (BMI 22.7±O.9 kglrn2) and 5 insulin-resistant (IR) patients (BM! 
33.4±3.4 kglrn2) drank deuterated water (for measurement of hepatic de novo 
lipogenesis) in the evening and were infused (four hours) the following morrting in 
the post-absorptive state with [1-l3C]palmitate. We determined: I) NEFA turnover 
rate (Rt), 2) NEFA oxidation rate, 3) total lipid oxidation (indirect calorimetry), 4) 
intrahepatic reesterification (from the kinetic of l3e-palmitate incorporation into TG 
during [1-13C] palmitate infusion), 5) TG turnover rate (from the kinetic of I3C
palmitate disappearance in TG after the end of [1-13C] palmitate infusion). Results: 
NEFA concentration was higher in IR (0.67±O.12 vs 0.28±O.06 mmoles in control 
subjects,p<O.OI). NEFA Rt was similar in the two groups (6.04±L17 and 5.23±O.8 
~oles/kglmin in nonnal and IR). Using the acetate correction factor of Sidossis 
NEFA oxidation rate was similar in the two groups (2.8±O.7 and 2.3±0.5 
)lmoles/kglmin in nonnal and IR subjects), accounting for 45 % of NEFA Rt and 
near all total lipid oxidation (3.02±O.54 and 2,47±0.58 ~oles/kglmin for normal 
and IR subjects). Total NEFA reesterification was 3.28±O.6 (nonnal subjects) and 
2.95±0.59 flllloies/kglmin (IR). TG Rt was similar in IR and control subjects (0.11 
)lIDoles/kglmin). The percent contribution of hepatic lipogenesis to TG Rt was 
higller in IR (10% vs 40/0, p<O.OI) whereas that of hepatic NEFA reesterification 
was reduced (25 vs 49 % in normal subjects, p<o.OI). Conclusions: I) Despite 
similar TG, Rt IR have an increased contribution of hepatic lipogenesis and a 
decreased contribution ofNEFA reesterification to TG secretion. 2) Despite elevated 
plasma NEF A in IR, NEF A Rt and oxidation were comparable in the two groups. 4) 
FF A oxidation account for near the totality of lipid oxidation in the two groups. 

165 
Exocytosis in B-cells studied in intact mouse pancreatic islets by a 
combination of capacitance measurements and electron microscopy. 
Lena Eliasson, Sebastian Barg, Sven Gopel, Takahiro Kanno and Erik 
Renstrom, Dept. of Physiological Sciences, Lund University, Solvegatan 19, 
S-223 62 Lumd, Sweden, Lena.eliasson@mphy.lu,se 

We have combined electron microscopy (TEM) and measurements of cell 
capacitance (to monitor exocytosis) on intact pancreatic islets to determine 
the correlation between the functional responses and the ultrastructure of the 
B-celL A train of nine depolarising pulses (from -70 to 0 mY, duration 500 
ms) increased the cell capacitance 660±340 IF (n=4). The total increase in 
cell capacitance evoked by 10 trains separated by 1 min was 900 IF. This 
corresponds to the release of 450 secretory granules or 4.1 % of the total 
granule number assuming that there are 11 000 granules per B-cell. The 
increase in cell capacitance elicited by the first 500 ms depolarisation of 
each train was 106±48 IF in the presence of 3 mM glucose alone. 
Interestingly, this is similar to that which can be released from an isolated 
B-ccll in the presence of forskolin but 3-fold larger than that released in the 
absence of the adenylate cyclase activator. The total number of granules 
released over 10 min determined by measurements of cell capacitance is 
comparable to the decrease in the number of docked granules when the 
cells were exposed to 150 mM K+ which fell from 9.8±LO% to 4,9±0,9% 
(n=14-17) of the total granule number. In conclusion, there is a fair 
agreement between the ultrastructural (EM) and functional 
(electrophysiological) measurements, Our data further indicate that the 
readily releasable pool is a subset of the docked granules and that 
mobilisation (i.e. the refilling of the readily releasable pool) of the 
functionally distal part of the reserve pool reflects the chemical 
modification of the granules rather than their intracellular translocation. 
Finally, the amplitude of the exocytotic responses observed in the intact 
islets suggest that paracrine mechanisms are operational already under basal 
conditions. 
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ALTERED ~-CELL COUPLING RESULTS IN ABNORMAL 
INSULIN SECRETION AND GLUCOSE TOLERANCE IN VIVO 

P. Meda, A. Charollais, A. Gjnovci, A. Calabrese, A. Wonkam, D. Caton, 
L. Wisznievski, V. Serre, F. Cogne, J. Bauquis, D. Bosco, J. Huartc and P. 
Herrera, University of Geneva, Medical School, Switzerland. 

Aim: we have studied whether the intercellular exchange of cytoplasmic 
ions and molecules that takes place between ~-cells coupled by connexin 
channels is critical for the control of insulin secretion in vivo. Materials 
and methods: to this end, we have generated two lines of transgenic mice 
that express connexin Cx32, a gap junction protein which is not expressed 
within native islets, under control of the rat insulin promoter II. 
Heterozygous and homozygous animals were studied for connexin 
expression (as evaluated by PCR, immunolabeling and tracer 
microinjection), insulin secretion (as evaluated by in situ perfusions of 
pancreas) and glucose tolerance. Results: when compared to littennates 
that did not express Cx32 within islets, transgenic mice I) expressed 
abundant levels of this protein in ~-cells, 2) featured a largely increased 
(p< 0.001) exchange ofmembrane-impermeant molecules and cytoplasmic 
ions between ~-cells, 3) had elevated basal insulin secretion (p< 0.01), 4) 
had a much decreased insulin secretion in response to 4.2-16.7 mM 
glucose (p< 0.001), 5) were slightly hypoglycemic under basal conditions 
(p< 0.02), 6) remained hyperglycemic much longer than controls (p< 
0.001) after an in vivo challenge with glucose (0.1 mg /Kg). These changes 
were observed in two independent lines of transgenic mice and were more 
pronounced in homozygous than heterozygous animals. Conclusions: the 
data show that abnormal levels of the communications that occur through 
connexin channels linking ~-cells, cause major defects in insulin secretion 
that are sufficient to alter the in vivo control of glycemia. 
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EFFECTS OF DIETARY FAT ON INSULIN SENSITIVITY AND INSULIN 
SECRETION -THE KANWU STUDY. 
B. Vessby for the KANWU study group. Dept Clinical Nutrition, University of 
Kuopio, Finland; Dept Endocrinology and Metabolism, Aarhus Amtssygehus, 
Demnark; Dept Clinical and Experimental Medicine, Fredrico II University, Naples, 
Italy; Dept Biomediocal Sciences, University ofWollongong, Australia; Dept Public 
Health and Caring Sciences/Geriatrics, University ofUppsala,Sweden. 

Experimental and clinical data indicate that the amount and quality of dietary fat 
may be of importance for development of insulin resistance and related metabolic 
disorders, but this has not been verified in interventional studies in humans. 
Aims: To evaluate if a change of dietary fat quality affects insulin sensitivity and 

insulin secretion in humans. 
Materials and methods: The study was performed simultaneously in five centres 
(Kuopio, Aarhus, Naples, Wollongong, Uppsala) and included 162 healthy men 
(n=86, mean age 48 years) and women (n=76, 49 years) who were randomised to 
receive controlled isoenergetic diets during three months - in a parallel single blind 
fashion - containing either a high proportion of saturated (SAP A diet) or monoun
saturated (MUF A diet) fatty acids. The mean content of fat during the intervention 
was 38 energy percent (E%) in both diets, as evaluated from three days food records. 
The intake of saturated and monounsaturated fatty acids were 18 and 14 E% on 
SAF A and 10 and 22 E% on MUF A diet with 5 E% polyunsaturated fatty acids in 
both diets. Insulin sensitivity and insulin secretion were determined by the frequently 
sampled i.v. glucose tolerance test (The Minimal Model according to Bergman). 
The results indicate that the dietary fat quality significantly influences the insulin 
sensitivity with an impairment on the SAPA diet (-10%, p=0.03) but no change on 
the MUFA diet (+2%, n.s.) with p=0.05 for the difference between the changes. 
Insulin release and glucose effectiveness remained unaffected. When total fat intake 
was taken into account the favourable effect of substituting MUF A for SAP A was 
lost in individuals consuming more than 38 E% fat. 
Conclusion: This study demonstrates for the first time that insulin sensitivity is 
influenced by dietary fat quality, also in healthy humans. A change of the proportions 
offatty acids in the diet, reducing SAP A and increasing MUF A, improves insulin 
sensitivity but has no effect on insulin secretion. This improvement is not seen in 
individuals with a high dietary fat intake. 

167 
Ga PROTEINS COUPLE SOMATOSTATIN RECEPTORS TO K'-CHANNEL 
ACTIVITY AND EXOCYTOSIS IN GLUCAGON SECRETING RAT A-CELLS 

J. Gromadal , M. Hoyl, H.L. Olsen l , C.F. Gotfredsenl, K. Buschard2, P. 
Rorsman3, K. Bokvist l , INovo Nordisk, Bagsvaerd, Bartholin instituttet, 
Copenhagen, Denmark and 3Lund University, Lund, Sweden. 

Patch-clamp techniques were used to explore the types of G proteins which 
mediate the inhibitory effects of somatostatin on glucagon secretion from 
single rat pancreatic A-cells. Somatostatin inhibited spontaneous electrical 
activity in the absence of glucose and repolarised the cell by > IS m V. Pre
treatment with pertussis toxin abolished the inhibitory response to somato
statin, indicating the involvement of an inhibitory G-protein. These effects 
on electrical activity were associated with an increase in the whole-cell K+ 
conductance by 3.8±1.0 nS from a control level of 1.0±0.2 nS (n=4) at 25.6 
mM [K+lo. In support for a direct interaction between G-proteins and the 
somatostatin-activated K+ -channel, intracellular application of GTPgS led 
to a slow but persistent activation of the current. This effect was mimicked 
by G-protein bg-subunits. Activation of the K+ conductance by somatostatin 
was inhibited in cells treated with antisense oligonucleotides against G
proteins of the subtype Gi2 but not Gil, Gi3 or Go. Somatostatin reversibly 
inhibited depolarisation-induced increases in cell capacitance (used to 
monitor exocytosis) by >85% without affecting the whole-cell Ca2+
current. This action was abolished in cells pretreated with pertussis toxin 
and the serine/threonine protein phosphatase calcineurin inhibitors 
deltamethrin and cyclosporin A. Finally, the effect of somatostatin on exo
cytosis was also prevented by antisense oligonucleotide treatment against 
Gi2- but not Gil-, Gi3- or Go-proteins. These data suggest that somatostatin 
inhibits glucagon release by Gi2-protein-dependent interaction with both 
proximal and distal inhibitory steps in the stimulus-secretion coupling of the 
ratA-cell. 
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THE EFFECTS OF LONG-TERM SUPPLEMENTATION WITH 
PHARMACOLOGICAL DOSES OF VITAMIN E IN TYPE 1 DIABETIC 
PATIENTS ARE TEMPORARY, NOT SELECTIVE AND SATURABLE 
B.Manuel y Keenoy, W.Engelen, J.Vertommen, S.Schrans and I.De Leeuw. 

Laboratory Endocrinology, University of Antwerp, Belgium 
Aims: Vitamin E supplementation has been proposed as adjunctive therapy to 
counteract the increased low density lipoprotein oxidation seen in diabetes and thus 
prevent and/or delay cardiovascular complications. Clinical studies so far have been 
short-term and have varied widely as regards dosage, patient selection and metabolic 
control. In this study we proposed to investigate the impact of a moderate dose (750 
ill/day) of vitamin E given for I year to metabolically stable type I diabetics. 
Materials and Methods: double blind randomisation into 2 groups: group S (n=22) 
received dl-a-tocopherol 250 ill 3 times daily for I year. Group P (n=22) received 
placebo for 6 months followed by a-tocopherol for a further 6 months. Metabolic 
control, serum vitamin E and lipoprotein peroxidability were monitored at inclusion, 
every 3 months and 3 months after stopping supplements. The evolution in time 
within each group and the between-groups effect of vitamin E vs placebo was 
analysed by repeated measures ANOV A. Results: Both groups were comparable at 
inclusion. Serum vitamin E doubled after 3 months of supplementation (from 
IS.9±4.7 to 28.6±7.9 fig/ml, M±SD, p<0.0005) but not under placebo. Although 
lipid profiles, HbAlc and blood biochemistry did not change, copper-induced in 
vitro peroxidability of LDL and VLDL decreased after 3 months of vitamin E 
(p<0.005 for both groups S and P) as indicated by a 30-60% decrease in the 
production of TBARS (thiobarbituric reactive substances) and prolongation of the 
lagtime for the appearance of fluorescent products (from 107±25 to 123±30 min in 
group S, p=0.002 vs placebo). Giving supplements for another 3-9 months did not 
change levels of serum vitamin E or lipoprotein peroxidability any further, but they 
returned to the inclusion values after stopping. Initial patient characteristics and 
serum vitamin E did not affect the subsequent antiperoxidative response to 
supplements, which was only related to the increase in serum vitamin E after 3 
months (r= -0.43 p=O.005) but not later. Conclusions: Improvement in lipoprotein 
peroxidability of type I diabetics is saturable, limited to the period of vitamin E 
supplementation but independent of its duration or patient characteristics. The need 
for continuous maintenance supplements at a minimum effective dose should thus 
be considered in type I diabetic patients. 
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DIABETES PREVENTION STUDY IN KUOPIO: ONE-YEAR INTERIM 
RESULTS ON DIET, WEIGHT AND INDICES OF GLUCOSE METABOLISM 

A. Louheranta', J. Lindstrom', J.Tuomilehto' and M. Uusitupa' for the Finnish 
Diabetes Prevention Study Group. University of Kuopio', Kuopio, Finland and 
National Public Health Institute', Helsinki, Finland 

A controlled randomized lifestyle intervention for the prevention of type 2 
diabetes in overweight subjects with impaired glucose tolerance was started in 
1993 in five centers: Helsinki, Kuopio, Oulu, Tampere and Turku. Aims: To 
report the I-year interim results on diet, weight and indices of glucose tolerance 
from Kuopio. Materials and Methods: Baseline characteristics (mean values) of 
the subjects were age 53 years and body mass index 31.2 kg/m'. Baseline and 1-
year measurements included weight, an oral glucose tolerance test and a 3-day 
food record. Results: At baseline the energy intake in the intervention group 
(n= 47,19 males, 28 females) was 1917 kcal and in the control group (n= 47,18 
males, 29 females) 1789 kca!. The proportion of energy intake as fat, 
carbohydrates and protein was 35.2, 45.6 and 16.1 E% in the intervention group 
and 37.1, 44.6 and 16.3 E% in the control group, respectively, and there were no 
differences between the groups. In the intervention group there was a significantly 
greater reduction in energy intake after 1 year as compared to the control group 
(-294 kcal vs. -86 kcal, p= 0.04). In both groups there was a reduction in the 
proportion of energy from fat (-3.5 E% vs -3.7 E%, NS) and from saturated fat 
(-2.3 E% vs -1.7 E%, NS) but there was no difference between the groups. 
However, the tota1 amount of saturated fat was lower in the intervention group 
after I year (11.2 vs 12.9 E%, P = 0.04). There was a significantly greater 
reduction in weight (-4.8 kg vs -1.4 kg, p <0.001), fasting 12-hour glucose (-0.291 
-1.27 vs 01-0.28, p<0.04) and 2-hour insulin (-45.5 vs -19.4, p <0.04) in the 
intervention group when compared to the control group. Conclusions: A 
difference between the intervention and control groups was seen after 1 year in 
the reduction of energy intake, saturated fat intake, weight and main indicators of 
glucose metabolism. 

OP28 
Haemostasis 
172 
Plasminogen Activator Inhibitor-1 synthesis is increased in arterial 
wall of diabetic subjects 
A. PANDOLFI, DCETRULLO, R. POLISHCHUCK*, M. ALBERTA, G. 
PELLEGRINI, A. CALAFIORE, E. VITACOLONNA, F. CAPANI and A. 
CONSOLI. Universita d'Annunzio,Chieti and *Consorzio Mario Negri SUd. 
S. Maria Imbaro, ITALY. 
Aims: Plasma plasminogen activator inhibitor-1 (PAI-1) levels are increased 
in diabetes and this might contribute to decreased fibrinolysis and 
accelerated atherosclerosis in this condition. Arterial wall and in particular 
endothelial cells are among the tissues mainly responsible for PAI-1 
synthesis and release into the circulation; elevated glucose concentrations 
increase PAI-1 synthesis in arterial wall cells in culture. However, arterial wall 
PAI-1 levels have not been investigated in diabetic patients. Therefore, aim 
of this study was to determine the effect of diabetes on PAI-1 levels in the 
arterial wall and on plasma fibrinolysis in humans. Methods: blood samples 
and a small tissue specimen from mammarian artery were obtained from 6 
diabetic patients (blood glucose= 9.5±O.5 mM, age = 72±5 yrs, BMI= 25±3 
Kg/mq) and 4 matched controls (blood glucose= 6.0±O.3 mM, age= 66±9 yrs, 
weight= 77±5 Kg, BMI 27±1 Kg/mq) who underwent coronary artery by-pass 
graft surgery. PAI-1 antigen localization in the arterial wall was obtained by 
immunoistochemistry and read by laser scannning confocal microscopy; 
plasma fibrinolytic activity was measured by lysis of fibrin plates. Results: 
PAI-1 related immunofluorescence was increased in the arterial wall of 
diabetic patients (1013±179 vs 652±67 arbitrary fluorescence units, p<O.01) 
while plasma fibrinolysis was sharply reduced in diabetic patients (mean lysis 
areas on fibrin plate= 525±58 vs 736±87 mmq, p<O.05). Conclusions:this 
data provide the first direct evidence that diabetes is associated with 
increased PAI-1 synthesis in the arterial wall. This suggests that in this 
disease endothelial cells can be an important source for increased plasma 
PAI-1 and that local fibrinolysis can be affected by increased PAI-1 levels in 
the arterial wall. 

171 
RELATIONSHIP OF GLUCOSE TOLERANCE STATUS TO RISK FACTOR 
CHANGES FOLLOWING ORLISTAT-INDUCED WEIGHT LOSS. 
K.R. Segal, S. Heymsfield, J. Hauptman, M. Boldrin C. Lucas, Hoffmann-LaRoche, 
Nutley NJ, and Obesity Research Center, Columbia University, NY, USA 
Background: Type 2 diabetes (DM) greatly increases cardiovascular disease (CYD) 
risk factors but little is known about the capacity to improve risk in DM vs normal 
subjects (N). Aim: A pooled analysis of 3 randomized, placebo-controlled trials to 
evaluate changes in risk factors produced by weight loss with orlistat (ORL), a 
gastrointestinal lipase inhibitor which blocks absorption of -30% of dietary fat, in 
obese adults who were N, DM, or impaired (IGT) at baseline. Methods: Subjects 
were randomized to double-blind treatment with orlistat 120 mg tid (n=359) or 
placebo (PLA, n=316) plus a hypocaloric diet. Oral glucose tolerance (OGT) was 
tested at baseline and after treatment. IGT was defmed as 2-h serum glucose between 
7.7-11.1 mmolll and DM as 2-h glucose >11.1 mmollL. Results: 

Normal Impaired Diabetic 
ORL PLA ORL PLA ORL PLA 

Weight loss, % -6.9+0.5 -4.0+0.4 -7.2+0.9 -3.4+0.9 -5.0:!:0.9 -3.8:!:1.2 
LDL (%) -9.8+0.4 -1.2:!:0.4 -8.2+0.5 -2.2fo. -3.3:!:0.5 +7.3:!:0.4 
Cholesterol -7.9+0.5 -2.0:!:0.3 -7.8+0.4 -3.9:!:0.4 -3.6+0.4 +0.9+0.6 
Tg (mmollL) -4.0+1.0 -3.1+0.8 -4.7+0.09 -4.2+1.0 -4.0+1.0 -16.7+5. 
HDL +0.9+0.2 +2.6+0.4 -0.5:!:0.2 -2.9:!:0.6 -3.9:!:0.5 -2.2:!:0.6 
DBP (mm Hg) -4.4:!:0.6 -2.1:!:0.6 -1.4:!:0.9 -1.8:!:1.6 +0.2:!:2.3 +0.1:!:3.1 
ORL produced significantly greater weight loss and reductions in LDL and total
cholesterol than PLA for N, IGT and DM subjects (P<0.05). Changes in CYD 
were lower in DM subjects for ORL and PLA, due to the lower weight loss for 
this group. Changes in Tg were similar across treatments and OGT status. HDL 
was initially lower and decreased further in DM. Conclusions: These results 
highlight the benefit of ORL, compared to diet alone, in producing weight loss 
and improved CVD risk factors in obese subjects with varying degrees of 
glucose intolerance. 

173 
INTERPLAY BETWEEN INSULIN AND CA TECHOLAMINES ON PAl-I 
GENE EXPRESSION IN HUMAN VISCERAL ADIPOSE TISSUE 
C.M. Halleux, E.F. Gillot and S.M. Brichard. Unite d'Endocrinologie et 
Metabolisme, University of Louvain, Brussels, Belgium. 

Enhanced production of type-I plasminogen activator inhibitor (PAI-I) by 
visceral fat could partly be reponsible for the development of cardiovascular 
disease in central obesity. Unravelling the mechanisms involved in PAI-l 
regulation are thus essential. We have previously shown that glucocorticoids 
stimulate and cAMP inhibit P AI-I production by human visceral adipose 
tissue. The role of catecholamines has not yet been explored and the effects 
of insulin are still controversial. In the present study, we focused on the 
direct effects of catecholamines and insulin, and on the interplay between 
these 2 hormones. Visceral adipose tissue was obtained from patients 
undergoing elective abdominal surgery (n = 12, age: 58 ± 4 yr, BMI: 30 ± 3 
kg/m2

; mean ± SEM), and explants were cultured in MEM for 8 - 24 h. 
Epinephrine, a mixed u- and 13- adrenergic agonist, dose-dependently 
inhibited PAI-l mRNA levels in adipose tissue. Isoproterenol (Iso), a pure 13-
adrenergic agonist was found to be more potent and a 55 - 60 % fall in PAI-l 
mRNA and protein secretion was obtained at 10 j.IM. As expected, this 
inhibition was blocked by propanolol, a non-specific J3-adrenergic antagonist, 
and was reproduced by isobutyl methylxanthine (IBMX), a 
phosphodiesterase inhibitor which indirectly elevates intracellular cAMP. 
Insulin (Ins) added alone to the medium had no or only a weak (+15 - 30%) 
stimulatory effect on PAl-I mRNA and secretion. However, insulin partly 
reversed the inhibitory effect of isoproterenol (PAI-l mRNA abundance: + 
44% Ins + Iso vs Iso alone, p<0.05). Insulin also partly reversed the 
inhibitory effect of IBMX (+ 77% Ins + IBMX vs IBMX alone, p<0.05). In 
conclusion, insulin may stimulate P AI-I gene expression in human visceral 
adipose tissue by a cAMP-dependent, J3-adrenergic-independent mechanism. 
This effect is more readily detectable when tissue cAMP levels are elevated, 
which is consonant with the fact that some actions of insulin are brought 
about by decreases in intracellular cAMP in adipose tissue. 
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VISCERAL FAT IS A DETERMINANT OF PAI-l ACTIVITY 
IN DIABETIC AND NON DIABETIC OBESE WOMEN. 
1. Mertens, M. Van der Planken*, B. Corthouts**, M. Wauters, 
F. Peiffer, 1. De Leeuw, L. Van Gaal. Depts of Endocrinology, 
*Hematology and **Radiology, University Hospital Antwerp, 
Wilrijkstraat 10, B-2650 Edegem, Antwerp, Belgium. 
Aims: PAI-I, an inhibitor of fibrinolysis and an important 
cardiovascular risk factor, has been shown to be elevated in obesity 
and type 2 diabetes. In the present study, we wanted to investigate 
the difference in P AI-I activity between these two groups of patients 
and determine the role of visceral fat (VAT). Materials and Methods: 
P AI-I activity (AU/ml) and visceral fat (CT -scan at level L4-L5) 
were measured in 2 groups of 30 patients matched for gender, BMI, 
fat mass, insulin, and subcutaneous abdominal fat. Results: VAT and 
P AI -1 activity were significantly higher in the obese diabetic women 
compared to the obese non-diabetic women (p<0.00I;p=0.007) of 
similar body weight and body fat mass. In the whole group, VAT 
correlated significantly with P AI-I activity, even after correction for 
insulin and triglycerides (r=0.43;p=0.004). Stepwise multiple 
regression analysis showed V AT as the most important determinant 
factor for P AI -1 in the whole group and in the group of obese non
diabetics. In the group of obese diabetics however, insulin was the 
most important determinant. Conclusions: These results show that 
visceral fat and not total body fat is the most important determinant 
of P AI -1 levels confirming results of previous in vitro studies. 
Furthermore, an increased amount of visceral fat in type 2 diabetics 
may contribute to the increase of P AI-I activity levels and its 
subsequent risk for cardiovascular disease in diabetics. 
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Progressive Macrovascular Disease in a Population with Type 2 Diabetes 
K.L Pedula, T.A. Hillier, lB. Brown, and E. Lydick', Portland, OR and 
Collegeville, PA, USA 
Aims: To characterize the progression of macro vascular complications 
(MAC) with increasing duration of Type 2 diabetes (DM2). 
Materials and Methods: All members of a large health maintenance 
organization with diagnosed DM2 between 1987-1997 were included in 
the study (n=16,287). Electronic and administrative records were used to 
stratify MAC into four stages: [IJ None; [2J At Risk: 
hypercholesterolemia or hypertension; [3J Diagnosed Disease: angina, 
atherosclerosis, or PVD; [4J Major Event: Diagnosis of myocardial 
infarction, stroke, congestive heart failure, amputation, cardiac bypass 
surgery, or gangrene. Controls were members without diabetes, matched 
by age and gender. To determine the effect of diabetes on the progression 
of MAC, we used an ordinal log-likelihood model. We also modeled the 
effects of duration of diabetes and age at diagnosis on development of 
MAC among persons with DM2. 
Results: Prevalence of MAC was significantly greater in the diabetic 
group compared to controls (68% vs. 32%, p<O.OOI). Most of the 
difference was accounted for by the Major Event (MajE) stage (29% vs. 
14%, p<O.OOI) and the At-Risk stage (48% vs. 13%, p<O.OOI). DM2 
independently increased the odds of experiencing a MajE by 2.7 (95% CI: 
2.5-2.8). Duration ofDM2 was associated with increased odds of 
experiencing a MajE, regardless of age at diagnosis. The relative 
prevalence of each stage remained stable for the fIrst 10 years of diabetes. 
After 10 years' duration, the proportion at risk decreased -3% while the 
proportion with MajE increased -I % per year. 
Conclusions: In this representative but aggressively treated population, 
MAC are twice as prevalent with DM2, and progression of MAC 
accelerates after a decade of diagnosed DM2. 

175 
ACTIVATION OF PROTEIN KINASE C ISOENZYMES flt AND 1) BY 
THROMBIN IN HUMAN PLATELETS OF TYPE 2 DIABETIC AND NON
DIABETIC PATIENTS 
D. Scholten, M. Walke, R. Assert, V. Pirags*, H. Schatz and A. pfeiffer, 
Department of Internal Medicine Bergmarmsheil, University Bochum, Gennany, 
'University of Latvia, Riga, Latvia 
Aims: Protein kinase C (PKC) is involved In the development of diabetic 
complications such as macro- and microvascular changes. It is generally believed 
that signal transduction pathways are preactivated in diabetic patients. Therefore 
we tested the hypothesis whether PKC is more sensitive to stimulation in diabetic 
patients than in non-diabetic controls. Materials and Methods: Whole blood was 
acquired from age, weight and diseases matched patients (n=IO) and controls 
(0=8). Platelets were purified by differential centrifugations and incubated with 
different doses of thrombin. Western-blots of PKC isoenzymes 131 and 0 were 
performed with the protein homogenates of cytosolic and membranous fraction. 
The activation of PKC was determined by translocation from the cytosol to the 
membrane. To verify PKC activation we performed radioactive PKC-assays with 
the specific PKC substrate MBP4-14 with the same platelet homogenates. Results: 
Already after incubation with low doses of thrombin (0.5 and I U) we found 
significantly elevated protein levels ofPKC 131 (2-3 -fold, p<O,05 with Wilcoxon 
test) in diabetic patients while the levels of control persons remained nearly 
unchanged. PKC 0 was increased 1.5 -fold in the platelets' membranous fraction 
of diabetic and non-diabetic persons. Incubation with thrombin elevated PKC 
activity in diabetic persons to higher levels than in control persons. Additionally 
we fonnd higher levels of active PKC in thrombin stimulated and unstimulated 
platelets of diabetic patients (2-fold) relative to an internal standard protein 
homogenate. Conclusion: Our results indicate that the calcium dependent PKC 13 
in diabetic patients is hyperreactive whereas PKC 0 remained nearly unchanged. 
The higher levels of active PKC after stimulation with thrombin and the higher 
sensitivity towards this protease in diabetic patients may be the consequence of a 
dysbalanced glucose and fatty acid metabolism. The changes in the PKC's activity 
may explain the influence on the platelets' altered release of pro-aggregatory 
metabolites snch as thromboxane and may therefore play an important role in the 
mediation of macro- and microvascular dysfunctions. 
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RISK FACTORS FOR CORONARY HEART DISEASE MORBIDITY AND 
MORTALITY DIFFER IN MEN AND WOMEN WITH TYPE I DIABETES 
The EURODIAB Prospective Complications Study (PCS) Group 
Royal Free and ueL Medical School, London, UK and 27 European Centres 
Aims: To compare risk factors for coronary heart disease (CHD) morbidity and 
mortality in men and women with type I diabetes. Materials and methods: Data from 
27 centres participating in the EURODIAB Prospective Complications Study, on type I 
patients aged between 15-60 years at baseline. Baseline CHD was defmed as a doctor 
diagnosis of myocardial infarction, angina, or coronary artery bypa., oraft (CABG), and 
probable or possible ischaemia on EeG. CHD status at follow-up was ascertained in 
those without CHD at baseline (920 men, 831 women). All blood and urine samples 
measuring baseline risk factors were assessed by a central laboratory . Results After a 
mean 7.3 years offollow-up, incidence ofCHD was 3.9% (95% CI 2.8,5.4%) in men, 
and 4.3% (95% CI 3.1, 5.9%) in women. Significant risk factors at baseline, comparing 
those who did and those who did not develop CHD in men included age (41.9 vs 31.4 
years, p=O.OOOI), HbA" (7.2 vs 6.6%, p=0.04), albumin excretion rate (AER) (38.3 vs 
16.5 ~g/min, p=O.OOI), cholesterol (5.5 vs 5.1 mmoVI, p=O.03) and LDL cholesterol (3.8 
vs 3.3 mmoVI, p=O.009), all age adjusted. BP, triglyceride and HDL cholesterol were not 
significantly different. In contrast, for women, whilst age (41.5 vs 31.7 years, p=O.OOOI), 
HbA l , (7.3 vs 6.6%, p=O.03), AER(37.8 vS 13.7 flg/min, p=O.OOOI), cholesterol (5.9 vs 
5.4 mmoVI, p=O.009) and LDL cholesterol (3.7 vs 3.3 mmoVl, p=O.04) differed between 
those with and without CHD, further risk factors included systolic BP (126 vs 117 
mmHg, p=0.0002), triglyceride (1.25 vs 0.89 mmoVI, p=O.OOOI), and presence of any 
retinopathy (76 vs 41%, p=O.OOI). Conclusions: We confirm the loss of female 
protection from CHD in the presence of type I diabetes. Risk factors for both men and 
women for CHD were glycaemic control, cholesterol, LDL cholesterol and AER. In 
addition for women, systolic blood pressure and triglyceride were also significant risk 
factors. These findings indicate further directions for research into the loss of the sex 
difference in CHD risk in diabetes. 
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EARLY INCREASE OF OXIDATIVE STRESS IN IDDM PATIENTS 
WITH SHORT DURATION OF DISEASE: A SEX-RELATED 
DIFFERENCE 
SA. Santini' G Marra, P Cotroneo, A Manto, MAS Di Leo, S Di 
Gregorioo, A Tordio, D Pitocco, V Ruotolo, G Ghirlanda., Dept Intern 
Med ,* Dept Biochemistry, Catholic Univ and ° Dept Biochemistry, Univ 
La Sapienza, Rome, Italy. 
Aim; The majority of epidemiological studies suggest that diabetes 
mellitus increases the risk of CHD to a greater extent in women than in 
men. IDDM patients show a reduced total plasma antioxidant capacity 
(TRAP) and augmented levels of total conjugated dienes (CD) and lipid 
hydroperoxides (ROOHs). Materials and Methods: We studied 37 IDDM 
patients attending our Diabetic Outpatients Clinic, with short duration cf 
disease (6±3 yrs, range 1-10), without diabetic complications and with good 
metabolic control (7.4±1.2%) and 29 control subjects, compared for age, 
sex, smoking habit, diet as well as physical activity. Compared to diabetic 
men, IDDM diabetic women showed significative higher ROOHs levels 
(8.2±1.9 vs 6.4±2.2 mmol!l; p<0.02), a significative reduction of CD 
isomers Ratio (0.070±0.033 vs 0.99±O.036 [A.U.]; p~ 0.006), 246 urn CD 
(0.0022±0.001l vs 0.0032±0.001O [A.U.]; p~0.006) and TRAP 
(579.8±95.4 vs nO.3±1l1.2 mmoVl; p~.0002). No differences were found 
in control subjects. Significative difference was found for uric acid levels, the 
most important soluble antioxidant, between IDDM and controls (3.4±O.8 
vs 3.8±0.9 mg/dl; p~.009), between IDDM and control males (3.8±0.8 vs 
4.4±0.8 mg/dl; p~O.OI) and between IDDM and control females (2.8±O.6 vs 
3.4±0.7 mg/dl; ~.Ol). No sigoificative differences were observed for age, 
duration of disease, BMI, metabolic control and lipid profile, between IDDM 
males and females In a multiple regression analysis significative relationship 
was found among TRAP, ROOHs and Ratio with sex (p~0.009; P~0.027; 
P~0.034, respectively) in IDDM patients.Conclusions· Many 
epidemiological studies suggest that the protective efIect of femaie sex is 
loss in presence of diabetes mellitus. Our results suggest that IDDM women 
shown an early impairment of antioxidant status and an early increase in 
oxidative stress higher than IDDM men, without differences in glico
metabolic control. The early reduction of an antioxidant, such as uric acid, 
seems to contribute to this phenomenon. 
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EN DO LUMINAL REVASCULARIZATION BY MECHANICAL 
ROTATIONAL ATHERECTOMY IN DIABETIC PATIENTS WITH 
LIMB THREATENING ISCHAEMIA. 
G Grirlancb, L. Mancini, F 'Gtterio, A 'Dltronoo, P. Cbtronoo, A Manto, S Ceroone, G 
Marra, V Rwtolo and M*Ca&<weto. litittto eli Oinica Medea *Oinica Chirogica, 
'Radiobgia UoiveTh1ti Cattoli:a s.:ro Onre. Roma Italy 
Aim: Limb threatening ischaemia for infrainguinal arterial occlusion is 
the principal cause of amputations in diabetes. Vascular reconstruction is 
performed mainly by distal by-passes with autologous saphenous vein. 
Mechanical atherectomy with Auth's rotational device appears to be a 
suitable technique for the treatment of distal arterial 
occlusions. Materials and methods: We studied 88 patients with type 2 
diabetes (mean age 71±15 years, mean duration of the disease 19± 12 
years) that were referred to our department for revascularization or 
amputation because of ischaemic lesions of the foot. Digital subtraction 
angiography showed an occlusion of the femoral superficial artery in 24 
patients, while popliteal and tibial arteries were occluded in 37 patients 
and significantly stenotic in 27 patients. Seven patients were not 
considered suitable for the treatment due to the length of the obstruction 
and/or the lack of a suitable pedal circulation. Mechanical atherectomy 
was performed in 81 patients without any significant side effect and 
resulted in immediate patency of the treated arteries. Results: In 77 
patients vessels have been patent for a mean follow-up period of 55 
months ( range 2-76 months ) with a limb salvage rate of 95%. One 
patient had occlusion of the treated segment after 3 months without 
recurrence of necrosis. Four patients were amputated, three did not 
improve because of a poor run-off of the pedal circulation and one had a 
severe infection. Conclusions: We conclude that mechanical 
atherectomy is a safe and effective endoluminal recanalization procedure 
in diabetic patients with limb threatening ischaemia due to infrainguinal 
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RELATIONSHIP BETWEEN POSTPRANDIAL GLUCOSE SPIKES AND 
INTIMA-MEDIA THICKNESS 
T. Temelkova-Kurktschiev, F. Schaper, C. Koehler, E. Henkel and M. Hanefeld. 
Institute for Clinical Metabolic Research, Technical University Dresden, FRG 
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A recent report on the Diabetes Control and Complications Trial suggested that 
"the risk of complications may be more highly dependent on the extent of 
postprandial glycemic excursions" than on glycosylated hemoglobin. Aim: To 
analyse the relationship between postprandial glucose spikes (PGS) after an oral 
glucose tolerance test (OGIT) and the intima-media thickness (IMT) of the 
common carotid artery as a well-accepted marker of atherosclerosis. Materials 
and methods: Subjects (n~582) were examined from the RIAD Study (Risk 
factors in IGT for Atherosclerosis and Diabetes). Inclusion criteria: age 40-70 
years, familial history of diabetes and/or obesity or hyperlipoproteinemia. 
Exclnsion criteria: known diabetes, treatment affecting glucose tolerance. Carotid 
IMT was measured by high resolution B-mode ultrasound. Standard OGTT was 
conducted with 75 g glucose. Glycosylated hemoglobin was examined by high
performance liquid chromatography, plasma glucose at 0', 30', 60', 90' and 120' 
after OGTT - by the hexokinase method. PGS were calculated as the difference 
between fasting and maximal postprandial glucose. Results: 1MTmom rose in 
quintiles ofPGS: 0.83±0.02 mm (mean±SEM) in 1" quintile (Q;;e, 0.46 and < 2.92 
mmo!Jl); 0.83±0.02 mm in 2nd Q (;e, 2.92 and < 4.01 mmo!Jl); 0.87±0.02 mm in 3'd 
Q (;e, 4.01 and < 5.20 mmo!Jl); 0.88±0.02 mm in 4th Q (;e, 5.20 and < 6.80 mmolll); 
0.90±0.02 mm in 5th Q (;e, 6.80 and < 14.01 mmo!Jl) with a significant difference 
between 1" and 2nd Q vs. 4th and 5th Q. Similarly, a significant elevation was found 
for IMT""" in quintiles for PGS. These results were confIrmed after adjustment for 
age, sex and HbAlc. PGS were significantly correlated to both IMTmo," and 
IMT""", which remained significant after age, sex and HbAlc adjustment. Thus, 
our data suggest that PGS could be harmful for the endothelium and modifY the risk 
for atherosclerosis. 
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CARDIOVASCULAR RISK FACTORS PREDICT DIABETIC PERIPHERAL 
NEUROPATHY IN TYPE I SUBJECTS IN EUROPE. 
The EURODIAB Prospective Complications Study (PCS) Group 
Royal Free and UCL Medical School, London, UK and 27 European Centres. 
Aims: To examine the relationship between cardiovascular risk factors and the 
incidence of peripheral neuropathy (PN) in type I diabetic subjects from 27 centres 
participating in the EURODIAB Prospective Complications Study. Materials and 
Methods: PN was assessed at baseline and follow-up using a standardised protocol 
involving combinations of neuropathic symptoms, absent tendon reflexes, age related 
vibration perception threshold (VPT) and autonomic function test abnormalities 
(Ewing). Serum lipidsllipoproteins, HbA1, and albumin excretion rate (AER) were 
measured in a central laboratory. Results: Of 1195 subjects with no PN at baseline 
(mean age 30.6 years; mean duration 12.4 years), 24.5% developed PN over the 
follow-up period (average 7.3 years). In those with no baseline abnormalities, 24.4% 
developed neuropathic symptoms, 19.5% had absent reflexes, 21.2% had abnormal 
VPT and 15.5% abnormal autonomic tests at follow-up. The incidence ofPN was 
significantly positively associated with age, duration of diabetes and HbA1< at baseline. 
After statistical adjustment for these 3 factors the following baseline variables were 
significantly predictive of the development ofPN; BMI, AER, triglyceride (p<O.OOI), 
cholesterol and systolic BP (p<O.OI). Retinopathy at baseline was more frequent in 
those developing PN (51%) than in those not (31%) (p<0.001). Those developing PN 
were significantly more likely to be current (31%) or ex-smokers (22%) than those 
who did not (26% and 16% respectively). Conclusions: This prospective study shows 
that over a 7-year period, about one quarter of type I diabetic patients will develop 
peripheral neuropathy, with age, duration of diabetes, and poor glycaemic control 
being major determinants. Cardiovascular risk factors such as serum lipids, BP, BMI, 
smoking and AER also significantly predict the development ofPN, thus supporting 
the role of vascular factors in its pathogenesis. 

183 
CUTANEOUS ELECfROGASTROGRAPHY AND GASTRIC ELECfRICAL 
ACTIVITY IN TYPE 1 DIABETES MELLITUS. 
o. Dupuy (I), H. May.udon (I), S. Lecoules (1), B. Bauduceau (I), M. Palau (I), 
O. Farret (2) and C. Molinie (2). Services de Diabc!tologie (I) et de Pathologie 
Digestive (2). H6pital d'lnstruction des Annees Begin, 69 avenue de Paris. 94160 
Saint-Mande. France. 

Aims : Gastro intestinal motor disorder is a frequent complication in diabetes 
mellitus. Cutaneous recordings of gastric electrical activity could be a valuable 
non invasive technique for recognising these abnormalities. Patients and methods: 
69 type I diabetes mellitus patients (mean age : 42.4± 11.8 years ; diabetes 
duration: l2.7±9.6 years) and 15 control subjects matched for age, sex and body 
mass index were studied. Diabetic patients were asymptomatic, free of 
complications and none took medical trealment apart from insulin. Cutaneous 
electrogastrography (EGG) was recorded during 4 h before and 4 h after a standard 
meal. Gastric electrical activity was evaluated by EGG spectral analysis and the 
parameters assessed were the percentile distribution of the 3 spectra of gastric slow
wave frequency: bradygastria for 0-2 cycles per minute (cpm), normogastria for 2-
4 cpm and tachygastria for 4-10 cpm. A second EGG was performed 2 years later 
in 17 diabetic subjects. Results : The percentage of tachygastria was higher in 
diabetic patients than in control subjects in the pre, per and post prandial EGG, 
respectively 37.8±6.7 vs 26.4±8.8%, p<\O-3 ; 41.5±8.2 vs 23±10.5%, p<10-3 and 
38.l±7.3 vs 28.9±9.8%, p<10-3. Diabetic subjects had a lower percentage of 
normal gastric slow waves in the entire period of recording (47.3±7.3 vs 
63.2±1l.l%, p<10-3) and in pre (47.8±8.4 vs 60.4±9.6%, p<10-3), per (46±\O vs 
65.6±12.2%, p<10-3), and post prandial (48.5±10 vs 61.1 vs 10.9%, p<10-3) 
periods. Percentage of 2-to-4 cpm slow waves was correlated with patients' age 
(r=0.254, p<0.05), body mass index (r=0.36, p<O.OI), HbAlc (r=0.255, p<0.05) 
and fructosamine (r=0.354, p<O.OI). There was no significant difference between 
EGG performed at a 2 years interval. Conclusions : Gastro intesiinal motor 
disorders are present even in asymptomatic diabetic patients. Increased presence of 
tachygastria is the predominant form·. of abnormal electrical activity. 
Hyperglycemia should be an important factor in the development of vagal nerve 
damage. 
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Elevated Lipid profile as a predictor of Neuropathy: The Sheffield 
Prospective Diabetes Study. 

S M RAJBHANDARI, M T DENT, M E PLATER, N D HARRIS, S 
TESFAYE and J D WARD. 
(Diabetes Research Unit, Royal Hallamshire Hospital, Sheffield) 

A recent report has found an alarming association between diabetic 
neuropathy (DN) and markedly increased mortality. Despite being very 
common complication, the aetiology and potential risk factors of DN have 
not been clearly determined in a prospective study. Aims: The aim of 
Sheffield Prospective Diabetes Study was to identify the abnormalities of 
physiological, biochemical, haemorrhelogical and cellular function for 
complications of diabetes in type 1 diabetes. Materials and Methods: 66 
newly diagnosed type 1 diabetic patients (mean age 31 ± 9(SD) duration 
(3 years ± 2) were identified and followed for 9 years. They had detailed 
neurological assessment (symptoms and signs score, nerve conduction, 
vibration perception threshold, warm thermal discrimination threshold and 
autonomic function tests) and blood samples taken for detailed 
biochemical and haemorrheological analysis at base line and at follow up. 
Results: At the 9 years follow up, 51 patients were studied of whom 22 
were found to have DN using Dyck's criteria. As expected subjects with 
DN had Significantly higher (p=O.001) mean HbA1 (11.6% vs 9.7%) 
compared to those without neuropathy (NN). In addition, the only 
biochemical parameters that were found to be risk factor for the 
development of neuropathy at baseline were raised levels of cholesterol 
(5.5 vs 4.7 mmol; p=O.01) and triglyceride (1.6 vs 1.3 mmol; p=O.04). 
Conclusions: This prospective study confirms the findings of recent large 
epidemiological studies linking cardiovascular risk factors to the 
development of DN, and perhaps suggest a vascular aetiology for DN. 
Improvement of potentially modifiable risk factors for neuropathy may be 
useful for the development of risk reduction strategies. 
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123I-MIBG RADIOAEROSOL AS A MARKER OF PULMONARY 
NEUROADRENERGIC FUNCTION A VALIDATION STUDY IN 
DIABETICS. 
P. Cotroneo, D. Pitocco , R Antonelli-Incalzi, L Fuso, A Giordano", 
ML Calcagni", L. Todaro , S Basso, LM Tramaglino, L. Troncone" , R 
Pistelli,. A Manto and G.Ghirianda. Dept of Inter Med.and "Nuclear 
Med. Catholic University, Rome, Italy. 
Aims: The pulmonary clearance of inhaled iodine-l23 
metaiodobenzylguanidine C23I-MIBG) has been found to reflect the 
functional status of the neuroadrenergici system of the lungs in normal 
subjects. The aim of this study was to validate this technique in diabetic 
patients, model of functional denervation. Materials and Methods: we 
studied 10 patients with IDDM and autonomic neuropathy (AN) (mean 
age 53±7 yrs; mean duration 31±7yrs) compared to 10 IDDM patients 
without AN (mean age 40±9 yrs, mean duration 28±5yrs). We 
performed in all patients two scintigr~hic studies by inhalation of 185 
Mbq 123I-MIBG and 740 Mbq 9mTc_DTPA respectively, the 
spirometry, the pulmonary diffusing capacity for carbon monoxide 
(DLCO) and a methacholine challenge test. Autonomic neuropathy was 
studied by cardiovascular autonomic tests. Results: no significative 
difference was found in 99mTc_DTPA clear~ rate between the 
patients with and without AN(TI/2 90,8±13,6 min vs. 79,5±40,5 min). 
IDDM patients whit AN showed a faster 123I_MIBG clearance rate in 
comparison with patients without AN (TII2 1l0,5±18,6 min vs 
141,1±17,3 min, p<0,05). No significant correlation was found in the 
whole sample study, between 123I_MIBG and 99mTc_DTPA clearance rate 
(r=0,25,p~ns). All patients showed a normal resr,iratory functional 
pattern. Conclusion: the increased clearance of 12I_MIBG in IDDM 
patients with AN may be attributed to a reduce uptake of the radiotracer 
by the adrenergic system. These data confirm that 1231_ MIBG 
radioaerosol can be considered as a useful marker of pulmonary 
neuroadrenergic fuction. 
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INCREASED SERUM LEVELS OF SOLUBLE FAS (sFAS) IN 
TYPE 1 AND TYPE 2 DIABETIC PATIENTS WITH NEUROPATHY. 
R. Guillot, A. Bringuier, B. Porokhov, P. J. Guillausseau and G. Feldmann. 
fNSERM U 327 Facufle de M9decine X. Bichal. Service de Nulrilian
Diab9lo1ogie, Hopi/af Lariboisiere, Universi/e Paris 7 - Denis Diderol. France. 
The aim 01 this study was to investigate circulating sFas levels in the serum of 
type 1 diabetic patients and type 2 suddenly insulin-requiring diabetic 
patients, with or without diabetic complications. Recent studies indicated that 
Fas-mediated cellular apoptosis was involved in the pathogenesis and 
development of type 1 diabetes, now considered as an auto-immune disease. 
Serum levels of the soluble form of Fas receptor (sFas), probably generated 
by an alternative mRNA splicing or the proteolytic cleavage of the membrane 
receptor, was shown to be increased in several other auto-immune diseases, 
but at least to our knowledge, neither in type 1 or type 2 diabetes. Materials 
and Methods: we measured circulating sFas levels in the serum of healthy 
volunteers, type 1 diabetic patients and type 2 suddenly insulin-requiring 
diabetic patients, with or without complications, using a sFas specific ELISA. 
Results: serum levels of sFas in diabetic patients with vascular complications 
especially retinopathy (n=10) or without any complication (n=18) were nat 
significantly different compared with healthy volunteers (n=8) ( 8.7 ±D.6 ng/ml 
and 9.1 ± 0.4 ng/mi vs 8.2 ± 0.6 ng/ml; NS ). In contrast, serum levels of sFas 
in all diabetic patients with neuropathy (n=14) were significantly increased, not 
only compared to healthy volunteers (13.5 ± 0.9 ng/ml vs 8.2 ± 0.6 ng/ml; p < 
0.005 ), but also to patients without complications (13.5 ± 0.9 ng/ml vs 9.1 ± 
0.4 ng/ml; p < 0.001 ) or with vascular complications (13.5 ± 0.9 ng/ml vs 8.7 ± 
O.S ng/ml; p < 0.001 ) and that, independently of the type of diabetes. 
Conclusion: Recent works indicated that serum of type 1 and type 2 
diabetic patients with neuropathy induced apoptosis in human and mice 
neuroblastoma cell lines. These studies concludeD that neuropathy might be 
Fas-mediated.Then, our preliminary results suggest that a dysregulation of 
the Fas-system is involved in the pathogenesis of diabetic neuropathy which 
occurs with a similar frequency in type 1 and type 2 diabetic patients. 
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IS THERE A DIRECT CONNECTION BETWEEN (V02) max 
INCREASE AND INSULIN RESISTANCE DECREASE AFTER 
AEROBIC TRAINING 

S.Zivanic, M. Cizmic, R. Dragojevic and M. Vanovic. Clinic of 
Endocrinology and Institute for Medical Research MMA, Belgrade, 
Yugoslavia 

Aims: To investigate the significance of connection between (V02) 
max increase and insulin sensitivity after aerobic training program. 
Materials and Methods: In ten insulin resistant NIDDM 47.6±4.6 
years old (group E) in the 1 S-day period there was applied a program 
of aerobic training ( 3Smin sessions of walking on treadmill, intensity 
60.8±S.7 (V02)max. frequency S/wk and 1600 kcal diet. In the same 
time, an other ten insulin resistant NIDDN 4S.9±S.S years old (group 
C) were on 1600kcal diet. Before and after this period in both groups 
the following was measured: insulin sensitivity (MIl) by the method of 
hyperinsulin euglicemic clamp, and (V02)max by Astrand loading 
test on ergocycle. Results: In contrast to the group C, in the second 
testing of the E group subjects, it was found a significant increase in 
MIl (2.42±1.06: 1.23±1.07 mglkglminlmU; p<O.OOI) and (V02)max 
(29.l6±S.01: 26.34±4.26 milkglmin; p<O.OOS). Variations of changes 
of (V02)max ranged from -2.1 % to 20.3%. In all the subjects of the 
group E it was found an increase in MIl (4%-264%), the individual 
levels of which was not always in the connection with a degree of 
(V02)max changes. The coefficient of rank correlation was on the 
bound of significance (':=0.6; [1=O.S64 for p=O.OS). Conclusion: The 
results have shown that the programmed aerobic training has a 
positive influence on insulin resistance in NIDDM, but the level of 
MIl increase is not always in the proportion with (V02)max increase. 
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LONG-TERM ENDURANCE 1RAINING INDUCED CHANGES IN INSULIN 
SENSITIVITY, MUSCLE ENZYMES AND GLUT4 IN NIDDM PATIENTS. 
L.B. Borghouts, G.P.I. van Kranenburg, G. Schaart, H.A. Keizer. Dept. of Movement 
Sciences, Maastricht University, Maastricht, The Netherlands. 
Aims: Adaptations of skeletal muscle are responsible for an important portion of the 
beneficial effect of exercise training on insulin sensitivity in NIDDM. The great 
majority of training intervention studies have applied training programs lasting from a 
few weeks to several months. Since this is considered a relatively short period in 
exercise physiology, we have recruited a group of well-controlled NIDDM patients 
(n=8) to participate in a two-year endurance training intervention. Materials and 
Methods: During the fIrst year, the participants were intensively coached, the second 
year they were only periodically supervised. In this abstract, results from the fIrst year 
are presented, together with some preliminary data of the second year. A 
hyperinsulinemic euglycemic clamp and an incremental bicycle ergometer test to 
exhaustion were performed at the start and after one year of training. Muscle biopsies 
were taken on the morning of the bicycle test for determination of citrate synthase 
(CS), 3-hydroxyacyl-CoA dehydrogenase (HAD) and GLUT4 protein content 
(Western blotting). Differences were tested for signifIcance using two tailed paired t
tests with p<0.05. Results: Body weight and fat percentage did not change 
signifIcantly as a result of training (from 83 ± 13 to 84 ± 12 kg. and from 29 ± 7 to 27 
± S % resp.). Glucose uptake (mg·kg·1min·') changed from 7.3 ± 1.6 to 9.5 ± 0.9 
(p<0.05), maximal oxygen uptake (ml·min·') from 2684 ± 634 to 3013 ± 508 (p<0.05). 
CS increased signifIcantly from 0.38 ± 0.14 to 0.53 ± 0.21 and HAD from 4.37 ± 0.81 
to 6.35 ± 1.09. HbAI c was unaltered after training (7.0 ± 1.7 vs. 7.1 ± 1.0). In concert 
with muscle enzymes, muscle GLUT4 protein increased clearly in the course of the 
training period. Preliminary data from the two year measurements show that the 
amount of time spend training decreased during the second year from 117 to 63 min 
per week. Muscle enzyme capacity as well as glucose uptake during clamp decreased 
accordingly. Conclusions: We conclude that long term endurance training can induce 
a large increase (30%) in insulin stimulated glucose uptake, and that this coincides 
with pronounced metabolic adaptations of skeletal muscle. However, preliminary data 
suggests that these adaptations wane when training activity falls below a (yet to be 
determined) certain minimum level. 
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INTRAMYOCELLULAR LIPID CONTENT IS RAPIDLY 
REDUCED BY ONE BOUT OF SUBMAXIMAL EXERCISE 
1.Machann, S.Jacob, A.M.Niess, K.Brechtel, K.Rett, H.H.Dickuth, a.Lutz, C.D.Claussen, 
F.Schick, and H.U.Hiiring; Depts. of Endocrinology, Sports Medicine, Physics and 
Radiology, University of Tiibingen, Ttibingen, Gennany 

Proton magnetic resonance spectroscopy (MRS) studies revealed a distinct pool 
of lipids located within the skeletal muscle itself. These intramyocellular lipids 
(IMCL) have been found to be associated with insulin sensitivity and could thus 
playa role in the pathogenesis of type 2 diabetes. Aims: In order to get further 
insight how IMCL could be connected to the pathogenesis of insulin resistance, 
the regulation of this lipid compartment has to be understood. In the present 
pilot study, we addressed the question whether IMCL are acutely regulated by 
one single bout of endurance exercise. Methods: IMCL, extramyocellular 
(EMCL) and total muscle lipids (TML) of the tibialis anterior (TA) and the 
soleus muscle (SOL) were quantified by MRS in two well trained lean endurance 
athletes before and after a two hour run of about 60% V02max. To achieve best 
reproducibility, we assessed different regions in TA and SOL and compared the 
individual spectra, the mean values and the difference spectra before and after 
exercise. Results: At baseline IMCL was within the normal range, while EMCL 
was slightly lower when compared to untrained subjects. After the run, IMCL 
had decreased markedly in both muscles, the T A and the SOL, by about 35 % 
(:,:21,3), while the EMCL did not reveal any changes. 
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Discussion: Thus, this pilot study indicates that in well trained subjects IMCL 
are metabolised during aerobic exercise. As indicated by the marked decline of 
IMCL, it seems that only the IMCL is acutely regulated, while EMCL is not. 
Thus, the intr.myocellular lipid pool seems to be a rapidly regulated 
compartment. 
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METFORMIN INTERACTS WITH TRAINING TO LOWER 
GLYCEMIA AND TO INCREASE GLYCOGEN STORES IN DIABETIC 
RATS. 
A.A. Gon,a1ves, E.C. da Silva, U.L. Brito, C.A. da Silva and *N.Wiernsperger. 
Dept Physiology & Biophysics, LB. - UNICAMP, 13083-970, Campinas (SP) 
Brazil and *Lipha-INSERM U.352, Insa-Lyon, 69621, Villeurbanoe, France 

Aims: Like in humans, lower amounts of glycogen (GL Y) are present in tissues 
of diabetic rats. However, some improvements in the metabolic control can be 
obtained by training or drugs that lower glycemia. Metforntin (MET), increased 
GL Y while decreased the glycemia in normal rats stressed by exercise. The aim 
of tItis work was investigate if regular exercise and MET effects may interact to 
improve the metabolic control of diabetic rats. Materials and Methods: Alloxan 
diabetic Wistar rats, 3 month old, treated with MET (DTM) or not (DT), swam 
during 30 min in a tank WitIl water at 30 ± 2°C, with 3% of their weight attached 
to tIle body. Training consisted of 20 sessions of 30 min, 5 days a week. Rats 
were adapted to water and to the exercise before rendered diabetic. Sedentary 
diabetic rats served as control (D and DM). MET (2.2 mglkg/d) was given in the 
drinking water. TIle samples were taken after 24 h resting, under anesthesia 
(pentobarbital 40 mglkg, ip). Glucose (mg/dL) was measured in plasma and 
GL Y (mg/IOO mg of wet tissue) in liver, soleus and gastrocnemius. Two-ways 
ANOVA were used to .ccess significance (cr<0.05). Table shows the Results 
(mean ± SD, N = 4).Si cance: # <0,05 versus D,. <0,05 versus DT). 
Grou s Soleus Gastrocnemius Gl cemia 

D 0,18 ± 0,01 0,2 ± 0,03 461,2 ± 83,5 
DM 0,34 ±0,01#+ 0.36 ± 0,03# 180,1 ±14,7# 
DT 0,23 ± 0,05 0,52 ± 0,09# 144,2 ± 12,4# 

DTM 0,42 ± 0,16#+ 0,6 ± 0,03# 138,8 ± 19,8# 
Conclusion: Very small doses of oral metformin, alone, partially restored 
glycemia. The association between MET and training was beneficial, lowering 
glycemia further while increasing the GL Y content of diabetic rats. 
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IN SITU ADIPOSE TISSUE LIPOLYSIS IN OBESE TYPE 2 DIABETIC 
PATIENTS SUBMITTED TO MODERATE PHYSICAL TRAINING 
P. Barbe, C. Calazel-Fournier, G. Hernandez, F. Saint-Martin, J.P. Tauber 
and J. Galitzky. INSERM U317 and Dep. of Diabetology, Toulouse, France. 
Adipose tissue (AT) lipolysis is under control of catecholamines and of insulin 
which modulate the intracellular cAMP levels. Insulin acts as an antilipolytic 
hormone by activating a phosphodiesterase (POE III) converting cAMP in 
AMP. We investigated 7 obese untrained type2 diabetic patients (age' 
52.9:,:1.7 years) (mean:,:sem) submitted to a short term physical exercise 
program which consisted of cycling 40 min/day at 40 % of V02 peak, 5 days 
a week during 2 months. The same set of investigation was performed 
before and after 8 weeks of training. AT lipolysis was assessed using the in 
situ microdialysis technique: two 30 mm probes were inserted in the 
abdominal subcutaneous AT, and perfused with a Ringer solution 
supplemented with ethanol (to assess the local blood flow). After in vivo 
recovery test (0.5 ~lImin), the perfusion flow rate was maintained at 3~I/min 
and 1 O-min fractions of the dialysate were collected. After 4 fractions, the first 
probe was perfused with increasing concentrations of noradrenaline (0.01, 
0.1 and 1 ~M), the second probe was perfused with 20 ~M enoximone (POE 
III inhibitor). Dialysate glycerol (lipolysis index) was measured using a 
radiometric enzymatic method. Ethanol outflow/inflow ratio was determined 
by an enzymatic method. Insulin sensitivity was assessed using euglycemic 
hyperinsulinemic (310mUI/I) clamp, the 2' day of investigation. During the 
study, BMI and Hb A1c were stable (29.9 vs 29.8 kg/m2, 6.44 vs 6.38 %). 
Whole body glucose disposal was improved (6.34:':0.51 vs 7.39:,:0.35 
kg/kg/min, P<0.05). Basal extracellular glycerol levels in AT decreased 
(229:':22 vs 171.:':17 ~M, P<O 05) without any change in basal blood flow. The 
in situ enoximone perfusion increased extracellular glycerol (128:+:10 % of 
baseline) before the training period, this effect was improved (157:+:17 %, 
P<0.05) at the end of the study. The in situ lipolytic effects of noradrenaline 
were not modified (219:+:29 vs 201:,:19 % of baseline at 1 ~M). The effects of 
noradrenaline and of enoximone on local blood flow were not modified. 
Moderate short term physical training improving insulin sensitivity decreases 
AT basal lipolysis, increases the antilipolytic tone of POE III in adipocytes 
without changes in cathecholamines-induced lipolysis in type 2 diabetics. 
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NORMOGLYCAEMIC WOMEN WITH PREVIOUS GESTATIONAL DIABETES HAVE 
DECREASED POSTPRANDIAL ENERGY EXPENDITURE 

N.J.Lawrence, E. Kousta, H. Mulnier, A. Penny, B. Millauer, D.G. Johnston, S. 
Robinson and M.1. McCarthy. Section of Endocrinology, Imperial College School of 
Medicine at St Mary's, London W2 1PG, UK 

Aims: Defective energy balance may represent a common pathogenic mechanism in 
the development of obesity and obesity-related metabolic disorders. To investigate the 
role of abnormal energy balance in the pathogenesis of type 2 diabetes, we studied 
women with previous gestational diabetes (GDM), a group known to be at high future 
risk of diabetes. Materials and methods: Resting energy expenditure (REE) was 
measured by continuous indirect calorimetry and postprandial thermogenesis (PPT) 
was assessed for 2 hours following a mixed meal (calculated to provide 42 KJ/Kg lean 
body mass). The subjects studied were all European and normoglycaemic at the time 
of study: 13 had a history of previous GDM and 23 were controls (normal glucose 
homeostasis during and after pregnancy). The two groups were matched for age, 
parity and time since delivery. Results: Waisl:hip ratio, 8MI, fasting leptin, fasting 
glucose and lipids were similar in the 2 groups. There was no difference in REE and 
REE/lean body mass between the 2 groups (median (IQR), 5514 (5086-5831) vs 5639 
(5352-6195) KJ/24h, P=0.4; 65 (62-71) vs 71 (63-76), P=0.3, KJ/24h/kg of lean body 
mass; respectively). However, compared to control women, women with previous GDM 
had significantly reduced PPT (calculated as the incremental area under the curve: 83 
(75-93) vs 101 (82-126) KJ, P=0.02). This remained significant when reanalysis 
included 8MI as a covariate (P=0.04). There were no differences in fasting non
esterified fatty acids (NEFA) (448(334-547) J.tmol/l vs 476(301-643) J.tmol/l, P=0.5) nor 
in NEFA suppression during the test between the 2 groups. Conclusions: We have 
confirmed and extended previous findings demonstrating that there is a reduction in 
postprandial thermogenesis in normoglycaemic women with previous GDM. We 
conclude that reduced capacity for energy dissipation represents one mechanism by 
which these women are predisposed to obesity and type 2 diabetes. 

193 
MEASUREMENTS OF INTERSTITIAL MUSCLE INSULIN AND GLUCOSE 
IN TYPE II DIABETIC SUBJECTS 

M. Sjastrand, A. Holmang and P. Lannroth. Dep. of Internal Medicine and 
Heart and Lung Diseases, Sahlgrenska University Hospital, Gothenburg, 
Sweden 

Aims: To measure interstitial muscle insulin and glucose in patients with 
type II diabetes in order to evaluate whether deficient transcapillary transport 
contributes to the peripheral insulin resistance. Materials and methods: 10 
type II diabetes patients and 10 healthy controls (f-glucose 12.4 ±. 1.0 vs. 5.4 ±. 

0.1 mmollL, p<O.OOI, f-insulin 11.1 ±. 2.9 vs. 5,6 ±. 0,9 mUlL, ns) matched for 
sex, age and BMI were investigated. Plasma (arterialized venous) and 
interstitial insulin and glucose (measured by intramuscular microdialysis ) in 
the medial quadriceps femoris muscle were analysed during a 
hyperinsulinemic euglycemic clamp. Blood flow in the contralateral calf was 
measured by strain gauge pletysmography. Results: At steady state 
clamping, the interstitial insulin concentration was significantly lower than 
plasma insulin in both groups (57 ±. 12 vs. 149 ±. 14 mUlL, p< 0.01, in controls 
and 81 ± 23 vs. 175 ±. 11 mUlL, p<0,05, in diabetic subjects, respectively) 
and did not differ significantly between diabetic subjects and controls. The 
plasma-interstitial glucose concentrations differences were also similar in the 
two groups (2.4 ±. 0.2 vs. 2.4 ±. 0.4, ns, in controls and diabetics, respectively). 
Leg blood flow was significantly higher in controls ( 8.1 ± 1.2 vs. 4.4 ±. 1.2 
mIll 00 glmin, p<0.05). The calculated muscle glucose uptake was less in 
diabetic patients compared to controls (4.2 ±. 0.7 vs 6.5 ± 0.7 umolllOO glmin, 
p<0.05, respectively) and correlated significantly with glucose infusion rate ( 
r' = 0.341, p<0.05) while there was no correlation between estimated muscle 
insulin uptake and glucose infusion rate (r' = 0.116, os). Conclusions: During 
hyperinsulinemia, muscle interstitial insulin and glucose concentrations were 
similar in patients with type II diabetes and healthy controls despite a 
significantly lower leg blood flow in diabetic subjects. The data suggest that 
1) neither insulin nor glucose concentrations in the interstitial fluid of human 
skeletal muscle is regulated by blood flow and 2) the decreased muscle 
glucose uptake in type II diabetes is caused by insulin resistance at the 
cellular level and not by a deficient delivery of insulin and glucose. 

192 
DAY-NIGHT VARIATIONS IN GLUCOSE METABOLISM ARE 
ASSOCIATED TO CONCOMITANT CHANGES IN LIPID METABOLISM 
IN TYPE 2 DIABETES MELLITUS. 
G. Perriello, W. Pimenta, S. Pampanelli, P. Lucidi, M. Lepore, F. Porcellati, 
M.e. Cordoni, P. De Feo and G.B. Bolli 
DIMISEM, University ofperugia, Italy 
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The occurrence of associated and possibly related day-night variations of 
glucose and lipid metabolism has been suggested but never demonstrated in 
patients with type 2 diabetes mellitus (T2DM). We designed the present study 
to assess the existence of day-night variations in glucose and lipid metabolism 
in T2DM. For this purpose, 9 diet-treated type 2 diabetic patients (6M, 3F; age 
54+2 years; BMI 27.8+0.8 kg/m') were examined with a combination of 3-
hoUr isoglycemic-hyperinsulinemic (10 mU/m'/min) clamp and isotopic (6,6-
'H,-glucose, hot-ginf; 1,l,2,3,3-'H,-glycerol) techniques. All patients were 
studied on two occasions, a week apart, between 0500 and 0800 h (study AM) 
or between 1700 and 2000 h (study PM), after the same interval of fasting (9 
hours). Before clamp studies, plasma glucose (PG) and insulin (PI) 
concentrations were greater AM vs PM (PG, 6.7:+:0.3 vs 5.3:+:0.2 mmoIlL, 
p<O.OI; PI, 126:+:18 vs 98:+:6 pmollL, p<0.05), whereas plasma free fatty acid 
(FF A) but not glycerol (G) values (FFA, 0.42:+:0.06 vs 0.80:+:0.06 mmollL, 
p<0.05; G, 105:+:7 and 111:+:3 J.tmol/L, p=NS) were lower AM vs PM. During 
clamp, at steady-state PG (5.2:+:0.2 mmollL) and PI (206:+:13 pmoIlL), 
systemic glucose production was greater AM vs PM (5.61:+:1.20 vs 0.84:+:0.59 
J.tmolkg·1.min· 1

, p<O.OI) and associated to increased G concentration and 
appearance (GA), (G, 82:+:7 vs 70:+:7 J.ImollL; GA 2.21:+:0.19 vs 1.83:+:0.15 
J.tmol"kg·1min·1 , both p<0.05). Glucose utilization rates AM and PM were not 
different. Thus, T2DM patients exhibit associated diurnal variations of 
glucose and lipid metabolism .. In T2DM, insulin resistance at liver (and 
kidney) and adipose tissue is greater AM vs PM. However, the greater 
lipolysis AM is masked by hyperinsulinemia and hyperglycemia stimulated 
re-esterification of FF A. 

194 
LIPOLYSIS IN SKELETAL MUSCLE IS ACUTELY REGULATED BY LOW 
PHYSIOLOGICAL DOSES OF INSULIN 
B.Hauer, SJacob R.Becker, P.Grauer, M.Nielsen, S.Artzner, K.L5blein, W.Renn, 
R.Lang, E.Maerker, B.Balletshofer, K.Rittig, M.Stumvoll, K.Rett, and H.U.HlIring, 
Dept. of Endocrinology, University of TUbing en, TUbingen, Germany 
In the pathogenesis of an impairment of lipid metabolism plays an important role. 
Patients with type 2 diabetes and normoglycemic insulin resistant subjects are 
characterised by an augmented muscular lipid content. Aims and methods: To see 
whether lipolysis (LL) of these muscular lipids is regulated by low physiological levels 
of insulin, we applied the microdialysis technique (MD) to 19 healthy subjects 
(l2m17f), with a mean age of 27.4years and BMI of 24kglm2 to assess tissue 
metabolites during a 3-step euglycemic clamp (1=0.1, II=0.25 and IlI= 1.0mU/kg*min). 
Two double lumen MD catheters (CMA60) were inserted each in the paraumbilical 
subcutaneous adipose tissue (AT) and in the tibialis anterior muscle (T A) to dialyse 
interstitial fluid (ISF), in which Glycerol (an index of LL) and tissue flow (ethanol 
outflow) were measured. Results: Serum FFA were lowered to 60%(1), 22%(II) and 
7%(III)of basal. While serum G1yc decreased to 69%(1), 55%(11) and to 48%(III), 
Glyc-A T was reduced to 81 %(1), 55(11) and decreased further to 25% of basal at Ill. 
G1yc-TA declined to 73% (I) and to 57% (II) but remained unchanged at Ill. Glucose 
infusion rate of exogenous glucose was 0 at I, 2.1 at II and averaged 8.9(mglkg*min) 
at Ill. Tissue flow was higher in T A and remained unchanged in both compartments 
throughout the experiment. Suppression of LL in TA was most pronounced at the 
lowest levels of insulin. Conclusion: The data indicate that LL in both tissues is 
regulated at very low physiological concentrations of insulin, as indicated by the 
pronounced reduction of Glyc in both tissues (I and II). Higher insulin levels do not 
further reduce LL in skeletal muscle, hence, there is still a substantial amount of Glyc 
release in TA, indicating either a relevant LL or generation of Glyc by other sources. 
Thus, the present study suggests that LL of muscular lipids is tightly regulated by 
insulin. 

This study was supported by fortUne # 503 and by BM Roche Diagnostics, Mannheim. 
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195 
CHRONIC L-ARGININE THERAPY IMPROVES INSULIN 
SENSITIVITY IN NIDDM PATIENTS 
LD. Monti, PM. Piatti, F. Gemone, G. Valsecchi, M. Magni, E. Barbieri, E. 
Setola, EP. Sandoli, M. Galli-Kienle, G. Pozza and AB. Pontiroli. Istituto 
Scientifico H San Raffaele, Milan, Italy 

Background: Recent studies have shown that nitric oxide-mediated vasodilator 
response is blunted in NIDDM patients and that insulin-mediated nitric oxide 
vasodilation is impaired in these patients. However, little is known about the 
possibility that an increase in nitric oxide availability could increase insulin 
sensitivity in NIDDM patients. Aims: To evaluate the effects of a chronic 
administration of L-arginine, a precursor of nitric oxide synthesis, on peripheral and 
hepatic insulin sensitivity. Materials and Methods: Six lean NIDDM patients 
(age 59±5 yrs, BMI: 25.4±O.3 kg/m2) in good metabolic control (HbAlc: 
5.7±O.4%) treated with diet alone were studied. The study design consisted in a 
single blind study for a total duration of 3 months: in the fIrSt month patients were 
treated with the usual diet, in the second month patients were treated with 
diet+piacebo (three times/day, orally) and in the third month patients were treated 
with diet+L-arginine (3 grams x 3/day, orally). At the end of placebo and L
arginine thernpy, patients underwent a euglycemic hyperinsulinemic clamp (e.c.; 25 
mUlkglh) combined to 6.6-2H2-glucose infusion lasting two hours for the 
evaluation of hepatic glucose production (HGP). Results: Body weight, HbAlc, 
fructosamine, basal glucose and insulin levels were similar during the three periods. 
After L-arginine treaunent, systolic blood pressure decreased by 8%, forearm blood 
flow increased by 36% (p<0.02). During e.c., M value (index of peripheral insulin 
sensitivity) increased by 34% (p<0.002) and HGP decreased by 29% (p<0.05) 
compared to placebo. Cyclic GMP, second messanger of nitric oxide significantly 
increased by 61% (p<0.05). Conclusions: Chronic L-arginine therapy 
significantly improves peripberal and bepatic insulin sensitivity in NIDDM 
patients without affecting insulin levels. 
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Depression Prevalence, Treaunent, and Costs of Health Care in Type 2 
Diabetes 

GREGORY A. NICHOLS, JONATHAN B BROWN 
Center for Health Researcb - Portland, Oregon 

Aims: To estimate depression prevalence in a large population-based 
sample of patients with type 2 diabetes in comparison to an age and 
gender matched control group; to compare pharmacological treannent 
of diabetes of those depressed with those not depressed; to compare 
annual, incremental, and aggregate health care costs. 
Materials and Methods: We used age and gender to match 5059 
patients with type 2 diabetes to a non-DM control group and then used 
electronic medical and pharmacy records to compare depression 
prevalence and annual, incremental, and aggregate health care costs. 
Results: Consistent with smaller studies, we found depression to be 
much more prevalent in patients with diabetes than in control patients 
(18.5% vs. 11.4%, p<.OOI). In both groups, depressed patients were 
younger, were more likely to be female, and had more comorbidities. 
Within the diabetes group, depressed patients were more likely to be 
using insulin (36.2% vs. 24.5%, p<.OOI). Depressed patients in both 
the diabetes and control groups were 1.6 and 2.0 times more costly, 
respectively, than non-depressed patients (p<.OOI). However, 
aggregate incremental costs associated with depression were 2.3 times 
greater in the diabetes group than in the control group (p<.OOI). 
Conclusions: The dollar values of the additional costs associated with 
depression were sintilar for both groups, suggesting that depression 
may add a fixed amount of cost regardless of diabetes status. 
However, the greater prevalence of depression in diabetes produced 
much greater aggregate costs in the diabetes population. 

197 
TELEMATICS IN DIABETES CARE: APPLICATION OF AN ADVISORY 
PROGRAM BASED ON ROUTINELY MONITORED SELF-CONTROL DATA 
E. Salzsieder, H. Boltz, J.e. Ramirez, A Rutscher', U. Fischer" and Ch. Koenig'. 
Institute of Diabetes "Gerhardt Katsch" Karlsburg, Computing Centre University of 
Greifswald', Inselklinik Heringsdorf, General Ptactitioner, Borken', Germany 

Aim: To bridge the gap between out-patient and in-patieut care sectors, a telematic
hased system was designed to provide the patient with reqoired advice independent of 
time and actua\ location. Material and Methods: The network-based system 
TeleDIABR was established, comprising two main components: (I) the interactive 
advisory program KADISR (Karlsburg Diabetes Management System), located at a 
diabetes centre, and (2) a bi-directional telemedicine service to provide the centre with 
home-monitored self-control data (SCD) and to transntit to the patieut any advice 
reqoired in metabolic management. KADISR comprises a problem-oriented knowledge 
base and tools for the individual adaptation of the progrnm to routinely monitored 
SCD and for the prediction of effects of defined therapeutic measures on the 24h
blond glucose profile. Two studies were performed to validate the entire progrnm: a 
short-term ( 3 to 4 weeks) feasibility study (FS) to verify the adaptation function of 
KADISR to individual SCD sets, and a long-term (up to 15 mouths) application study 
(AS) tu look afler potential effects of system application in diabetes care. FS was 
performed during a summer camp in 43 diabetic children (age: 8 - 18 y). Between 61 
and 337 SCD sets were monitored and ttansntitted tu the diabetes centre for fina\ 
evaluation. AS was carried out in 14 diabetic patients (age: 46 - 82 y) during 
routinely treannent by a G.P .. After successful adaptation of the program to the SCD 
sets, up to six KADIS-supported interactive advisory trails were performed in each 
patient on the occasion of routinely visits. HbAle was followed over up to 15 
months. Results: In FS 41 out of the 43 patients looked at, KADISR could be 
successfully adapted to SCD, for the remaining two patients, the system identified a 
lack of data and recommended to monitor SCD on three additional days. Thereafter, 
KADISR was also successfully adapted In AS, HbAle at the begimting was 9.3 ± 
1.3 %. During KADISR-supported advice, HbAl e continuously decreased to 6.8 ± 
0.5 % (P<O.OI, follow-up time 7.9j).5 months). Conclusion: Network-based 
telemedicine service in combination with interactive advisory program may provide 
an efficient tool to improve efficacy of diabetes care. The ouly data base required to 
run this system, is routinely monitored self-control data. 
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QUALITY OF METABOLIC CONTROL IN AN INTERNATIONAL STUDY 
OF ADOLESCENTS WITH TYPE 1 DIABETES OVER 3 YEARS. 
'OB. Mortensen ,'P. Hougaard and 'H. Lynggaard on behalf of the Hvldore 
Study group on Childhood Diabetes.'Department of Paediatrics, Glostrup 
University Hospital, Denmark, lNovo Nordisk AlS, Copenhagen, Denmark, 
From the total number of 2873 children and adolescents included in an international 
study in 1995 , 892 adolescents were restudied in 1998 including clinical and 
demographic data and HbA I , centrally determined both years. Aims: To investigate 
differences in blood glucose control among centres in the 3 year period, Material 
and methods: The young people attended 21 paediatric departments in 17 countries 
in Europe, Japan and North America. There were 441 boys and 451 girls, mean age 
11.3 ± 2.2 years and mean diabetes duration 4.6 ± 3.0 years in 1995. Only children 
with a diabetes duration of one year or more (1995) were considered thus 
excluding most children in the remission phase. All were treated by the same 
departments during the study period. Results: The grand mean for HbA

" 
was 8.9 ± 

1.6% which was similar to the average HbA
" 

in 1995 for children aged 11-18 years 
(8.9 ± 1.8%). On average 32 % of the children had HbA

" 
values equal to or below 

8%. The incidence of hypo glycaemia resulting in unconsciousness and lor seizures 
was 18.4/100 patient years which was comparable with the incidence in 1995 for 
the same age group: 17.6/100 patient years. As in the 1995 study HbA" varied 
significantly between centres (range 7.6± 1.2 %. 11.0 ± 1.7%). A comparison of all 
HbA

" 
values for the two years showed that 4 centres had improved their glycaemic 

control significantly (p<0.05) while none of the centres had deteriorated statistically 
significant in HbA" concentration. The 1995-1998 difference for the 4 centres with 
significantly improved HbA tc values were not readily explicable in terms of 
insulindose or number of daily insulin injections. This indicates that other factors 
than insulin may be of importance for a satisfactory blood glucose control. 
Interestingly, the six centres of excellence in 1995 all maintained their level of good 
metabolic control in 1998 and even had a lower rate ofhypoglycaemic events than 
the other centres. Conclusions:To obtain a better quality of care there is a need to 
set up new international clinical standards and criteria for childhood diabetes. 

200 
THE UK DIABETES, INFORMATION ANALYSIS AND 
BENCHMARKING SERVICE (UKDIABS) 
MA Roxburgh, JP New, NJA Vaughan and RJ Young. BOA, London, UK, 

Aims To determine if dala routinely collected in diabetes 
information systems (DIS) can be analysed robustly to provide reliable 
benchmarks of clinical diabetes services 'performance' 
Methods Dala were collected from 37 diabetes information systems 
throughout the UK. For all patients with a recorded clinical entry 
(reviewed) during 1997 (102,979 records from a tolal cohort of 145,803 
patients) the UK diabetes dalaset was extracted. Process benchmarks were 
calculated as the percentage of those reviewed who had the completed 
process (e.g. dilated fundoscopy) recorded; larget benchmarks as the 
percentage of those measured who achieved the target (e.g. BP<160/90); 
and complication rates as the percenlage of those reviewed with the 
recorded complication (e.g. diabetes-related ampUlation). 
Resu1tsThere were wide variations in all measures. For example BP 
checks varied from 33% to 98% (mean 71%); Systolic BP < 140 mmHg. 
from 28% to 43% (38%), <160 mmHg from 61 to 85% (72%); Glycated 
haemoglobin from 17% to 99% (70%); serum creatinine> 250J.lmol. L- t 

from 0.1% to 3.0% (1.\%); and prevalence of lower limb amputations 
from 0.25% to 2.5% (\.0%). 4911 people had had a previous MI or CVA 
(4.8%). Of these cholesterol was measured in 49%, >5.2 mmollL in 24% 
and < 5.2 mmollL in only 27%. More than 30% of patients had not had 
any form of diabetes review; of those who did only 43% had weight, BP 
and glycaemic checks with only 21 % also receiving foot and eye 
examinations. 
Conclusions It is possible to aggregate dala routinely collected during 
clinical care. These results suggest that the majority of patients do not 
receive even a basic structured annual review. 

199 
RESULTS OF THE GERMAN IMPLEMENTATION OF THE EU-PROJECT 
DIABCARE QUALITY NETWORK IN EUROPE BY DIABCARE BAVARIA 
M. Friske', W. Schramm', R. Landgraf', W. Bachmann', M. Bangemann', G. 
Groeneveld', 'Diabetes Centre of the University of Munich, DtASCARE 
Bavaria, 'Speciality Commission Diabetes, Germany, 
Since January 1997 DtASCARE Bavaria offers Germanwide health care 
providers to use the DIABCARE Fax System as a tool of quality assessment. 
The system allows the automatic aggregation and anonymized evaluations of 
diabetes data-sets on DIASCARE standard in benchmarking graphs. So far 
119 institutions were registered for participation in the project office of 
DIASCARE Bavaria and 6.801 data sets have been aggregated. Evaluations of 
process indicators showed enormous differences between the participating 
institutions, e.g. the performance of the examination of feet within the last 12 
months. Altogether foot examinations within the last 12 months were 
performed by 78% ± 20% 1X ± SD)of the patients. 21 % of the institutions 
documented the performance of foot examinations by less than 50% of their 
patients, on the other hand 25% of the participants performed examination by 
more than 90% of their patients. The comparison of 1.083 data sets 
documented in 1997 and 1.142 data sets documented in 1998 of 4 
institutions from different health care levels (university clinic(1), hospital with 
specialisation in diabetes (2), GP without spezialisation on diabetes (3), GP 
with specialisation on diabetes(4) ) showed in average an improvement of 
process indicators as performance of foot, eye and microalbuminuria (MAU) 
examination. The Dotential of center-external evaluations were used only by 

t 2 3 4 
1997 1998 t997 1998 1997 1998 1997 1998 

n data sets 303 263 612 707 116 63 52 109 
% Feet exam. oerformed 86% 90% 88% 87% 76% 90% 82% 84% 
% Eve exam. Derformed 66% 71 % 74% 71 % 27% 35% 25% 61 % 
% MAU·documentation 81 % 95% 68% 96% 50%, 35% 82% 72% 
1/3 of the users (280 requests since 1997). It IS concluded that medical 
doctors need urgently quality management training. 

A55 



A56 

OP34 
The Role of Leptin in Insulin 
Secretion 
201 
LEPTIN INHmITS MOUSE PANCREATIC ISLET CELL PROLIFERATION 
Anders Edvell and Per Lindstrom 
Department of Integrative Medical Biology, Section for Histology and Cell Biology, 
Umea University, S-901 87 UMEA, Sweden 
Aims. A functionalleptin receptor has been found on the B-cells, and several reports 
indicate that leptin inhibits insulin secretion. We have now studied the effect ofleptin 
on islet cell proliferation in obese hyperglycemic mice. These mice lack functional 
leptin, and they have up to ten times larger pancreatic islets than their lean littermates. 
Methods. From the age of 20 days, the mice were injected daily with 0.5, 1.1 and 
3.0 mg leptinlkg for six days. Islet cell proliferation was measured as 
BrdU labeling index in vivo at the end of this period. Results. Food intake, body 
weight, serum insulin, and blood glucose decreased in a dose dependent manner. Islet 
cell proliferation rate decreased from 2.2% in obese controls to 1.2% and 0.4% in mice 
injected with 0.5 and 3mg leptinlkg respectively. When mice treated with 1.1 mg 
leptinlkg were pair fed with obese controls not receiving leptin. no differences were seen 
in weight gain and blood glucose levels. Islet cell proliferation were 1.8% and 0.6% in 
pairfed controls and leptin treated mice respectively. Serum insulin was also decreased. 
When isolated islets were cultured for two days with 62.5 nM leptin, the islet cell 
proliferation rate was decreased (2.0% versus 1.1 % for controls). When lean mice were 
treated with 3 mg leptinlkg daily, the islet cell proliferation was lower than in lean 
controls (0.4% versus 1.0%). P<0.05 for all comparisons using Student's t test. 
Conclusions. The results suggest that leptin inhibits islet cell proliferation in both 
lean and obese hyperglycemic mice, and that this effect, at least in part is exerted 
directly on the islets. An inhibitory effect of leptin on islet cell proliferation is 
consistent with the phenotype of the obese hyperglycemic syndrome, and suggests an 
additional mechanism for the linkage between obesity and type 2 diabetes. 

203 
DIFFERENTIAL EFFECTS OF TUMOR NECROSIS FACTOR (TNF-a) AND 
LEPTIN ON INSULIN SECRETION IN KIN-m PANCREATIC CELLS. 
C. Tsigos2~ E. RontouI, P. TSiotra1

, A. Tri8Ddaffilopoulou·, and S. A. Raptis1,1, 
'2nd Propaedeutic Department of Internal Medicine, University of Athens, and 
'Hellenic National Diabetes Center (B.N.D.C.), Athens, Greece. 
Aims: TNF-a, a cytokine with important effects on glucose and lipid metabolism, is 
released in the circulation in response to infectious / inflammatory stimuli and in 
conditions of cancer cachexia. TNF -a is also overproduced, together with leptin, in the 
adipose tissue of obese individuals. We examined the acute and chronic effects of 
TNF-a and leptin on p-cell function in RIN-m rat pancreatic cells. 
Materials and Methods: Cells (passages 19 - 22) were cultured in the presence of II 
mM glucose (RPM! 1640 medium) and two different concentrations ofTNF-a (10 and 
100 ng/ml) and leptin (15 and 50 ng/mI), for I, 3, 8, 18,27, 52 hours, respectively. 
Insulin levels from each culture supernatant was measured by RIA. 
Results: In the presence of both TNF-a concentrations, insulin levels were 
significantly suppressed at 27 hours and remained suppressed by 52 hours. In contrast, 
leptin (50ng/mI) stimulated insulin secretion, an effect that also appeared at 27 hours 
and persisted up to 52 hours. Exposure to 15 ng/mi ofleptin had no appreciable effects 
on insulin levels at any time point. (Table). As RIN-m cell line consists of beta and 
delta cells, we examined whether changes in somatostatin expression might contribute 
to these effects of TNF -a or leptin. Thus, we measured somatostatin mRNA levels by 
semiquantitative RT-PCR analysis after normalization against GAPDH mRNA, and 
found that TNF -a appears to increase, while leptin seems to diminish somatostatin 
rnRNA levels 

TNF-a TNF-a TNF-a Leptin Leptin Leptin 
control 10nl!iml 100nl!iml control 15~!!Iml 50n2/ml 

3 bours 72±3 76± 3 73 ± I 65±4 67±3 65 ±2 
18 hours 84±2 77± I- 83 ±2 95±3 94± I 93 ±2 
27 hours 90±3 82± I- 79± I- 83 ± I 85 ± I 93 ± 3-
52 hours 86±2 81 ± I- 76± I- 73 ±2 77±2 86±4-

Values represent mean ± SE lnsulm levels m I'U/mI; -,p<O,OS versus control. 
Conclusions: TNF-a suppresses, while leptin stimulates insulin secretion in vitro. 
These opposing effects of TNF-a and leptin may be partly mediated via changes in 
somatostatin expression and might have implications for J3-cell ftmction in obese 
individuals, or in conditions of inflammatory stress or cancer cacbexia. 

202 
TUMOR NECROSIS FACTOR (TNFa) AND LEPTIN EFFECTS ON INSULIN 
TRANSCRIPTION AND SECRETION IN HIT-TIS PANCREATIC CELLS 
P. Tsiotra', A. Koukourava', S. A. Raptisl.', and C. Tsigos', 'Hellenic National 
Diabetes Center (B.N.D.C), and '2nd Propaedeutic Department of Internal 
Medicine, University of Atbens, Athens, GREECE. 
Aims: TNF-a, a cytokine produced at inflammatory sites and in adipose tissue, is 
known primarily for its detrimental effects on Insulin action. There is evidence to 
suggest that TNF -a may also influence p-cell function. Leptin is another adipose tissue 
derived hormone that might also act on p-cells. We explored the independent and 
combined effects of TNF-a and leptin, upon insulin transcription and secretion in the 
HIT -TI5 pancreatic beta ceHline. 
Materials and Methods: HIT-TIS cells (passages 66-70) were cultured in F-12K 
medium for 40 hours in the presence of basal (7mM) and high (16.7mM) glucose, and 
50ng/ml of TNF-a, or 50ng/mi of leptin or both together. Insulin secretion was 
measured by RIA. Insulin mRNA levels were evaluated by a semi-quantitative RT
PCR method, after normalization with p-actin rnRNA, analyzed by an Image Analyzer 
system and expressed as integrated optical density units. 
Results: TNF-a suppressed significantly insulin secretion at both basal and high 
glucose concentrations (TABLE). In addition, TNF-a significantly suppressed insulin 
rnRNA levels, an effect that was more powerful In the presence of high glucose. Leptin 
also appeared to inhibit insulin mRNA and protein levels, but did not potentiate the 
TNF-<l effects (TABLE). 

Control TNFu leDtin TNFu +Ieptin 
Insulin levels (7mM) 154±5 128± 6- 141 ±3 125 ± 3-
Insulin levels (I 6. 7mM) 167± 5 136 ± 5- 150 ± II 126± 4-
Insulin mRNA (7mM) 147 ± 37 103±4 122± 16 126± 14 
Insulin mRNA (I6.7mM) 192± 20 75 ± 5- 113 ± 13- 103 ± 14-

Values are mean ± SE, Illsulm levels are III I'U/ml, -: P < 0,05 vs. control 

Conclusions: TNF-a suppresses both insulin transcription and secretion in HIT-TIS 
cells, an effect that is enhanced significantly by high glucose but is not altered by 
leptin. This might contribute to the abnormalities of glucose metabolism that 
characterize conditions of increased TNFa production. 

204 
INHIBITORY EFFECT OF LEPTIN ON INSULIN SECRETION. 
STUDY IN THE PERFUSED RAT PANCREAS. 
E.M. Egido, J. Rodriguez-Gallardo, E. Gutierrez, P. Garcia, R.A. 
Silvestre and J. Marco. Clinica Puerta de Hierro, Medical School, 
Aut6noma University, Madrid, Spain. 

Aims: The effect of leptin on insulin release is a matter of 
controversy. We have investigated the effect of exogenous leptin on 
insulin secretion elicited by secretagogues which act on the B-ceH via 
different mechanisms. Materials and Methods: The study was 
performed in the isolated perfused rat pancreas. Perfusate consisted of 
Krebs-Henseleit buffer supplemented with dextran (4 %), albumin 
(0.5%) and glucose (5.5 mmolll). Results: Leptin (100 nmolll) did not 
affect either basal (F ;0.73; n.s.) or the insulin response to increasing 
glucose concentrations - from 5.5 to 9 mmolll - (incremental area: 
55±5 vs. 47±7 ng/20 min in control experiments; p;0.6). However, 
leptin, at this concentration, markedly inhibited the insulin release 
elicited by I nmolll CCK-8 (9.2±3 vs. 30±3 ngllO min in control 
experiments; p<0.05). This octapeptide promotes receptor-linked 
phosphoinositide hydrolysis, formation of inositol-triphosphate and 
generation of diacylglycerol which activates B-cell protein kinase C. 
Leptin (100 nmol/l) significantly reduced the insulin release elicited 
by I Ilmol/l carbachol (16±5 vs. 42±8 ng/lO min in control 
experiments; p<0.05), a substance which also stimulates insulin 
secretion affecting phospholipid twnover. Conclusions: While leptin 
does not behave as a general inhibitor of insulin release, it exerts an 
insulinostatic effect when insulin output is stimulated by 
secretagogues acting on the B-ceH by promoting phospholipid 
turnover. 
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Leptin normalizes islet glucose-6-phosphatase activity and 
improves insulin secretion in ob/ob mice 

Akhtar Khan, Zong-Chao Ling, Bo Ahren and Suad Efendic 

Department of Molecular Medicine, Endocrine & Diabetes Unit, 
Karolinska Institute, Stockholm, Sweden; and Department of 
Medicine, Lund University, Malmo, Sweden 

We have previously demonstrated an increased activity of glucose-6-

phosphatase in ob/ob mouse islets. In the present study we evaluated 

the effect of leptin on islet glucose-6-phosphatase activity and insulin 

release. Seven days treatment with leptin (100 Ilg/day) to ob/ob mice 

decreased body weight (6%) and blood glucose levels (48%) compared 
to vehicles. Islet glucose-6-phosphatase activity was significantly 

decreased (20.12 ± 2.20 vs 8.79 ± 0.66 pmol/islet/min; p<O.OOI) while 

glucose. stimulated insulin secretion (16.7 mM) was increased (97.09 ± 
14.35 vs 176.93 ± 14.47 IlVlislet/h; p<O.OOl) in leptin treated mice 
compared to vehicles. Islet glucose utilization and oxidation as well as 

triglyceride content (25.33 ± 2.54 vs 36.50 ± 4.26 ng/islet; p<0.05) was 

significantly lower in leptin treated mice compared to vehicles. 

Addition of leptin in vitro did not influence either insulin secretion or 
islet glucose-6-phosphatase activity. In conclusion, leptin treatment 
decreased islet glucose-6-phosphatase activity, triglyceride content and 

improved insulin secretion in ob/ob mice. We propose that the 
decreased activity of islet glucose-6-phosphatase contributes to the 

improvement of insulin responsiveness. 
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ADVANCED GL YCA TION ENDPRODUCTS (AGEs) IN FOOD STlMULA TE 
TIIE EXPRESSION OF VCAM-I IN HUMAN ENDOTIIELIAL CELLS. 

C. Bilnting, X. Du, G. Zhi Sui, P.Rasen". T. Koschinsky" Duesseldorf, Germany 

Aims: Food AGEs are orally absorbed and metabolized in vivo. But whether 
these exogenous AGEs activate cellular signalling systems and induce the 
expression of potentially angiopathic products similar to endogenous AGEs 
remained unknown. Materials and Methods: Therefore. soluble AGE
peptides from instant coffee (Nescafe GoldlNestle, Batch WL 3 Z 1955) and 
from cola-soda (Coca-Cola, Batch LSM I 9070 J) have been purified by 
lysozyme affinity chromatography and incubated (150 Ilg/ml) with primary 
cultures (n;7) of human umbilical venous endothelial cells (HUVECs) for 6 
hrs at 37°C. The stimulation ofVCAM-1 expression (ELISA) and NFkB 
activation (EMSA) were examined and compared to the analogous effects of 
purified serum-AGEs from fasting diabetic patients with nephropathy (n;3). 
Results: Compared to controls without AGEs coffee-AGEs stimulated in 
HUVECs the expression ofVCAM-1 by 117%-277% and cola-AGEs by 
191%-252%. NFkB has been activated by these food AGEs in HUVECs to a 
comparable degree. The purified serum-AGEs stimulated the VCAM-1 
expression under the same conditions by 189%-346%. The effect of coffee
AGEs on VCAM-I expression was not inhibited by RAGE (receptor for 
AGE) antisense oligonucleotides but was potentiated by RAGE sense 
oligonucleotides. Conclusions: These results support the hypothesis that 
food AGEs can induce endothelial dysfunction under appropriate 
circumstances similar to endogenous serum-AGEs and in this way could 
contribute to the development of micro- and macroangiopathy in diabetic 
patients. 

207 
ANTIBODIES IN NIDDM SERUM BINDING TO ADVANCED 

GL YCATION MODIFIED PROTEINS 
Z.Turk, S. Ljubic, B. Benko and M. Granic 
The Vuk Vrhovac University Clinic, Zagreb, Croatia 

Background: The evidence that advanced glycation endproducts (AGEs) have 
antigenic properties have led to a hypothesis that AGE as an antigen being 
continuously formed in a diabetic body may arouse an autoimmune response. The 
aim of this study was to investigate the AGE level and anti-AGE response in 
NIDDM patients (35 without microangiopathy and 15 with nephropathy andlor 
retinopathy), and in 20 nondiabetic controls. Methods: Competitive ELISA was 
developed to measure AGEs in serum, and inhibition assay was used to detect 
anti-AGE response. A purified immunoglobulin fraction from human plasma 
(4500 healthy donors) of normal subclass distribution was used as a standard. 
AGE-modified IgG was used as antigen to detect anti-IgG-AGE positive samples. 
Results: The binding inhibition assay showed a significant difference between 
diabetic subjects and nondiabetic controls (36.2±3.9% vs 26.4±3.6%, p<o.OO04) 
(mean±SE). There also was a significant difference in AGE levels between 
diabetic patients and control subjects (51.6±4.2 vs 19.8±1.7 AU/mg, p<0.001). 
The binding inhibition percentage differed between the diabetics with 
nephropathy andlor retinopathy (42.0±7.2%), and those free from complications 
(33.5±4.6%), but the difference was not statistically significant. Spearman 
correlation showed an inverse relationship between the binding inhibition 
percentage and parameters of nonenzymatic glycation, HbAlc (r- -0.4, p<0.002) 
and AGE level (r- -0.35, p<0.004). Anti-IgG-AGE positive individuals were 
detected in both NIDDM groups. Conclusion: These data indicate a stronger 
immune response to proteins modified by advanced glycation in diabetic subjects 
than in healthy age-matched controls. Long-term presence of both antigens and 
antigen-specific antibodies might be the cause of a series of undesired 
phenomena. There is a possibility that antiAGEab form immune complexes 
which are believed to have a role in atherogenesis. Therefore, additioual studies 
are needed to establish the role and significance of autoantibodies against AGEs 
in atherogenic processes in diabetes. 
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MONOCYTE EXPRESSION OF VASCULAR ENDOTHELIAL 
GROWTH FACTOR IS UPREGULATED BY GLYCATED ALBUMIN 

T.M. Kearney and P.S. Sharp. Department of Diabetes and Endocrinology, 
Northwick Park and St. Mark's NHS Trust, Watford Road, Harrow HAl 3UJ 

Aims: One hypothesis relating to the pathogenesis of diabetic vascular disease 
proposes that monocytes bind to advanced glycation end products (AGEs) on 
the vascular wall and are activated to produce a variety of cytokines which 
they deliver to the subendothelial space. Of the cytokines which have been 
suggested as playing a role in diabetic angiopathy, vascular endothelial growth 
factor (VEGF) has the best case. We therefore aimed to show that monocyte 
expression of vascular endothelial growth factor could be upregulated by 
glycated albumin. Materials and metbods: Monocytes were cultured from 
peripheral blood of non-diabetic individuals at a concentration of 106 cellsJrnl 
culture medium. Cells were incubated witb glucose (llmmol), bovine serum 
albumin (Img.rnl-1

), human albumin (Sigrua, Img.rnl·), or glycated albumin 
(Sigrua, Img.rnl-1

) for twenty-four hours. Results: Following incubation with 
glucose, monocytes produced a VEGF mean (SD) concentration of 135 (19.9) 
pg.rnl·1 Monocytes incubated with bovine serum albumin produced a VEGF 
concentration of 134 (17.8) pg.rnl·). Monocytes incubated with human 
albumin, with a fiuctosamine level of 20umoVg protein, produced an increase 
in VEGF to 188 (130) pg.rnl·) (p=O.2). Monocytes incubated with glycated 
albumin (Sigrua) at Img.rnl·) further increased the VEGF expression to 235 
(96) pg.rnl·1 (p=0.02). Conclusion: We conclude that glycated albumin 
upregulates VEGF expression in human monocytes and supports the 
hypothesis that activation of monocytes by AGE in diabetic subjects could play 

a role in the pathogenesis of diabetic angiopathy. 

210 
SIMPLE NONINVASIVE MEASUREMENT OF SKIN 
AUTOFLUORESCENCE IN DIABETES MELLITUS 
R. Meerwaldt, A.J. Smit, Th.P.Links, A.M. v. Roon, R. Graaf, R.O.B. Gans. 
University Hospital Groningen, Dept. Of Internal Medicine, The Netherlands 
Introduction: Tissue autofluorescence has been associated with presence of 
advanced glycosylation endproducts (AGE's). AGE assays require tissue sampling 
or serum Hb-AGE levels which do not reflect AGE accumulation. 
Aim: to test an Autofluorescence Reader (AFR), designed to noninvasively 
measure skin autofluorescence in diabetic patients and matched controls. 
Materials and metbods: 46 diabetic patients (25 type I, 21 type 2, age 50± 16 yr 
(mean+SD) were matched for age and gender with 46 controls. Afler control 
reflection measurements using a white teflon block. Fluorescence of the skin was 
measured six times on both lower arm and lower leg (excitation 300-42Oum nm, 
Black light 8 W; emission 420-600nm, Ocean optics PC 1000). As parameters of 
fluorescence we used total autofluorescence (AFt) which is the summation of all 
intensities between 420-600 nm, and AFr which is AFt corrected for the amount of 
light reflected by the skin. AFr is given if skin reflection measurements differed 
between both groups, and to analyze correlation with age and HbAI c. 
Results: Diabetic patients had a duration of diabetes mellitus of 17 ± 1 0 yr, and a 
HbAlc of7.8±1.l%. 

The amount of light reflected by the skin was not different between both groups 
(19± 7%). AFr correlates with age (r >0.52, p < 0.001). AFr of the leg corrected 
for age correlates with HbAlc (r>O.4, p<O.OI). 
Conclusions: Using a noninvasive technique patients with diabetes mellitus 
have a higher autofluorescence of the skin compared to matched controls. The 
relation with age and HbAlc strongly suggest that our noninvasive technique 
offers a viable alternative to measure AGE's. 

209 
THE IN VIVO GL YCA TlON OF IgG: A NEW METHODOLOGICAL 
APPROACH. 
A. Lapolla, D. Fedele, L. Mariano, M. Garbeglio, R. Seraglia·, D. Favretto· and P. 
Traldi·, Dpt of Medical and Surgical Science- Chair Metabolic Disease Padova 
University, ·CNR, Resarch Area Padova (Italy) 
Non-enzymatic protein glyco-oxidation is a relevant process in diabetes and, in 
principle, glycated proteins exhibit a different functionality from that of unglycated 
ones. In this frame the glycation-induced functional change of immunoglobulins is 
of particular interest. In the present research the glycation levels of IgG were studied 
by matrix-assisted laser desorption/ionization (MALDI) mass spectrometry applied 
to samples from 10 poorly-controlled, type 2 diabetic patients (mean age ±SD 67±3 
yrs, mean fasting plasma glucose 21.5±5mM/L, mean HbAlc 11.4±2%), 10 well
controlled type 2 diabetic patients (mean age 61±I2 yrs, mean fasting plasma 
glucose 7.8±ImM/L, mean HbAlc 7.4±0.8%) and 10 normal controls (mean 
age59±9 yrs, mean fasting plasma glucose 5±0.4mMlL, mean HbAlc 5.3±0.6%). 
This method, by comparing the molecular weight of glycated and native IgG 
molecules, reveals the number of glucose molecules which have condensed on the 
protein, which range from I to 5 for healthy subjects, from 5 to 9 for well-controlled 
diabetic patients and from 10 to 25 for poorly-controlled ones. These data may be 
related to changes in IgG functionality only if linked with the identification of the 
most favoured glycation sites. This has been obtained by: i) molecular modelling of 
the whole protein, by calculating the solvent accessible surfaces of the various lysine 
residues present in the chain, targets for glycalion reactions, and iis) digestion of the 
protein by papaine and the MALDI analysis of the so obtained Fab and Fc 
fragments. Experimental data and theoretical calculations are in agreement, showing 
that 24 lysine residues may be reactive against glucose and that glycation is 
particularly favoured for lysine residues present in the Fab fragment, indicationg that 
the possible changes in functionality of glycated IgG are related to impaired Fab. 
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QT DISPERSION INCREASED IN NONDIPPER DIABETIC PATIENTS 
'O.DEYNELi, 'u.().ERSOZ, 'D.GOGAS, A.8.FAK and '8.AKALIN 

'Marmara University Endocrinology Department isTANBULTURKEY 
Diabetic patients with autonomic neuropathy (AN) have incresed QT dispersion 
which is a markc:r of arrhytmogenic potential and this may explain the increased 
incidence of sudden death in diabetics with AN. The aim of this study is to evaluate 
the relation between altc:red circadian blood pressure pattc:rn, QT dispersioo and AN 
in type 2 diabetics. We performed 24 hour ambulatory blood pressure monitoring; 24 
hour urinary albumin excretioo measurements, AN tests in healthy controls (C) 
(n=I3), normoalbuminuric (N)(n=31) and microalbuminuric (M)(n=20) type 2 
diabetics. Rest 12-lead electrocardiograms were recorded for measurement of QTed 
dispersioo, defined as the longest QT intc:rval minus the shortest QT intc:rval, 
corrected for heart rate using Bazett's formula. Although thc:re was no significant 
difference between day and night blood pressures and heart rates between groups, the 
amount of dipping of sistolic, diastolic blood pressure and MAP in M 
(5.5±3;9.6:!5;7.1±4 %) was decreased compared with C (l0±2;14.9±3;12.3±2%) 
(p<0.001;p<O.OO3;p<0.OOI ) and N(IO.1±4; 8.3±4 %) (p<0.04). Prevalance of noo
dippc:rs was increased in M(83%; p<0.OOO2) and N(57%;p<0.01) compared with 
C(l8%). Prevalance of AN was higher in the non-dipper group( 40%) than in the 
dippers(0%;p<0.003) and C(O%;p<O.OO6). Diabetics as a whole were found to have 
increased QTc dispersioo (QTed) compared with C (71.5 ± 26.0 vs 46.5 ± 13.9 msec; 
p < 0.01). Patients both with (n: 11) and without (n:40) AN had increased QTed 
compared with the C (85.2 ± 30.8, P < om and 70.9 ± 22.7, P < 0.05 vs 46.5±13.9 
msec). The QTed of AN (+) and AN (-) patients were similar, butnoodipper diabetics 
had increased QTed (75.46±24.6 msec) compared to C (46.5±13.9 msec)(p<O.OI). 
QTed (71.93±26.1) of dipper diabetics was not different from both C and noodippers. 
in conclusion, diuma1 rhytm of blood pressure is disturbed even in normoalbuminuric 
diabetics. Patients with type 2 DM have increased QT dispersioo irrespective of the 
presence of diabetic autonomic neuropathy with the exception of dipper diabetics 
whose QT dispersioo time was not different from healthy controls. 

213 
THE RELATIONSHIP BETWEEN CLINICAL CORONARY EVENTS 
AND CORONARY ARTERY CALCIUM AS DETECTED BY THE 
ELECTRON-BEAM UL TRAF AST CT SCAN IN DIABETES. 

T. Le, N. Wong, R. Detrano and M. A. Charles, Torrance and Irvine, 
California, USA 

Aims: The leading cause of death in diabetes is coronary disease and 25% 
mortality rates occur at 1 month after a first coronary event and 50% 
mortality is observed by I year. Prevention is thus important, and 
surrogate testing by noninvasive Electron-Beam Ultrafast CT Scan 
(EBCT) correlates cross-sectionally with atherosclerosis. We tested the 
hypothesis that EBCT coronary calcium scores in diabetes can predict 
future clinical coronary events. Methods and Materials: 209 diabetic 
adults without a clinical history of coronary disease, and of mean age 67 ± 
7 years, underwent EBCT and were followed for a mean duration of 40 ± 8 
months while longitudinally monitored for coronary events, e.g., coronary 
death or nonfatal myocardial infarctions, with yearly visits or direct phone 
contact. Subjects were grouped into tertiles and EBCT calcium scores and 
event rates were compared using Chi Square analysis. Results: Patients 
comprising the lowest terti Ie had calcium scores of 0-14 (n=69), and had 
three events; those in the highest tertile had scores of238-4575 (n=70), 
and had five events (p=N.S. vs. lowest tertile); whereas diabetic patients in 
the mid-tertile having calcium scores of 14-238 (n=70), had nine events 
(p<.O I vs. lowest tertile). Conclusion: These data suggest that I) more 
coronary events occur in diabetic patients with mid-level coronary calcium 
scores when compared with either lower or higher scores, 2) the EBCT 
calcium score is a useful surrogate for predicting coronary events and 3) in 
the atherosclerotic process at higher calcium scores, there is more mature, 
stabilized and calcified plaque when compared to the more unstable, less 
calcified plaque associated with mid-range scores. 

212 
QT INTERVAL PROLONGATION AND MORTALITY IN TYPE I 
DIABETIC PATIENTS: A 5-YEAR COHORT PROSPECTIVE STUDY. 
M. Veglio, R. Sivieri, A. ChinagliB, L. Seaglione, P. Cavallo-Perin, for the 
Neuropathy Study Group of the Italian Sodety of the Study of Diabetes, 
Piemonte affiliate 
The association between QT interval prolongation on resting ECG and excess 
mortality in diabetic populations has been suggested in non diabetic populations and, 
recently, in newly diagnosed type 2 diabetic patients. AIM : to assess the 
relationship between corrected QT (QTc) and mortality in type 1 diabetic patients. 
METHODS: We assessed neuropathy and QTc in a random sample of 379 out of all 
766 type I diabetic patients attending 22 outpatients clinic in Piemonte, Italy and 
118 healthy subjects matched for sex and age. This sample was representative of the 
type I diabetic population in the area of the study. Data on survival after 5 years 
were obtained in 316/379 patients (83.3%) and \06/1\8 control subjects (90.5%). 
The patients lost at follow up were not significantly different in age, duration of 
disease, body mass index, blood pressure and prevalence of autonomic neuropathy. 
RESULTS: Mortality at 5 years was 6.32% among diabetic patients and 0.9% in the 
control group (p < 0.001). Patients who survived had a significantly different age 
(31.4±11.1 vs 36.7±10.7 years, p=O.04). duration of diabetes (13.6±8.7 vs 18.7±10.9 
years p=O.OI), systolic (123.9±20.0 vs 138.0±35.6 mmHg, p=O.OO4) and diastolic 
blood pressure (80.5±13.6 vs 83.6±11.2 mmHg, p=O.03) and QTc (OAI±0.03 vs 
0.45±0.02 sec, p--Q.OOOO05) compared to those who died. At univariate analysis 
patients had a higher risk of dying (odd risk, 95% Cl) if they had a prolonged QTc 
(20.14, 5.7-70.8) or were affected by autonomic neuropathy (3.55, 1.4-8.9). QTc 
prolongation was the oniy variable which showed a significantly higher mortality 
odd risk at multivariate analysis (p = 0.000004). CONCLUSION: This is the first 
cohort-based prospective study indicating that QTc prolongation is predictive of 
increased mortality also in type I diabetic patients. Even though the mechanism 
linking QTc prolongation and the excess mortality remains to be elucidated, QTc 
interval analysis is a simple non-invasive test that could be used to stratify the death 
risk in diabetic patients, particularly those who are candidates to surgery or kidney 
and/or pancreas transplantation. 

214 
CARDIAC AUTONOMIC FUNCTION IS ASSOCIATED WITH CORONARY 
ARTERY CALCIFICATION IN DIABETIC AND NON-DIABETIC PEOPLE 
HM Colhoun'. DP Francis', M Rub~ns', SR Underwood' and ill Fuller'. University 
College London', Royal Brompton Hospital London.' 
Aim: To examine the association between cardiac autonomic function and coronary 
artery calcification (CAe) in diabetic patients and the general population. Methods: 
CAC is highly correlated with the volume of coronary atheroma (r>0.9) and is thus a 
good measure of coronary artery disease. Using electron beam computed tomography, 
CAC was quantified in 190 men and 196 women with (51%) and without type I 
diabetes aged 30·50 )'<S randomly sampled from diabetic clinics and the general 
population, respectively. As a measure of cardiac autonomic function, power spectral 
analysis with autoregressive modeling of resting 5 min tachograms was used to defme 
the total power (TP) within the low and high frequency bands of heart rate variability. 
TP data were log transfonned. Results: CAC prevalence was similar in diabetic (52%) 
and non diabetic (52%) men. In women, CAe was much more prevalent in those with 
diabetes than without (47% vs 21 %. Odds ratio =3.6, 95% CI:2· 7, p=<O.OOO I adjusted 
for age). In those with diabetes, TP was strongly associated with CAC (OR=O.68 95% 
CI:O.5-0.9, p=O.006) independent of age. sex, HbAlc, diabetes duration, albumin 
excretion rate, triglycerides and HDL and LDL·cholesterol. Adjustment for systolic BP 
and BMI slightly attenuated the association between TP and CAC so that it was no 
longer significant (OR=0.7 95% CI 0.5·1.2, p=O.I). TP showed a similar association 
with CAC in the non diabetic group. Geometric mean TP was significantly lower in 
those with (358ms') than without (733ms') diabetes (p<O.OOI). Adjustment for TP had 
only a small effect on the diabetes associated odds ratio of CAC in women (reducing 
it from 3.6 to 3). Further adjustment for SBP reduced this odds ratio to 2.4. 
Conclusion: (i)Cardiac autonomic function is associated with CAC, in people with and 
without diabetes. This is consistent with autonomic function being disrupted by even 
subclinical atherosclerosis or autonomic function being aetiologically implicated in 
atherosclerosis(ii)However cardiac autonomic dysfunction is not a large component of 
the high risk of CAC in diabetic women. 
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PREVALENCE AND CAUSES OF LEFT VENTRICULAR HYPERTRO
PHY IN NON-ALBUMINURIC TYPE 2 DIABETIC PATIENTS WITHOUT 
CORONARY HEART DISEASE 
E Knudsen, ASato, L Tarnow, FS Nielsen, HH Parving, Steno Diabetes Centre, 
Denmark 
AIMS: To study the prevalence and risk factors for development of left ventricular 
hypertrophy (L VH) in non-albuminuric type 2 diabetes. MATERIALS AND 
METHODS: M-mode echocardiography was performed by one experienced ex
aminer during 1994-1998 in 348 consecutive, non-albuminuric (urinary albumin 
excretion rate <100 mg/24h) type 2 diabetic patients with blood pressure <160/95 
mmHg. Due to technical difficulties 41 patients could not be evaluated, thus 307 
(132 women) patients were included in the study: age(mean(SD)) 55 (10) years, 
known duration of diabetes 5 (range 1-29) years. Body mass index (BM!) was 28 
(5) kg/m', HbA lo 8.7 (1.6) %, blood pressure 134 (14) 1 80 (8) mmHg, urinary 
albumin excretion rate (median (range)) 5 (2-89) mg/24h (15% microalbuminuria) 
and 239 (78%), 64 (21%), 4 (1%) had nil, simplex, proliferative retinopathy, re
spectively. RESULTS: The prevalence ofLVH was 31% (95% CI 26-36%). LVH 
was present in 51 (39%), (CI 31-47%) women and 44 (25%), (CI 19-31%) men, 
p~O.01. Patients with LVH were older (p~O.Ol) and had higher: BMI (p~<O.OOl), 
HbAlo (p~0.004) and urinary albumin excretion rate (p<O.OOl) as compared to 
patients with normal left ventricular mass. There was no significant difference 
between patients with L VH and patients with normal left ventricular mass regard
ing systolic and diastolic blood pressure, duration of diabetes or presence of ret
inopathy. A logistic regression analysis revealed that age, BMI, HbAlc and log 
urinary albumin excretion were independent risk factors for left ventricular hy
pertrophy (R' adjusted ~ 0,71). Similar results were obtained for left ventricular 
mass index. CONCLUSION: Our study shows that LVH is frequent in non
albuminuric patients with type 2 diabetes, especially in women. Several potentially 
modifiable risk factors such as raised BMI, poor glycaemic control and elevated 
urinary albumin excretion rate predicts the development of L VH. 
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PREVALENCE RATES AND ADDITIONAL FEATURES OF METABOLIC, 
PLURIMET ABOLIC AND INSULIN RESISTANCE SYNDROMES. 
E. Banora, S. Kiechl, J. Willeit, F. Oberhollenzer, G. Egger, R. Bonadonna and M. 
Muggeo. Department of Endocrinology, University of Verona, and Department of 
Internal Medicine, Bruneck City Hospital, Italy, Department of Neurology, 
University ofInnsbruck, Austria. 
Aims. The present study aimed to establish prevalence rates and additional clinical 
features of three syndromes which might be identified in the general population. 
Materials and Methods. Within a population-based survey examining 888 subjects 
aged 40-79 years, subjects were identified fulfilling the following criteria: BMI<25, 
normal lipids and urate, no hypertension, nonnal glucose tolerance, nonnal insulin 
sensitivity, as assessed by Homeostasis Model Assessment (Controls); normal lipids 
and urate, no hypertension, normal glucose tolerance, low insulin sensitivity (Insulin 
Resistance Syndrome, IRS); any association of three disorders among glucose 
intolerance, dyslipidemia, hypertension and hyperuricemia (Metabolic Syndrome, 
MS); combination of glucose intolerance, dyslipidemia, hypertension and 
hyperuricemia (Plurimetabolic Syndrome, PMS). Results. The prevalence rates were 
as follows: IRS 9.6% (95% C.1. 7.7-11.5), MS 6.8% (5.1-8.5), PMS 2.4% (1.4-3.4). 
The prevalence of PMS, but not that of MS or IRS, was higher in women. The 
prevalence of PMS and MS was higher in older subjects (age "'''0) and in 
overweight-obese subjects (BMI >25), whereas that of IRS was higher in younger 
individuals and was not different in those with BMI lower or higher than 25. The 
prevalence of PMS and MS was higher in subjects with low physical activity, 
whereas the prevalence of IRS was higher in light- or no-drinkers. Subjects with IRS 
showed modestly but significantly higher levels of glucose, lipids, blood pressure 
and urate. These subjects had an incidence of metabolic disorders higher than in 
Controls during a 5-yr follow-up. Subjects with MS and PMS showed higher levels 
of fibrinogen, apolipoprotein B, FFA, gamma-GT, leukocytes, erythrocytes, leptin 
and circulating endothelial adhesion molecules (E-selectin and ICAM-l). All these 
differences remained significant after adjusting for sex, age, BMI, WHR, smoking, 
alcohol, physical activity and social status. Conclusions. An isolated insulin 
resistance (IRS) and the combination of multiple metabolic disorders (MS and PMS) 
occur frequently in the general population, and are associated with several non
metabolic abnormalities. Isolated IR predicts the development of metabolic 
disorders. 

217 
lNFLAMMATION AND THE INSULIN RES1STANCE SYNDROME IN 
HEALTHY SUBJECTS. THE INSULIN RESISTANCE 
ATHEROSCLEROSIS STUDY (IRAS). 
A. Festa, R. D'Agostino Jr., G. Howard, L. Mykkiinen, R. P. Tracy and S. M. 
Haffner. University of Texas Health Science Center, San Antonio, TX, Wake 
Forest University School of Medicine, Winston Salem, NC, and University of 
Vermont College of Medicine, Burlington, VT. USA. 
Aims: Recently, inflammation has been associated with the development of 
atherosclerosis, and several components of the insulin resistance syndrome 
(IRS) have been related to inflammatory markers, such as C-reactive protein 
(CRP). We hypothesized that insulin sensitivity and/or insulinemia may be 
associated with inflammation and studied the relation of inflammatory 
markers (CRP, fibrinogen. and white cell count) to components of the IRS. 
Methods: Insulin sensitivity (5,) was measured by a frequently sampled 
intravenous glucose tolerance test in 1088 non-diabetic subjects free of 
clinical coronary artery disease (age: 40-69 years). CRP was measured by a 
highly sensitive competitive immuno-assay. 
Results: All 3 inflammatory markers were correlated with several 
components of the lRS, including fasting insulin and 5,. Strong associations 
were found between CRP and measures of body fat [BMI (r=0.42), waist 
circumference (r=0.32)J, 5, (r=-0.38), fasting insulin (r=0.34) and proinsulin 
[intact (r=0.28) and split (r=0.31)J (all p values < 0.0001). The associations 
were consistent among the 3 ethnic groups of the lRAS population (Blacks, 
non-Hispanic Whites, Hispanics). There was a linear increase in CRP levels 
with an increase in the number of metabolic disorders (dyslipidemia, upper 
body adiposity, insulin resistance, and hypertension). BMI (p=O.OOOI) and 5, 
(p=0.003) were related to CRP levels in a multivariate linear regression 
model after adjusting for age. gender, ethnicity. clinic. and smoking status. 
Conclusions: We suggest that chronic subclinical inflammation is part of 
the insulin resistance syndrome. CRP, a predictor of cardiovascular events 
in previous reports, was independently related to 5,. These findings suggest 
potential benefits of anti-inflammatory or insulin-sensitizing treatment 
strategies in healthy individuals with features of the IRS. 
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FACTOR ANALYSIS OF THE VARIABLES INCLUDED IN THE METABOLIC 
SYNDROME. 
P. Poulsen, K. Vach, S. Del Prato, and H. Beck-Nielsen for the European Group for 
the Study of Insulin Resistance (EGIR). Diabetes Research Center and Institute of 
Statistics, Odense University, Denmark, and Uni. Degli Studi di Padova, Italy 
Several previous studies have demonstrated a clustering of hyperinsulinaemia, 
glucose intolerance, hypertension, dyslipidaemia and (abdominal) obesity often 
referred to as "the metabolic syndrome" or "the insulin resistance syndrome". It has 
been proposed that insulin resistance could be the underlying pathophysiological 
mechanism responsible for the clustering of the variables included in the syndrome. 
Many previous epidemiological studies have, however, used indirect measurements 
for insulin resistance in the analyses. Aim: The aim of this study was to apply factor 
analysis to the EGIR data in order to identifY the associations between the variables, 
and the factors (i.e. etiological processes) underlying the clustering of the variables. 
Materials and Methods: The EGIR database contains data from the euglycaemic 
hyperinsulinaemic clamp studies in normal glucose tolerant subjects performed at 20 
European centers, a technique which is considered to be the "golden standard" 
measure for insulin resistance. We included 364 subjects in the analyses (207 men; 
157 women). Results: We identified 3 factors underlying the clustering of the 
variables included in the syndrome. The frrst factor was an association with body 
mass index (BMI), fasting plasma insulin, insulin sensitivity, HDL-cholesterol and 
triglycerides. Fasting plasma glucose, total-cholesterol and triglycerides were 
associated with a second factor. Systolic and diastolic blood pressure were 
associated with a third factor. The results indicate a role for three independent 
patophysiological processes underlying the clustering - I) a core complex of 
abnormalities including insulin sensitivity, dyslipidemia and obesity, 2) glucose 
levels, and 3) blood pressure. Fasting glucose levels are peripherally linked to this 
core complex through triglycerides, whereas factor 3 including systolic and diastolic 
blood pressure share no components with the other two factors. Conclusions: The 
fmdings do support the notion of insulin resistance, abdominal obesity and 
dyslipidemia as common denominators for the development of the metabolic 
syndrome, but questions the role of hypertension and glucose intolerance as core 
components. 
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WEIGHT GAIN, [3-CELL SECRETORY ACTIVITY AND INSULIN 
SENSITIVITY IN SEVEN YEAR OLD CHILDREN. 
J Trusler, NJ Crowther, N Cameron' and IP Gray. Department of Chemical 
Pathology, SAIMR, University of Witwatersrand and 'Department of Human 
Sciences, Loughborough University, UK. 
Background: Studies have shown that NIDDM is more prevalent in individuals 
of low birth weight who are obese as adults. There is a high prevalence of small 
for gestational age births and obesity in South Africa and this implies that the 
incidence of Type 2 diabetes in this country will rise. Aim: To study the 
relationship between birth weight, post natal weight gain and glucose tolerance in 
a cohort of7-year-old South African children taken from an on-going longitudinal 
study of childhood growth (the Birth to Ten Study). 
Materials and Methods: Oral Glucose Tolerance tests were carried out on 152 
children according to W.H.O. criteria. Blood samples were drawn at 0,30 and 120 
minutes. Glucose, insulin, proinsulin, des~31 ~32 pro insulin and non esterified 
fatty acids (NEFA) were measured. Children born below median birth weight 
were divided into two groups: those who at age 7 remained below the median for 
weight (Group I) and those who had a weight above the median value (Group 2). 
Results: Group 2 children had significantly higher BMIs (P<O.OI). they also had 
lower NEFA levels but higher 120' insulin (p<0.05), fasting (p<0.05) and 30' 
(p<O.OI) des-31-32 proinsulin and 120' (p<0.0005) proinsulin levels. Glucose 
levels were similar in the two groups. Conclusion: Children at age 7 who had 
gained more weight than children born with similarly low birth weights display 
signs of the metabolic and morphological characteristics of type 2 diabetes i.e. 
reduced sensitivity to insulin in terms of glucose uptake, high proinsulin-related 
peptide levels and increased adiposity. However, these children are more sensitive 
to insulin inhibition of lipolysis and we hypothesize that this maybe a post natal 
adaptation to high nutrient intake. 
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HAEMATOCRIT AND MEASURES OF OBESITY. THE HOORN STUDY 
R.G. IJzerroan', SJ.L. Bakker', J.M. Dekker', G. Nijpels2, L.M. Bouter', R.O.B. 
Gans', C.D.A. Stehouwer'·2, R.J. Heine'·2. Dept. of 'Endocrinology, University 
Hospital Vrije Universiteit, Amsterdam, 2EMGO Institute, Vrije Universiteit, 
Amsterdam. Dept. of ' Internal Medicine, University Hospital Groningen, 
Groningen, The Netherlands. 
Recently, it has been shown that haematocrit is associated with insulin resistance 
measured with a euglycemic clamp. This is in line with prior studies that found 
associations ofhaematocrit with body mass index (BMI). A possible association of 
waist-to-hip ratio (WHR) with haematocrit has not yet been investigated in a large 
population study. Aims: To study whether haematocrit is associated in a general 
population with WHR and/or BMI. Materials and Methods: Using the data of the 
Hoorn study, a study of glucose tolerance among 1141 men and 1324 women, 
aged 50-75 years, we investigated by means of multiple linear regression analyses, 
the age-adjusted association of haematocrit with WHR and with BMI in men and 
women. Results: There were significant associations ofBMI with haematocrit in 
men ([3 ~ 0.08 % per kg/m2, P ~ 0.02) and women (Il ~ 0.08 % kg/m2, P < 0.001). 
The association ofhaematocrit with WHR was also significant in men ([3 ~ 5.5 % 
per mlm, P < 0.001) and women ([3 ~ 8.6 % per mlm, P < 0.001). This slope was 
significantly steeper in women than in men (P ~ 0.02). Adjustment of the 
associations ofWHR and BMI with haematocrit for each other caused the 
associations with BMI to disappear in men and women, and with WHR to remain 
unchanged in both genders. Conclusions: The stronger association ofWHR with 
haematocrit than BMI is an argument in favor of haematocrit as component of the 
insulin resistance syndrome. The steeper slope of the association of WHR with 
haematocrit in women may be explained by the known positive association of 
serum androgens, which stimulate the erythropoiesis, with WHR in women. 
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LACK OF EFFECT OF ONE-YEAR ORAL INSULIN TIffiRAPY IN RECENT 
ONSET TYPE 1 DIABETES: results ofa multicenter randomised controlled trial. 
L. Chaillous, J.C. Carel, C. Thivolet, C. Boitard, B. Charbonnel and P. Sal fur 
the D.I. OR. study group, France. 

Aims: Oral administrations of antigens can slow down the pathogenetic process in 
autoimmune diseases, including Type 1 diabetes (lODM) in the NOD mouse. The 
aim of the present study was to assess whether continuous oral administration of 
human biogenetic insulin (2.5 or 7.5 mg/day over a one-year period) could preserve 
endogenous insulin secretion in autoantibody-positive (lCA andlor GADA) patients 
with newly-diagnosed (:S 15 days) IDDM. Patients and Methods: From 1996 
to 1998, 163 patients aged 7 to 40 years (71 less than 15 years), without severe 
ketoacidosis at diagnosis (pH 2: 7.20, weight 10ss:S 10%, polyuria:S 6 weeks), 
have been randomly assigned to daily doses of2.5 or 7.5 mg oral insulin (Lilly), 
or placebo, in addition to optimized subcutaneous insulin treatment. Fasting, 
glucagon- and mixed meal-stimulated C peptide (CP) levels, as well as HbAlc, 
parenteral insulin requirements and humoral immunological markers, were assessed 
every 3 months. Results: HbAlc and CP levels were similar in tne 3 groups at 
entry in the study. At 6 and 12 months, subcutaneous insulin requirements and 
HbAlc levels were not influenced by either dose of oral insulin. Similarly, fasting, 
glucagon- and meal-stimulated CP values were not significantly different between 
placebo or insulin-treated groups at 6 and 12 months. Mean CP values at 
12 months were: fasting CP: 0.17, 0.14 and 0.15 oM; glucagon-stimulated CP: 
0.33, 0.33 and 0.34 oM; meal-stimulated CP: 0.58, 0.61 and 0.48 oM for placebo, 
2.5 mg and 7.5 mg oral insulin groups, respectively. The lack of effuct of oral 
insulin was observed both in patients aged less than 15 years as well as more than 
15 years. Detailed analysis, including the course of humoral immunological 
markers will be reported. Conclusions: These results suggest that oral insulin, at 
least at doses used in the present trial, do not slow down the deteriomtion of B-cell 
function during the first year after diagnosis of type I diabetes. 

223 
B-CASEIN Al MIGHf BE A POTENTIAL ANTIGEN IN TYPE-I
DIABETES MELLITUS 
S. Seebaum, P.-M. Schumm-Draeger, R. Petzoldt and K. Federiin, Medical 
Clinic I, University of FrankfurtlMain, Germany 
Aims: Various components of cow's milk have been investigated as a 
possible environmental factor in the pathogenesis of type I diabetes mellitus 
(IDDM). Studies in animal models show that NOD mice do not develop 
IDDM when fed on a casein-free diet. There have been no major studies thus 
far on the milk protein B-casein Al and A2 to evaluate etiology, prevalence 
and pathogenesis of IDDM. In this clinical family study, for the first time, 
antibodies against the most common genetic variants of B-casein have been 
detected in such a large sample. Materials and Methods: Altogether, sera 
of 1257 persons (287 type I diabetics, 386 siblings, 477 parents and 107 
healthy controls) were studied for B-casein AI- and A2-antibodies. 
Investigations were carried out by enzyme-linked immunosorbent assay 
(ELISA). Results: Antibodies to both genetic variants of B-casein were 
found most frequently in diabetics. For all four groups high titers of casein 
Al and A2 antibodies were strictly correlated with low age which was 
statistically significant (p<O.OOI). A qualitative comparison of B-casein Al 
and A2 antibodies showed more casein Al antibodies in diabetics and their 
siblings whereas in parents and controls more casein A2 antibodies were 
found. The preferential binding of the sera to the one or the other variant of 
B-casein was statistically significant (p<O.OO I) in all four groups. 
Conclusion: In summary, the Al variant of B-casein might be associated 
with IDDM. On the other hand, the A2-variant might more likely play a 
protective role. We could show that B-casein Al could be a possible 
potential antigen in the pathogenesis of diabetes mellitus. Further 
investigations are necessary to confirm the role of B-casein Al in the 
pathogenesis ofIDDM. 

222 
USE OF ISLET CELL ANTIBODY ASSAY TO IDENTIFY TYPE I 
DIABETIC PATIENTS WIlli RAPID DECREASE IN C-PEPTIDE LEVELS 
FOLLOWING CLINICAL ONSET. 
K. Decochez, B. Keymeulen, G. Somerst, H. Dorchy, 1. De Leeuw, C. 
Mathieu, R. Rottiers, F. Winnock, K. ver Eist, 1. Weets, D. Pipeleers, F. Gorus 
and the Belgian Diabetes Registry, Brussels, Belgium. 

Aims: A rapid decrease in p cell mass and C-peptide levels has been noted in 
some, but not all, recent-onset type I diabetic patients. The present study 
investigated whether antibody markers could help predict such decline at 
diagnosis. Methods: We measured random C-peptide levels (RIA) and 
antibodies against islet cell cytoplasm (lCA; indirect immunofluorescence), 
65 kDa glutamate decarboxylase (GADA) and lA-2 protein (lA-2-A; liquid 
phase radiobinding assays) in 172 insulin-requiring type I diabetic patients 
under age 40 years consecutively recruited at diagnosis by the Belgian 
Diabetes Registry and followed for 2 years. Results: Two years after diagnosis 
random C-peptide levels had significantly (p<O.OO I) decreased in ICA-positive 
patients but not in ICA-negative patients. This decrease occurred regardless of 
the presence or absence of IA-2-A or GADA. C-Peptide values below 0.15 
IlglL were noted in 88% of patients diagnosed before age 7 years, in 45% 
diagnosed between 7 and IS years and in 29% diagnosed thereafter (p<O.OOI). 
In case of clinical onset before age 15 years, a rapid decline in random C
peptide values was ahoost exclusively observed in patients with high titer ICA 
(" 50 JDF units) at diagnosis (34 of 49 or 69% vs 3 of 18 or 17% in patients 
with ICA titer < 50 JDF units; p<O.OOI). ICA prevalence and titers were 
overall lower in patients diagnosed after age 15 years. In this age group, 25 of 
70 patients with ICA titer" 12 JDF units (36%) developed low C-peptide 
levels compared to 5 of 35 (14%) with ICA titer < 12 JDF units (p<0.03). 
Conclnsions: Young age at diagnosis and presence of ICA, but not GADA or 
IA-2-A, identify a group of type I diabetic patients at high risk of rapidly 
losing residual p cell function. Beta-cell preserving strategies should primarily 
be tested in this subgroup. The ICA assay measures clinically relevant 
antibodies with specificities or affInities that are not detected in the molecular 
antibody assays using recombinant human islet cell autoantigens for substrate. 
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THE INNATE ANTIVIRAL DEFENSE SYSTEM IS PERSISTENTLY 
ACTIVATED IN HUMAN TYPE I DIABETES 

V. Bonnevie-Nielsen,P. M. Martensen, J. Justesen, K. Levin, H. Beck
Nielsen, A. Worsaa and T. Dyrberg . Odense and Aarhus Universities, 
Odense University Hospital, Novo Nordisk, Denmark. 

Type I diabetes (IDDM) results from autoimmune destruction of the 
pancreatic a-cells. The factors initiating this destruction have not yet been 
identified although viruses have been implicated. Recently, attention has 
been increasingly focused on the role of the innate antiviral defense system 
in directing adaptive immune responses. In this context, the pathogenesis 
of IDDM may have an aberrant response to endogenous or exogenous 
viruses or their products. Hence the aim was to examine the antiviral 
defense system expressed as the IFN-a inducible 2',5' oligoadenylate 
synthetases (2',5'AS) which are dslss RNA-dependent isoenzymes. 
Methods: Activities of 2',5' AS and proteinkinase p68 were determined 
enzymatically in lymphocytes homogenates by 32P-labelled ATP and 
quantified by j3-counting or phosphorimaging. The results show that 
lymphocytic 2',5'AS activity is significantly and selectively increased in 
type I diabetics, both in those with recent-onset (nI4, p<O.005) and with 
long-standing disease n=24, p<O.OOI) as compared to healthy controls 
(n=65). Activity of 2',5'AS was not elevated in patients with type 2 
diabetes or mUltiple sclerosis, thus excluding hyperglycemia or 
autoimmunity per se as inducing upregulation of enzyme activity. 
Surprisingly, lymphocyte levels ofPKR proteinkinase and MxA, two other 
IFN-a inducible antiviral proteins, were similar in IDDM and controls. 
This suggests that the increased 2',5'AS activity is not due to a general 
induction of IFN-a pathways, but rather is an aberrant response to viruses 
or RNA molecules, originating from exogenous or endogenous sources. 
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THl-LlKE DOMINANCE IN IDGH RISK 

FIRST-DEGREE RELATIVES OF TYPE 1 DIABETIC PATIENTS 
Maria Karlsson, Sofia Sederholm and Johnny Ludvigsson 

Div of Pediatrics, Dept of Health and Environment, Faculty of Health Sciences, 
Linkoping University, Linkoping, Sweden 

Background The humoral part of the immune system including autoantibodies is 
known to predict mainfest type I diabetes in first degree relatives while the 
cellmediated immune process preceding the manifest disease is still unknown. 
Aim To estimate the immunological balance of Th-like lymphocytes (ThlfTh2) in 
high-risk first-degree relatives of type I diabetic children. 
Patients and methods Human peripheral blood mononuclear cells (PBMC) from 
twenty-one healthy first degree relatives (7-48 yrs) with high risk of developing 
type I diabetes (ICA ~20) were examined and compared with the response seen in 
PBMC from six children with newly diagnosed type I diabetes as well as from six 
healthy controls with similar age, sex and HLA-type. IL-4 and IFN-y were 
determined at the level of transcription as mRNA by RT-PCR and as protein by 
ELIspot after stimulation with specific epitopes of Glutamic Acid Decarboxylase 
(a.a. 247-279, 509-528, 524-543), insulin, the ABBOS-peptide (a.a. 152-169) as 
well as Bovine Serum Albumin. 
Results Individuals with high risk of developing type I diabetes had a high 
spontaneous secretion of IFN-y compared to both diabetic children and healthy 
controls (p=0.0004), lower amounts of IL-4 compared to healthy controls (p=0.07), 
and a significantly elevated ratio of IFN-Y/IL-4 compared to both diabetic children 
and healthy controls (p=O.OOOI). Production of IFN-y seen in high-risk individuals 
was negatively correlated to production of GAD" autoantibodies (rho= -0.444, 
p=0.053). The amount of IFN-y, which was extremely high in high-risk individuals, 
did not further increase after stimulation with specific peptides, even though the 
peptide of GAD" (a.a.247-279) which has been associated to Coxsackie B virus 
caused increased mRNA expression for IFN-y in high-risk individuals (p=0.086). 
Increased expression of IFN-y mRNA caused by this specific peptide of GAD" 
was related to low production of autoantibodies to GAD" (p=O.I). 
Conclusion Overwhelming production of IFN-y seen in PBMC from high-risk 
first-degree relatives of children with type I diabetes suggests a Thl-like immune 
deviation in the pre-diabetic phase. 
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DO MOBILE CELLULAR PHONES INDUCE MALFUNCTIONING OF 
IMPLANTED INSULIN PUMPS? 
P Belicar', e Dale", Ph Vague ", e Alessis" , V Lassmann-Vague", • Hopital 
Timone, Marseille-France "CNET, Issy-Ies-Moulineaux- France 

Electromaguetic fields radiated by cellular phones alfuct medical devices such as 
pacemakers and some models of portable insulin pumps. In a collaborative work 
with the CNET (Research and development center of (France Telecom), we verified 
whether radiofi'equency emission from mobile cellular phones cause malfunctioning 
of implantable insulin pumps. We tested in vitro 2 implantable insulin pumps cf 
the same model Minimed MIP 200 I (pumps A and B) with 2 types of cellular 
phones (DeS Flare B 300 (1800 Mhz, I W) with pump A and GSM Lisa P9026 
(900 Mhz, 2 W) with pump B). Phones held just over the pumps, were used I) in 
test mode 2) with maximal power transmission 3) in actual transmission to 
simulate actual USe. Because volumes delivered by implantable pumps Were very 
small, a special protocol was desigued to obtain sufficient amount of insulin: pumps 
were programmed to deliver maximal basal rate and maximal boluses and were 
filled with Actrapid HMGE U40 (Novo Nordisk) instead of insulin usually used (21 
PH Hoechst U400), Insulin delivered by the pumps was collected in 1 ml btJJfur and 
a particular enzyme immunoassay was desigued to be sensible enough to detect 2 
I!U/ml (intraassay ev : 3,2 %, interassay ev : 4.8 %), No alarm activation or 
change in programmed parameters of the implantable device was observed when 
cellular phones were used in a test mode or with a maximal power transmission, 
During simulating tests, the amount of insulin delivered by the pump was measured 
twice under basal conditions and then twice while cellular phone was used in usual 
transmission. For pump A tested with phone DCS : bolus were measured at 5.3 and 
5.4 U (1st and 2nd measures under basal conditions) vs 5 and 5.4 U (1st and 2nd 
measures during Simulating tests). Basal rate was 0.9 and 0.86 UIh versus 0.86 and 
0.85 UIh, For pump B tested with phone GSM: bolus were 5.26 and 4.96 U vs 
~~~U~_~~~~~n~~~~~ 
whatever the type of cellular phone calling in contact with the pump, we did not 
observe any statistically significant modification of the amount of insulin delivered 
during boluses and basal rate. Both types of cellular phones (1 W or 2 W) when 
used in close contact with the implantable pump Minimed MIP 2001 do not 
disturb programmation or functioning of this medical device. 
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Breaking the Age Barrier: A Comparison of Continuous Subcutaneous Insulin 
Infusion in Adolescents and Adults, 
B. W. Bode, T.M Gross, M Ghegan, R.D. Steed, P. C. Davidson 
Atlanta, Georgia, USA 
Aims: The utility of continuous subcutaneous insulin infusion (CSII) as a method 
of intensive insulin therapy has already been demonstrated in adults. CSII use 
among adolescents has increased more slowly than in adults. The clinical 
outcomes before and after pump initiation were compared for adolescent and adult 
patients of a large diabetes practice to confirm the utility of CSII therapy for 
adolescent patients. 
Methods: A total of 272 patients initiated on pump therapy between May 1985 
and December 1997 were studied. Forty-three of these patients (16%) were 
between II and 20 years of age when they began pump therapy, and 229 (84%) 
began pump therapy as adults. HbAlc, total daily insulin dose (TDD), severe 
hypoglycemia, and diabetic ketoacidosis (DKA) were measured at each office 
visit. 
Results: After 18 months of CSII therapy, both adolescent and adult patients 
showed a significant decrease in HbAlc values, TDD, and severe hypoglycemia; 
adults showed a decrease in DKA. When compared to adults, adolescents had 
siguificantly higher HbAlc, higher TDD, and higher DKA rates both before and 
after pump initiation. 

Outcome Adolescents Adults 
Pre-Pump Post-Pump Pre-Pump Post-Pump 

HbAlc(%) 9.3 ± 2.0' 8.2± 1.4' 7.9 ± IS 7.2 ± 1.2" 
Insulin (Units/day) 65±25 56 ± 18' 44± 15' 37±11" 
Hypoglycemia 
(Events/yr) 1.0± 1.6 0.2 ± O.5b 1.7 ± 3.6 0.3 ± 0.8' 
DKA (Events/yr) 0.3 ± 0.8 0.1 ± 0.4 0.1 ±0.6' 0.01 ± 0.2b

• 

± ·a < 0,< . c < .a,< 'Mean SD, p 0.001 & p 0.01 vs pre pump, p 0.001 & P 0.05 vs adolescents 

Conclusions: These results confmn that adolescents demonstrate an improvement 
in glycemic control, reduction in insulin dosage. and a reduction in severe 
hypoglycemia with csn at least comparable to those experienced by adults. 
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USE OF A TELEMEDICINE DEVICE FOR THE CARE OF DIABETIC PATIENTS 
A. Ordoftez, J.L. Rubio, J.M. Sulleiro, J.P. Buendia, 1. Zamora and M. Castillo. 
Carpe Diem I+D, B.F.Hispamer, Airtel Foundation, University of Granada. Spain. 
Telemedicine is the use of telecommunications technologies to provide medical 
information and services. Aims: To describe a new telemedicine service for the care 
of diabetics. Materials and Methods: We have developed a hand-held device 
integrated by a home blood glucose meter (Glucometer Elite, KDK, Japan), an 
adapted palmtop computer (Psion PLC, UK), and a digital mobile GSM (Ericsson, 
Sweden). The device communicates with • Central Communication Unit (CCU) 
through the Short Messages System (SMS) of GSM mobile communications. The 
CCU communicates with physicians via Internet. In the CCU, computerised clinical 
records are continuously updated. The result of every blood glucose monitored by the 
patient is transmitted in real time to the CCU. If that result is within pre-established 
limits, the CCU answers with a reassurance message. If it is outside those limits, the 
result (together with previous blood glucose values and a summary of the medical 
record) is sent via Internet to the patient's physician (with an alert via SMS-GSM). 
The physician may then answer with the appropriate therapeutic advice. If the 
physician does not respond, other physician or the CCU physician may take the relay. 
Results: A total of 101 insulin-treated diabetics (aged 17-78 years) have used this 
system. In 66 patients, the duration of use was short (less than 2 weeks) in order to 
cover a trip abroad or a metabolic decompensation. In 35 patients, the duration of use 
was prolonged (3-30 months) due to: isolation/difficult access to medical facilities, 
inadequate control, life-style, intercurrent disease, pregnancy, etc. In these patients, 
HbAlc decreased from 7.4% (range: 6.2-11.0%) to 6.4% (range: 4.4-8.9%), p<O.OI. 
Episodes of serious metabolic decompensation were reduced to one episode (blood 
glucose >500 mg/dL) which occurred in a young girl staying abroad in whom the 
situation could be resolved at home. Two pregnancies have been satisfactory 
followed. The system was considered highly acceptable by 88% of the patients. 
Conclusions: Telemedicine services, as the onc here presented, represent interesting 
and useful complements for the care of diabetic patients. 

230 
NON-INVASIVE CONTINUOUS GLUCOSE MONITORJNG DURING ORAL 
GLUCOSE TOLERANCE TESTS IN VOLUNTEERS AND DIABETIC PATIENTS 
L. Heinemann, U. Kramer, H. M. KIOtzer and M. Hermann for the NON-INVASIVE 
TASK FORCE 'DUsseldorf and +Mannheim, Germany 
Aims: Continuous glucose monitoring by means of optical glucose sensors would 
allow diabetic patients to check their metabolic control at their convenience. In 
experimental glucose clamp studies with patients with type I diabetes mellitus we 
have demonstrated that non-invasive glucose monitoring is possible by registration of 
the scattering coefficient of human skin. The aim of this study was to evaluate if 
physiologically slow changes in glycemia can also be monitored. Material and 
Methods: Six healthy volunteers (age 30±10 y, BMI 24.2±5.0 kg/m') and 13 patients 
with type 2 diabetes mellitus (age 57±8 y, BMI 29.2±2.0 kg/m') participated in oral 
glucose tolerance tests (75 g). With each volunteerlpatient two simultaneous 
measurements were carried out. For registration of the skin tissue scattering 
coefficient a portable system was used. An optic sensor head was attached directly to 
the skin and light at different wavelengths was applied for registration of reflected 
light intensity. In the patients parallel measurements of the interstitial fluid glucose 
concentration were carried out by means of the microdialysis technique (CMA 
catheter and analyzer). Results: Blood glucose increased from baseline levels of 
5.5±0.4 mmoUI to maximal values of 8.2±3.4 mmolll in healthy subjects and from 
8.8±0.8 to 17.1±2.2 mmolll after 114±17 min in diabetic patients. In 8 of the 12 
measurements with the volunteers the observed changes in scattering coefficient 
correlated well or acceptable with the changes in glycemia (linear regression 
coefficient r=0.75). A moderate or none correlation was observed in 4 measurements. 
In 4 volunteers both simultaneous measurements gave comparable resuits. In 16 of the 
26 measurements with diabetic patients a good correlation was found (r=0.77), only a 
moderate correlation was seen in 2 and no correlation in 9 measurements. In 11 
patients both measurements gave comparable results. In the experiments with a good 
correlation the increase and decrease in glycemia can be monitored. The interstitial 
glucose concentration showed a good correlation with the intravasal measurements in 
the patients (r=0.84). Conclusions: This study showed that slow changes in blood 
glucose can be monitored by registration of scattering coefficient changes in 
volunteers and diabetic patients. It remains to be elucidated why this is not possible in 
all experiments. 
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Glucose Monitoring in the Interstitial Fluid Combining Open 

Flow Microperfusion and Ionic Reference Technique 
L. SChauppl,2, M. Ellmerer1

,2, G.A. Brunnerl, G. Sendlhofer\ 
Ch. Schlack!, F. Skrabal', P. Wach' and T.R. Pieber' 

'Dep. of Internal Medicine, Diabetes and Metabolism, Karl Franzens 
University, Graz, Austria, 'Dep. of Biophysics, Inst. of Biomedical 
Engineering., Graz University of Technology, 'Dep. of Internal Medicine, 
Krankenhaus der Barrnherzigen Bruder, Teaching Hospital, Graz, Austria 
Aims: The objective of this study was to investigate the ionic reference 
technique for glucose monitoring in the subcutaneous (s.c.) adipose tissue 
of subjects with IDDM using open flow microperfusion (OFM). Metbods: 
OFM is based on a double Iwnen catheter with macroscopic perforations on 
the outer surface. The catheter was inserted into the s.c. adipose tissue and 
perfused with mannitol at 0.5 flUmin. The ratio of equilibration (recovery) 
between the perfusate and the interstitial fluid (ISF) was determined by 
simultaneous measurement of glucose and ions (ionic reference technique). 
Seven patients with IDDM (3 men and 4 women) participated in this study. 
The patients arrived in the morning in a non-fasting state. The double 
Iwnen catheter was inserted into the s.c. adipose tissue and every 30 
minutes ISF- and plasma samples were collected. During the investigation 
the patients got a standardised meal and followed their usual pattern of 
insulin injection. Results: The mean recovery determined with the ionic 
reference technique was 33.4 ± 13.5 % (range: 14.4 - 51.4 %). The 
estimated ISF glucose concentration paralleled excellently but was lower 
than the corresponding plasma values (65 ± 4.8 %). The coefficient of 
variation (CV) of the estimated glucose concentration was significantly 
lower than the CV of the glucose in the ISF samples (27.7 vs. 8.8 %, 
p<O.OOl). Conclusion: The recovery depends on the individual and can be 
detennined with the ionic reference technique. Furthennore, variations can 
be reduced or cancelled with this method which enables a more stable and 
reliable measurement. 
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IONIC DEFECTS IN THE CONTROL OF INSULIN RELEASE FROM 
HUMAN NIDDM O-CELLS IN VITRO. 
K.E. Cosgrove!, J.C. Chapman!, R.M. Shepherd!, S. Mcintyre', L. Kjems', P.C. 
Butler' and MJ. Dunne 1 !Dept of Biomedical Science, University of Sheffield, 
Sheffield SIO 2TN, UK. 'The Diabetes Research Unit, University of Edinburgh 
Medical School, Edinburgh EH4 2XU, UK. 

Aims: Although the role of ion channels in the control of insulin release from B
cells is well established, there is little data on their functionality in cells or islets 
isolated from diabetic donor tissue. Here, we examined stimulus-secretion coupling 
events in intact islets and in single cells isolated from a diet-treated NIDDM patient 
who suffered a fatal myocardial infarction. Methods: Ion channel regulation was 
studied in single cells and isolated patches by patch clamp techniques. Intracellular 
calcium changes ([Ca'+]i) were monitored by fura-2 microfluorimetry, and insulin 
secretion from single perifused islets was measured using a highly sensitive ELISA. 
Results: Single ion channel recordings from NIDDM B-cells revealed that only 27% 
of islet cells possessed functional ATP-sensitive K+ (KATP) channels (n=3/11) 
compared to 100% of recordings from control human J3-cells (n=164). Furthermore, 
in those cells that possessed KATP channels, there were no effects of intracellular 
nucleotides (n=3/3) or tolbutamide (n=3/3) on channel activity. Using the whole
cell configuration, we found that only 50% of cells possessed functional voltage
dependent Ca'+ channels (VDCC; n=5/1 0), compared to 100% of recordings from 
control cells (n=67). On average, VDCC currents in NIDDM B-cells were -50% 
smaller (Students t-test p<0.05) than parallel recordings ofVDCC currents in 
control cells: mean peak current densities were -6.6±1.l pAlpF (n=5) vs -12.9± 
1.3pA/pF (n=22), respectively. As a consequence of the ion channel defects, insulin 
secretagogues that are depolarisation-dependent rarely initiated increases in [Ca'+], 
(20mM glucose n=0/6; 40mM KCl n=3/5; tolbutamide n=1I5), yet cytosolic Ca'+ 
levels were readily elevated by ACh and ATP (lOOIlM each; n=25126). Finally, 
secretion studies indicated that the average pulse mass in the diabetic tissue was 
decreased by around 70% of that measured in control islets. Conclusions: These 
data document a causal relationship between loss of ion channel function in type 2 
diabetic p-cells and the disruption of both cytosolic Ca'+ signalling events and 
regulated insulin release. 

233 
ROLE OF THE C-TERMINUS OF SULFONYLUREA RECEPTORS IN 
SULFONYLUREA BINDING 

I. Uhde, H. Dorschner and M. Schwanstecher; Institute of Pharmacology and 
Toxicology, University of Braunschweig, Germany 

Aims: ATP-sensitive potassium channels (KATP channels) are assembled with an oc

tameric stoichiometry, (SURlKir6.x)4, from two structurally distinct subunits, an in

wardly-rectifying potassium channel subunit (KJR6.x) forming the pore and a regulato
ry subunit, a sulfonylurea receptor (SUR), belonging to the ATP-binding cassette 

(ABC) superfamily. Three isoforrns of SURs have been cloned, a high affinity sul

fonylurea receptor, SURI. and two low affinity receptors, SUR2A and SUR2B. 
SURl1K1R6.2 have been proposed to reconstitute the neuronal/pancreatic p-cell, 

SUR2A1 K1R6.2 the cardiac and SUR2BIK1R6.l (or KIR6.2) the vascular smooth mu

scle-type KATP channels. SUR2A and SUR2B are splice products of a single gene, dif

fering only in their C-terminal 42-45 amino acids which have been shown to be criti

cal for binding of potassium channel openers (KCOs). In this study we aimed to ana

lyze the role of the C-terminus in sulfonylurea binding. Methods: Using DNA

recombination techniques we constructed a chimeric protein, in which the C-terminal 

42 aminoacids of SUR2A were replaced by those of SURl (SUR2/ctl). SUR2A, 

SUR2B and SURlIctl were transiently expressed in COS-7 cells and membranes we

re prepared from these cells. Affinites were measured by [,H]P1075 displacement 

studies. Results: We assessed the affinities of glibenclamide, meglitinide, glipizide 

and tolbutamide for SUR2A (0.29 11M; 5.3 IlM; 6.9 IlM or 0.23 mM), SUR2B (0.23 

IlM; 6.2 IlM; 6.0 11M or 0.24 mM) and SUR2/ctl (0.23 IlM; 4.4 IlM; 7.2 IlM or 0.25 

mM). The dissociation constants for these three isoforms were found not to differ si

gnificantly. Conclusion: The C-terminus of SURs - in contrast to its role for 

KCOs - does not affect sulfonylurea binding and thus most probably does not 

form part of the binding pocket. The results support the conclusion that sul

fonylureas and KCOs exert their effects on KATP channels via interaction with 

distinct sites. 

232 
STOICHIOMETRY OF SULFONYLUREA ACTION 

E. Brekardin, H. Dorschoer, C. Schwanstecher and M. Schwanstecher; Institute 

of Pharmacology and Toxicology, University of Braunschweig, Germany 

Aims: ATP-sensitive potassium channels (KATP channels) are assembled with an oc

tameric stoichiometry, (SURlKir6.x)4, from two structurally distinct subunits, an in

wardly-rectifying potassium channel subunit (KIR6.1 or KIR6.2) forming the pore and 

a regulatory subunit, a sulfonylurea receptor (SUR), belonging to the ATP-binding 

cassette (ABC) superfamily. SUR11K1R6.2 reconstitute the neuronal 1 pancreatic 

~-cell channel, while SUR2B/KJR6.1 (or KIR6.2) have been suggested to reconstitute 

vascular smooth muscle channels. Hypoglycemic sulfonylureas exert their effects on 

pancreatic ~-cells and vascular and non-vascular smooth muscle by interaction with 

the sulfonylurea receptor subunit thereby closing the channels, depolarizing the mem

brane potential and increasing cellular electrical activity. However, the stoichiometry 

of KATP channel inhibition induced by sulfonylureas was not yet clear and thus we 

have tackled this problem by comparing the binding affinities of these drugs with their 

potencies to inhibit reconstituted channels. Methods: Following coexpression of 

SURI or SUR2B with KIR6.2 in COS-7 cells, channel activity of recombinant chan

nels was measured using the inside-out configuration of the patch-clamp technique. 

Specific binding of sulfonylureas was assessed by use of ['H]glibenclamide or 

['HjPl075 displacement assays. Results: Potencies of glibenclamide, glipizide, tol

butamide and meglitinide to inhibit activity of SURI/KJR6.2 and SUR2B1K1R6.2 

channels were 3-6 fold higher than binding affinities of these drugs with concentrati

on-inhibition relations being significantly steeper (Hill coefficients 1.23-1.32) than 

binding curves (Hill coefficients 0.93-1.06). Conclusion: Occupation of one of the 

four sulfonylurea receptor sites per channel complex is sufficient to induce KATP 

channel closure. 
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IMAGING [Ca2+) IN THE IMMEDIATE VICINITY OF 
SECRETORY VESICLES WITH TARGETED CAMELEONS 
G. A. Rutter, E. Emmanouilidou, A. G. Teschemacher, E. Seward 
and A. E. Pouli. Departments of Biochemistry and Phannacology, 
University Medical School, Bristol BSS I TD, U.K. 

Aim. To image Ca2+ concentration ([Ca2+]) changes in the immediate 
vicinity of individual insulin secretory granules in single living islet 
f3-cells. Materials and Methods. We constructed cDNA encoding a 
chimaeric fusion protein between the granule protein phogrin 
(phosphatase on the granule of insulinoma), and a fluorescent 
"cameleon", Ycam-2 - a member of the new family of Ca2

+_ 

indicators which rely on fluorescence resonance energy transfer 
(FRED between two mutants of green fluorescent protein (GFP). 
Results. After microinjection of cDNA and expression of the 
chimeara in MIN6 f3-ceUs, monitoring by digital imaging 
microscopy of the fluorescence intensity ratio (535/4S0 run) 
revealed: (I) larger [Ca2+] increases for granules docked beneath the 
plasma membrane than those deeper within the cell; (2) 
heterogeneity in the [Ca2+] changes experienced by individual 
docked granules after depolarization-induced Ca2+ influx. 
Conclusions. Glucose-induced influx of Ca2

+ through voltage-gated 
Ca2+ channels may lead to spatially confmed microdomains of high 
[Ca2+] beneath the plasma membrane. This may be critical for the 
trig§ered exocytosis of insulin from docked granules, Loss of such 
rCa +] microdomains may contribute to defective insulin release in 
non insulin-dependent diabetes mellitus. 
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REGULATION OF ORGANELLE FREE Ca'+ IN INDIVIDUAL 
PANCREATIC ~-CELLS BY GLUCOSE, ATP AND AMBIENT Ca'+ 
E. Gylfe, A. Tengholm and B. Hellman. Department of Medical Cell 
Biology, Uppsala University, Uppsala, Sweden 

Aims: The regulation of organelle free Ca'+ was studied in individual mouse 
pancreatic ~-cells. Materials and Methods: The ~-cells were loaded with 
the low-affinity indicator furaptra and studied with dual wavelength 
microfluorometry. Controlled permeabilization of the plasma membrane 
with digitonin unmasked indicator remaining trapped within cellular 
organelles. Results: In the presence of ATP there was a rapid accumulation 
of Ca'+ in organelles, the concentration reaching almost 500 ILmolll. At 50 
nmolll Ca'+, which is close to the resting cytoplasmic concentration, the 
organelle stores became half-maximally filled at 45 ILmolll and saturated at I 
mmol/l ATP with no further effect at 3 mmol/l ATP when gradually 
increasing Ca'+ to 5 ILmolll. At 200 nmolll Ca2+ only 3.5 ILmolll ATP was 
required for half-maximal filling. In intact ~-cells, maintained at close to 
resting concentrations of cytoplasmic Ca'+, glucose effectively stimulated 
organelle sequestration of Ca'+ with half-maximal and maximal filling at 5.5 
and >20 mmolll, respectively. Since physiological concentrations of 
cytoplasmic ATP are in the mmol/l range, it can be anticipated that Ca'+ 
sequestration is modulated by a factor reducing the ATP-sensitivity of the 
transport process. Although phosphatidylinositol 4,5-bisphosphate (PIP2) 

was found to mobilize some of the incorporated Ca'+ by another mechanism 
than inositol 1,4,5-trisphosphate, there were no evidence that PIP, altered the 
ATP sensitivity of Ca'+ sequestration. Conclusions: The data indicate that 
Ca2+ sequestration in ~-cells is regulated by a complex interplay between 
cytoplasmic Ca'+, ATP and factor(s) modulating the ATP sensitivity. 
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PTP-3 IS A PUTATIVE TYROSINE PHOSPAHATASE REGULATING 
INSULIN SIGNALING 
R. Perfetti and S. Aggarwal. Cedars-Sinai Medical Center and Univ. 
California, Los Angeles, USA. 
Aim: Transfection of CHO cells with the human insulin receptor 
(CHOIHIRc) not only induces high level of receptor autophosphyralation but 
it is also characterized by a compensatory rapid receptor dephosphorylation. 
We utilized this in vitro model to identifY the insulin receptor tyrosine 
phosphatase. Material and Methods: Differential display RT-PCR was 
employed to identifY the specific phosphatase. RT-PCR for ~-actin was 
performed to control for non-specific amplification. Northern and Southern 
blot experiments were performed for gene expression studies. Results: Using 
a differential display strategy we cloned a novel 503 bp DNA fragment 
(termed PTP-3) largely expressed in CHOIHIRc, but minimally transcribed 
in CHO/neo cells. PTP-3 shared 65% of homology with RPTPg, a known 
mouse protein tyrosine phosphatase, and PTP-3 mRNA levels were 7-fold 
higher in CHOIHIRc compared to control CHO/neo cells. Northern blot 
hybridization of poly-A RNA using the 503-bp probe revealed that presence 
of a homologous 4.4Kb full-length transcript in CHOIHIRc cells. The 
addition of insulin to serum-free cultured CHOIHIRc further increased PTP-
3 mRNA levels in a dose and time dependent manner. Site-directed 
mutagenesis of the tyrosine kinase domain of the insulin receptor abolished 
PTP-3 gene expression. Similarly mutation of the juxtamembrane tyr-960 
involved in signaling via IRS(s) reduced PTP-3 mRNA levels, when 
compared to wild type CHOIHIRc. Finally, transfection of CHO cells with 
other tyrosine kinase-signaling receptors, like IGF-l or EGF- receptors, was 
not associated with an increase in PTP-3 levels above control CHO/neo, 
indicating that the identified sequence was specifically associated with the 
insulin receptor and not to the presence of other tyrosine kinase receptors. 
Conclusions: PTP-3 is a novel mediator in the insulin signaling cascade that 
shares a high degree of homology with known tyrosine phosphatases. 

237 
INVOLVEMENT OF p125FAK IN THE INSULIN-MIMETIC SIGNALING OF PHOSPHO· 
INOSITOL-GLYCAN COMPOUNDS IN ADHERENT/NON·ADHERENT ADIPOCYTES 
GOnter MOiler, Stefan Welte, Susanne Wied, Christian Jung and Wendelin Frick 
Hoechst Marion Roussel Deutschland GmbH, 65926 Frankfurt am Main, Germany 
Aims: Phosphoinositolglycan compounds (PIG), the polar core glycan head groups of 
extracellular glycosyi-phosphatidylinositol (GPI)-anchored plasma membrane proteins, have 
been demonstrated to potently (ECso=0.3-2 ~M) stimulate glucose transport (to up to 90::,:15% 
of the maximal insulin effect) by induction of IRS-1 tyrosine phosphorylation (up to 7.5::,:1.3-
fold over basal) in the absence of activation of the insulin receptor tyrosine kinase in isolated 
rat adipocytes and 3T3-L 1 adipocytes maintained in suspension. In search for a PIG
dependent candidate tyrosine kinase for IRS-1 we studied the involvement of the p125FAK, 

since this foecal adhesion kinase seems to act as a signaling platform for IRS-1 and non
receptor tyrosine kinases, like pp60~'. Results: Clusteling of ~ 1-integlin by fibronectin plus 
non-blocking monoclonal anti-~ 1 antibodies in isolated rat and non-adherent 3T3-L 1 
adipocytes inhibited IRS-1 tyrosine phosphorylation and glucose transport activation by 20 
~M PIG by about 70::,:14 and 55::t:10%, respectively, vs. inCUbation of the cells with poly-L
lysine plus anti-B3 antibodes (19::,:7 and 11::t:5%). PIG (0.1-20 ~M) concentration-dependentty 
induced tyrosine phosphorylation of p125FAK to up to 4.5::t:O.8-fold and of paxillin to up to 
6.8+1.3-fold as well as association of IRS-1 with p125FAK to up to 3.2::t:O.5-fold over basal in 
the;e cells. In adherent 3T3-L 1 adipocytes these PIG effects were considerably diminished 
(by 65-85% vs. non-adherent). Introduction of a peptide corresponding to the FAK major 
autophosphorylation and Src docking site, Tyr-397, into rat adipocyies by electroporation did 
not significantly impair PIG-induced p125FAK and paxillin tyrosine phosphorylation as well as 
association of IRS-1 and p125FAK but reduced PIG-induced IRS-1 tyrosine phosphorylation 
and glucose transport (to up to 1.9::t:O.5-fold over basal and 24:':8% of the maximal insulin 
effect). Conclusions: Thus, both ~1-integrin clusteling and PIG action may induce tyrosine 
phosphorylation of IRS-1 by causing p125FAK-mediated recruiiment of IRS-1 and a non
receptor tyrosine kinase. This implicates similar mechanisms of cross talk of extracellular 
matlix proteins and of extracellular PIG (and potentially GPl) molecules with (metabolic) 
insulin signaling based on the integlin system and dependent on the cell architecture. 
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INSULIN SIGNALLING IN IRS-I-DEFICIENT BROWN ADIPOCYTES: 
REQUIREMENT OF IRS-l FOR MITOGENESIS AND LIPID 
SYNTHESIS. 
AM Valverde, C Mur, CR Kahn", M Benito. Departamento de Bioquimica y 
Biologia Molecular II, Facultad de Farmacia, Ciudad Universitaria, 28040 
Madrid, Spain and "Joslin Diabetes Center, Harvard Medical School, Boston, 
MA-022 1 5, USA. 
Aims: In this study we have investigated the role of IRS-l in insulin
mediated signalling regarding mitogenesis and lipid metabolism in fetal 
brown adipocytes. Materials and Methods: Immortalized brown adipocyte 
cell lines generated from fetuses of IRS-I"', IRS-I+" and wild type mice 
were studied. Immunoprecipitations, Westem and Northern blot analysis, 
PI3-kinase activity, insulin receptor autophosphorylation assay, Red Nile 
fluorescence, 'H-Thymidine incorporation and the cell cycle phases were 
assayed. Results: Under growing conditions IRS-r" brown adipocytes 
maintained the expression of adipogenic (fatty acid synthase) and 
thermogenic (uncoupling protein-I) markers. The lack of IRS-l concurred 
with a 20.5 ± 5.1 % increase in IRS-2 protein expression. Insulin-induced 
tyrosine phosphorylation of IRS-I was absent in IRS-r'- brown adipocytes, 
while IRS-2 tyrosine phosphorylation increased by 3-fold. Consequently, 
insulin-stimulated IRS_r" cells showed increased IRS-2-associated ap85 
subunit of PI 3-kinase and IRS-2-associated PI 3-kinase activity. Activated 
AktlPKB was decreased by 92 ± 4.7% in insulin-stimulated IRS-r" cells, 
whereas p70s6k remained unchan~ed. Insulin treatment for 24 h doubled the 
cytosolic lipid content in IRS-l + + brown adipocytes, but failed to increase 
the cytosolic lipid content in IRS-I'" cells. Regarding mitogenesis, IRS-I-" 
cells did not respond to insulin in inducing SHC tyrosine phosphorylation and 
MAPK activation. Moreover, insulin treatment for 48 h of IRS_r" brown 
adipocytes did not increase 'H-Thymidine incorporation and the entry of cells 
in the S+G,+M phases of the cell cycle. Conclusions: 1- IRS-IIPI 3-
kinasel Akt activation is an essential requirement for insulin sstimulation of 
lipid synthesis in brown adipocytes. 2- IRS-IIMAPK pathway mediates 
insulin-induced mitogenesis in brown adipocytes. 

240 
INSULIN SIGNALLING ABNORMALITIES IN THE HEART OF INSULIN
DEFICIENT DIABETIC RATS: EFFECTS OF ISLET TRANSPLANTATION. 
L. Laviola, G. Belsanti, F. Logoluso, R. Napoli, A.M. Davalli, G.c. Weir, R. 
Giorgino, and F. Giorgino. Istituto di Clinica Medica, Endocrinologia e Malattie 
Metaboliche, Bari, Italy, and Joslin Diabetes Center, Boston, USA. 
Insulin-deficient diabetes is characterised by impaired insulin action in the heart, 
leading to altered cardiac metabolism and function. Aims. To investigate insulin 
signalling reactions in the myocardium of streptolocin (STZ)·diabetic rats in vivo 
and to assess the effect of diabetes treatment by islet transplantation. Materials and 
Methods. Control (C), untreated STZ-diabetic (D), and STZ-diabetic rats treated by 
islet transplantation (T) were studied in the basal state or 30 min after insulin 
injection (20 Vlrat, i.p.). Tyrosine phosphoproteins, total amounts of various insulin 
signalling proteins, and activation of PKB and Erkll2 were detected by 
immunoblotting with specific antibodies. Results. Insulin-stimulated tyrosine
phosphorylation of the insulin receptor was increased by 45% in D compared to C, 
with an associated 35% increase in the insulin receptor protein content. 
Phosphorylation of the IRS proteins after insulin stimulation was similarly 
augmented by 50% in D, with a more pronounced increase in IRS-2 than IRS-I 
phosphorylation. Noticeably, IRS-2 protein content was increased by 64%, whereas 
IRS- I content was decreased by 41 % in D compared to C. Insulin-stimulated 
association of p85 with IRS proteins was also increased in diabetes, with a greater 
extent of p85 association with IRS-2 than IRS-I. Unexpectedly, PKB and p70S6-
kinase expression and insulin-induced activation were not increased in diabetic heart. 
All observed changes in insulin signalling in diabetic rats were corrected by islet 

transplantation. No differences in Shc and Erkll2 content or Erkll2 activation were 
found in C, D, and T. Conclusions. (i.) Specific insulin signalling reactions are 
differently impaired in the diabetic heart; (ii.) IRS-I and IRS-2 show a distinct 
pattern of dysregulation; (iii.) there appears to be a defect in the signal transduction 
from proximal (IRS and PI 3-kinase) to downstream (PKB, p70S6-kinase) steps; and 
(iv.) islet transplantation effectively corrects signalling abnormalities potentially 
responsible for cardiac dysfunction in diabetes. 

239 
SPECIFIC DEGRADATION OF IRS-I BY HYPERlNSULINEMIA: 
REGULATION BY PHOSPHORYLATION. 
C. M. Rondinone* and T. Peterson, Diabetes Research, Pharmaceutical Products 

Division, Abbott Laboratories, Abbott Park, IL, USA 
Aim: We have demonstrated that IRS-I protein expression is markedly reduced in 
adipocytes from NIDDM subjects in comparison with both healthy and IDDM 
individuals. In this study 3T3-Ll or healthy human adipocytes were treated for 
different periods of time with insulin to investigate the possible mechanisms for the 
dowruegulation ofIRS-1. Methods: Adipocytes were incubated in the presence of 
insulin with or without the addition of different inhibitors. Glucose uptake, western 
blotting and kinase activities were measured at different times. Results: Incubation 
of the adipocytes with I uM insulin induced a fast electrophoretic mobility shift of 
IRS-I caused by phosphorylation of the protein in serine/threonine sites. After 24 hs 
of insulin treatment, IRS-I protein level and the insulin-stimulated glucose transport 
were reduced. To further investigate the mechanism(s) adipocytes were incubated 
for 1.5, 5 or 24 hs in the presence of insulin and different protein kinase inhibitors. 
Wortmannin blocked the mobility shift of IRS-I suggesting that PI 3-kinase 
mediates IRS-I serine phosphorylation, increased the insulin-induced tyrosine 
phosphorylation of IRS-l and later blocked its degradation. In contrast, a PKB 
inhibitor and different PKC inhibitors had no effect. Treatment of the cells with 
vanadate in the presence of insulin inhibited the tyrosine dephosphorylation of IRS-I 
and partially the degradation of the protein. In contrast, incubation with okadaic 
acid (OA) increased the serine/threonine phosphorylation of IRS-I and its 
degradation. Interestingly, the addition of the proteasome inhibitor lactacystin in 
combination with insulin or OA blocked IRS-I degradation. 
Conclusions: I )Treatment of adipocytes with insulin "in vitro" mimics the 
characteristics of adipocytes from NIDDM patients (low IRS-I) 2) Wortmannin but 
not a PKB or PKC inhibitors blocked insulin-induced degradation ofIRS-1. 3) PI3-
kinase participates as a negative regulator ofiRS-I by promoting its serine/threonine 
phosphorylation and inducing its degradation. 4) Regulation of serine/threonine vs 
tyrosine phosphorylation modulates IRS-I degradstion and insulin resistance in 
adipocytes. 
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DRUG-INTERACTION BETWEEN ENALAPRIL AND GLIBENCLAMIDE 
MIGHT LEAD TO HYPOGLYCEMIA 

S. Flesch, B. Hompesch, K. Rave, F. Susanto', W.N. KUhn-Velten', L. Heinemann, 
T. Heise, Department of Metabolic Diseases and Nutrition, 'Diabetes Research Insti
tute, Heinrich-Heine-University DUsseldorf, Germany. 
Aims: A higher risk of hypoglycaemic episodes has been reported repeatedly in dia
betic patients treated with ACE-inhibitors. We investigated if these findings are at 
least partly due to a drug interaction between sulfonylureas and ACE-inhibitors. Ma
terials and Methods: 9 healthy volunteers (6 male, age 27±3 years (mean±SD), BMI 
23±2 kg/m') received 5 mg Enalapril (ENA) or placebo o.d. over 3 days, resp. in this 
double-blind cross-over study. At the fourtb day of both study periods a euglycemic 
clamp was established. At each experiment, the volunteers received 3.5 mg Gliben
clamide (GLIB) and additionally 10 mg ENA or placebo. Glucose infusion rates nec
essary to keep blood glucose constant were monitored the subsequent 600 min. Re
sults: ENA led to a significant increase of the early metabolic effect of GLIB (GIR
AUCO- lso 495±22S vs. 361±100 mglkg/lSOmin, p~O.OI2); overall metabolic activity 
was comparable. There was a tendency to a higher and earlier effect with ENA (GIR
m" 5.2±1.9 vs. 4.1±1.3 mglkg/min, p~0.095; t",,, 155±42 vs. 196±4S min, p~0.064; 
figure). Insulin and C-peptide concentrations were in accordance with these rmdings 
(Insulin-AUCo.lso 3759±151S vs. 3125±1634 IlU/mlilSOmin, C-peptide-AUCo.lso 
SI4±172 vs. 6IS±677 ng/mlilSOmin, n.s.). ENA led to a non-significant trend towards 
a lower rate constant of elimination (0.0064 vs. O.0072/min, p=0.104) and a higher 
t,O% (III vs. 100 min, p~0.114) for GLIB. Conclusions: These results suggest that co
administration of ACE-inhibitors and sulfonylureas induces a more pronounced hypo
glycaemic effect early after intake. This drug interaction might contribute to the in
creased risk of hypo glycaemia in diabetic patients treated with ACE-inhibitors. 
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EFFICACY AND SAFETY OF CERIVASTATIN/BEZAFIBRATE 
COMBINATION THERAPY FOR DYSLIPIDAEMIA 
RJ Esper, E Stein and L Lemme for the CerivastatinlBezajibrate Latin America Study 
Group. Ho~pital Militor Central, Buenos Aires, Argentina 

Aims: To evaluate the efficacy of cerivastatin (C)lbezafibrate (B) combination therapy 
on blood lipid levels in non-diabetic patients with dyslipidaemia. The study is relevant 
to type 2 diabetes as the condition is often associated with a poor triglyceride 
(TG)/HDL-C profile, inadequately treated with drugs such as HMG-CoA reductase 
inhibitors. Materials and Methods: This was a randomized, multinational, double
blind study. On entty, all patients had (I) an LDL-C level ;'4.12 mmol/l or (2) an 
LDL-C level ;,3.35 mmolll and either a histoty of coronary heart disease or two or 
more cardiovascular risk factors. In Phase A, all patients initially received placebo for S 
weeks. They then entered Phase B, which was split into two parts: Period I and Period 
2. In Period I, patients received C 0.3 mg/day or B 400 mg/day for S weeks. This was 
followed by Period 2, in which patients underwent a second randomization. This 
determined whether they kept receiving their initially assigned drug for a furtber 8 
weeks or received CIB combination therapy for an additional 8 weeks. Results: 
Percentage changes in efficacy variables from baseline in the ITT population: 

Period 1 Period 2 
LS means B C B C Combin. 
(SE) (n ~ 125) . (n = 241)_ .In = 11~1 (n = 116) (n = 116) 
LDL-C' -19.2 (1.2) -35.0 (0.9) -21.1 (1.3) -34.0 (1.4) -46.2 (1.3) 
Total-C' -14.4 (0.9) -24.6 (0.7) -15.7 (1.0) -23.5 (1.0) -29.2 (1.0) 
HDL-C' +22.5 (1.4) +8.1 (1.0) +25.1 (1.6) +11.6 (1.7) +33.8 (1.6) 
TGs't -35.8 (z.l) -13.4 cuh -40.3 (1.8) -13.5 (1.9) -44.1 (I.~ 

'Pairwise comparison between groups: P < 0.01; texcept for B vs. combination, 
which was not significant. Both drugs were well tolerated. Combination therapy did 
not markedly increase the potential for elevation of hepatic enzymes. Conclusions: 
Combined C/B therapy is more effective than either drug used alone for treating 
patients with dyslipidaemia. The combination may have utility for decreasing 
triglyceride levels and increaSing HDL-C levels in patients with type 2 diabetes. 

242 
ROSIGLITAZONE IMPROVES GLYCEMIC CONTROL WITHOUT 
ADVERSELY AFFECTING CARDIAC FUNCTION IN TYPE 2 DIABETES 
M. Rendell\ J. DOle', and the Rosiglitazone Study Group'; 'Omaha, NE; 
'Collegeville, PA, USA 
Aims: RSG is a potent thiazolidinedione that reduces insulin resistance and 
improves glycemic control in patients with type 2 diabetes mellitus (T2DM). In 
animal studies, all thiazolidinediones have produced cardiac hypertrophy. Doses cf 
RSG > 1 00 times the human therapeutic dose produced reversible increases in cardiac 
weight in rats and dogs without significant histopathological effects. This study 
investigated the effect of long-term treatment with the maximal therapeutic dose cf 
RSG on cardiac structure and function in patients with T2DM and also assessed 
changes in glycemic control. Materials and Methods: Two hundred three patients 
were randomly assigned to receive glyburide (GLB) (mean dose 10.5mg/d) or RSG 
(4mglbd) for 52 weeks. Changes in left ventricular mass index (LVMI), ejection 
fraction (EF), and left ventricular end diastolic volume (L VEDV) were assessed by 
M-mode echocardiogram. Glycemic control was assessed by HbAlc and fasting 
plasma glucose (FPG). Results: RSG and GLB had small, clinically insignificant 
effects on LVMI. No patient shifted from a low or normal LVMI at baseline to a high 
LVMI on therapy. EF did not change in either treatment group. Both groups had 
clinically insignificant increases in LVEDV. RSG significantly reduced diastolic 
blood pressure (2.3 mm Hg; P~0.0016) as assessed by 24-br ambulatoty monitoring. 
The mean change from baseline in HbAlc was -0.9± 1.4 in both the GLB and RSG 
groups. The change from baseline in FPG at week 52 was -3.llmmoI/L in the GLB 
group compared with -3.61mmoIlL in the RSG group. Conclusions: Treatment 
with RSG 4mglbd for 52 weeks improved glycemic control and did not adversely 
f~ d· fun···· h T2DM a eet car lac structure or ctlon m patients Wit 

LVMI(glm) 

Baseline (N) Week 28 (N) Week 52 (N) 

Glyburide 75±19.0 (97) 76±17.2 (71) 78±16.5 (63) 
RSG 4mglbd 75±20.2 (i04) 78+17.9 (72) 79+ 17.9 (58) 

HbAlc(%) 

Glyburide 9.5+1.59 99 8.1+1.46 77) 8.4+ 1.46 (68) 
RSG 4mg/bd 9.1+1.68 (1041 8.2+1.60 74) 8.0+1.73 61 

All values are mean ± SD. 
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EFFICACY AND SAFETY OF CERIVASTATIN IN THE TREATMENT OF 
PATIENTS WITH TYPE 2 DIABETES AND HYPERCHOLESTEROLAEMIA 
A Rubinstein,* FI Maritz, S Soule, A Markel, T Chajek-Shaul, M Maisios, 
S Tal and D Stolero, on behalf of the HIDM investigators. Tel-Aviv 
Sourasky Medical Centre, Israel 
Aims: To investigate the efficacy and safety of the potent statin, 
cerivastatin, in the treatment of hypercholesterolaemia (LOL-C 
>3.35mrnol/1 and triglycerides [TG] <4.56mmol/I) in patients with type 2 
diabetes. Materials and Methods: This was a multinational, double-blind, 
placebo-controlled study. A total of 256 patients were randomized to receive 
cerivastatin O.lmg/day, cerivastatin 0.3mg/day or placebo, in a 2:2:1 ratio, 
for 12 weeks. Results: See table below for per-protocol population data: 
B=baseline, E=endpoint; (LS mean % change) 

Placebo (n=45) Ceri. 0.1 mg (n=101) Ceri. 0.3 mg (n=106) 
B E B E B E 

Total C' (mmolll) 6.39 6.46 (+1.5%) 6.45 5.55 (-13.7%) 6.34 4.84 (-23.5%) 
LOL-C' (mmolll) 4.29 4.29 (+0.6%) 4.34 3.45 (-20.2%) 4.24 2.80 (-33.8%) 
HOL-C' (mmolll) 1.14 1.17 (+3.1 %) 1.13 1.19 (+5.7%) 1.15 1.21 (+6.2%) 
TG'(mmolll) 2.09 2.17 (+4.5%) 2.12 1.97 (-3.9%) 2.07 1.79 (-12.3%) 

'P<O.OOl for difference between the 3 groups; P<0.05 for 0.3mg vs O.lmg; 

P<0.05 for O.lmg vs placebo. 'No significant difference between the 3 groups. 
'P=0.0004 for difference between the 3 groups; P<0.05 for 0.3mg vs placebo; ro 
significant difference between O.lmg and placebo. There were ro significant 
differences between the groups with regard to HbAI " adverse events or 
elevation in liver or muscle enzymes. Conclusions: Cerivastatin treatment 
significantly reduces LOL-C and total cholesterol levels in patients with 
type 2 diabetes and hypercholesteroiaemia. There was a dose-ranging 
effect, with the cerivastatin 0.3mg/day dose proving particularly effective 
for reducing hyper cholesterolaemia and producing a co-reduction in 1G 
levels. The reduction in TG was particularly impressive, as these were 
almost normal at baseline. These data support the use of cerivastatin as 
first-line therapy for treating dyslipidaemia in patients with type 2 
diabetes, and thus preventing cardiovascular morbidity and mortality. 
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NALOXONE AS A POSSIBLE TREATMENT FOR TYPE II DIABETES 
MELLITUS? 
K Josefsen, K Buschard, H Beckmann, C Petersen, R Ekman, I Efanova, S Zaitsev, 
PO Berggren and M Birkenbach, Copenhagen, Denmark, Stockholm and G~teborg, 
Sweden and Chicago, IL, USA. 

Glucose stimulation of the pancreatic mouse beta cell line MIN6 upregulates 
expression of the opioid precursor prodynorphin mRNA as well as increases the 
content and secretion of dynorphin. Increased secretion of dynorphin was also seen 
in rat islets. Aims: The purpose of the present study was therefore to investigate the 
role of dynorphin as a possible autocrine factor in the regulation of glucose-induced 
insulin secretion. Results: Neither dynorphin 1-17 nor dynorphin 1-13 influenced 
insulin secretion from freshly isolated rat islets. These results were independent of 
glucose concentration (2.8, 6 or II mM) and incubation time (I h, 3 h, 3 days), and 
were not due to peptide degradation. Similarly, dynorphin at 10" to 10.12 M did not 
induce changes in cytoplasmic free Ca2+ -concentration ([Ca2+];) in dispersed islets or 
in F ACS-purified beta cells under similar conditions. Identical fmdings were 
obtained using the other prodynorphin-derived peptides Met- and Leu-enkephalin. In 
contrast, naloxone increased glucose-induced insulin release by rat islets in vitro 
approximately two-fold following stimulation at 4.5 mM (l21±4 vs. 238±22 nglml, 
P~0.0004) and II mM glucose (l036±61 vs. 2157±868 nglml, P<10-5). The effect 
was seen following exposure to naloxone in the concentration range 10nglml-
120mglml. No significant effect of naloxone alone was seen in unstimulated or fully 
stimulated cells (2.8 or 20 mM glucose). These results could explain the beneficial 
effect of naloxone in hyperandrogenic women in which long-term oral naloxone 
treatment normalises hyperinsulinaemia and in which the effect of naloxone is 
assumed to be exerted through abolition of an inhibitory tonus by opioid peptides. 
Conclusion: Since we did not see inhibitory effects of any ofthe opioid peptides 
used in the present study, it is possible that naloxone stimulates beta cells directly 
through an hitherto unknown mechanism. Such action could be the mechanism of 
action in clinical trials which have demonstrated an improvement of glucose 
tolerance in type II diabetes mellitus patients. Therefore, naloxone analogues might 
be useful in the development of secretagogues for the treatment of type II diabetes 
patients. 

OP43 
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SEVERE HYPOGLYCEMIA IN PEDIATRIC PATIENTS: MULTICENTER 
STUDY INCLUDING 7883 PATIENTS FROM 65 CENTERS. 

R.W. HolI, J. Rosenbauer, M. Grabert, A. Icks, O. Schwab and K. Reile for the 
German Pediat. Working Group. University Children's Hosp. 0-35385 GieBen 

Aims: Severe hypoglycemic episodes are a major obstacle towards the 
achievement of tight metabolic control of diabetes. Few data on the frequency 
and on contributing factors in children and adolescents are available. 
Materials and Methods: The German Working Group on Pediatric 
Diabetology has established a prospective, longitudinal computer 
documentation system for inpatient and outpatient care. Both quality 
indicators and individual patient documentation are anonymized and 
transmitted for centralized analysis. For 1998, 65 pediatric centers with a total 
of 7883 patients participated (mean age: 16.3 years, mean duration: 5.9 years). 
Results: Defining severe hypoglycemia as events either requiring outside help 
or characterized by unconsciousness, 21.8 episodes per 100 patient years were 
documented during 1998. This figure was stable over the last 4 years of the 
documentation. However, there was a vast difference among the participating 
centers, with rates of severe hypoglycemia ranging from 2.0 to 56.1 episodes per 
100 patient years. At least one severe hypoglycemic episode was documented 
in 167 patients. Multiple logistic regression analysis revealed that younger age 
(p<0.02), a longer duration of diabetes (p<O.OI) and lower HbA I , levels (p<0.02) 
were significantly related to severe hypoglycemic episodes. However, the mean 
HbA I , differed only slightly between patients with severe hypoglycemia (7.37 ± 
1.31 %) and patients without (7.74 ± 1.69 %). In contrast, gender, number of 
daily insulin injections, dose of insulin per kg of body weight and ratio of rapid 
acting insulin to intermediate!lente insulin did not contribute significantly. 
Conclusions: Severe hypoglycemic episodes are frightening for families and 
patients with type I diabetes. According to this structured multicenter 
documentation, pediatric patients in Germany will experience about one such 
episode every 5 years. Risk factors are young age, long duration of diabetes, 
and low HbA I " however the effect of metabolic control is overall limited. 

A69 
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BIOLOGICAL AND BEHAVIOURAL DETERMINANTS OF MILD 
HYPOGL YCAEMIA IN INTENSIVELY TREATED IDDM PATIENTS 
M.M.J. Janssen, F.J. Snoek, R.T. de Jongh, S. Casteleijn, N. Masurel, R.P.L.M. 
Hoogma*, R.J.Heine. Research Institute for Endocrinology, Reproduction and 
Metabolism. Vrije Universiteit. P.O. Box 7057, 1007 MB Amsterdam. *Dep.of Internal 
Medicine, Groene Hart Hospital, Gouda, The Netherlands. 
Background: mild hypoglycaemic episodes play an important role in the pathogenesis 
of impaired hypoglycaemia awareness. Aims: to identify determinants of a high mild 
hypoglycaemia frequency in intensively treated IDDM patients. Material and 
methods: we studied 31 IDDM patients (19 men, 12 women, age 32.0 ± 8.6 yrs., 
diabetes duration 14.3 ± 8.3 yrs, HhAlc 7.2 ± 0.7 %). Mild hypoglycaemia frequency 
was defmed as all home blood glucose monitoring (HBGM) readings < 3.5 mmoVL 
recorded in a standardised 6-week HBGM diary. Potential determinants studied were: 
age, BMI, gender, self-reported hypoglycaemia unawareness, diabetes duration, daily 
insulin dosage, HbAlc and average and standard deviation (SD) of the 6-week HBGM 
readings (biological variables), average and SD of alcohol and carbohydrate intake, 
performance of strenuous physical activity, eating behaviours and psychological 
distress (behavioural variables). Alcohol and carbohydrate intake were assessed from 3-
day food diaries, strenuous physical activity from 7-day physical activity diaries. 
Psychological distress was measured with the SCL·90 questionnaire and eating 
behaviour with the Dutch Eating Behaviour Questionnaire (DEBQ), with subscales for 
restrained, emotional and external eating. Results: hypoglycaemia frequency ranged 
from 0 to 41 episodes (18.7 ± 11.0). In univariate regression analyses the following 
determinants were identified: HBGM SD (13 0.6, p~O.OOI), self-reported hypoglycaemia 
unawareness vs awareness (0 vs I) (j3 -0.5, p~0.003) and diabetes duration (13 0.5, 
p~0.008). A trend was found for BMI (13 -0.3, p~O.I), performance vs no performance 
of strenuous physical activity (1 vs 0) (13 0.3, p~0.06) and external eating behaviour (13 -
0.3, p~.l). Average HBGM and hypoglycaemia frequency were related only after 
adjustment for HBGM SD (13 -0.6, p~.OOI). Hypoglycaemia frequency was not related 
to HbAlc. Conclusion: blood glucose variability rather than glycaemic control per se is 
an important determinant of a high mild hypoglycaemia frequency in intensively treated 
IDDM patients. Additional determinants are hypo glycaemia unawareness, diabetes 
duration, external eating behaviour, BMI and performance of strenuous physical 
activity. The behavioural factors are of interest as they may be open to intervention. 
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ACUTE CONTRIBUTION OF INCREASE IN PLASMA CORTISOL TO 
RESPONSES TO HYPOGL YCEMJA IN HUMANS. 
S. Pampanelli, M.C. Cordoni, F. Santeusanio, P. Brunetti and G.B. Bolli. 
DIMISEM, University ofPerugia, Italy 
To establish the acute, specific contribution of plasma cortisol (CORT) 
responses to hypoglycemia (H), 8 normal subjects (4M, 4F, age 26± I yrs, 
BMI 23±O.2 kgM) (mean±SEM) were studied during stepped H (plateau 
plasma glucose, PG, of 90, 78, 66, S4, 42 mg/dl), induced by 
hyperinsulinemic-hypoglycemic glucose clamp, on 3 occasions: placebo 
(Study I, SI), suppression ofCORT release by oral metyrapone (Study II, SIll, 
or suppression of CORT as in S2 + replacement of i. v. CORT to reproduce the 
responses of SI (Study III, SIll). In SII, lack of increase in CORT (9.6±0.S vs 
2S±2 of SI, Itg/d!, p<O.OS) resulted in greater increase in early phase in 
adrenaline (2.62±0.3 vs 1.91±0.2 nmolll) and noradrenaline (2.2S±0.3 vs 
1.21±O.lS nIDol/l) (p<O.OS), and glucagon to H (l23±19 vs 107±13 pg/ml, 
p<O.OS), but maximal responses were superimposable (p=NS). Maximal 
responses of growth hormone were greater in SII vs SI (91±17 vs 64±IS 
ng/ml, p<O.OS). Glucose counterregulation (CR) was not impaired in SII vs SI 
as indicated by similar needs for exogenous glucose during the clamp (p=NS). 
Autonomic symptoms were greater in SII vs SI (score 11.4±1 vs 9.8±0.8), as 
well as neuroglycopenic symptoms (6.9±0.S vs 4.6±0.4) (p<O.OS). Cognitive 
function (sum of z scores of 12 psichometric tests) deteriorated more in SII 
than in SI (-42±7 vs 29±4, p<O.OS). Replacement ofCORT increase during H 
in SIll (26±3 Itg/dl, p=NS vs SI) normalized the early responses of glucagon, 
adrenaline/noradrenaline, growth hormone, symptoms, and greater impairment 
in cognitive function to H of SII (p=NS vs SIlo Conclusions: increase in 
plasma CORT during short-term H, I)has no acute CR effects, but 
2)modulates the responses of CR hormones and autonomic symptoms, and, 
3 )protects brain function during H. 

250 
IMPROVEMENT IN COGNITIVE DYSFUNCTION BY mGH BLOOD LACTATE 
LEVELS DURING HYPOGLYCAEMIA IN TYPE I DIABETIC PATIENTS. 
A.Maran, C.Crepaldi, S.Trupiani, l.A.Macdonald, A.Tiengo, A.Avogaro, S.Del Prato. 
Cattedra di Malattie del Metabolismo, Padova, Italy & Queen's Medical Centre, 
Nottingham, UK. 
Aims: In normal subjects, an acute elevation in plasma lactate levels after 
symptomatic responses to hypoglycaemia have developed prevent further 
deterioration in cognitive function. Methods: To determine whether the same occurs 
in diabetic patients we have studied 7 male type I diabetic individuals (age 32±2 yrs, 
disease duration 18±2 yrs, HbAlc 8.7±O.2 %) on two different occasions during a 
hypoglycaemic-hyperinsulinemic clamp (insulin infusion I.5 mU/kgIrnin, plasma 
glucose reduced stepwise from 95 to 70, 60 and 50 mg/dl every 40 minutes). Lactate 
(30 J.l1llol/kg/min) or saline were infused in random order immediately after the onset 
of symptomatic responses to hypoglycaemia (sweating, tremor, anxiety). Results: In 
both studies adrenaline (3.4±O.1 vs. 3.5±O.I), noradrenaline (3.2±O.1 vs. 3.2±O.I) 
cortisol (3.2±O.! vs. 3.2±O.I) and growth hormone responses (3.6±O.1 vs. 3.6±O.1 
mmol/l) started at similar plasma glucose levels. Similarly, autonomic and 
neuroglycopenic symptoms were experienced in both studies at similar glucose 
thresholds (3.2±O.1 vs. 3.2±O.!, and 3.I±O.1 vs. 3.2±O.1 mmol/l, respectively). Lactate 
infusion significantly reduced counterregulatory (adrenaline peak 3.2±O.3 vs. I.4±O.4 
nmol/l, p=0.001, AUC 1.21 ± 0.2 vs. 0.58 ± 0.1 nmollVmin, p=0.03; cottisol AVC= 
375±44 vs. 248±28 nmollVmin, p=0.04) and symptomatic (autonomic score = 6.3±I.6 
vs. 1.3±O.05; p=0.02; neuroglycopenic score = 5.7±U vs. 2.3±O.5; p=0.04) responses 
to hypoglycaemia. Cognitive function (4-choice reaction time) deteriorated at similar 
glucose thresholds (3.2±O.2 vs. 3.4±O.2 mmol/l, p=0.23). However, at glucose nadir 
(2.8 mmol/I) no further deterioration was observed during saline infusion while 
cognitive function significantly improved with lactate infusion (Amsec= 0.2±O.4 vs -
38±O.2, p=0.0001). Conclusion: in type I diabetic patients acnte elevation in plasma 
lactate concentration prevents counterreguIatory and symptomatic responses to 
progressive hypoglycaemia as already observed in normal subjects. However, a better 
recovery of cognitive function seems to occur in diabetic patients. 

249 
EFFECT OF CORTISOL REPLACEMENT ON RESPONSES TO 
HYPOGL YCEMJA IN ADDISON S DISEASE. 
CG. Fanelli, S. Laureti, L. Bartocci, P. Brunetti and G.B. Bolli 
DIMISEM, University of Perugia, Italy 
To establish the effect of cortisol (CORT) replacement on responses to 
hypoglycemia (H) in autoimmune Addison s disease, 6 Addison patients 
(Add-pts) were studied on 2 random occasions, I month apart, during stepped 
H (plasma glucose, PG, 90, 78, 66, S4, 42 mg/dl, hyperinsulinemic
hypoglycemic clamp technique) to establish responses of counterregulatory 
hormones, symptoms (S) and cognitive function (CF, 12 psichometric tests). 
On one occasion (#1), Add-pts were studied after 16 hour withdrawal of oral 
cortisone (CORT deficiency during H), on the other (#2) after i.v. replacement 
of CORT to match plasma CORT levels before/during H, of 10 normal 
subjects (N) studied as controls. In #1, responses of adrenaline (Adr, 2.21±0.6 
vs 6.7±1.6 nIDolIl) (mean ± SEM) and glucagon (IRG, 7±2 vs SS±8 pg/ml) 
were blunted (p<O.OS), but noradrenaline (Noradr) greater (3.S±0.7 vs 2.9±0.3 
pg/ml); total autonomic S were similar to N (score 12.4±2.8 vs 13.7±2.3, 
p=NS), as result of lower autonomic adrenergic S (heart pounding, tremor, 
anxiety, S.2±1.5 vs 7.7±1.4) but preserved autonomic cholinergic S (sweating, 
hunger, paresthesias, S.S±1.4 vs 7.4±0.7); neuroglycopenic S were greater 
than N (12±I.S vs 8±1.8 pg/ml); CF was severily impaired (sum of z scores, -
S3.7±8 vs 28.7±6, p<0.05). In #2, normalization of CORT did not improve 
Adr, neither reduced Noradr responses, neuroglycopenic or autonomic S 
(p=NS vs #1), but normalized IRG responses (63±6 pg/ml). However, CF 
deteriorated less vs #1 (-32±7), and did no longer differ from N (p=NS). 
Conclusions: Add-pts exibit reduced Adr responses to H that are not corrected 
by normalization of CORTin peripheral plasma, but are H aware, due to 
autonomic cholinergic S. Deficient Adr is likely responsible for blunted IRG 
responses. COR T is critical to protect brain from deteriorated CF during H. 
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A ROLE FOR PARA VENTRICULAR HYPOTHALAMIC a-AD RENO
CEPTORS IN THE COUNTERREGVLATION TO HYPOGLYCEMIA 
S.D Bouman, M. Keitz, J.E. Bruggink, A.J.W. Scheurink, J.H. Strubbe and 
A.B. Steffens; Department of Animal PhYSiology, University of Groningen, 
p. 0. Box 14, 9750 AA Haren. The Netherlands 
Hypoglycemia-Associated Autonomic Failure (HAAF), an experimental model 
for hypoglycemia unawareness, is characterized by attenuation of the counter
regulatory autonomic and hormonal responses to hypoglycemia. It is generally 
mduced by multiple hypoglycemic episodes caused by consecutive infusions of 
insulin. Aims: In relation to the known mvolvement of the paraventricular 
nucleus of the hypothalamus (PVN) in energy homeostasis, tbe aim of tbe 
present study was to investigate the role of the noradrenergic neurotransmission 
in the PVN in tbe counterregulatory responses to hypoglycemia. Materials and 
methods: All tests were performed in freely-moving rats, crumulated for stress
free blood sampling and PVN infusions. Selective a ,- or a,-adrenoceptor 
antagonists (prazosin and yohimbine) or vehicle were administered into tbe 
PVN of rats which were subsequently subjected to insulin-induced 
hypoglycemia (12S mU·min·'·kg·' insulin for 90 minutes). Blood samples were 
frequently collected to measure changes in counterregulatory responses. 
Results: Insulin-induced hypoglycemia (controls) significantly increased plasma 
glucagon, adrenaline and noradrenaline levels (peak values 160 ± 14, 1598 ± 611 
and 350 ± 27 pg/ml (average ± SEM); p < 0.05). Prazosin (all significantly 
decreased the adrenaline (785 ± 223 vs 1598 ± 611 pg/ml) and noradrenaline 
responses (270 ± 17 vs 350 ± 27 pg/ml). Yohimbine (a,) decreased the adrenaline 
response (860 ± 287 vs 1598 ± 611 pg/ml). Conclusions: The data reveal that 
noradrenergic transmission in the PVN may playa role in the counterregulation 
to hypoglycemia. Since the observed decreases are remarkably similar to those 
found in HAAF, it is suggested that the development of HAAF may be a 
consequence ofa reduction of a-adrenergic neurotransmission in the PVN. 

Cordoni, Cordoni, Cordoni, Cordoni, Cordoni, 

Cordoni, Cordoni, Cordoni, Cordoni, 
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SEVERE HYPOGL YCAEMIA, COGNITION AND MRI STRUCTURAL 
ABNORMALITIES YOUNG PATIENTS WITH TYPE 1 DIABETES. 

S.c. Ferguson " R.J. McCrimmon " P. Perros " J.J.K. Best 2,U. Deary " B.M. Frier l 

'Department of Diabetes, Royal Infirmary of Edinburgh, Edinburgh. 2Department of 
Medical Radiology, University of Edinburgh, Edinburgh. 'Department of 
Psychology, University of Edinburgh, Edinburgh. 

Protracted severe hypoglycaemia can cause structural and cognitive brain deficits. 
Severe hypoglycaemia may have a cumulative detrimental effect on cognitive function 
in people with Type 1 diabetes (IODM) and strict glycaemic control increases the risk 
of exposure to severe hypoglycaemia. Methods: Seventy~four young nonnotensive 
subjects[(mean ± SD) age 29±6 yrs, age at diagnosis 10 ± 4 yrs, duration 19 ± 6 yrs, 
BP 1 19173 ± 12/S mmHg, HbA I c S. I ± 1.0%] without microvascular disease, or 
minimal BDR only, participated in a cross-sectional study exploring the relationship 
between frequency of severe hypoglycaemia, cognitive function [NART, WAIS-R 
sub-tests, Inspection Time, Choice Reaction Time, Borokowski Word Fluency, 
PASA T] and brain structure through detailed magnetic resonance imaging (MRI). 
Participants developed Type 1 diabetes before attainment offull intellectual maturity, 
had no previous CNS pathology and variable exposure to severe 
hypoglycaemia[(mean ± SD) 17 ± 35 episodes, 26% no episodes, 27% 1-4 episodes, 
17% 5-9 episodes, 30% > 10 episodes] as assessed by retrospective questionnaire. 
Results: Neuropsychological test scores, including comparison ofNART and current 
performance IQ measures, did not correlate to severe hypoglycaemia exposure nor did 
MRI brain volumes and estimates of brain atrophy. An early onset age of Type I 
diabetes was associated with a lower hippocampal-amygdala volume/whole brain 
volume ratio, implying relative atrophy of medial temporal lobe structures (r~0.359, 
p~0.007, Pearson's). Conclusions: No significant cognitive or brain structural 
abnormalities were identified in association with severe hypoglycaemia in patients 
whose diabetes was diagnosed during childhood and was longstanding. These 
observations are reassuring both to patients and clinicians and imply that recurrent 
severe hypoglycaemia, unless particularly protracted, does not have a significant 
impact on central nervous system function over the timescale of diabetes examined by 
the study. 

OP44 
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RISK FACTORS FOR PROGRESSION OF NEPHROPA1HY IN TYPE I 
DIABETIC SUBJECTS IN EUROPE. 
The EURODIAB Prospective Complications Study (PCS) Group 
Royal Free and UCL Medical School, London, UK and 27 European Centres. 
Aims: To assess the risk factors for the early and late progression of diabetic 
nephropathy (DN) in 1919 type I subjects from 27 centres participating in the 
EURODIAB Prospective Complications Study. Materials and Methods: Albumin 
excretion rate (AER) was calculated from a timed 24-hour urine collection at base-line 
and after an average of7.4 years follow-up using an immunoturbidimetric method for 
albumin measured in the same central laboratory. Baseline serum lipids, lipoproteins 
and HbA" were also centrally measured. Results: Of the 1,135 subjects norrno
albuminuric (AER <20!,g/min) at baseline, 14.7% progressed to microalbuminuria 
(AER 20-200!,g/min). After adjustment for baseline AER, factors significantly 
associated with early progression were HbA1, (p<O.OOOI), triglyceride (p<O.OOOI), 
LDL-cholesterol (p<0.0007), HDL-cholesterol (-ve) (p<0.002), and waist/hip ratio 
(WHR) (p<O.OI). There was no evidence for a threshold in the relationship between 
HbA" and early progression. Progressors had a higher frequency of retinopathy at 
baseline (51 %) than non-progressors (36%) (p<0.001). Baseline BP did not predict 
progression. Of the 359 subjects with microalbuminuria at baseline, 14.2% progressed 
to macroalbuminuria (AER>200!,gimin) and 35.4% regressed to norrnoalbuminuria. 
The baseline mean AER in the progressors, non-progressors and regressors was 65, 
45, 38!,gimin respectively (p<O.OOOI). The prevalence of retinopathy was 
significantly lower in the regressors (47%) compared with non-progressors (65%). 
After adjustment for baseline AER, only HbA I c significantly predicted late 
progression (p<O.OOI). Conclusions: Besides poor glycaemic control adverse lipid 
patterns and increased WHR, which are features of insulin resistance, are major risk 
factors for the early stages ofDN in type I subjects. These fmdings suggest a possible 
role for insulin resistance in the pathogenesis of DN. 
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A COMPARISON OF THE METABOLIC AND CARDIAC ELECTROPHYSIOPHYSIOLOGICAL 

CHANGES DURING EXPERIMENTAL AND CLINICAL HYPOGLYCAEMIA. 

R.T.C.E.Robinson, N.H.lreland, N.D.Harris, C.Bedford, E.Fairclough, S.Hudson, 

S.R.Heller. (University of Sheffield, Sheffield, UK). 

Aims Abnormal ventricular repolarization develops during insulin induced 
hypoglycaemia, which in other conditions can initiate cardiac dysrhythmias. Whethe 
similar changes occur in patients during clinical episodes is not clear. We have 
therefore exannined the effect of spontaneous nocturnal hypoglycaemia upon the QTc 
interval, a marker of ventricular repolarization, in a group of tightly controlled 
patients, and compared these data with changes in ventricular repolarization during 
experimental hypoglycaemia in normals. 

Methods and Results 17 healthy males (mean+/-SEM age 27.7+/-1.6yr, BMI 
23.5+/-kgim2) underwent identical hyperinsulinaemic hypoglycaemic clannps with 
blood glucose maintained at 5mM for 30min followed by 30 min at 2.5mM. We 
made regular measurements of plasma potassium, counterregulatory hormones and 
QTc interval. During each study potassium fell significantly (Initial and fmal level, 
4.2±0.3 to 3.4±0.2mM, P<O.OOI), adrenaline increased (Initial and fmal level 
0.19±O.0 I, to 4.S7±0.4SnM,P<0.00 I), and QTc increased from baseline (by 79±6ms, 
P<O.OOI). Of22 Type I diabetic patients monitored overnight, 7 (mean age 40.S±5.1-
y, HbA" 7.2±0.55%) beeanne spontaneously hypoglycaemic (blood glucose < 
2.5mM). During these episodes, glucose reached 2.2±0.OSmM, potassium 
3.61±0.lmM, p~ns, (mean overnight value 3.6S±0.04mM) and serum adrenaline 
reached , 0.34±0.14nM, p~ns (mean overnight adrenaline, 0.19±0.03nM). Mean 
QTc was unchanged (delta +4±4ms although one patient had an increase of20ms). 

Conclusions Our data show that patients with tight control exhibit neither increases 
in adrenaline or increases in QTc during spontaneous nocturnal hypoglycaemia. 
They support the hypothesis that abnormal cardiac repolarization during 
experimental hypo glycaemia is caused by sympathoadrenal activation. They also 
suggest those at greatest risk may be patients with relatively short duration of 
diabetes and poor glycaemic control, who mount brisk sympathoadrenal responses. 

255 
RISK FACTORS FOR DEVELOPMENT OF MICROALBUMINURlA IN TYPE 
1 DIABETIC PATIENTS: 10 YEARS OBSERVATION AND FOLLOW-UP 
PRossing, P Hougaard, K Borch-Johnsen, and H-H Parving, Steno 

Diabetes Center, Gentofte, Demnark. 

Aims: To evaluate prospectively putative risk factors for development of 

incipient and overt diabetic nephropathy in Type 1 diabetes. Material and 

Methods: A cohort of all Type 1 diabetic patients with nonnoalbuminuria 
(urinary albumin excretion rate (UAER) <30 mgi24 h), age> 18 years, 
duration of diabetes >5 years attending our clinic were identified (n=593). 
At baseline 44 were excluded because of antihypertensive treatment and 12 
were lost to follow up. The remaining 537 patients (mean (SD) age 39 (13) 

, duration of diabetes 19 (11) years, 279 males), were investigated yearly 

for the following 10 years. Results: The progression of UAER was 7.6 

(0.8) % per year (mean(SE»). During follow up 134 patients (25%) 

progressed to micro- or macro albuminuria (>30 mg/24h in 2 out of 3 
consecutive samples). Cox multiple regression analysis using baseline 
values of putative predictors of progression, revealed the following 
significant predictors of progression from nonno- to micro

macroalbuminuria: Log lO UAER 2.63 (1.65 to 4.19) (relative risk (95% 

confidence interval», haemoglobin A" (%) 1.13 (1.04 to 1.23), retinopathy 

(any) 1.90 (1.26 to 2.88) and smoking 1.61 (1.11 to 2.33). whereas sex, 

duration of diabetes, arterial blood pressure, s-creatinine, height and social 

class were not included in the fmal model. If follow up was censored at the 

onset of any antihypertensive agent, the analysis revealed the same 

predictors. Conclusion: Our study suggests that several potentially 

modifiable risk factors such as minimal elevation ofUAER, poor metabolic 

control, retinopathy and smoking predicts the development of 

microalbuminuria in Type I diabetic patients. 
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256 
MORTALITY AND CAUSES OF DEAlH IN PEOPLE WITH TYPE 1 DIABETES ON 
INTENSIFIED INSULIN lHERAPY IN RELATION TO BASELINE NEPHROPATHY 
M. Berger, H. Ovennann, R. Bender, M. Blank, P. Sawicki, V. Jorgens, I. 
Miihlhauser. University of Dusseldorf and University of Hamburg, 
Germany. 
Aims: To assess standardized mortality ratios (SMR) and causes of 
death in type 1 diabetic patients on intensified insulin therapy in relation to 
the degree of nephropathy. Methods: All 3674 patients (insulin treatment 
before age 31) who had participated in a 5-day inpatient treatment and 
teaching programme for intensification of insulin therapy between 9/1978 
and 12/1994 were followed for 10 ± 3 (mean ± SD) years; 50% were 
women, age at baseline 27 ± 11 yrs, diabetes duration 11 ± 9 yrs. Patients 
were divided into 3 groups according to the level of baseline nephropathy 
(group I, normoproteinuria, n = 1829; group II, rnicroproteinuria, n = 1257; 
group III, at least macroproteinuria, n = 367, rnissings n = 117). Results: 
Vital status and causes of death were available for 3570 (97%) patients; 251 
(6,8%) patients had died. The following SMR were calculated by using the 
respective geographic area (North Rhine Westphalia) as reference 
population: Men: Nephropathy group I, 2.19 (95% CI 1.54-3.02); group H, 
3.18 (2.29-4.3); group III, 11.45 (8.78-14.68); Women: group 1,2.48 (1.54-
3.79); group H, 3.51 (2.23-5.27), group III, 26.99 (19.83-35.9). Causes of 
death for men and women combined: group 1 (total 58 deaths), 
cardiovascular 21 (36%), hypoglycaemia I, ketoacidosis 3, violent deaths 17 
(29%), others 16; group H (66 deaths): cardiovascular 25 (38%), 
hypoglycaemia 2, ketoacidosis 2, violent deaths 14 (21%), others 23; group 
III (114 deaths), cardiovascular 68 (60%), hypoglycaemia 2, ketoacidosis 5, 
infections 15 (13%), violent deaths 5 (4%), others 19. Conclusions: The 
present study reports for the first time standardized mortality ratios and 
causes of death in relation to nephropathy for persons with type 1 diabetes 
on intensified insulin therapy. 

258 
PROGNOSTIC IMPLICATIONS OF RETINOPATHY AND A IDGH PLASMA VON 
WILLEBRAND FACTOR LEVEL IN NIDDM SUBJECTS WITH MICROALBUMINURIA 
A Jager, VWM van Hinsbergb, PJ Kostense, G NijpeIs, JM Dekker, RJ Heine, LM 
BoUIer and CDA Stehouwer, University Hospital VV, Amsterdam, The Netherlands 
Aims: It bas been suggested that microalbnrninuria in subjects with non-insulin
dependent diabetes mellitns (NIDDM) is heIerogeneous with respect to clinical 
features, renal histology and prognosis. We investig;Ued the prognostic implications 
of the presence of generalized endothelial dysfunction, as indicated by the presence of 
retinopathy or high plasma von Willehrand factor (vWf) level, among 
microalbuminuric NlDOM subjects. 
Material and metbods: In 173 NlDDM subjects of a population-based cohort, we 
assessed the uriruuy albnrnin-to-creatinine ratio, the plasma vWf level, and the 
presence of retinopathy. The main ontcome was cardiovascolar mortality with a mean 
duration of follow-up of 7.0 (2.1) years. 
Results: The age- and sex-adjusted relative risk (95% confidence inIerval) of 
cardiovascular mortality, as compared to normoalbnrninuric subjects without 
retinopathy, was 1.0(0.1-7.9) for normoalbuminuric subjects with retinopathy; 
1.6(0.4-6.0) for microalbwninuric subjects (a1bwnin-to-creatinine ratio 2.0-30.0 
mglmmol) withont retinopathy; and 8.9(2.9-27.5) for microalbnrninuric subjects with 
retinopathy. The age- and sex-adjusted relative risk of cardiovascular mortality, as 
compared to normoalbuminuric subjects withont a high vWf level (>183%), was 
1.2(0.3-4.3) for normoalbnrninuric subjects with a high vWf level; 2.2(0.6-7.8) for 
microalbnrninuric subjects without a high vWf level; and 10.9(2.8-43.3) for 
microalbuminuric subjects with a high vWf level. These differences in risk of 
cardiovascular mortality did not materially change after further a<ljustment for !mown 
duration of diabetes, hypertension, and creatinine clearance, level of g1ycated 
benIoglobin and HDL~holesterol, and presence of ischemic beart disease. 
Consideration of all-cause instead of cardiovascular mortality somewhat decreased 
the relative risks associated with the presence of microalbwninuria, bnt did not 
diminish the difference in risk of mortality between microalbnrninuric subjects with 
or withont retinopathy or a high vWf level. 
Conclusions: Among NlDOM subjects with microalbwninuria, the presence of 
retinopathy or a high plasma vWf level strongly affects the risk of cardiovascular 
death. This supports the concept that microalbnrninuria in NlDDM can occur in the 
absence or the presence of generalized endothelial dysfunction, and that the latter is a 
much more 'malignant' condition than the former. 

257 
Heterogeueous Patterns or tbe Course of Renal Function in Type 2 
Diabetic Patients with Proteinuria 
R. Nqsadini, A. Saller, M. Dalla Vestra, E. Brocco, F. Piarulli, F. Frigato, M. 
Sambataro, F.Frigato, M.Velussi , B.Baggio,P.Fioretlo.University of Padua, Italy. 
Ainn: 10 study the course of renal function in Type 2 diabetic patients with 
proteinuria (D) in relationship with the patterns of renal lesions, glycemic control 
and blood pressure levels.~: to study in 34 proteinuric, hypertensive 0: I) 
base line glomerular basement membrane (GBM) width and mesangial fractional 
volume [Vv(mesiglom)] using electron microscopy in renal biopsy from 0 and 27 
non diabetic kidney donors; 2) GFR at base line and every 6 months only in 0 
during 3.5 year period of intensified antihypertensive therapy using Ace inhibitors 
associated with other compounds. Results: Mean GBM width and [Vv(mes/glom)] 
values were greater in 0 than controls, (GBM width, [Vv(mes/glom)]: 0 vs 
Controls: 512±86, .30±.08 vs 310±38 .19±.03, p<0.05 for both, ANOVA and 
Bonferroni test). Mean (±S.D.) GFR decreased in 0 (,3.0±13.0 mlIminl1.73m2 per 
year (95%C.1.:-7.71+1.6I, p<O.OI). However the values of change were broadly 
dispersed in a wide range. Thus %GFR change per year, from base line, 
(Delta%GFR) was calculated. 0 who had values below and above the median, were 
defmed Progressors and Nonprogressors, respectively. Number of Progressors did 
not increase across quartiles of base line AER. Number of Progressors did not 
increase across quartiles of mean blood pressure (MBP). Odds ratio for becoming 
Progressor increased across quartiles of HbAlc, particularly as for the highest 
quartile (HbAlc above 8%). Number of Progressors increased across quartiles of 
GBM width and [Vv(mes/glomlJ values, being 3.56 and 4.79 respectively higher in 
the fourth quartile (greatest GBM width and [Vv(mes/glom)]) than in the first 
quartile (lowest values). Conversely Nonprogressors outnumber Progressors in the 
first quartile of GBM width (Odds ratio: 3.34) and in first quartile of 
[Vv(mes/glom)] (Odds ratio: 4.28). 6 of 17 Progressors developed end stage renal 
disease. The median AER significantly increased from 505 to 1876 Ilg/min 
(p<0.05) in Progressors but not in Nonprogressors (from 387 to 423, n.s.). 
~~: the hallmark of D with proteinuria, in whom GFR rapidly declines, 
is given by severe diabetic lesions of glomerular structure. Kidney biopsy identifies 
proteinuric 0, otherwise homogeneous as for altered base line AER with poor 
clinical prognosis, despite tight blood pressure control. Intensified glycemic control 
using insulin therapy, beside antihypertensive therapy, may be mandatorely needed 
to delay GFR decline in this cohort of D. 

259 
HIGH LEVELS OF PLASMA VON WlLLEBRAND FACTOR ARE NOT AS
SOCIATED WITH INCREASED RISK OF CARDIOVASCULAR DISEASE 
IN TYPE 2 DIABETIC PATIENTS WITH MICROALBUMINURIA 
P. Galde, H.-H. Parving, and O. Pedersen, Steno Diabetes Centre, Copen
hagen, Denmark. 
Aim: To examine whether, as it has been suggested, microalbuminuria in 
combination with high levels of plasma von Willebrand factor (malignant mi
croalbuminuria) is a stronger predictor for cardiovascular disease than mi
croalbuminuria alone (benign microalbuminuria) in type 2 diabetic patients. 
Materials and Methods: 160 patients with type 2 diabetes mellitus and mi
croalbuminuria were followed for an average of 3,8 (SO 0,3) years. Patients 
in this subanalysis were divided into two groups according to baseline 
plasma von Willebrand factor levels below (benign) or above (malignant) the 
median. Main outcome was all-cause mortality, non-fatal stroke, non-fatal 
myocardial infarction, coronary artery bypass graft and revascularisation or 
amputation to legs. Results: The two groups were at baseline comparable 
for HbA,o> fasting levelS of s-total-cholesterol, s-HDL-cholesterol and s
triglycerides, gender, known diabetes duration, smoking habits, previous car
diovascular disease and antihypertensive therapy. Systolic blood pressure 
was higher in the malignant group (mean (SD) 150 (18) versus 145 (19), 
p=0,04 (Mann-Whitney test)) while diastoliC blood pressure was similar (87 
(9) versus 84 (11), p=0,10). 15 patients in each group experienced a cardio
vascular event during follow-up giving an odds ratio of 0,98 (95% confidence 
interval 0,41 to 2,31) with benign microalbuminuria, p=0,97) using logistic 
regression with both systolic and diastolic blood pressure and antihyperten
sive therapy as covariates. Conclusions: Our results do not support the 
suggestion that the combination of high plasma levels of von Willebrand fac
tor and microalbuminuria is a stronger predictor of cardiovascular outcome 
than microalbuminuria alone in patients with type 2 diabetes and microalbu
minuria. 



260 
DIABETIC NEPHROPATHY IN PATIENTS WITH TYPE I DIABETES AND 
EITHER REGULAR OR IMPAIRED NIGlITL Y RHYTM OF BLOOD PRESSURE. 
E.Andrysiak-Mamos, L.Majkowska, B.Krzyzanowska, K.PiIarska, S.Czekalski* 
Department of Endocrinology , University School of Medicine, Szczecin, 
*Department of Nephrology, University School of Medicine, Poznan, Poland 
In patients with type I diabetes diurnal rbytm of blood pressure (BP) is often 
disturbed. It seems likely that the lack of the drop of BP in the night may influence 
the course of diabetic nephropathy. 
Tbe aim of this study was the evaluationb of the course of diabetic nephropathy in 
patients with stage ofnticroalbuntinuria presenting either normal (dippers) or 
impaired (non-dippers) nighty rhytm ofBP. 
Materials and Methods: Albumin excretion in the urine (UAER) and glomerular 
filtration rate (GFR) were measured in 36 patients divided into 2 groups: l.dippers 
(the drop ofBP in the night above 10"10 of values in the day), n~23, mean age 41,8 
years, mean duration of the diabetes 16,7 years, mean UAER at the onset of the 
study 71,8 ~ntin (22,8-168,4), 2. non-dippers {the drop ofBP in the night below 
10% values in the day , n~ 13, mean age 41,8 years, mean duration of tbe diabetes 
17,8 years, mean UAERat the onset of the study 68,4 j.lg/ntin (24,7-171,2)}. 
During the follow up lasting 7 years UAER was measured every 6 months by the 
use of RIA method and GFR every year by the use of isotopic method. The meta
bolic control of diabetes was at least satisfactory in all patients. All patients were 
treated with ACE inhibitors (enalapril or perindopril) at adequate doses. 
Results: Significant decrease of UAER was observed in both groups of patients 
However, it was more pronounced in dippers group (<l.UAER 30,2 vs 21,S 
j.lglntin, p<0,05). During the follow-up UAER nonnalized below 20 ~ntin in 9 

dippers patients and in none from non-dippers group. Moreover, despite normal 
values of GFR at the end of observationin both groups of patients, in the second 
one (non-dippers). GFR decreased significantly greater (<l.GFR 0,65 vs 0,38 
m111,73rn2ls.a.lmonth). 
Conclusions: It seems likely that besides genetic predispositions, metabolic state of 
the disease and hypertension, impaired circadian rhytm of BP may influence the 
progression of diabetic nephropathy. 
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SIGNIFICANT ASSOCIATION BETWEEN INTEFERON REGULATORY 
FACTOR 2 (IRF2) GENE AND TYPE 1 DIABETES. 
L.L. Field, F. Pociot', J. Nerup', and V. Bonnevie-Nielsen. University of 
Calgary, Calgary, Canada; 'Steno Diabetes Centre, Gentofte, Denmark; Odense 
University, Odense, Denmark. 

We have previously shown that activity of the interferon-a (IFNA) -
inducible enzyme 2'-S'-0Iigoadenylate synthetase (2'-5'AS) is significantly 
elevated in both recent-onset and long-term Type I diabetics. This enzyme 
ftmctions in the innate antiviral defense system to clear the host of infecting 
viruses. We postulated that variation at genes controlling the antiviral defense 
system may be involved in predisposition to Type I diabetes - for example, by 
determining a less efficient or aberrant response to endogenous or exogenous 
viruses. Interferon regulatory factors (IRF) I and 2 are transcriptional factors 
that activate and repress (respectively) IFNA transcription, and therefore may 
affect 2'-5' AS levels. In previous studies, we have shown that genetic variation 
at the IRFI locus is not associated with susceptibility to Type I diabetes. Aim: 
The aim of the present study was to determine whether variation at the IRF2 
locus influences susceptibility to diabetes. Methods: Families with 2 or more 
Type 1 diabetic children were typed for a microsatellite marker at IRF2 on 
chromosome 4q35.1, including 256 British, American, and Canadian families 
from previous linkage studies, and 80 Danish families. Results: The 256 
families showed no evidence for linkage between IRF2 and diabetes (average 
gene sharing between 309 pairs of affected siblings; 0.499, compared with 
expected sharing of 0.50). However, using a family-based association test 
(AFBAC), the total dataset showed significant differences (p ; 0.0082) in IRF2 
alleles transmitted versus not transmitted from parents to diabetic children. The 
most common allele showed a higher frequency of transmission to diabetics in 
the overall dataset, and in each of the 4 separate populations. The largest 
differences were in the North American heterogeneous populations. 
Conclusion: The presence of genetic association without linkage is considered 
to be indicative of a common genetic factor that influences risk of disease. We 
conclude that common genetic variation at IRF2 predisposes to Type I diabetes. 

261 
PROGRESSION OF RENAL DISEASE IN MACROALBUMINURIC TYPE II 
DIABETIC PATIENTS WITH AND WITHOUT RETINOPATHY. 
M. Vedovato, C. Mazzon, S. Brocco, E. lori, S. Del Prato, A. Tiengo and R. 
Trevisan. Unit for Metabolic Diseases, University of Pad ova, Italy. 
Aims: Since it has been suggested that lack of retinopathy is a poor predictor of 
diabetic renal disease, the aim of our study was to evaluate the rate of progression 
of renal damage in macroalbuminuric (albumin excretion rate [AER] > JOO 
mg/24hr) type II diabetic patients with (D+) and without retinopathy (D-). 
Materials and Methods: Twenty-five (22 Ml3 F) D+ (mean ±SD: age 57±9 yrs, 
diabetes duration 17±S yrs) and 22 (19M1JF) D- (age 54±S yrs, diabetes duration 
of 15±S yrs) were followed-up prospectively for a mean period of 4. I yrs (range 1-
10). GFR (51 Cr-EDTA bolus injection), blood pressure (BP) and HbA" were 
measured every 6-S months. Results: At baseline HbA" was similar in the two 
groups (S.6±2.I% in D+ vs S.3±2.I% in D-) and remained stable during the follow
up period. GFR at entry was similar in the two groups (79.6 [range 22-132] mIImin 
x 1.73m' in D+ vs S2 [range 16-139] in D-). Rate of decline of GFR (median 
±95%C.I) was significantly higher in D+ (-5.S7±O.07 mllmin x year; p < 0.01) than 
in D- (-1.6±O.09). During the study period, mean BP was similar and did not 
change in both groups (from 112±S mmHg to llO±S in D+ vs from 109± I OmmHg 
to llO±12 in D-). All patients were receiving antihypertensive treatment. AER 
remained stable during the observation period in both groups (from 1.5 [0.5-5.6] 
g/24hr to 2 [0.6-6.5] in D+ and from 1.9[0.5-4.6] g/24hr to 2 [0.6-5.5] in D-). In a 
stepwise multiple regression analysis, the rate of decline of GFR in D+ was 
significantly associated with mean BP (p<O.OOI) and with albuminuria (p<0.05) 
during the follow-up period. HbA" was not associated with the rate of progression 
of renal damage in D+. Conclusions: The rate of progression of renal disease in 
macroalbuminuric type II with retinopathy is much faster than that observed in 
those without retinopathy. Lack of retinopathy is associated with a better renal 
prognosis, independently of blood pressure levels and metabolic control. 

263 
ADDITIONAL HLA GENE ASSOCIATED WITH TYPE 
I DIABETES MAPS TO THE 240 KB REGION NEAR 
HLA-B. 
S. Nejentsev, Z. Gombos, R. Veijola, M. Knip, O. Simell, 
O. Vaarala, H.K. Akerblom and J. Ilonen. University of 
Turku, Kiinamyllynkatu 13, 20520, Turku, Finland 
Aims: Several studies provided evidence that besides the 
DQ DR genes, HLA contains an additional 
uncharacterised gene associated with type 1 diabetes. Our 
aim was to investigate its effect independently of the 
DQ-DR genes and to localise this new gene. Materials 
and Methods: More than 1400 Finnish type I diabetes 
patients and 30,000 control individuals representing 
Finnish population were studied. They were genotyped for 
the alleles of HLA-DQBI, -DQAI and -DRBI genes. 74 
patients and 189 controls, stratified for the DQA 1 *05 -
DQBI*02 I DQBI*0302 - DRBI*0404 genotype were 
selected. Ten microsatellite markers in the HLA class III 
and I regions (D6S273, TNFa, C12A, STR MICA, MIB, 
Cl25, C143, C245, C3211 and MOGc) as well as alleles of 
HLA-A and -B genes were studied. Results: The strongest 
diabetes association was observed for the markers in the 
240 kb region around HLA-B gene, between markers 
CI2A (OR;3.9) and Cl43 (OR;3.6). The peak 
association was found for B39 (OR=4.3, p<0.000004). 
Conclusions: Our data indicate that an additional gene 
associated with type 1 diabetes is located in the 240 kb 
region near HLA-B close to the centromeric end of HLA 
class I. 
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264 
ASSOCIATION OF HLA-A GENE WITH RESIDUAL INSULIN SECRETION 
AT THE ONSET OF TYPE I DIABETES MELLITUS 
M.Krokowski, J.Bodalski, W.Andrzejewski, M.Lawnik, A.Teodorczyk, A.Heinrich 
and S.Caillat-Zucman l Institute of Paediatrics, Medical University of Lodz, Poland; 
1 Department oflmmunology, INSERM U25, Hopital Necker, Paris, France 
In most cases type I diabetes mellitus concern people with genetic predisposition 
and the inheritance has multigenes character. Aims: Verification of the hypothesis 
about reciprocal connection of HLA-A alleles and residual insulin secretion in 
diabetics at the onset. Materials and Methods: HLA-A alleles genotyping was 
performed in 112 children with type I diabetes mellitus and in 92 healthy blood 
donors using sequence specific oligonucleotide hybridisation after PCR 
amplification (PCR-SSO). Moreover, the level of C-peptide in diabetic children at 
the onset was estimated by radioimmunoassay. Results: The frequency of 
HLA-A *25 allel was higher in diabetics than in control group. We found this allel in 
14% (11177) diabetics and in 1% (1/92) healthy donors (OR~14, p<0,002). Allel 
HLA-A *0 I 0 I was observed more frequently in control group than in patients with 
type I diabetes mellitus, respectively in 21% (19/92) and 2,5% (2177) (OR~O,I1, 
p<0,0004). Similarly, HLA-A *030 I was found less frequently in diabetic children 
9% (7177) in comparison to control group 26% (24/92) (OR~0,3, p<O,OI). Our 
results were confirmed in fenotyping analysis, where for HLA A *25 fenotype 
OR~15 (p<O,OOI), for HLA-A*O\ol and HLA-A*0301 OR~O,I (p<0,0003) and 
OR~0,27 (p<0,004) respectively, was obtained. There were an association between 
C-peptide level and the presence of HLA-A alleles. As the low level of C-peptide we 
accepted the level below 0,28 pmollml. Lower levels of C-peptide were found more 
frequently in diabetic patients with HLA-A *02 (OR~4,08, p<0,002). In patients with 
HLA-A *26 allel, we observed the level of C-peptide above 0,28 pmollml with 
higher frequency (OR~0,08, p<0,007). Conclusions: According with obtained 
results there is a significant correlation between HLA-A gene and the level of 
C-peptide in patients with type I diabetes mellitus at the onset. Explanation of this 
phenomenon requires further investigations. 
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HYPERGLYCEMIA OF BBIOK MOTHERS INFLUENCES TIIE DIABETES 
FREQUENCY AND GENOTYPE OF CROSS OFFSPRING 
I. KlO!ing and P. Kovacs 
Department of Laboratory Animal Science at the Institute of Pathophysiology, 
University ofGreifswald, 0.17495 Karlsburg, Germany 
Aim: It is well-known that the risk to develop diabetes in offspring of type 1 
diabetic fathers is 2-3 times higher than in those of diabetic mothers. This fact is 
commonly discussed in the sense that the diabetic state of mothers most probably 
protects their offspring from diabetes development There are several speculations to 
explain this phenomenon, but the actua1 cause is unknown until now. Because the 
diabetes frequency in 61 Iddml and Iddm2 homozygous [(BB/OK x SHR)FI x 
BB/OK] first backcross (Bel) offspring descending by backcrossing onto diabetic 
BBIOK mothers was significantly lower than onto diabetic BB/OK fathers (7.1 vs. 
12.8%, p<.OS), we analysed retrospectively this BCI hybrids for the diabetes 
frequency and allele distribution at 114 rnicrosatellite loci in dependence on their 
mothers age at onset of diabetes and age at delivCty, litter size at birth and weaning, 
litter interval and glycemic state of mothers during pregnancy. 
Reauits: From the traits studied, the glycemia of mothers being 256 ± 125 mg"10 in 
diabetic BBIOK mothers ranging from 140 to 480 mg% and 108 ± 10 mg"10 in non
diabetic FI mothers (backcrossed onio diabetic BB/OK fathers) was the only factor 
influencing the diabetes frequency and allele distribution in offspring. The diabetes 
frequency in offspring of mothers with blood glucose of < 200 mg"/o during 
pregnancy was comparable between BBIOK and FI mothers (41 vs. 46%), but was 
significantly rednced in offspring ofBBlOK mothers with blood glucose> 200 mg"10 
(80/0, p<.OS). In addition, the allele distribution in offspring was distwbed in 
dependence on glycemia of mothers. Increasing blood glucose values of mothers 
during pregnancy favoured heterozygosity at four loci on chromosome 1 in diabetic 
and non-diabetic offspring, particularly at locus DIMit14 CF.0007) located close to 
insulin gene. 
Conclusion: These findings clearly demonstrate the impact of hyperglycemia of 
mothers during pregnancy not only on diabetes frequency but also on the survival of 
genotype of offspring favouring heterozygosity. 

265 
MAJOR ROLE FOR CILA-4 GENE IN DR4-POSITIVE TYPE 1 
DIABETIC PATIENTS AND IN DR3 NEGATIVE GRAVES' DISEASE 
PATIENTS 
R. Buzzetti, A. Petrone, C. Mesturino, G. Giorgi, R. Fiori, L. Nistico, G. Di 
Genova and I. Cascino, Dept. of Clinical Science, University of Rome "La 
Sapienza", Rome, Italy 

Type 1 diabetes and Graves' disease are two autoimmune diseases 
associated with both HLA and CfLA-4 susceptibility genes. It is unknown 
whether these two genes interact in disease determination. Aims: In the 
present study we investigated HLA DR genes and CfLA-4 polymorphism in 
patients affected by Type 1 diabetes and Graves' disease. Materials and 
Methods: HLA class II alleles and the CILA-4 exon 1 position 49 NG 
dymorphism were typed in a population of continental Italians including 120 
patients with type 1 diabetes, 102 patients affected by Graves' disease and in 
112 healthy controls. HLA DR was performed by heteroduplex analysis, the 
CILA-4 exon 1 position 49 NG dymorphism was typed using restriction 
fragment length polymorphism after a specific PCR. Results: As expected, 
HLA DR3 andlor DR4 were significantly associated with Type 1 diabetes 
(p<O.OOOI, OR~3.9) whereas in patients with Graves' disease a weak 
association was observed with HLA DR3 (p~O.05). The CfLA-4 G 
phenotype was significantly associated with Type 1 diabetic patients positive 
for DR4 compared to non-DR4 patients (p<O.OI, OR~3). On the contrary, in 
patients with Graves' disease the CfLA-4 G allele was significantly 
associated in non DR3 patients compared to controls (p~O.02). Conclusions: 
The association DR4-CfLA-4 G in Type 1 diabetes and of DR 3-CfLA-4 G 
in Graves' disease suggests a different interaction between these two major 
genes in the susceptibility to Type 1 diabetes and Graves' disease that can 
correspond to different clinical phenotypes. 
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EARLY SOCIAL MIXING AT DAY CARE PROTECTS AGAINST 
CIDLDHOOD DIABETES 
PA McKinney, M Okasha, RC Parslow, GR Law, KA Gurney, R Williams, 
HJ Bodansky. Paediatric Epidemiology Group and the Leukaemia Research 
Fund Centre for Clinical Epidemiology, University of Leeds, UK 
Aims: Evidence from animal models and epidemiological studies suggests 
the risk of developing Type I diabetes can be increased by the absence of 
early life exposure to pathogens. We tested this 'hygiene hypothesis' by 
investigating levels of social mixing and infections in the first year of life 
and the risk of developing childhood Type I diabetes. 
Materials and Methods: In a population-based case control study in 
Yorkshire, UK we personally interviewed mothers of 220 children with 
Type 1 diabetes (0-15 years) and 433 age and sex matched controls. Social 
mixing, including attendance at day-care settings and infections occurring 
under 1 year of age were measures of exposure. Adjusted odds ratios were 
derived using conditional logistic regression. 
Resnlts: Frequency of attendance at day-care during the 1 'I year of life was 
inversely associated with the development of diabetes under 16 years of age 
(odds ratio 0.71, 95% confidence interval 0.51-1.00, P= 0.05), a finding not 
explained by mother's age, level of education or maternal diabetes. 
Increasing numbers of other children at day-care and number of sessions 
attended were significantly associated with increasing protection from 
diabetes. This reduced risk was strongest in children diagnosed under 4 
years. 
Conclusions: Social mixing through attendance at day-care in early infancy 
appears to confer protection against the development of childhood diabetes. 
This may be mediated through exposure to infectious agent(s) as a 
significant dose-response effect was evident with increasing numbers of 
'contacts'. Our findings suggest early infectious exposure may play an 
important role in the development of immunoregulatory mechanisms which 
protect against diabetes. 

M.Krokowski, 
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DOSE·RESPONSE RELATIONSHIP BETWEEN DURATION OF BREAST 
FEEDING AND AGE AT INTRODUCTION OF FORMULA BOTTLE 
FEEDING AND RISK FOR TYPE 1 DIABETES MELLITUS 
J. Rosenbauer, P. Herzig, and G. Giani. Department of Biometrics and 
Epidemiology, Diabetes Research Institute at Heinrich-Heine-University 
Dusseldorf, Germany. 
Aims: Type 1 diabetes results from a progressive autoimmune process associated 
with a destruction of the insulin-producing beta-cells of the pancreatic islets. Both 
genetic and environmental factors are thought to contribute to the development of 
the disease. During 1992-95 a nation-wide population-based case-control study was 
performed in Germany focusing on early risk factors for Type 1 diabetes in children 
under 5 years of age. 
Methods: Altogether data from 767 incident cases (71.5% of eligible) and 1886 
controls (43,8% of eligible), matched for age, sex, and place of residence, were 
analysed. Information on diet in early childhood, perinatal and socio-economic 
factors, and family history of Type 1 diabetes were collected using a mailed 
questionaire. Data were analysed by multivariate conditional logistic regression. 
Results: A long duration of breast feeding was associated with a decreased risk for 
Type 1 diabetes. Compared to no breast feeding at all or a short duration of breast 
feeding of less than 2 weeks, odds ratios (95%-CI) for breast feeding periods of 2-6, 
7-21, and <: 22 weeks were 0.93 (0.69-1.24),0.85 (0.64-1.14), and 0.68 (0.52-0.88), 
respectively, clearly indicating a dose-response relationship (test for trend: p = 
0.002). Likewise, a late beginning of formula bottle feeding significantly reduced 
the risk of Type I diabetes in a dose-response relationship (test for trend: p = 
0.005). Compared to an introduction of formula within the first 2 weeks of life, odds 
ratios (95%-CI) for a beginning of bottle feeding at the age of 2-6, 7-21 or <: 22 
weeks were 1.07 (0.80-1.42), 0.81 (0.62-1.07) 0.73 (0.56-0.94), respectively. 
Presented associations are adjusted for possible confounders (family history of Type 
I diabetes, recent cow's milk consumption, maternal age, social status, number of 
children in the family, and removal within the past 2 years). 
Conclusions: This large nation-wide population-based case-control study showed a 
protective effect of a long duration of breast feeding and a late exposure with cow's 
milk. The finding of a dose-response relationship between these exposures and the 
risk of Type I diabetes indicates the observed associations to be causal. 
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TRANSCAPILLARY ESCAPE RATE OF ALBUMIN IS INCREASED AND 
RELATED TO HEMODYNAMIC CHANGES IN NORMOALBUMINURIC 
TYPE 1 DIABETIC PATIENTS 
G.Vervoort. J.A.Lu«ennan. P.Smits, J.H.M.Berdeu and J.F.M.WetLels. Department 
of Medicine. University Hospital Nijmegcn. The Ne~lerlands 
Aims: An increase in urinary albumin excretion (UAE) in type I diabetic patients 
might reflect changes in vascular permeability and/or local hemodynamic factors. 
Indeed. transcapillary escape of albumin (TERalb). a measure of systemic capillal) 
efflux. is increased 111 diabetic patients. even 111 those with a modest IIlcrease of 
albuminuria. Nonnoalbulllll1unc type I dmbetes is characterised by <In II1crease In 

capillary flow and glolllcl1Iiar hyperliitration We hypothesised that these 
hemodynamic changcs contribute to an elevated transcapillary escapc of albumin. 
even in the phase preceding microalbuminuria. Methods We calculated TERalb from 
the disappearance curve or I "I-albnmin in 39 normoalbumimuic (UAE < 10 l1g/min) 
type 1 diabetic patients and 46 healthy controls. Renal and systemic hemodynamics 
were measured by standard techniques. Foreann blood flO\v (FBF) was measured by 
plethysmography. Endothelial function was assessed by intra-arterial infusion of 
acetylcholine. The structural integrity of the vessel wall was detennined by the post
occlusive reactive hyperemia test. Results TERalb was increased in diabetic patients 
(5.53±O.40 versns 4.39±0.2l %/hr. p=O.O I). Patients were divided in tertiles with 
respect to their TERHlb. Between the groups there were no differences in U AE. blood 
pressure, metabolic parameters. endothelial funclion or maximal vasodilatation after 
occlusion. However. fihratlon fraction ::IIld FBF were significantly increased in the 
group or diabetic patients with the highest levels of TERalb. Overall. in diabetic 
patients FBF was significantly correlated with TERalb (Pearsson r=O 51. p<O.O I). 
Conclusions Transcapillnry escape of albumin IS increased in nonl1oalbullllnuric type 
1 diabetic patients. In these patients with an increased capillal)' penneability there is 
no evidence of endotheli::ll dysfunction or ,'essel wall damage. However. both foreann 
blood flow and filtration fmclion are increased. TIlerefore. the increased vascular 
permeability in the early phase of type I diabetes is associated with general 
hemodynamic alterations. Notably. such an increase in vascular permeabilit) is not 
necessarily reflected b)' abnorl1lalllrinal~ albumin e.'\crctJOn. 
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ATOPIC DISEASES, INFECTIONS, AND VACCINATIONS AND RISK 
FOR TYPE 1 DIABETES MELLITUS IN CHILDHOOD 
G. Giani , P. Herzig, and J. Rosenbauer. Department of Biometrics and 
Epidemiology, Diabetes Research Institute at Heinrich-Heine-University 
Dusseldorf, Germany. 
Aims: Type 1 diabetes results from a progressive autoimmune process associated 
with a destruction of the insulin-producing beta-cells of the pancreatic islets. Both 
genetic and environmental factors are thought to contribute to the development of 
the disease. During 1992-95 a nation-wide population-based case-control study was 
performed in Germany focusing on environmental exposures and the risk for Type I 
diabetes in children under 5 years of age. 
Methods: Altogether data from 767 incident cases (71.5% of eligible) and 1886 
controls (43,8% of eligible), individually matched for age, sex, and place of 
residence, were analysed. Information on atopic diseases, infections, antibiotic 
therapies and vaccinations were collected using a mailed questionaire. Data were 
analysed by univariate conditional logistic regression. 
Results: Atopic eczema was significantly associated with a decreased risk for Type 
I diabetes (p = 0.003). The odds ratio (95%-CI) was 0.68 (0.52-0.88). Allergic 
rhinitis and asthma did not affect the diabetes risk. Varicella infection significantly 
reduced the risk for Type I diabetes (odds ratio: 0.68 (0.55-0.84), p < 0.001), while 
other common childhood infections (measles, mumps, rubella, pertussis, scarlet 
fever, recent unspecific infections) showed no association with diabetes risk. Recent 
antibiotic therapies, as proxy for severe infections, significantly increased the risk 
for Type 1 diabetes (p =0.041). The odds ratio for <:5 antibiotic therapies in the past 
year compared to none was 1.68 (1.l3-2.48). Completed vaccinations (<:3) against 
polio, diphterialpertussis/tetanus and Haemophilus influenzae b were associated 
with a decreased risk for Type I diabetes. The odds ratios were 0.71 (0.55-0.92), 
0.68 (0.51-0.91), and 0.54 (0.40-0.73), respectively. In tendency, a protective effect 
of a measles/mumps/rubella vaccination was observed (odds ratio: 0.79 (0.61-1.01), 
P = 0.067), while a BCG vaccination did not affect the diabetes risk. 
Conclusions: The findings of this large nation-wide population-based case-control 
study, although not adjusted for possible confounders, indicate that atopic 
conditions and vaccinations, in particular the Haemophilus influenzae b vaccination, 
may be protective against the development of Type I diabetes. 

271 
RESISTANCE VESSEL FUNCTION AND STRUCTlJRE IN 
NORMOTENSIVE PATIENTS WIm TYPE 1 DIABETES. 
R A Malik, 0. Paniagua, L. Shaw, C. Austin, and A M. Heagerly, Department of 
Medicine, Manchester, UK, Division of cardiovascular medicine, NIH, Bethesda, 
USA 
Aims: The pathogenesis of the microvascular complications of diabetes is poorly 
understood. Resistance vessels determine capillary blood flow and thereby may 
regulate the development of microvascular complications in diabetes. Materials 
and Methods: We have studied 24 normotensive (BP·128.4 ± 16.81 76.6 ± 10.2), 
long duration (24.9 ± 11.0 yr.) type I diabetic patients with varying degrees of 
microvascular complications, and 5 control subjects. Resistance vessels were 
dissected from gluteal fat biopsies and their function and structure assessed in a 
pressure myograph. Results: The maximal relaxation to acetylcholine (endothelium 
dependent) before (87.3 ± 4.3 v controls %.1 ± 2.7), and after blocking with 
LNMMA (63.8 ± 5.1 v controls 66.9 ± 8.7) and the derived contribution of NO 
(26.9 % v controls 30.3 %) did not differ significantly. Ach Max correlated 
significantly with HbAlc (r=O.61, p<0.OO2), glucose concentration at biopsy 
(FO.69, p<0.0001), total cholesterol (FO.40, p<O.06) and HDL (r=O.39, p<O.06). 
Maximal relaxation to sodium nitroprusside (endothelium independent) was greater 
in diabetic patients (79.2 ± 4.6) v control subjects (68.2 ± 12.3). Noradrenaline 
induced vasoconstriction did not differ between diabetic patients (75.7 ± 2.8) v 
controls (75.4 ± 4.2). However, Angiotensin II induced maximal vasoconstriction 
(35.1 ± 4.4 v controls 18.6 ± 8.9) and the EC50 (5.2 ± 0.7v controls 3.1 ± 1.4) was 
increased in diabetic patieuts v controls. The wall/lumen ratio (0.26 ± 0.01 v 0.37 ± 
0.05, p<0.04) and the maximal vaseular dilatation in response to increased 
inttaluminal pressure (200mmHg) (66.9 + 4.3 v 82.2 + 17.5) was decreased in 
diabetic patients. Conclusions: In normotensive long-duration patients with Type I 
diabetes, resistance vessel endothelium dependent relaxation is unaltered whilst 
endothelium independent relaxation is increased. Constriction and sensitivity to 
Angiotensin II is enhanced and may explain the enhanced benefits of ACE 
inhibition in diabetes. Resting dilatation is consistent with the haemodynamic 
hypothesis of capillary damage. Impaired dilatation with increasing intra-luminal 
pressure may further enhance damage via shear stress. 

A 75 
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IN VIVO ENDOTHELIAL DYSFUNCTION CHARACTERIZES PATIENTS 
WITH IMPAIRED FASTING GLUCOSE (IFG) 
A. SeppiUii-Lindroos, S. Vehkavaara and H. Yki-Jiirvinen, University of 
Helsinki, Helsinki, Finland 
Aims. ADA has recently defined an intermediary group of subjects entitled 'IFG', 
whose glucose levels do not meet the criteria of diabetes but are too high to be 
considered normal (Normal). We determined whether endothelial dysfunction 
characterizes subjects with IFG. 
Materials and Methods. In vivo vasodilatory responses to intra-arterial infusions 
of endothelium-dependent (acetylcholine, ACh) and ·independent (sodium 
nitroprusside, SNP) vasoactive agents were determined in 29 non-diabetic males, 
whose glucose tolerance was classified according to ADA criteria: 

n age BM! MAP fl'-Gluc Insulin LDL chol TG 
(yrs) (kg/m') (nunHg) (mmol/I) (mU/I) (mmol/I) (mmol/I) 

Normal 12 60±l 26.2±O.6 i08±2 5.6±O.I*** 7±1 3.8±O.2 l.l±O.1 
IFG 17 63±1 26.5±O.8 iOl±3 6.5±O.1 9±2 3.5±O.2 1.2±O.1 

Data are shown as mean ±SEM. *** p<O.OOI for Normal vs IFG 
Results. The blood flow responses to both low and high doses of ACh were 
significantly and by 46-31 % blunted in the IFG (5. 9±O. 7 and 9.1±1.2 mlIdl·min. 
low and high dose) compared to the Normal group (iO.9±I.3 and 13.2±1.5 
mlIdl·min, respectively, p<O.OI and p<0.05). In contrast, blood flow responses to 
both low and high doses of SNP in the IFG group (7.8±O.5 and 11.6±1.2 mlIdl·min) 
were comparable to those in the Normal group (9.0±O.9 and 12.3±1.3 ml/dl·min). 
The ratio of endothelium-dependent to -independent blood flow (ACh/SNP) was 40 
% lower in the IFG (O.75±O.I) than the Normal group (1.24±O.I, p<O.OOI). Fasting 
plasma glucose was also significantly inversely correlated with both the blood flow 
response to ACh (r--0.48, p<O.OI) and to ACh/SNP (r--0.42, p<0.05). 
Conclusions. In sununary, in vivo endothelial dysfunction characterizes individuals 
with impaired fasting glucose. These data are consistent with the idea that vascular 
dysfunction precedes overt hyperglycemia in type 2 diabetes. 
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IMPAIRED VASCULAR REACTIVITY AND ENDOTHELIAL ACTIVATION 
IN TYPE 2 DIABETES WITH OR WITHOUT MICROALBUMINURIA. 
AE Caballero, SC Lim, P Smakowski, FW LoGerfo, ES Horton and A 
Veves. Harvard Medical School, Boston, MA, USA. 
Aims. Microalbuminuria is a marker of cardiovascular risk in diabetic 
individuals and has been associated with endothelial dysfunction. To 
further assess this situation, we compared vascular reactivity and plasma 
levels of various markers of endothelial activation In type 2 diabetic 
patients with and wHhout microalbuminuria and healthy controls. 
Methods. We employed laser Doppler imaging scanning to measure 
vasodilatation in the forearm skin in response to iontophoreSiS of 1 % 
acetylchOline (Ach, endothelium-dependent) and 1 % sodium nitroprusside 
(SNP, endothelium-independent) in 3 groups: 20 healthy normoglycemic 
subjects [C group, 10M/10F, age 53 ± 6 (mean ± sd) years], 45 type 2 OM 
patients without microalbuminuria (0-, 14M/31F, age 54 ± 10, OM duration 
5.1±5.8 years) and in 14 type 2 OM patients with microalbuminuria (0+, 5 
M/9F, age 55 ± 9, OM duration 5.4 ± 3.7 yrs, alb/cr ratio 30-300 J.lg/m). 
Plasma levels of sICAM, sVCAM and vWF were measured in all groups. 
Results FPG was higher in 0+ compared to 0- (226 ± 61 mg//dl vs 147± 
30 p<0.001), as well as HbA1c (9.4± 1.7% vs 7.4± 0.8), T-cho' (233± 33 
mg/dl vs 205± 34), LOL-C (156 mg/dl ± 39 vs 124 ± 32) and Tg (213 ± 103 
mg/dl vs 197 ± 95). There was no difference in BMI, BP, insulin and HOL
C levels between 0+ and 0-. All metabolic variables were higher in 0+ and 
0- compared to C. A similar reduction in vascular reactivHy to Ach was 
seen in 0+(74 ± 41 % increase over baseline) and 0- (75 ± 43) compared 
to C (110 ± 44)(p< 0.05). The same pattern was observed in the response 
to SNP (0+ 73 ± 28,0- 73 ± 35, C 122 ± 41, p< 0.001). slCAM was higher 
in 0+ (300 ± 69 ng/ml) and 0-(305 ± 120) compared to C (213 ± 
56)(p<0.01). sVCAM was also similarly higher in 0+ (795 ± 297 ng/ml) 
and 0-(639 ± 236) compared to C (654 ± 173)(p<0.01). However, vWF 
was higher in 0+ (154 ± 35%) compared to 0- (110 ± 34) and C (111 ± 
39)(p<0.05). Conclusions. Multiple markers of endothelial dysfunction 
are present in normoalbuminuric individuals with type 2 diabetes mellitus. 
The pathogenic process of vasculopathy in type 2 diabetes occurs early 
and seems to be operative before the development of microalbuminuria. 
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EXPRESSION OF ENDOTHELIAL NITRIC OXIDE SYNTASE (eNOS) IN 
IMPAIRED GLUCOSE TOLERANCE (IGT) AND TYPE 2 DIABETES. 
A Veves, AE Caballero, SC Lim, FW LoGerfo, ES Horton and A 
Zembowicz. Harvard Medical School, Boston, MA, USA. 
Aims. We have previously shown that vascular reactivity in the micro
and macro-circulation is impaired in individuals either with type 2 diabetes 
or at risk for it. We have now examined the expression of eNOS in the 
microcirculation in the same conditions. Methods. Full thickness skin 
punch biopsies were taken from the forearm, same area where functional 
microcirculation measurements were taken, of 11 healthy controls [4 (36%) 
males (M), age 45 ± 7 yrs (mean ± sd)], 11 healthy subjects with history of 
parental type 2 OM [2 (16%) M, age 50 ±7], 12 subjects with IGT [6 (67%) 
M, age 53 ± 12] and 6 patients with uncomplicated type 2 OM [6 (75%) M, 
age 56 ± 10, duration of OM 6 ± 5 yrs]. Biopsies were immunostained with 
antiserum to human eNOS, and von Willebrand factor which is an 
anatomical marker of the endothelium. The staining intensity of the skin 
microvessels was evaluated by a pathologist, who was blinded to the 
glycemic status of each subject. Results Staining for von Willebrand 
factor was present and of the same intensity in all four groups. In contrast, 
the staining for eNOS was absent in a higher percentage of diabetic 
patients [6 (75%)] and subjects with IGT [6 (67%)] compared to relatives [2 
(16%)] and controls [4 (36%], (p <0.05). Binary logistic regression analysis 
showed a significant association with sex (OR 0.24, p<0.05), BMI (OR 
0.67, p<0.05) and 2 hour glucose after OGTI, (OR 0.97, p<0.02). 
Multivariate logistic regression including the above factors showed that 
statistical significance hold only for the 2h glucose value (OR 0.97, 
p<0.05). Staining with antiserum to PPAR y showed intense staining in fat 
cells and eccrine glands but minimal or absent staining of the endothelium 
in the microvessels. These findings are consistent with our previous study 
in which we have demonstrated that endothelium dependent and 
independent vasodilation in the micro- and macrocirculation is impaired in 
subjects at risk of developing type 2 diabetes. Conclusions. The 
expression of e-NOS is reduced in subjects with impaired glucose 
metabolism and may be a significant contributing factor for the reduced 
vascular reactivity observed in this condition. 
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INSULIN SENSITIVITY AND ENDOTHELIAL FUNCTION 
IN "CARDIAC SYNDROME X" AND "METABOLIC 
SYNDROME X" 
PM. Piatti, G. Pragasso, LD. Monti, A. Caumo, G. Valsecchi, VC. Phan, S. 
Costa, M. Conti, SL. Chierchia and AB. Pontiroli. Istituto Scientifico H San 
Raffaele, Milan, Italy. 

Aim: To characterize the endothelial and metabolic alterations of patients with 
angina and angiographically normal coronary arteries ("cardiac syndrome X") 
compared to subjects with Insulin Resistance Syndrome ("metaboliC syndrome 
X") and normal subjects. Materials and Methods, 35 subjects were studied: 
13 patients with "cardiac syndrome X" (group 1); 9 subjects with "metabolic 
syndrome X" (group 2) and 13 normal controls (group 3). All subjects received 
an acute intravenous bolus of insulin (0.1 Ulkg) combined with a euglycemic 
clamp and forearm indirect calorimetry. Endothelin-I (ET -I) levels, nitritelnitrate 
(NOx) levels, end products of nitric oxide metabolism, glucose infusion rates 
(GIR), an index of insulin sensitivity and their incremental areas (<lAUCs) were 
measured during this period. Results: Basal ET-I levels were higher in groups 1 
and 2 than in group 3 (S.19±O.46 and 6.97±0.88 vs 3.67±O.99 pg/mJ; p<0.01) 
while basal NOx levels were significantly higher in group 2 than in groups 1 and 
3 (36.5±4.0 vs 24.2±3.3 and 26.8±3.2 Ilmolfl, p<0.05). After insulin 
administration, the <lAUCs of NOx (p<0.05) were lower in group 1 than in 
groups 2 and 3 and the <lAUCs of ET -I were lower in group 1 than in group 3. 
GIR was significantly lower in groups I and 2 than in group 3 C1242.2±I26.7 
and 651.4±66.l vs 2143.6±178.7 J.1Mlkgimin, p<0.05). Interestingly, GIR was 
significantly higher in group I than group 2 (p<0.05). A positive correlation was 
found between the MUCs of nitric oxide and the AUCs of GIR. Conclusions: 
"cardiac syndrome X" and "metabolic syndrome X" show different degree of 
insulin resistance. Moreover, even if high ET·llevels are present in both groups, 
blunted nitric oxide and endothelin responsiveness to insulin seems a typical 
feature of patients with "cardiac syndrome X". 
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FREE FATTY AODS ALTER ENDOTHELIUM-DEPENDENT VASODILATION 
IRRESPECTIVELY OF CHAIN LENGTH AND PROSTAGLANDIN PRODUCTION. 
S. Vigili de Kreutzenberg, C. Crepaldi, S. Marchetto, L calb, A. Tiengo, S. Del 
Prato, and A. Avogaro. University of Padova, Italy. 
AimS, We investigate whether the chain length of free fatty acids (FFA) and 
their ability to induce prostaglandin (PG) synthesis might affect their inhibitory 
action on endothelium-dependent vasodilation (EDV). Materials and Methods. 
seven of 14 controls (C) were randomly allocated to 2 of these 4 studies: 1. 
Baseline condition; 2. Infusion of long chain triglyceride (LCf) emulsion (2 
ml/min + Heparin 40 U.kg· l .h·I ); 3. Infusion of emulSion with 56% medium 
chain triglycerides (MeT) and 44% LeT (2 ml/min + Heparin 40 U.kg· l .h-1

); 4. 
InfUSion of LeT + Heparin preceded by an i.v. bolus of aspirine lysine (ASA) 
900 mg; 5. After an i.v. bolus of ASA 900 mg. EDV in response to intraarterial 
acetylcholine (Ach) and endothelium independent vasodilation in response to 
intraarterial nitroprusside (SNP) were assessed by plethysmography. R!:sl!!1:i. 
Both LeT and MeT increased basal forearm blood flow (FBF) from 1.58:1:0.35 
ml.min-'.100 ml tissue-1 to 2.60:1:0.76 and to 2.28±0.56 (both p<0.05). The 
same increase was also observed for LeT + heparin but not after ASA alone. 
The increase in FBF during Ach was depressed both during LeT (252:1:34% of 
the ratio infused:control arm at maximal Ach dose) and MeT (255:1:41%) as 
compared to baseline (436:1:44%, both p<0.05). The response to Ach was 
depressed during LeT + ASA, whereas it was similar to baseline with ASA 
alone. No differences were observed in response to SNP. Conclusions.!. LeT 
and MeT increase FBF independently from PG synthesis. 2. The inhibitory 
effect of FFA on EDV takes place irrespectively of their chain length. 3. PG 
synthesis does not interfere with the inhibitory action of FFA on EDV. 4. ASA 
does not acutely affect EDV. Elevated FFA concentrations, such those 
observed in conditions of insulin resistance, may negatively affect EDV, thus 
contributing to the development and progression of atherosclerotic 
complications. 
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INSULIN SECRETION AND SENSITIVITY IN RELATION TO GLUCOSE 
TOLERANCE- RESULTS FROM THE BOTNIA STUDY 

Devjit Tripathy, Martin Carlsson, Bo Isomaa, Tiinamaija Tuomi and LeifGroop. 
The Wallenberg Laboratory, Dept of Endocrinology, Lund University, Malmo, 
Sweden 

The aim of the study was to assess insulin secretion and insulin sensitivity in subjects 
with varying degrees of glucose tolerance, particularly to compare impaired fasting 
glucose (IFG , FPG: 6.1-6.9 mmolll) and impaired glucose tolerance (!GT, 2 hr 
glucose 7.8-11 mmolll). To address this question we studied 7087 individuals in the 
Botnia study by oral glucose tolerance test (OGTT), and a subset of them with 
intravenous glucose tolerance test (IVGTT, n=647) and euglycemic clamp (n=291). 
There was a poor concordance between IFG and IGT; only 36% (319/879) of subjects 
with IFG had IGT, whereas of 62% of !GT subjects (525/844) did not have IFG. 
Compared to subjects with normal glucose tolerance (NGT, n=3274), IFG subjects 
(n=560) were more insulin resistant as shown by higher HOMA-IR values (2.66± 
0.45 vs 1.72 ± 0.17, p<0.05), greater insulin area during OGTT(5336 ± 142 vs 4449± 
59, p<0.05 ), higher waist to hip ratio (p<0.05) , triglycerides (1.42 ± 0.05vs 1.21 ± 

0.02 mmolll, p<0.05), total cholesterol (5.75 ± 0.04 vs 5.43 ± 0.02mmolll, p<0.05) 
and lower HDL cholesterol (1.31 ± 0.01 vs 1.37 ± 0.006mmolll, p<0.05) 
concentrations. IGT (N=525) subjects differed from IFG subjects by virtue of 
impaired insulin secretion. The early insulin Iglucose response at 30 min of the OGTT 
( 13.8 ±1. 7 vs 21.7 ± 1.7, p<0.05) and the first phase insulin response during IVGTT 

adjusted for insulin sensitivity (149 ± 37 vs 270 ± 15mUIl, p < 0.05) were lower in 
IGT vs IFG and lor NGT, although this was not reflected by absolute insulin values. 
A progressive decline in insulin mediated glucose uptake was observed when moving 
from NGT to diabetes (FPG 7.0-7.8 mmolll) (from 6.91 to 4.94 mg-'kg-'min", p for 
trend <0.05). However, the slope of decline in FPI was markedly steeper(from 285.7 
to 74.1 mUJ1). In conclusion, these rmdings suggest that IFG is characterised by basal 
insulin resistance and other features of metabolic syndrome while IGT subjects show 
impaired insulin secretion in relation to glucose concentrations and insulin sensitivity. 
An absolute decompensation of p-cell function characterizes the transition from IGT 
tomildDM. 
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MICROVASCULAR DYSFUNCTION AND MYOCARDIAL 
CONTRACTILITY IN THE JCR:LA-CORPULENT RAT 

T.C. Wascher, G. Wolkart', F. Brunner' , Dept. Internal Medicine 

and ' Dept. Pharmacol. and Toxicol., University of Graz, Austria. 
Aims: The cplcp genotype of the JCR:LA rat develops a fully 
expressed metabolic syndrome, featuring obesity, pronounced insulin 
resistance, dysglycemia and hyperlipidemia. With aging, in addition to 
macrovascular disease, these animals develop ischemic myocardial 
lesions based on small vessel disease. In contrast to findings in large 
conductance arteries, no data on endothelial function in coronary 
resistance vessels of the JCR:LA rat exist. Materials and Methods: 
Endothelial and smooth muscle function of coronary resistance 
vessels was assessed in JCR:LA cplcp rats aged 18 weeks and compared 
to that in lean littermates (cp/+ and +1+). Hearts were perfused 
retrogradely at IS mllmin per g which resulted in a coronary perfusion 
pressure (CPP) of 133±1 mm Hg (baseline). The effects of bradykinin 
(0.1-1000 nmolll) or sperminelNO (100 lJ.molll) on CPP and left
ventricular developed pressure (LVDP) were determined in absence 
and presence of either LG-nitro-L-arginine (L-NNA; 0.2 mmol/l) or 
indomethacin (10 lJ.molll). Results: Bradykinin reduced CPP down to 
SO±2 mm Hg (-62 %) in +1+ rats, but only to 73±2 mm Hg (-45 %) in 
cplcp rats (n=8, P<0.05). The respective EC50 values were 0.45 and 

1.0 nmolli. In presence of L-NNA, relaxation was attenuated to the 
same degree in both groups (-27 %; ECSO: -6 nmolll), whereas indo

methacin was ineffective. SperminelNO equally reduced CPP in both 
groups (-58 %). Finally, baseline LVDP was not different between 
groups. Conclusions: These findings suggest that there is a specific 
impairment of nitric oxide mediated endothelium-dependent 
relaxation of the coronary resistance vessels in the corpulent male rat 
that is not associated with impaired baseline myocardial contractility. 
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IMP AIRED INSULIN SECRETION AND SENSITIVITY IN MODY 4. 
D. Elahi, D.A. Stoffers, A.R. Clocquet, D.C. Muller, L. Wideman, G.A. Chin, 
W.L. Clarke, J.B. Hanks, 1. F. Habener and I.M. Egan, Mass. General Hospital, 
Boston, MA, UV A, Charlottesville, V A, NIA, NIH, Baltimore, MD. 
Diabetes due to a heterozygous mutation of the homeodomain transcription factor 
Insulin Promotor Factor-I (IPF-I) is called MODY 4. Aims: To quantitate islet cell 
response in MODY4. Materials and Methods: We studied 15 members ofa family 
harboring Pro63fsdeiC mutation in IPF-1. Seven members carry the IPF-I 
mutation (NM; mean (X) age 47, X BMI 26.6) and 8 have a normal genotype 
(NN; X age 37, X BMI 19.7). Glucose (GL) clamps were performed at 5 
hyperglycemic steps. Each step lasted 1 hr. Basal GL (NM=9.2, NN=5.9 mmolll) 
levels were raised by 5.6 mmolll initially and by 2.8 for each of the subsequent 4 
hrs. During lbe last Y, hr of the 5ili step, GLP-I was also infused (1.5 pmol·kg
I·min-I). Results: Plasma GLP-I levels were -175 pmolll during GLP-I infusion. 
Basal IR! levels for the NM and NN groups were 72 and 105 pmolli. First phase 
response occurred only in lbe NN group. The NM had markedly attenuated IR! 
responses to GL alone compared to NN. The 240-270 min levels averaged 
596±238 and 4098±908 pmolll. GLP-I potentiated IR! secretion in both NM and 
NN groups, but the NM group has a 7-fold lesser response to GLP-I (I481±691 
vs. 9998±1703). C-peptide responses to GL followed the pattern of IR! responses. 
In both groups glucagon levels fell during each glycemic plateau and further 
reduction occurred during GLP-I infusion. Basal NEFA levels were 0.78 mmolll 
in the NM group and dropped to 0.18 by the end of study. Corresponding values 
for the NN group were 0.52 and 0.22. SigmOidal dose response curves of GL 
clearance (mi· kg-I·min-I) vs. IR! levels were generated for NM (R'=0.92) and NN 
(R'=0.97). Both a left shift and a lower maximal response in the NM group 
compared to the NN group occurred. The ED" values for IR! in the NM and NN 
groups were 348 and 874 pmolll. Conclusions: IPF-I mutation is associated with 
severe impainnent of p-cell sensitivity to GL with an increase in peripheral tissue 
sensitivity to IR!. IPF-I haploinsufficiency causes diabetes. 
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INSULIN SENSITIVITY, GLUCOSE EFFECTIVENESS AND ~-CELL 
SENSITIVITY IN DIABETIC AND NON DIABETIC SUBJECTS 
CARRYING THE R272H HNF-la GENE MUTATION (MODY3). 
L Guazzarottil, G.Toffolo', L.Clementi4, G.Vespasiani4, C.CobelIi', S.CIauin', 
C.Bellanne-Cbantelot' and E.Bartolottal. 
lDivision of Pediatrics, S.Lucia Hospital, Recanati (MC), 'Department of Electronic 
and Infonnatics, University of Padova, "Division of Diabetology S.Benedetto 
Hospital, Italy, 'Foundation Jean Dausset-CEPH, Paris, FIance. 
One fonn of Maturity Onset Diabetes of the Young (MODy) results from mutations 
in the gene encoding hepatocyte nuclear factor-lalpba (HNF-Ialpba) located on 
chromosome 12 in band q24 (MODY3), involved in tissue-specific regulation of 
liver genes but also expressed in pancreatic islets. Aim: to study insulin secretion 
and sensitivity in MODY3 subjects. Materials and Methods: we perfonned an 
insulin modified frequently sampled iv glucose tolernnce test (FSIVGTI) (d<Jse=o 0.3 
grlKg 50% dextrose at basal time plus 0.05 UlKg regular insulin at 20th min) in five 
adult diabetic and two pubertal nondiabetic (PND) members of a large pedigree 
carrying the R272H HNF-Ia gene mutation. Insulin sensitivity (Si), glucose 
effectiveness (SG) and the sensitivity to glucose of the first (q,I) and second (q,2) 
phase of pre-bepatic ~-cell insulin secretion were studied by analyzing the glucose, 
insulin and C-peptide data with the minimal model method. Results: 
Diabetic +1 +2 Si SG 

phenotype (0) (10') (miD-1xlo' ) (miD-lmclJlmll~ (miD·1do') 

M±SD M±SD M±SD M±SD 
IDDM(2) 7,5±6,5 0,00 1,78±O,1 1,5I±O,Ol 
NIDDM(3) 204±822 2.75±O.2 4.3±1.7 2.I±O.8 
adult controls (10) 162±18 8.7±O.8 5.5±1.5 2.5±O.7 
nondiabetic patients(2) 368,5±125 18,8±3,2 3,83 ±1,5 2,7±O,6 
pubertal controls (4) 182±56 14.4±5.2 4.3±1.7 2.I±O.9 

ConclUSIOns: NIDDM pallents showed a S1guificant decrease only of q,2(JrO.OOOI). 
Si was siguificantly lower only in IDDM patients (p=O.OO7).The PND sulliects 
showed an byperisulinen3ia with insulin resistance similar to their matcbed 
controls. The study of a greater number of genetically affected members of this 
MODY3 family is planned to better evaluate the role of the pancreatic insulin 
secretion and the Si defects in the development of this glucose metabolism disorder. 
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GLUCOSE PULSE INDUCTON MARKEDLY IMPROVES DETECTION OF A 

DISRUPTED OSCILLATORY INSULIN SECRETION IN TYPE 2 DIABETES. 

M. HOLLINGDAL, C. JUHL, N. P0RKSEN, J. STURIS, J. D. VELDHUIS, S. 

PINCUS, K. S. POLONSKY AND O. SCHMITZ. Guilford CT, Charlottesville, 
V A., USA, Chicago IL, Aarbus and Copenhagen Denmark. 
Intrapancreatic mechanisms are assumed to coordinate the higb frequency pulsatile 
insulin release, but occurrence of small oscillations in glucose concentrations may 
contribute. In a diabetic animal model and in healthy humans we have previously 
demonstrated !hat tiny glucose excursions (- 0.3 mM) are able to modify the rapid 
pulsatile insulin secretion. To gain further insight into beta-cell pathophysiology, we 
explored the ability of small repeated glucose infusions (6 mg/kgl I min every 10 min) 
to influence rapid pulsatile insulin secretion in 9 mild type 2 diabetic individuals 
(fasting plasma glucose 9.3 ± 1.0 mM, HbAlc 8.0 ± 0.6 %) and 9 bealthy subjects. All 

subjects were examined during saline and during glucose exposure and blood was 

collected every ntin for 90 ntin to establish robust serum insulin time-series which 
were evaluated employing three different and complementary algorithms, namely 
autocorrelation and spectral analyses and approximate entropy (ApEn). Without 
induction (saline) none oftbe algorithms was able to discriminate between diabetics 
and controls for a ten min periodicity (all p>0.20) During glucose administration 

autocorrelation coefficients (AC), spectral density peaks (SP) significantly increased 
(p<0.001) and ApEn decreased (p=0.01) as compared to saline in the controls, all 

indicating more regular insulin time-series. However, no difference was observed 
among the diabetics during the two conditions. Notably, glucose entrainment led to an 

almost complete separation of the insulin time-series between diabetics vs. controls 
(AC: 0.D3 ± 0.01 vs. 0.65 ± 0.06; SP: 1.25 ± 0.22 vs. 8.76 ± 0.82; ApEn: 0.689 ± 

0.010 vs. 0.513 ± 0.022; all p<O.OOI). The present study elucidates a novel dimension 
of the scenario of disrupted beta-cell function in type 2 diabetes mellitus and 
demonstrates !hat recurrent discrete glucose pulses improve the ability to detect 
abnormalities of rapid oscillatory insulin release. The metbod may turn out to be useful 
in unmasking subtle (prediabetic) defects in beta-cell sensitivity to glucose. 
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INSULIN SECRETION IN GLUCOSE TOLERANT OFFSPRING CORRELATES 
WITH AGE OF ONSET OF TYPE 2 DIABETES IN THE PARENTS. 
J.-F. Gautier, C. Wilson, C. Weyer, D. Mott, W.C. Knowler, K. Polonsky, 
C. Bogardus and R.E. Pratley. NIHINIDDK, 4212 N 16th St., Phoenix, AZ, USA. 
Aim: Obesity, insulin resistance and a low acute insulin response (AIR) 

to glucose predict the development of type 2 diabetes in Pima Indians in 

whom segregation analyses suggest the presence of a major gene 

affecting age of onset of diabetes. To determine the mechanisms that 
increase the risk for diabetes in the offspring of Pima Indians with early 

onset diabetes in the parents, we conducted 2 studies. Materials and 
Methods: I) The relation of obesity and insulin secretion (25-g 
intravenous glucose test) and action (hyperinsulinemic glucose clamp) to 

age of onset of diabetes in the parents was examined in 104 Pima Indians 

with normal glucose tolerance (age 22±ly, body fat 33±1%, mean±SE) 
and whose mothers were not diabetic before pregnancy. 2) Insulin 
secretion rates (deconvolution of C-peptide) during a stepped glucose 

infusion were measured in subjects whose mothers developed type 2 

diabetes before age 35 (n=8) or after age 49 (n= 15). Results: I) AIR 
correlated with the age of onset of diabetes in the mother (r=0.23, 
p<0.05). In multiple regression analyses, the interaction between the age 
of onset of diabetes in the mother and in the father was a significant 

determinant of AIR (p<0.05). Insulin action and body fat were not 
correlated with the age of diabetes onset in the parents. 2) In response to 
stepped glucose infusions, the offspring of mothers with early onset 
diabetes had lower average insulin secretion rates compared to offspring 

of mothers with late diabetes onset: 439±86 vs 650±80 pmol/min 
(p<O.OI). Conclusion: Factors inherited from parents with early onset 
diabetes impair insulin secretion to increase the risk for type 2 diabetes in 

Pima Indians. 
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GLUCOSE-INSULIN SECRETORY DOSE-RESPONSE CURVES DURING 
CONSTANT GLP-I INFUSION AND PRETREATMENT WITH GLP-l. 

M. M. Byme, A. Brandt, R. Arnold, M. Katschinski and B Goke. Dept. of 
Gastrointestinal Endocrinology, Philipps University, Marburg, Germany. 
Glucagon-like peptide-I, a natural enteric peptide, has been shown to improve 
glucose induced insulin secretion. Using patch clamp techniques on isolated islets, it 
has been shown that only a subgroup of pancreatic B-cells are sensitive to glucose and 
that pretreatment of cells with GLP-l increases the number of glucose-competent 13-
cells. Aims:, The aim of this study was to establish in normal volunteers the 
alterations in B-cell responsiveness associated with a constant infusion of GLP-I and 
a 60 minute pretreatment infusion of GLP-1. Materials and Methods:, 10 normal 
volunteers mean age 25.3±0.7 years, BMI 23.5±0.5 kg/m' were studied on 3 separate 
occasions using a graded glucose infusion protocol starting with an infusion rate of 1 
mglkglmin followed by 4, 8, 16 and 24 mg/kglmin (each infusion rate lasting for 40 
minutes), in the presence of a saline, GLP-l @ 0.4 pmollkglmin, or pretreatment with 
GLP-I @ 0.4 pmollkglmin for 60 minutes. Blood samples were drawn at \0 min 
intervals for the measurement of glucose, C-peptide, insulin and glucagon. Insulin 
secretion rates (ISRs) were calculated by deconvolution of peripheral C-peptide 
levels using a two-compartment model utilizing mean kinetic parameters. Results:, 
From 5 to 9 mmolll glucose, the relationship between glucose and ISR was linear. 
Constant GLP-I infusion resulted in an increase in lSR from 5-9 mmolll glucose 
from 253.7±33.8 pmollmin during saline infusion to 792.8±103.7 pmol/min 
(P<O.OOO I), with a shift in the dose-response curve to the left. Pretreatment with 
GLP-I resulted in a positive response in 5 subjects with ISR increasing from 
226.6±40.5 vs 322.4±23.2 pmollmin (P<0.02), and no response in 5 subjects 
280.9±55.9 vs 258.1±48.3 pmollmin (P=0.13). Mean glucagon levels were not 
significantly reduced during the constant infusion of GLP-I, 63.1±6.1 vs 58.3±5.6 
pglml (P=0.5). Conclusions:, In normal subjects constant infusion of GLP-I resulted 
in a 216 % increase in ISR in the glucose range 5-9 mmolii. Pretreatment with GLP-I 
caused priming of Il-cell function in only 50 % of subjects with a 42% increase in 
ISR. Possible mechanisms for the priming effect of GLP-I include increased insulin 
biosynthesis, increased GLUT2 expression, increased glucokinase mRNA and 
induction of Il-cells into a secretory mode 
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MODIFIED HYFERGL YCAEMIC CLAMP DESIGNED TO DETECT DEFECTS 
IN GLUCOSE, INCRETIN AND ARGININE INDUCED INSULIN SECRETION 
E. Hardt, A. Fritsche, N. Stefan, S. Schiitzenauer, H.U. Haring and M. 
Stumvoll. Medizinische Klinik IV, Universitat Tiibingen, Gennany. 
Aims: Characterization of insulin secretion is essential for studying the gene
tic defects leading to type 2 diabetes. The classical tests for assessing beta cell 
function (IVGT, hyperglycaemic clamp) only provide infonnation about 
glucose induced insulin secretion. To gain multifaceted infonnation on islet 
function for use in subjects at genetic risk, we developed a hyperglycaemic 
clamp (HC) combined with a glucagon-like peptide I (GLP-I) infusion and 
an arginine bolus. The reproducibility of this clamp was tested. Materials 
and Methods: 7 lean, healthy volunteers (27 ± 2 years old) with normal 
glucose tolerance twice underwent a 200 minute HC (10 mmolll) with admi
nistration ofGLP-1 (1.5 pmol. kg body weight-I. minute-I) starting at 120 
minutes and a 5 g arginine bolus at 180 minutes. We calculated glucose indu
ced 1st (sum of 2.5,5, 7.5, 10 min values) and 2nd phase (mean of 80, 100, 
120 min values) insulin secretion, GLP-I-stimulated insulin secretion (mean 
of 160, 170, 180 min value, incretin phase) and an arginine stimulated insulin 
(ASI) and glucagon (ASG) secretion (sum of 182.5, 185, 187.5, 190 min va
lues). Results: Insulin levels increased from 45±!4 to 505±168 pmolll during 
the first 120 minutes (HC). During GLP-I infusion insulin increased to 
5238±923 and after arginine to 7889±!367 pmolll. The within subject coeffi

cient of variation (CY) was 1O.4±3.4% for the 1st phase and 11.0±2.6% for 
the 2nd phase of insulin secretion. The incretin phase showed a CY of 16.0± 
5.6, whereas ASI and ASG showed CV's of 1O.8±2.5 and 8.6±3.8, respecti
vely. Incretin phase correlated with 2nd phase (r=0.82) and ASI with 1st 

phase (r=0.95) (both p<0.05). Conclusions: The insulin secretion parameters 
of the test are highly reproducible and show a high intraindividual correlation. 
It can thus be used to identify defective stimulation of insulin secretion by 3 
different secretagogues during a single experimental session. 

OP48 
Gestational Diabetes 
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GESTATIONAL DIABETES MELLITUS IS ASSOCIATED WITH A 
TRP64ARG POL YMORPIllSM OF THE ~3-ADRENERGIC RECEPTOR GENE 
N. Slmawa, A. Festa', W. Krugluger, P. Hopmeier, S. M. Haffner' and G. 
Schernthaner, Vienna, Austria, San Antonio, Texas' 

A missense mutation of the Jl,-adrenergic receptor gene (Trp64Arg) has been 
proposed as a potential modifying factor in the etiology of type 2 diabetes and the 
development of features of the insulin resistance syndrome; furthermore, this 
polymorphism has been associated with obesity and an increased capacity to gain 
weight. 
The aim of our study was therefore to re1ate the Trp64Arg polymorpbism of the B,
adrenergic receptor gene to body weight, weight gain, glucose tolerance status and 
various metabolic variables during an oral glucose tolerance test (mean: 25'" week of 
pregnancy) in a large number (n=179) of consecutive, caucasian, pregnant women. 
Methods: The B,-adrenergic receptor genotype was assessed using restriction 
flagmen! length polymorpbism. Gestational diabetes was diagnosed if the Ih serum 
glucose value doring the OGTT was <0 160 mgldl (8.9 mmolJl). 
Results: In women with mild gestational diabetes (n=70), the Typ64Arg genotYPe was 
more frequent compared to women with normal glucose tolerance (n= 109) (25.7% vs. 
11.0% p=O.OI). Women with the Trp64Arg polymorpbism showed an enhanced 
increase in body weight and BMI during pregnancy and increased post-load glucose, 
insulin and C-peptide values during the OGTT. 

Trp64Trp Trp64Arg p-value 
N(%) 149(83.2) 30(16.8) 
Body weight (kg, initial) 65.1±1.5 60.0 ± 1.9 n.s. 
I!. Body weight (kg) 6.3 ± 0.4 8.6 ± 0.8 0.02 
Glucose.. (mmolJl) 7.48 ± 0.22 8.77 ± 0.46 0.02 
C-Peptide60 (ng/mI) 9.6 ±0.3 11.9±0.4 0.02 
Insulm.o (pmol/I) 433.8 ± 21.0 505.2 ± 48.0 0.17 

Conclusion: The present study extend current knowledge about the association of the 
Trp64Arg Jl,-adrenergic receptor polymorpbism with glucose tolerance to a pregnant 
population. The association with mild gestational diabetes mellitus suggests that the 
impact of the polymorpbism may be clinically important during pregnancy. 
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Bivariate Frequency Analysis Of Glucose Oscillations And Pulsatile Insulin 
Secretion During The IVGTT For Type 2 Diabetic Patients And Controls 

H.J. LUddeke, R.Renner and K.D. Hepp 

Krankenhaus MUnchen Bogenhausen, Englschalkingerstr. 77 
81925 MUnchen, Gennany 

During i.v. Glucose Tolerance Tests ( IVGTT) not only insulin secretion but 
also glucose concentrations demonstrate oscillations. Bivariate Frequency 
Analysis allows the description of interdependence of such time series. 
Patients: 6 newly diagnosed male type 2 diabetic patients, 6 male controls. 
Age 55±9 (41±7), BMI27,1±l,3 (24,8±1,0) HbAlc 7,l±D,8 (5,1±D.3). 
Methods: modified IVGTT (0,3 g glucose/kg i.v. in 30 sec. Insulin and 
glucose at -30, -10, -5, then simuftaneously in periods of 1 minute from 0 
to 30 min, 40,50,60,90,120,150,180 min. Insulin with double antibody Elisa, 
proinsulin free (Abbot), Glucose with GOD-method (Beckman analyzer). 
Time series analysiS: Data were pooled, detrended by differences and 
seasonality removed by log transfonnation. The centered data passed a 
Tukey-Hamming window with a span of 31.Results : Univariate spectral 
density estimates for Insulin show maxima at a period of 3 and 5 min for 
controls and 2.5 and 5 min for type 2 (loss of density for 5 min). Maxima 
for glucose separate in controls at 2.5 min and for type 2 at 3 min. Cross 
amplttudes for glucose and insulin in controls show a maximum below 3 
min wtth an estimated amplitude of 30 x 103

• In type 2 there is one 
maximum in the same period length below 3 min,( amplitude 100 x 103

) 

and an other at 4.5 min (amplitude 80 x 10,,).The phase spectrum of insulin 
and glucose for controls has a shift of 3 min at a period length of 2-2.5 min 
and a shift of 2.5 min at a period length of 2.5 - 3.5 min for type 2. 
Conclusion: There are clear dynamic OSCillatory interdependences of the 
glucose and insulin system. The phase shift (time lag) between the insulin 
and glucose oscillation is about 3 min and not Significantly different for 
controls and type 2. The pattern of dynamic interdependence is different for 
type 2 and controls, but the OSCillatory strength of the dynamiC interaction 
seems even to be more pronounced in type 2. 
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ELEVATED PLASMA LEPTIN IN GESTATIONAL DIABETES 
A. KAUfZKY-WILLER, R. PRAGER, P. NOW01NY, W. WALDHAUSL, 
University Clinic of Vienna, Austria 
Aims: Leptin is supposed to playa role in body weight regulation by neuroendocrine 
mechanism, thereby causing a decrease in food intake and an increase in energy 
expenditure. The impact of pregnancy and glucose homeostasis on plasma leptin was 
investigated in 12 normal-weight women with gestational diabetes (GDM) and 10 
pregnant women with normal glucose tolerance (NGn matcbed for age and 
preconceptual BMI (age: 28.4±1.9 vs. 28.5±2.8 yrs, BMI: 24.7±1.7 vs. 23.9±1.2 
kg/m'). Methods: At the 28th gestational week plasma leptin was measured at 
fasting and following an oral glucose tolerance test (OGTI), basal insulin secretion 
rate (BSR;pmolll) and total insulin secretion (TIS; pmoll1.3hrs) were evaluated by 
minimal modeling from frequently sampled OGTTs (AJP 270:E522, 1996). 
Results: Plasma leptin (ng/mI) was insignificantly bigher in GDM (21.0±2.7) than 
in NGT (16.3±1.5) being increased in both groups vs. non-pregnant females (9.2±0.8; 
p<0.05). Tbere were no differences between fasting and postprandial (OOTI) leptin 
concentrations in any group. BSR and TIS were increased (p<0.05) in GDM (BSR: 
47.5±6.8, TIS: 36.4±4.1) compared to NGT (31.2±3.1, TIS: 26.5±3.0) reflecting 
marked insulin resistance in GDM. The overall pregnancy indoced increase in body 
weight (kg) was slightly lower in GDM (11.2±1.9) than NGT (15.2±2.6) as was the 
birth weight (g) of their newborns (3624.1±247.2 vs. 3891.7±83.6). Plasma leptin 
correlated with BSR (p<O.04), TIS (p<O.05), basal glucose (p<0.04) and basal 
proinsulin (p<0.05) ouly in GDM. In addition leptin correlated in GDM with 
preconceptual BMI (p<0.04) and inversely with maternal weight gain during pregnancy 
(p<0.04) and birth weight of the newborns (p<O.05). 8 weeks after delivery glucose 
tolerance was nonnalized in GDM and plasma leptin decreased to 13.8±3.1 (p<0.0l), 
wbile it showed a tendency to decrease in NGT (1O.8±1.0). Conc1 usions: We found 
1.) no difference between fasting and postprandial plasma leptin in pregnancy 2.) a 
positive correlation of leptin with insulin release and the preconceptual BMI, but a 
negative relationsbip with pregnancy related body weight gain and birth weight of the 
newborns in GDM and 3.) a decrease of plasma leptin in GDM after delivery and 
normalization of glucose tolerance. Therefore, plasma leptin is increased in insulin 
resistant GDM, being clearly associated with endogenous hyperinsulinemia, 
potentially binting at a physiologic role for leptin during pregnancy in GDM. 
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Serum leptin, plasma C-peptide and genetic mutations (lRS1 and fl.-adrenergic 
receptor) in gestational (GDM) and non-insulin-dependent (NIDDM) diabetic 
pregnant women. 
Fallucca F, Sabbatini A, Sciullo E, Torresi P, Mazziotti F*, Maroccia E", Napoli 
A, Buongiorno A'" 
Cattedra di Diabetologia, 1st. II Clinica Medica, • 1st. II Clinica Ostetrica, 
Universita "La Sapienza", Roma, "Istituto Superiore della Sanitit 
Aim: Leptin, the product of the ob gene, is thought to playa critical role in the 
regulation of adipose tissue mass, which may directly or indirectly influence 
reproductive function. Pregnancy is characterised by insulin resistance and 
hyperinsulinemia with advancing gestation and a close association between insulin 
and leptin has been reported. Since insulin resistance and hyperinsulinemia are even 
greater in GDM as well as in NIDDM women, we investigated serum leptin in 
diabetic and non diabetic pregnant women. Materials and Methods: We evalueted 
serum leptin and plasma C-peptide (CPR) levels by a RIA in 36 GDM, 14 NIDDM 
and 86 control pregnant women. Genetic mutations ofthe insulin receptor substrate
I (IRS-I, codon 972) and ~,-adrenergic (codon 64) receptor were investigated in all 
groups by PCR and RFLP. Results: Serum leptin values (ng/ml) were lower in 
GDM (l7.6±L5, p<0.05) and NIDDM (16.1±3) than in control (23±2) women in 
late pregnancy. A significant correlation between serum leptin and CPR in late 
preguancy was observed in both the control (r=O.367, p<O.OI) and GDM (r=O.4, 
p<O.O I) women. Grouping the CPR (pmollL) values, according to the serum leptin 
«10, >10-30, >30 ng/ml) values. we observed a significant increase in both control 
(CPR: 353±42, 667±88, 997±l29) and GDM (CPR: 1002±184, 1222±175, 
2360±395) women, being always the CPR values significantly greater in GDM than 
in control women. Moreover serum leptin values (ng/ml) were significantly higher 
in GDM women with gene mutation of IRS I (34.5±2.9 versus 15.6±1.2, p<O.OOI) or 
IRSI and/or ~,-adrenergic receptor mutation (24.6±4 versus 15.8±1.4, p<O.OI). 
Finally serum leptin values were significantly correlated with pre-gestational BM! 
of the GDM women, while no correlation was found between leptin one hand and 
weight gain during pregnancy, birth-weight, age and therapeutic approach (diet 
versus insulin). Conclusions: These results suggest that genetic abnormalities may 
be involved in insulin resistance, hyperinsulinemia and increased serum leptin 
values in GDM and NIDDM diabetic pregnant women. 
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ABNORMALITIES OF ISLET B-CELL FUNCTION AND INSULIN ACTION IN 
GESTATIONAL DIABETES MELLITUS: RELATIONSHIP TO BMI 
M.Carvalheiro, I.Fagulha,AFagulha, L.Gomes, S.Paiva, E.Marta, E.Sobra/, F.Leitao,.L.Pinto, 
MRuas and T.Buchanan 1. University Hospital of Coimbrs, Portugal, 1 Los Angeles, C.A, USA 
Aims: to detennine, insulin sensitivity (51), glucose effectiveness (5G), glucose tolerance 
(KG) and insulin secretion in moderately obese and in lean GOM women (pre-pregnancy 
BMI",27 and <27, respectively). Material and Methods: 16 GOM and 7 nonnal pregnant 
control (NPC) obese and 35 GOM and 20 NPC lean women were studied in late pregnancy. 
GOM and NPC were matched for BMI, age and WHR. An IVGTT (300 mg glucoselkg body 
weight, followed in 20 min by a 5 min infusion of insulin 6 mUlkglmin and blood sampled 14 
times for 240 min was perfonned. 51 (x10-4min-1per ~U/ml) and 5G (min-1) were estimated 
by Bergman's minimal model. KG (min-1x100) was assessed between 8-19 min after 
glucose injection. First phase insulin secretion (~U/mlxmin) was expressed as the area 
under the insulin curve between 2-8 min. Disposition Index (01) was calculated (51 x first 
phase x 10-1) to assess B-cell compensation for insulin resistance. Results: fasting glucose 
(mgldl) and insulin (~U/ml) levels were higher in GOM than NPC, but only statistically 
significant for glucose. 81 was lower in GOM than NPC for each body habitus. 8G did not 
differ according to glucose tolerance status but tended to be higher in NPC than in GOM. 
First phase insulin was reduced 47% in lean GOM vs lean NPC and reduced 36% in obese 
GOM vs obese NPC. 01 revealed even greater reduction in B-cell compensation for insulin 
resistance in GOM: 71% for lean GOM vs lean NPC and71% for obese GOM vsobese NPC. 

Lean Obese 
Variable (mean±SD) NPC GDM 
ff. glucose 76±5 82± 12a 
ff. insulin 10±4 13±12 
SI 2.5±2.0 L3±1.l Q 

SG 0.023±O.008 0.017±O.007 
First Phase 781±608 411±269 Q 

"DI" 1.53±Ll4 0,44±O.40Q 

Kc 1.89±0.33 U9±0.25Q 

ap<O.05, GDM vs NPC,bp<O.05, lean vs obese 

NPC 
80±9 
12±5 
1.8±2.2 
0.021±0.01O 
831±485 
1.07±0.88 
3.3±0.82 

GDM 
89±14 
17±7 b 
O.6±O.5 
0.016±O.004 
532±269 
O.3I±O.4°b 2.05±O.36 

Conclusions: thus, we found that GOM are more insulin resistant than BMI-matched NPC, 
but obesity when present adds to the insulin resistance of GOM. Regardless of whether they 
are lean or obese, GOM have reduced B-cell compensation for insulin resistance. As the 
reduction in 01 vs BMI-matched nonnal pregnant is exactly the same, we can conclude that 
the B-cell defect seems to be the major one in GOM whatever their BMI is. 
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PROINSULIN SECRETION IN NORMAL, OBESE AND GDM PREGNANCIES 
AFTER ORAL STIMULI. 
M. Deberg', N. Dozi02, M. T. Castiglioni' and F. Sodoyez-Goffaux'. 1 Dept of 
Nuclear Pediatrics, University of Liege, Belgium, 2Dept of Medicine I and of 
'Obstetrics & Gynecology H. San Raffaele, Milano, Italy. 

The role of beta cell dysfunction in pregnancy complicated by GDM is still 
controversial and the increase in insulin resistance induced by pregnancy is often 
taken as a major determinant of the syndrome. Moreover, associated factors such as 
obesity and age may prove confounding. AIMS: To evaluate insulin and proinsulin 
secretion during pregnancy, after oral stimuli, in normal weight, obese (BM!>25) 
and GDM women. PATIENTS AND METHODS: The diagnosis of GDM was 
made after a 100 g OGTT at an average of 200 days of pregnancy using Carpenter 
and Coustan criteria. Serum intact proinsulin was measured by a very sensitive and 
specific method after oral glucose and after a formula meal, in random order. 
RESULTS: Mean insulin levels were increased in obese women (n=7) versus lean 
(n=22) at time 0,30,60 and 120 min (17.4 ± 13 vs 8.3 ± 5; 113 ± 37 vs 72 ± 44; 
134 ± 38 vs 90.9 ± 32 and 126 ± 84 vs 72.3 ± 35 I1U/ml respectively) after oral 
glucose and at 30 min after the formula meal (181 ± 37.2 vs 88.5 ± 57 ~Ulml) 
despite similar plasma glucose and proinsulin levels. By contrast, when comparing 
the ~-<:ell responses in NGT (n=29) and GDM women (n=16), insulin levels were 
increased in the latter ouly at time 180 (104 ± 75 vs 56 ± 52 l1U1ml) whereas 
proinsulin levels were increased at 60, 120 and 180 min both after oral glucose and 
formula meal (8.1 ± 5 vs 5.6 ± 4; 15.5 ± 10 vs 8.7 ± 8; 15.7 ± 11 vs 7.2 ± 8 pmol/l 
after OGGT and 9.7 ± 8 vs 4.5 ± 3; 18.4 ± 20 vs 7.8 ± 7; 11.7 ± 15 vs 4.7 ± 4.1 
pmol/l after the formula meal). CONCLUSIONS: The increase in immunoreactive 
insulin observed in obese women during pregnancy is sustained by normal 
processing of insulin whereas beta cell function is impaired in GDM as ascertained 
by elevated proinsulin levels. 
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COST-EFFECTIVENESS OF SCREENING TEST AND 
METABOLIC MANAGEMENT OF GESTATIONAL DIABETES. 
G. Di Cianni, L.Volpe, L. Marselli, I. Casadidio, P.Bottone·, G.Teti·, A.Boldrini°, 
RNavalesi, L.Benzi. Department of Endocrinology and Metabolism; *DepartelIU\( 
of Obstetrics-Gynecology; ° Neonatal Care Unit; University of Pisa, PISA (I). 

Aims: this srudy was perfonned to evaluate the cost-effectiveness of a screening 
program for the diagnosis GDM; in women with GDM we also evaluated the cost
effectiveness of the intensive metabolic management for reduction of neonatal
maternal morbidity. Methods: we retrospectively compared 2 different groups of 
pregnant women, "screened" and "unscreened" for GDM, who delivered at the same 
hospital in two different periods. For the analysis of costs the tariffs of the Italian 
Public Health System were used; the costs obtained have been expressed in Euro. 
Results: women not screened for GDM included 4035 cases and the "screened" 
group included 1338 cases. Prevalence of GDM was 2.25% in the unscreened group 
and 6.68% in the screened group (p<O.OOI). GDM patients of the screened group 
showed significantly (p>O.OOI) lower incidence than the unscreened group foc 
preterrndelivery (29%vs 16,6%), Cesarean sections (48% vs 33%) and macrosomia 
(LGA) (55% vs 22%). The cost of screening per case of GDM in universal screening 
and in a group without lower risk women (selected screening) was Euro 424.4 and 
Euro 406, respectively. In a higher risk group, such as prepregnancy obese women, 
we have a cost per case of GDM of Euro 213 and the estimated cost, if GDM was 
diaguosed dinectly by OGTT (without screening test), was about Euro 141,5. The 
mean cost of intensive metabolic management per case of GDM of screened group, 
was Euro 319,4. Conclusions: universal screening is a useful instrument to 
identify women with gestational diabetes; "selected screening" in comparison with 
"universal screening" allows a 5% fmanciaJ saving for each individual case of GDM 
diagnosed. In obese women the diagnosis for GDM made directly by OGTT unslead 
of using the preliminary screening test, allows a saving of c. 30%. Fiually, once the 
diaguosis of GDM is made, metabolic management saves money in relation to the 
reduction of Cesarean section (Euro 1,728 for every Cesarean section avoided), 
preterrn deliveries and neonatal morbidity (Euro 3,088 for each newborn with 
siguificant affections) 

under under under under under 
under under under 
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GLUCOSE TOLERANCE AFI'ER PREGNANCY WITH GDM IN 72 WOMEN. 
N. Dozio, T. Rasera, V. Becciu, A. Beretta, G. A1mirante and M. Castiglioni. Dpt 
of Medicine and Dpt of Obstetrics and Gynecology H. San Raffaele, Milano, Italy. 

AIM: To evaluate glucose tolerance 5 years after pregnancy complicated by GDM. 
MATERIALS AND METHODS: 172 pregnancies complicated by GDM were 
followed at the Diabetes and Pregnancy Outpatient Clinic of the San Raffaele 
Hospital in 1988-1993. Carpenter and Coustan criteria were used for diagnosis of 
GDM and WHO criteria for the OGTT at follow-up. RESULTS: Two women 
reqnired insulin since after delivery. At present 93 women were contacted by phone 
and none had known diabetes, 70 women underwent an OGTT at the follow-up 
visit (75% of the contacted patients) and 11 refused to participate in the study. The 
mean age at the time of the follow-up visit was 37 ± 4.8 years (range 28-47) and 
time from the index pregnancy was 5.5 years (range 3-8.8). Mean prepregnancy 
BMI was 23.5 ± 4.6 and mean BMI at follow-up was 24.2 ± 4.2. Child birth weight 
was 3300 ± 509 g (range 1740-4340) at a mean gestational age of 39 ± 2 weeks. Of 
the 70 women who completed the follow-up visit 20 (28.6%) had abnormal glucose 
tolerance and 4 out of 20 had diabetes. No differences were observed between 
women with or without abnormal glucose tolerance for the following variables: 
prepregnancy BMI, BMI at follow-up, weight gain during pregnancy, parity, 
weight of the newborn, gestational age at delivery, cholesterol, triglycerides, HbAlc 
levels, birth weight of the mother, maximum weight during life, family history of 
diabetes, hypertension and cardiovascular disease. Women who developed 
abnormal glucose tolerance showed a trend for higher blood glucose levels at 120 
and 180 min at the OGTT during pregnancy. CONCLUSIONS: Northern Italy has 
one of the lowest prevalence in Europe of both type 1 and 2 diabetes, nevertheless 
the diagnosis of GDM even in this population is associated with a high prevalence 
of abnormal glucose tolerance in the following years, 8.3% of diabetes and 22% of 
IGT compared to 4.4% and 3.7% respectively ascertained in a population study ofa 
decade older women. 
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Glucose control in UKPDS type 2 diabetic patients with and without 
autoantibodies to islet-cell cytoplasm and glutamic acid decarboxylase 
ZM Mehta, S Manley, P Zimmett, GF Bottazzo, CA Cull, RR Holman 
and RC Turner for the UKPDS Group 
Diabetes Research Laboratories, University of Oxford, OX2 6HE 
Aims: To assess the association of islet-cell antibodies (lCA) and 
glutamic acid decarboxylase antibodies (GADA), in type 2 diabetic 
patients, with glucose control Materials: HbAlo was measured 
annually in 4545 newly diagnosed type 2 diabetic patients with fasting 
plasma glucose> 6mmollL of whom 80% were neither ICA nor GADA 
positive (+ve), 16% were eitherICA or GADA +ve and 4% were both. 
Methods: Patients were randomly allocated to conventional policy 
primarily with diet, to sulphonylnreas or to insulin (main randomisation 
(MR), n=3867). When fasting plasma glucose was above 15mmollL 
(primary diet failures (PDF), n=678), patients were randomised to 
sulphonylureas or to insulin_ The association of ICA/GADA status and 
allocated policy with median HbA" over 10 years from randomisation 
was examined in a two way analysis of variance. Results: Patients both 
ICA and GADA +ve had significantly (p<O.OOO1) higher median (lQR) 
HBAlo (MR:8.6(7.4,9.8);PDF:9.2(8,JO.3» than patients either ICA or 
GADA +ve (MR:7.5(6.5,8_6);PDF:8_2(7.2,9.5» and patients neither ICA 
nor GADA +ve (MR:7.1(6.3,8.2);PDF:7.5(6.7,8.6»; patients either ICA 
or GADA +ve had greater median HbAIe than patients neither rCA nor 
GADA +ve. In the MR, patients allocated to diet had significantly 
(p<O.OOO1) higher median (lQR) HbAlo (7.8(6.8,8.7» than patients 
allocated to sulphonylureas (6.8(6.1,8» or insulin (7.1(6.3,8.1). 
Conclusions: Glucose levels of patients with rCA and/or GADA are 
less well-controlled than levels of patients without these antibodies. The 
change in glucose control induced by intensive policy with 
sulphonylurea or insulin was similar irrespective of ICNGADA state. 
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PRIOR GESTATIONAL DIABE'IES: TYPING AND CHARACIERISTICS OF 
DIABE'IES MELLITUS AT FOlLOWUP AFIER. 8 YEARS. 
Zs. Kerenyi, A.Gy. TabIik, P. Stella, A. N8dudi, E. Banmyi, MGy. CsIiIaioy and 
Gy.1'aInM, National Centre fur Diabetes Care, Haynal Univ., Budapest, Hunguy 
Aim!;: To 6tudy pmalcnce and ~ teaIures of diffinDt furms of diabetes 
mellitus at fuIlow.up in women with prior ge.gatioDal diabetes (OOM). !>ptirpl!! and 
~ A cohort (n=211; mean age: 38.5 ± 6.5 [± SD) yrs; BMl: 26.6 ± 5.5 kgfm2; 
140 fir!t imuIinized [OOM-I], 71 on diet [OOM-D) during gesbItion) has been traced 
8.00.5 }'IS after delivery. Beside filling in a quesIioImaire physical examinaIion and 
laboratory inve61igaIioml were perlbrmed. B&I!i; Allogether 103 women (49%) 
<XJuId be IllCIassified (75 g oG1T or llI6ting I po61pIandial g\uooIIe using a ts meal; 
[WHO criteria) or known diabetes, treated by oral hypogIycaemics or on imuIin) with 
g\uooIIe intolerance (GI = diabetes mellitus + lOT; OOM-Ivs OOM-D: P <n.Ol; OR: 
4.47 [95% Cootidenc.e Interval: 1.73 - 1l.SS»; 88 person!> bad diabetes (43 on 
imldin; OOM-I vs OOM-D: 1'<0.001; OR: 12.78 [95% CI: 1.65 - 98.89)). Twenty 
two women with prior OOM were diagnosed as type 1 diabetes (GI on imuIin at 
fuIlowup + GADA or lCApo5iIivi1y; 21%ofGI cases), 66 women as type 2 diabetes: 
(22 on imuIin, 24 on oral theJapy, 20 on diet); IS cases bad lar. To diflerentiate 
between diabetes types neaHIOlIDIIi prepregnancy BMl (P<n.0S), younger age 
(P<n.05), fir!t pzegnancy (P<n.0S), earlier time ofdiagnosis (P<n.05) and earlier!Wt 
of imuIin theJapy during gesIaIion (P<n'()001) were ptedictors fur type 1 diabetes 
using ANOV A. A high ftequency of bypeI1ension (23%; measured high blood 
pn:sgne ~160/95mmHg) and/or antihypertensive theJapy) was a charac.1erisIic 
teature of the whole cohort (higbest pmalcnce fuund in GI cases of the OOM-I 
group, not diflening significantly from n:typed mDM cases [37 vs 33%; P:NS)). 
Similarly, 110 diftereDce in the high prevalence (41 to 68% in diffeteDt groups) of 
positive flImily hi6tory of diabetes could be proveD. Conclusion: OOM and 
imuIinization during pn:gnancy together are !.troDg ptedictors of GI Jater in Jife. 
Heterogeneity and overlapping of some ~ teaIures I ~ fuund at 
n:typing prows that OOM may be an early manifesIation of a multimelaboIic 
~ syndrome dominated Jater by diabetes mellitus (type 2) in II106t of the 
cases or complicating an autoimmune disease (type 1 diabetes or LADA). 
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RELATIONSHIP OF CUNICAL MANAGEMENT WITH QUAUTY OF UFE IN ADOLESCENTS WITH 100M. 
Hilary Hoey, Henrik Mortensen, Philip Hougaard and Hanna McGee for the HYJd0re Study Group on 
Childhood Diabetes. National Children's Hospttal, Trinity College, and Royal College of Surgeons 
Dublin; Glostrup University Hospttal, Denmark. 
Aims: An international study involving 17 countries including Europe, Japan and North America was 
conducted to study the association between quality of life (QOL) and clinical management for 
children/adolescents with type 1 diabetes and their parents. HbA 1 c and clinical data were collected 
and QOL was assessed in young people by the Diabetes Qual~y 01 Ule Questionnaire - DQOL 
(subscaJes: impact, worries, satisfaction, and hea~h perception); and family burden by 
multidimensional questionnaires to parents and health professionals. Materials and Methods: 
2,077 adolescents gave blood samples (boys 1,073, girls 1,004); median age 14.0 years (range 
10-18 years); median diabetes duration 5 years (range 0-17 years); median HbAlc 8.5% (4.8-
17.4); 1 ,984 adolescents completed questionnaires. Results: Adolescents with lower HbA 1 chad 
higher QOL (p=O.Ol); and lower parental (p=O.OOOl) and health professional assessment of 
burden (p=o.oOOl). QOL was significantly higher for younger than for older adolescents 
(p=O.OOOl), and for boys than for girls, in both age groups. Nonetheless, parental burden was 
greater in the younger, and in boys of both age groups. QOL was unrelated to duration of diabetes 
(p=0.33), although HbAtc rose with age. There was no significant relationship between number of 
insulin injections per day (p=0.61), or use of premixed insulin (p=0.31), with QOL for the 
adolescent, nor family burden as assessed by parent (p=0.61 and 0.95), or by health professional 
(p=0.58 and 0.61). Hypoglycaemia related to health professional burden (p=0.006), bU1 not to 
QOL of adolescent or parental burden. Body mass index (8M I) was strongly and inversely related to 
adolescent rated QOL (p=0.OO5), and particularly to worries, satisfaction and health perception 
subseales. It was not associated with impact or Yoith family burden (p=O.13 and 0.78). 
Conclusions: Good HbA 1 c levels are associated with better QOL for adolescents and lesser 
perceived burden by parents and professionals. QOL is unrelated to number of insulin injections, 
use of premixed insulin, or to hypoglycaemia (except for heanh profesSional burden). Differing 
concerns (hypoglycaemia associated with professional burden and BMI associated with adolescent 
QOL ratings) illustrate different priorities for different members of the adolescent/family/professional 
triad involved. Greater attention should be given to 8MI as a source of QOL impairment. 
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Nicotinamide and illt.-a,'cnous insulin administration in newly diagnosed type 1 
diabetes mellitus 
J Vidal, M Fermlndez, G Sesmilo, R Casamitjana*, R Gomis and I Conget. 
Endocrinology Unit, *Hormonology Unit, Hospital Clinic, Barcelona, Spain. 
Several attempts have bcen performed to preserve ~-cell from destruction by 
applying e"perimental therapies in newly diagnosed DMI, including insulin and 
nicotinamide. Aim: to investigate the effect of i.v. insulin therapy combined wiUI 
nicotinamide in the metabolic control and ~-cell function of newly diagnosed DMI 
subjects in comparison with inteusive insulin Iberapy and nicotinamide alone. 
Patients and methods: 34 newly diagnosed DMI patients were included. After the 
correction of iuitial metabolic distumances, subjects were randomly assigned within 
72 h after admission to tllree different groups : (i) Intensive insulin therapy plus 
placebo (C, n= 12), (ii) Intensive insulin therapy plus nicotinamide, 700 mg t.i.d 
(NIC, n=lI), and (iii) 72 h i.v. insulin followed by intensive insulin therapy plus 
nicotinamide, 700 mg t.i.d (NIV, n=II). Follow-up 12 months. GAD, IA-2 and 
IAA antibodies were measured. C-peptide was measured basally and after 2, 4, 6, 8 
and 10 min. of I mg i.v. glucagon. HbA\o, glucagon test and antibody 
measurements were detennined initially and at months I, 3, 6, 9 and 12. Results: 
HbA" remained within normal values along the study in all 3 groups during the 
follow-up (n.s). Neither fasting-c peptide concentration nor the AUC of stimulated 
c-peptide showed significant differences between groups of treatment during the 
study. After I month, max-stimulated c-peptide was significantly higher in the NIV 
group when compared to C group (0.57±O.21 V.s. 0.34±O.13 lllnoVI, p<0.05). This 
value in NIC group was, on average, 51 % higher than in C group (n.s.). At 
diagnosis GAD and IA2 positivity was observed in 10/12, 3/12; 8111, 4/11 and 
10/11,4111 ofC, NIC and NIV groups respectively (n.s.). Antibody titers display a 
similar behaviour in all groups during the fol1ow~up,. In summary, intravenous 
insulin administration shortly after diagnosis plus nicotinamide and nicotinamide 
alone are as effective as intensive insulin therapy in preserving p-cell function in 
newly diagnosed DM I during the I Sl year of treatment. 
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COULD TUMOR MARKER CA-19-9 BE OF USE IN 
PRACTICING DIABETES MELLITUS ( OM)? 
T. Katsaros, I. Saflianis, E. Gigiakou, E. Kasi, V. Polychroniades. 
Diabetes Center Athens General Hospital 'G. Gennimatas' 

The purpose of this study is to find out if the tumor marker CA-19-9 
could be used as an indicator for the diagnosis of canCer of the 
pancreas before it is inoperable. 
Methods: We measured CA-19-9 in all patients, who were diagnosed 
to have hyperglycaemia for the first time with symptoms of type 2 OM. 
Computerized tomography of the pancreas was done to the patients 
with CA-19-6 > 80u/ml ( normal value<37u/ml). Those with CA-19-9 
< 80u/ml were reexamined after 2 months. We examined 122 patients 
( 64 men aged 60+5 and 58 women aged 58+8). The patients were 
asked for family history of OM and examined for retinopathy. For those 
with positive computerized tomography MRI was ordered. 
98 patients with type 2 OM diagnosed at least 5 years ago and well 
matched for age and sex were used as a control group. 
Results: These data are preliminary and we carry the study on. 3 men 
had CA-19-9 > 5000u/ml and were diagnosed to have pancreatic cancer. 
These patients had epigastric pain, but they visited us for OM. 1 man and 
1 woman had CA-19-9 980u/ml and 1000u/ml respectively and no other 
complaint except OM, they were proved to have cancer of the pancreas 
inoperable. 2 men and 3 women had high CA-19-9 but less than 100u/ml; 
in all of them the computerized tomography was normal. None of the 
patients with cancer had family history of OM, or retinopathy. In the control 
group 2 men and 3 women had high CA-19-9 but less than 1 OOu/ml and no 
abnormal findings in the computerized tomography of the pancreas. These 
data are not amenable for statistical analysis, but can give some indication 
for measuring CA-19-9. 
Conclusion: Patients with recent hyperglycemia, without family history of 
OM and without retinopathy should be checked for cancer of the pancreas 
hopefully operable, by ordering CA-19-9. 
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PANCREATIC EXOCRINE INSUFFICIENCY AND TYPE 2 DIABETES 
ARE STRONGLY ASSOCIATED 
W. Rathmann', A. lcks', B. Haastert', G. Giani', S. Curran2

, J. Mitchele, 
S. Hennings2

, and N.J. Wareham2 
J Diabetes Research Institute, Diisseldorf 

Germany; 2University o/Cambridge, UK 

Aims: An association between Pancreatic Exocrine Insufficiency (PEl) and 
both Type I and Type 2 diabetes has been suggested, but previous studies 
have been limited by their small size and the possibility of selection bias. 
The availability of faecal elastase I measurement as a specific test of 
pancreatic function has facilitated examination of this association in 
population-based studies. The aim of this study was to quantify the strength 
of the association between PEl and Type 2 diabetes. Materials and 
Methods: Population-based study using a random sample of 526 Type 2 
diabetic patients (age: 63±8 yrs; 63% males) selected from a local diabetes 
register in Cambridgeshire, UK, and 526 non-diabetic controls, individually 
matched for age, sex, and practice. In controls, diabetes was excluded by 
medical record search and HbA,o measurements. Samples of faces were 
collected and elastase 1 concentrations were measured centrally by ELISA 
(ScheboTech, Germany). Results: PEl (elastase <100 Ilglg stool) was found 
in 11.8% of cases and 3.8% of controls, yielding a crude age-sex-adjusted 
odds ratio (OR;95%CI) for PEl of3.4 (2.1-5.9). After adjusting for potential 
confounders (BMI, alcohol intake, history of gastrointestinal diseases) using 
logistic regression models, the OR for PEl was 3.8 (2.3-6.8). Among 
patients with diabetes, PEl was associated with HbA,o (OR: 1.32; 1.04-
1.68). However, no significant association was found with BMI, diabetes 
duration, or presence of known complications, in particular, peripheral 
neuropathy assessed by vibration sensitivity. Conclusions: Type 2 diabetes 
is associated with a threefold increased risk of PEL Further studies are 
needed to assess the pathogenesis and clinical implication of this finding. 
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THE SIGNIFICANT ASSOCIATION OF ELEVATED FASTING 
GLUCOSE VALUES WITH CARDIOVASCULAR DISEASES 
A DZIEN and Ch. DZIEN-BiSCHINGER 
MEDICALCENTER HENTSCHELHOF INNSBRUCK, AUSTRIA 
The diagnostic criteria for diabetes mellitus have been re-examined 1998, 
and, especially with respect to the increased cardiovascular risk associated 
with type II diabetes, diagnostic fasting blood glucose values were 
lowered to 6, I mmollL. Impaired fasting glucose tolerance was defined by 
glucose values between 5,6 to 6, I mmoVL. 
The aim of our evaluation was to investigate the correlation of Ibe various 
fasting blood glucose levels with cardiovascular diseases. 
Methods: For Ibis purpose we have performed a correlation analysis of all 
fasting glucose measurements performed between 1995 and 1999 (13.474 
measurements) with clinical diagnosis according to the VESCA code 
(3515 cardiovascular diagnosis, 9959 non-vascular disorders). Mean 
fasting glucose values were significantly higher in the group with 
cardiovascular diseases (angina, myocardial infarction, stroke, peripheral 
vascular disease) (6,2 ± 2,2 mmoVL) than in the group with non vascular 
disorders (5,8 ± 2,3 mmollL) (p=O,OOI). Regarding the various degrees of 
fasting glucose levels a significant difference between cardiovascular and 
non-vascular diseases was found for fasting glucose levels higller Iban 6,1 
mmoVL (p=O.OOI), and thus for manifest diabetes, as well as for impaired 
fasting glucose tolerance, where glucose levels were significantly higher 
in cardiovascular diseases (p=O,OOI). The difference was absent for 
fasting glucose values below 5,5 mmoVL. 
Results: The results of our study Ibus confirm the clinical importance of 
Ibe new diagnostic criteria for type II diabetes with respect to 
cardiovascular events. 
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DO CIRCULATING CYTOKINES RELATE TO BONE METABOLISM 
IN DIABETIC POSTMENOPAUSAL WOMEN? 
D.HadjidakisI, C.Tsigos2, N.Apostolopoulou', M.Sfakianakis', A.E.Raptis' 
and S.A. Raptis'.2. 2nd Dpt.Intern.Medicine', Research Institute and Diabetes 
Center, Athens University, Evangelismos Hospital and the Hellenic National 
Diabetes Cent~, Athens, Greece 
Cytokines are known to participate in the pathogenesis of insulin resistance as 
well as of postmenopausal osteoporosis. Although these are mostly paracrine 
effects, we wished to explore the potential contribution of circulating JL-6 and 
TNF-a levels,the main endocrine cytokines.We studied 24 postmenopausal 
women with type 2 diabetes (DM) and 16 without diabetes (HL). Their age 
(mean ±l SD) was 57.2±6.2 and 56.7±7.4 yrs, the interval since menopause 
(YSM) 10.2±5.4 and 7.S±4.9 yrs and the BMI 26.6±4.l and 27.2±4.6 Kg/m2 

respectively. Duration of diabetes was 9.5±4.S yrs. Bone mineral density 
(BMD) in g/cm2 was measured at L2-L4 vertebrae and proximal femur by 
Dual Energy X-ray Absorptiometry and serum IL-6, TNF-a levels by 
ELISA.Femoral neck BMD of DM (0.76±0.OS) was lower than of HL 
(0.S7±0.15), p=O.OI,while that of L2-L4 did not differ significantly.TNF-a 
levels (ng/m1) were significantly higher in DM (4.6±1.1) than in HL 
(3.27±1.l), p<O.OOI, whereas IL-6 levels (ng/m1) did not differ (1.47±1.2 
vs.1.45±1.04). A positive correlation was observed between IL-6 and BMI of 
DM (r=0.74,p<0.001) as well as between TNF-a and menopausal age (r= 
0.4, p<0.05). IL6 and TNF-a levels of DM were negatively correlated to 

serum osteocalcin levels (p<0.05 and <0.01 respectively).In conclusion, 
BMD values of mixed bone are lower in diabetic than in normal 
postmenopausal women, while those of trabecular bone do not differ. 
Circulating IL-6 and TNF -a levels do not directly relate to BMD behavior in 
postmenopausal women. TNF -a levels, however were elevated in diabetic 
postmenopausal women, which might contribute to the development of insulin 
resistance. 
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DO AFRICAN AMERICAN (BLACK) CHILDREN AND ADOLESCENTS 
TREATED WITH INSULIN HAVE TYPE I OR TYPE 2 DIABETES? 
I. Libman. M. Pietropaolo, R. LaPorte, S. Pietropaolo and D. Becker. Children's 
Hospital of Pittsburgh, Pittsburgh, PA, USA 
We have previously reported that only 75% of Black children and adolescents 
diagnosed clinically with insulin-<lependent diabetes have autoantibodies to the p 
cell (islet cell antibodies measured in human pancreas, autoantibodies to GAD 
and IA2) at onset compared to 95% of Whites. It is unclear whether Blacks 
without these traditional autoantibodies present different demographic or clinical 
characteristics at onset. In order to clarifY this issue, we reviewed medical charts 
in all Black children and adolescents (n=40) who were less than 19 years of age, 
diagnosed as having IDDM between 1983-1985, 1989 and 1996-1997 at 
Children's Hospital of Pittsburgh. The information obtained was compared 
between Blacks with at least one of the traditional autoantibodies (type I or group 

B A) and those without any (type 2 or group ). 
Group A GroupB p-value 
(n=27) (n=13) 

Mean age at onset 8.8 12.9 0.006 
Sex (MIF) (%) 41159 38/62 0.89 
Obesity (EM! ;0, 90o/oile) 29.6 61.5 0.05 
Presence of ketones (%) 81.8 66.7 0.40 
DKA(%) 62.5 33.3 0.09 
Family history of diabetes (%) 66.7 61.5 1.0 
Parent with diabetes (%) 8.3 30.7 0.09 

Blacks WithOut traditIonal autoantIbodies had an older age at onset and a higher 
prevalence of obesity. They had a lower prevalence of DKA at onset and a higher 
prevalence of having a parent with diabetes but perhaps due to the small sample 
sizes, these differences were not statistically significant. It is important to note 
that 38% of Blacks without traditional autoantibodies (Group B) had ICA directed 
to a rat islet cell antigen (all of them with ketones). In contrast, 50% of the Blacks 
without any antibodies also presented ketones, a hallmark of IDDM. On the other 
hand, 30% of Blacks with traditional autoantibodies were obese. Thus, presence 
of ketones or DKA does not predict the presence of traditional autoantibodies and 
obesity does not exclude type I diabetes in Black children and adolescents. 
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LIVER FAT CONTENT, INSULIN ABSORPTION AND ACTION AS 
DETERMINANTS OF INSULIN REQUffiEMENTS IN TYPE 2 DIABETES 
L. Ryysy, A.-M. HAkkinen, T. Goto, S. Vehkavaara, J. Westerbacka, J. 
Halavaara and H. Yki-JArvinen, Helsinki University, Helsinki, Finland 
Aim: To determine the causes of interindividual variation in insulin requirements. 
Methods: We recruited 20 type 2 diabetic patients, who had had stable glucose 
control (HbA" < 8.0 %) for over I year on combination therapy with bedtime NPH 
and metformin. Liver fat content (proton spectroscopy), visceral fat (MRI) insulin 
sensitivity (6 hr 0.3 mU/kg'min euglycemic insulin clamp combined with 3-['H]
glucose), insulin absorption (increase in free insulin over 8 hrs after a fixed dose of 
regular insulin), action of injected insulin (glucose infusion rate required to maintain 
euglycemia), weight and body composition were determined. Results: Variation in 
parameters: insulin dose range 10-176 IU (mean 42 IU, fold variation 17.6x); or 
0.13-1.39 IU/kg (0.44 IU/kg, 1O.7x); weight 67-127 kg (91 kg, 1.9x), liver fat 2-28 
% (12 %, 14x), visceral fat 179-2053 cm' (1114 em', ll.5x), absorbed insulin /8 
hrs·ffm 68-720 (372, 1O.6x), suppression of glucose production -18 to -142 % (-67 
%, 7.9x), suppression ofFFA by s.c. insulin 59350-452300 J.lmolllxmin (7.6 x), and 
by Lv. insulin 38190-385600 J.lmolllx min (10.1 x). Both the action of absorbed 
insulin. determined from suppression of FFA/ 8hrs (FO.71, p<O.OOI) and the 
glucose infusion rate (F-0.56, p<0.02) were significant determinants of the daily 
insulin dose (Iu/kg). Visceral fat volume (F-0.77, p<O.OOI) and simply BMI (F-
0.72, p<0.005) were significantly related to the amount of insulin absorbed. The best 
determinant of hepatic sensitivity to insulin was the % hepatic fat (FO. 71, p<O.OO I), 
which in turn was significantly related to total fat mass (r=O.73, p<O.OOI) but not the 
ratio of visceral to subcutaneous fat. The ability of Lv. insulin to suppress FFA was 
closely related to the ability of s.c. insulin to suppress FFA (FO.88, p<O.OOI) 
implying that 77 % of the variation in insulin action on antilipolysis was due to 
variation in insulin sensitivity and 23 % to the combined effects of variation in 
insulin absorption, day to day variation in FFA concentrations and methodology. 
Conclusions: The major reason for interindividual variation in insulin requirements 
in type 2 diabetes is that in insulin sensitivity rather than absorption. The data also 
suggest that hepatic fat content influences hepatic insulin sensitivity. 
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THE ROLE OF VIRAL INFECTIONS IN TYPE I DIABETES IN SOUTH 
AFRICAN BLACKS 
FJ Pirie, DF York, AA Motala and MAK Omar. University of Natal, Durban, 
South Africa. 
Aim: The study aimed to evaluate the role of selected viruses in the 
pathogenesis of type I diabetes in a group of South African Black subjects. 
Materials and Methods: The study group comprised 54 type I diabetic 
subjects and 38 healthy blood donors. In each group, the prevalence of 
antibodies to glutamic acid decarboxylase (GAD), enteroviruses (lgM) and 
hepatitis C virus was detennined by ELISA. Presence of viral RNA in 
DNAse-treated RNA extracted from plasma was determined by reverse 
transcriptase polymerase chain reaction (rtPCR) for hepatitis G, human 
endogenous retrovirus IDDMK1.222 (IDDMK,.,22) and enteroviruses. The 
sequence of selected IDDMK,.,22 products was determined in a cycle
sequencing reaction. 
Results: 31.25% of the diabetic subjects had anti-GAD antibodies whereas 
these were not detected in the controls (p<0.05). None of the study subjects 
tested positive for enteroviral IgM antibodies or Hepatitis C antibodies. 25% 
of the diabetic subjects were positive for Hepatitis G compared to 38.2% of 
blood donors (p=0.72). 68% of type I diabetics were positive for IDDMKJ.222 
compared to 65.6% of blood donors (p=0.83). The DNA sequence of the 
IDDMK,.,22 fragments amplified from the plasma of 2 diabetic subjects 
corresponded with GenBank sequence AFOl2335 whereas that of one blood 
donor differed in at least 3 bases, identifiable as the loss of an Sph I 
restriction site. Subsequent restriction digest testing of all positive 
IDDMK1.222 samples revealed a dimorphic Sph I fragment mixture in all 
cases. 
Conclusions: No evidence for infection with enteroviruses, hepatitis C or 
hepatitis G was found in association with type I diahetes in this group of 
South African Blacks. IDDMK'.222 expression appears to be widespread with 
no specific association with type I diabetes. The rtPCR used to demonstrate 
IDDMK1.222 mRNA, additionally amplifies a related retroviral fragment in 
all cases. 
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CHILDHOOD IDOM INCIDENCE IN EASTERN BULGARIA - A 25-YEAR 
SURVEILLANCE (1973-1997) 
V.Tzaneva and V.lotova. Dept. of Paediatrics, Medical University, Varna, Bulgaria 

Long continuous registration of newly-diagnosed lOOM children on the Balkans 
are relatively rare. Aim: The study aims to assess the figures and trends in the 
childhood lOOM incidence in the last 25 years in Eastern Bulgaria. Materials and 
methods: The childhood (0-14 years) lOOM incidence in Eastern Bulgaria (1/3 of 
the country's territory and population) was studied retrospectively for the years 
1973-1981. Since 1982 an IDDM registry is working prospectively. The lOOM 
incident cases (standard criteria) are entered annually using as a first source of data 
the hospital files from the mandatory admission at diagnosis. The secondary source 
are the lists of endocrinologists responsible for the post-hospital management. In 
the last 9 years the registry participates in EURODlAB ACE and DIAMOND. Due 
to the centralised insulin supplementation the case ascertainment is as high as 
97.4% for the retrospective and 98.2% for the prospective part of the study. 
Results: The registry identified overall 931 newly-diagnosed IDDM children. The 
mean annual incidence was 6.44/100 000 (95%CI 6.02+6.86) and for the last 10 
years - 7.781100 000 (95%CI 7.10+8.66). The girls were affected more often than 
boys - 6.48 vs. 6.391100 000 (p>0.05). The IDDM incidence was significantly 
higher among urban children - 7.39 vs. 4.86/100 000 (p<0.001), similarly when 
analysing by age-groups. Older children (10-14 y.) were at greater risk of 
developing diabetes than younger ones (0-4 y.) - 8.74 vs. 3.66/100 000, resp. 
(p<O.OOI). The mean annual incidence was highest in Varna county, the most 
densely populated - 7.33, and lowest in the least populated Bourgas county -
5.051100 000. Poisson regression analysis revealed linear trend of increase in the 
incidence dependent on area of residence (p<O.OO I) and calendar year at diagnosis 
(p<0.01). Overall 69 (7.41%) children had 1st degree relatives with IDDM with no 
significant difference by area of residence. Conclusions: There is a clear trend of 
increase in the IDDM incidence in Eastern Bulgaria confined to the urban children 
which points to exogenous factors in diabetes etiology. 
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KARLSBURG TYPE I DIABETES RISK STUDY IN SCHOOLCHILDREN: 
FREQUENCY OF THYROID AND COELIAC AUTOANTIBODIES IN 
CHILOREN WITH DIABETES-ASSOCIATED AUTOANTIBODIES 
M. Strebelow, M. Schlosser, B. Ziegler and M. Ziegler. Institute of 
Pathophysiology, Univcrsitity ofGreifswald, Germany 
Aims: 10 this study we examined the occurrence of thyreoglobulin- (TgAb), 
thyreoperoxydase- (TPOAb), g1iadin-IgA- (AGA) and endomysial-lgA-antibodies 
(AEA) in children of a normal population, positive for autoantibodies (AAbs) 
against glutamate decarboxylase (GADA), protein tyrosiophosphatase (IA2A), 
insulin (IAA) andlor islet cell cytoplasmic antigens (ICA). Materials and 
Methods: 9,419 children, aged 6-17 years, were tested in primary screening for 
GADA, IA2A and lAA by 1251-antigen binding and for lCA immuno
histochemically. 10 children, positive for at least one AAb by re-examination, 
TgAb and TPOAb were determined using radioimmmlOassays and AGA and AEA 
by indirect immunofluorescence. Results: 209 of the re-examined children had at 
least one AAb. 45.3% of them were positive (;,99,h centile) for GADA, 28.2% for 
lA2A and 26.8% for lAA, and 29.2% for ICA (;,20 JDFU). 82.3% were positive 
for only 1 and 17.7% for two or more AAbs. 8.6% had TgAb andlor TPOAb, 
7.2% AGA and 0.5% AEA. TgAb andlor TPOAb were more frequent in girls 
(11.5%) than in boys (5.2%) and in children with mnltipIe (13.5%) vs. those with 
siogle diabetes-associated AAbs (7.6%). No child with mnltiple AAOO including 
IA2A was positive for TgAb or TPOAb. The frequency of TgAb andlor TPOAb 
was enhanced in children with GADA (10.5%), lAA (12.5%) and ICA (9.8%) vs. 
those with IA2A (1.7%; p<O.05). 10 contrast, the frequency of AGA was similar 
between boys (7.2%) and girls (7.5%) and slighIly increased in those children 
with mnltiple diabetes-associated AAOO (10.8%) vs. single AAb positivity (6.4%). 
There were also no significant differences in frequency of AGA between children 
positive for GADA (9.5%), 1AA (7.2%), IA2A (7.8%) or ICA (6.6%). One boy 
had increased AGA and AEA. He was also positive for GADA, IA2A and ICA, 
and developed diabetes 24 months after first AAb testing. None of the children 
had any symptoms of thyroid or coeliac disease. In controls the frequency of 
TGAb andlor TPOAb was 14.3% and for AGA 0.3%. Conclusions: The results 
confirm that IA2A have the highest Type I diabetes specificity among the 
diabetes-associated AAbs. The increased frequency of g1iadin-IgA-antibodies but 
not of thyroid-AAbs in children with diabetes-associated AAbs compared to 
controls, suggesting a higher risk for future coeliac disease. 
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THE GIESSEN-BAD OEYNHAUSEN FAMILY STUDY: IMPROVED 
PREDICTION OF TYPE I DIABETES IN RELATIVES BY COMBI
NING ISLET AUTOANTIBODIES IN A DUAL STEP MODEL 

C Jaeger, E Hatziagelaki, A Stroedter, F Becker, R Petzoldt', K Federlin, RG Bretz.el 
Third Medical Department, Justus-Liebig University, Giessen, Germany; 'University 
of Bochum, Diabetes Center at Bad Oeynhausen, Germany. 

To determine the value of combined antibody screening for prediction of type I diabetes 
in a low incidence cohort we prospectively studied 882 first-degree relatives (485 pa
rents, 382 siblings, IS offsprings) for up to II years unselected for islet cell antibo
des (ICA). During the study period 16 individuals developed diabetes. The first serum 
sample obttined at study entry was analyzed for ICA, antibodies to insulin (IAA), 
GADA and anti-IA-2ic. A Cox proportional hazard model considering the joint effects 
of all baseline variables selected the four antibodies and the specific family history as 
significant risk confounding factors (p<0.05). Further analysis by Kaplan-Meier life
tables confirmed a significantly increasing risk of diabetes with the number of autoan
tibodies present (p<O.OOI) and in accordance with the Cox model relatives with more 
than one affected family member and siblings/offsprings vs. parents were at increased 
risk of IDDM (p<O.05). Beside technical problems a screening strategy based on initial 
ICA testing has the potential to miss ICA negative subjects among future cases of ty
pe I diabetes and we therefore set out to evaluate an alternative approach using a dual 
step strategy with a combination of GADA and anti-IA-2ic for initial screening follo
wed by retesting of positive individuals for ICA and IAA. The combination of GADA 
and anti-IA-2ic for primary screening (step I) proved to be more sensitive identifying 
94% of future cases of type I diabetes compared to 81 % using ICA as initial test and 
this antibody combination identified 93% of those individuals with ICA of 20 JDF or 
more. Retesting of positive individuals for ICA and IAA (step 2) significantly impro
ved the positive predictive value confering a risk of diabetes for siblings and offsprings 
with more than 2 antibodies within 5 years of 67% (95%CI: 39-90). We conclude that 
the prognosis of contracting 100M in relatives is strongly related to the number of au
toantibodies present but the family history should be additionally considered for indivi
dual risk assessment. The proposed screening strategy could overcome the problems of 
the ICA and IAA assays for large-scale screening and in the present study it allows 5-
years risk estimates up to 67% identifying 94% of future cases of type I diabetes. 
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KARLSBURG TYPE I DIABETES RISK STUDY IN SCHOOLCHILDREN - NO 
FURTHER DIFFERENTIATION OF RISK BY HLA-DQBl GENOTYPING OF 
CHILDREN WITH MULTIPLE AUTOANTIBODIES 
M. Schlosser', R. Wassmuth2

, M. Strebelow, B. Ziegler and M. Ziegler. Institute of 
Pathophysiology and I Surgery Hospital, Universitiy of Greifswald, 2lostitute of 
Clinicalloununology, University of Erlangen-Niirnberg, Gennany 
Aims: Islet cell autoantibodies precedes onset of Type I diabetes in genetically 
predisposed patients. Thus this study was aimed to further differentiate the risk to 
develop diabetes by HLA-DQBl genotyping of children primarily identified by 
combined autoantibody (AAb) screening. Materials and Methods: By re
examination of 203 AAb positive su1!jects screened in 6,155 schoolchildren, AAOO 
against glutamate decarboxylase (GADA), protein tyrosiophosphatase (IAlA), 
insulin (IAA) and islet cell cytoplasmic AAb (ICA) were determined above 99th 

centile and :0::20 JDFU and HLA-DQBl alleles were analyzed by DNA typing. 
Results: 2.71% (167/6,155) of probands were positive for one AAb specificity only. 
Among them su1!jects positive for GADA only (:::99.9'h centile) or IA2A only 
(:::99.5th centile) have most frequently at least one diabetes-associated allele '0302 
andlor '0201 (p<0.05 vs 135 AAb negative age-matched controls) whereas the 
dominant protective allele '0602 was absent. 10 contrast frequencies of 
associated/protective alleles of children positive for lAA only or ICA only did not 
differ from those of controls. 0.58% (36/6,155) were positive for :0:: 2 AAb 
specificities and defined as probands at increased risk. Among them 50% (18/36) 
were positive for two AAb specificities, 33.3% (12/36) for three AAbs and 16.7% 
(6/36) for all 4 AAOO. 83.3% (30/36) of these schoolchildren carry at least one 
associated allele bot non of them has the protective '0602 alle!. During the short 
follow-up of 44.5±9.5 months six probands (3m/3f) positive for three or four AAOO 
at high levels progressed to diabetes. Five of these six cases have at least one 
associated HLA-DQBl allele. Thus the highest positive predictive values of 25% 
were calculated for children positive for GADA+IA2A+ICA or positive for all four 
AAb specificities. Conclusion: Mnltiple AAb positivity identifies su1!jects at risk 
for developmeut diabetes in the general population and is strongly associated with 
the occurrence of the Type I diabetes-associated risk alleles. Thus risk for diabetes 
detected and differentiated by combined AAb analysis can not be further 
differentiated by HLA-DQBl genotyping. 
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INODENCE AND PREVALENCE OF TYPE I DIABETES MRLITUS 
AMONG ADULT POPULATION IN L1THUANlAl!1!11·1997 
R Ostrauskas, R Zalinkevi~ius, A Norkus and the Lithuanian Collaborative 
Group for the Epidemiology of Diabetes. Institute of Endocrinology, Kaunas 
University of Medicine, Kaunas, Lithuania 
The aims of the study were to determine the incidence of insulin dependent 
diabetes mellitus (IDDM, type 1) in a prospective study of 15-39-year aged 
young adults and prevalence of type 1 diabetes mellitus among ;,,15-year -aged 
Lithuanian population during the years 1991-1997. Two sources of 
information were used: urgent reports of onset and annual reports from all 
physicians responsible for diabetes care of all out -patient clinics of Lithuania 
The incidence ascertainment was assessed by the capture-recapture method. 
During the 7 -year period 769 new cases (496 males and 7:13 females) were 
identified. The average 7-year incidence rare was 9,992 per 100,000 (95% 
Poisson confidence interval was 9.150-10.911) for males and 5.601 (CI 4.974-
6.306) for females, respectively (Chi square sex difference 41.013, df=4, 
p<O,OO1. Malelfemale ratio was 1.817. The highest age-speci:fic risk of type 1 
diabetes was observed around 25-34 years of age. Results of the regression 
models showed that the incidence of type 1 diabetes mellitus had tendency to 
increase among males and remain stable among females. The largest 
proportion of type 1 diabetes mellitus was diagnosed during full-winter 
(31.3%) and full-autumn (28.3%) and the lowest in summer (13.8%). No 
signi:ficant geographical and national variations were observed. On 31.12.1991 
there were 2426 adult (:>15-year) patient. with type 1 diabetes mellitus or 
82.71 per 100,000 inhabitant. (el 79.46-86.08) in follow-up in Lithuania On 
31.12.1997 the number of patients rises to 3259 or 111.12 per 100,000, 
p<O,05. Age-adjusted prevalence rates in 1991 were 60.76 for males and 
75.7:1 for females, and in 1997 - 127.74 and 95.82, respectively. In 1997 the 
domination of males was especially prominent in 35-39-year-aged group 
(229.13) and the domination offemales - in 25-29-year-aged group (157.94). 
Our data shows the male predominance of type 1 diabetes mellitus in adults 
in Lithuania 
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Very low incidence of Type 1 diabetes in children in Romania 

C. Ionescu-Tirgoviste, V. Serban, C. Guja, M. Mota, G. Creteanu, A. Calin, M. 
Morosanu, I. Ferariu, I. Halmagy, 1. Cristescu, M. Strugariu, A. Minescu, R. 
Barbul. Clinic of Diabetes, N.C. Paulescu Institute, Bucharest, Romania. 

According to the annual statistic data, the total population of Romania 
was 22.680.951 in 1997. The overall ascertainment-corrected Type I diabetes 
incidence in the age group 0 - 14 yr. was obtained from Bucharest (2.33 million 
inhabitants) and other 10 administrative counties, comprising a number of 5.36 
million inhabitants. A1ltogether, these 7.69 million inhabitants included in this 
study represent 33.9% of Romania's population. From this population, the number 
of children in the age group 0-14 yr. was of 1.58 million, representing 34.1% 
from the children in this age group. The age-corrected incidence of Type I 
diabetes was determined according with the EURODIAB ACE protocol for each 
counly and for each year between 1988 and 1997. In this period we recorded 595 
cases with the follOwing main characteristics: I. An overall slow increase of the 
number of cases, but with an important year to year fluctuation; the 328 cases 
recorded in the last 5 yr. (1993-1997) vs. only 267 cases in the first 5 yr. (1988-
1992) represent a 22% increase; 2. The average incidence rate for the whole 
studied population in these 10 yr. was of 3.2/100000Iyr. with the highest figure in 
Bucharest - 5.27/100001yr. and the lowest in Mehedinti counly - 1.55/100000/yr. 
This indicates a 4.5 fold geographic (between counties) incidence variation 
between the highest and lowest rate with any apparent explanation from ethnic 
distribution of population, alimentary habits or longitude/latitude of the counties; 
3. It was a small but constant masculine predominance (3.47/100000/yr. vs. 
3.25/1000001yr. in females); 4. Two thirds of the cases were recorded during the 6 
coldest months of the year and only 1/3 in the warmer 6 months. This seasonallily 
is partially explained by the high incidence of viral and bacterial infections during 
the cold seasons which were recorded in 92% of the cases with onset in the cold 
seasons and just in 35% of the cases recorded in the warm seasons. Conclusions: 
With an overall 10 yr. incidence of 3.2/100000/)'r. Romania is an European 
country with a very low risk for Type I diabetes in the age group 0 - 14 yr. which 
is explained not only by the genetic background but perbaps by some non
identified environmental factors 
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THE RECENT TREND IN THE INCIDENCE OF TYPE 1 DIABETES 
IN UPPER SILESIA CHILDREN, 1989-1997 (POLAND). 

P. Jarosz - Chobot, E. Otto - Buczkowska, B. Koehler and E. 

Maklakiewicz, AGreen*' Silesian School of Medicine, Katowice, 
Poland, 'Odence University Hospital, Denmark 
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Aim:The purpose of the study was to provide current and reliable 
information about trends in incidence rates of Type 1 Diabetes in the 

Upper Silesia region in children aged 0-15 years in the period of 9 years. 

Material and methods: 528 cases with diabetes were ascertained 

independently during the registration period of 9 years. The study was 
made within the EURODIAB programme, according to the criteria and 

method accepted in it. Results: Incidence ratio in the examined 
population increased from 4,71 in 1989 up to 10,161100 0001 year in 
1997. In the analyzed Group no significant statistical differences 

dependent on sex were found. During the examined period the incidence 

ratio has significantly grown. It was observed that the extent of change 
varied in different age Groups. The youngest children (0-4 years old) 

showed the greatest increase of the incidence ratio from 1,09/105 in 1989 
up to 6,75/105 in 1997. The highest incidence ratio was in the 10-14 years 

old age Group.Conclusions: In the examined period dramatic increase 

(more than 200 %) of the incidence ratio in the children's population (0-

14 years old) in Upper Silesia was reported. The fastest increase of this 

ratio was established in the youngest children age Group (0-4 years old). 
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SEX DIFFERENCES IN THE INCIDENCE OF TYPE 1 DIABETES IN 
TWO ITALIAN REGIONS: LAZIO AND SARDINIA 
N. Visalli, L. Sabastiani, E. Adorisio, M.R. Cassone Faldetta, R. Buzzetti, G. 
MuHari, A. Casu, M. Songini and P. Pozzilli for the IMDIAB Study Group, 
Rome and the Sardinian Collaborative Group for the Epidemiology of 
IDDM, Italy 

Differences in the incidence of Type 1 diabetes have been often 
described, mainly in Northern Europe where a slight increase in the 
male/female ratio has been reported. Aims: In the present study we 
investigated a number of variables among recent onset Type 1 diabetics aged 
0-14 from two Italian registers, Lazio and Sardinia, which have shown low 
and high incidences over the past eight years, respectively. These two 
regions share similar environmental influence and take part in the Eurodiab 
subarea A study since its implementation in 1989. In Lazio the mean yearly 
incidence rate per 100,000 « 15 years of age) is 8.36 and in Sardinia 44.78. 
Materials and Methods: Patients diagnosed between 1989-1996 were 
subdivided in 3 age groups (0-4, 5-9,10-14) and differences per age group 
and per year have been evaluated over the period 1989-1996. Results: In the 
Lazio region male incidence figures per 100,000 were 7.00 for the 0-4 age 
group, 10.66 for the 5-9 age group and 7.51 for the 10-14 age group. No 
differences for sex prevalence in all age groups over the period of registration 
was found. In Sardinia, male incidence figures per lOS were 31.53 for the 0-4 
age group, 47.40 for the 5-9 age group and 52.15 for the 10-14 age group. 
Overall there was a male prevalence in the age group 0-14 compared to 
females (p<O.OOl) which was mainly due to the very high male 
preponderance in the 10-14 group. Conclusion: In a region with high 
incidence of Type 1 diabetes, such as Sardinia, male prevalence is higher, 
while in a very close region such as Lazio where the incidence is much lower, 
this is not observed. Therefore, genetic factors, rather than environmental 
ones, playa major role in a given population in determining the high 
frequency of Type 1 diabetes. 
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312 
THE SEASONAL DISTRIBUTION OF BIRTH OF PATIENTS WITH 

INSULIN-DEPENDENT DIABETES MELUTUS IN SARDINIA 
Sa. Muntoni, S. Wiilinlinen°, PA. McKinney', G. Law', HJ. Bodansky* 

aud S. Muntoni. Centre for Metabolic Diseases and Atherosclerosis, 
Cagliari, Italy. °National Public Health Institute, Helsinki, Finland. 'Centre 

for Health Services Research, University of Leeds, U X. 

Aims: Since a seasonality of birth of patients with Insulin-Dependent 
Diabetes Mellitus (IDDM), indicating environmental influences during fetal 
life on the risk for the disease, has been described in several European areas, 
we investigated whether such a phenomenon is present in Sardinia, an area 
with the highest IDDM incidence in the world together with Finland. 
Materials and Methods: We compared the monthly distribution of birth in 
the Sardinian general population with that of 425 IDDM patients (from the 
Sardinian IDDM Registry) under 15 years of age, diagnosed during 1989-
1992, born between the years 1974 and 1992. Statistical significance of the 
deviation of the observed to the expected numbers of cases was calculated 
using the test for seasonality of events designed by Walter and Elwood. 
Results: The two distributions did not differ from each other, thus excluding 
a seasonal pattern. Conclusions: At variance with UK-Leicester, Iceland, 
Sweden and The Netherlands, where a monthly pattern of births has been 
described, in Sardinia no clustering of time of birth for children with IDDM 
has been found. While seasonality at diagnosis may be related with 
environmental factors precipitating clinical onset of diabetes in subjects at a 
pre-clinical stage of the disease, seasonality of birth could reveal exposition 
to factors involved in initiation of the autoimmune process against [I-cells 
early in life. From the present data we can conclude that, in Sardinia, no 
evidence exists of environmental factors initiating IDDM during pre- or 
perinatal life. 

314 
SEASONALITY OF BIRTIIS OF SLOVAK IDDM CHILDREN 
K.KikuleckY*,D.Kichalkova** and P.Hlava**;*Inst. 
Prevent. Clin. Med.; "Children's Hospital, Co
menius University; Bratislava, Slovak Republic. 
Aims: Seasonality of birth of IDDM children,with 
fewer births in winter,was found in Britain, not 
across other Europe including Slovakia. Analogi
cal study is now presented from Slovakia on ex
tended time interval.Materials and Methods: From 
Slovak National Register,1186 children with IDDM 
born 1974-97,diagnosed 1989-97 were analysed vs. 
1987676 children of general population. For each 
month, the month-length-standardized fraction of 

the yearly total equal 1 was ca
lculated for IDDM (fd) and all 
births (fg). According to null 
hypothesis, either fraction has 
to be always 1/12,and fd/fg sho
uld be 1. Data were processed by 
cosinor regression. Results: For 
fd, significant (a=O.05) annual 
and for fg and fd/fg annual and 
semiannual cyclings were found 
(Figure). Conclusions: The birth 
rate of Slovak IDDM children 
was,compared to population expe
ctations,significantly decreased 
in December-February and signi
ficantly increased in September. 
Support: Eurodiab TIGER. 

313 
THE INCIDENCE OF INSULIN-DEPENDENT DIABETES MELLITUS 
IN THE AGE GROUP 0-9 YEARS IN SIBERIA IS INCREASING 
E.Shubnikov and J.Choubnikova, Center "SibDiab", 
P.O.Box 668, Novosibirsk, 630090, Russia 
Aims:To assess the connection between the age-at-diagnosis of insulin
dependent diabetes mellitus (IDDM) among siberian children diagnosed 
under 15 years of age and increasing incidence ofIDDM at Siberia. 
Materials and Methods: The epidemiological survey at Novosibirsk 
area have been conducted according to standards of WHO program 
"Diamond". The study period covered the years 1980-1997. 
Results: The mean IDDM incidence was higher in 1992-1997 

study period: 7,2±0,2 cases per 100 000 children (95% confidence 
interval (CI):6,8-7,6) than in 1986-1991 and 1980-1985 study 
periods where it was 4,8±0,2 (CI:4,5-5, 1) and 4,1±0,4 (CI:3,3-5,0) 
accordingly. For the first time we have revealed the significant 
increasing ofIDDM incidence both among children from big City and 

among children from smaller places. We have not found significant 
difference in IDDM incidence among 10-14 years old children at 
these study periods. But we have found significant increasing of 
IDDM incidence among children of5-9 and 0-4 age groups. For the 
5-9 years children the incidence has increased from 4,2±0,5 (CI 3,2-
5,1) at 1980-1985 study period to 7,2±0,6 (CI 6,0- 8,4) at 1992-
1997 study period. The mean IDDM incidence among 0-4 years 
children has increased from 1,8±0,2 (CI 1,4-2,2) in 1980-1985 
study period to 5,9 ± 0,9 (CI 4,1-7,7) in 1992-1997 study period. 
Conclusions: We suppose that the increasing ofIDDM incidence in 
Siberia is caused by the negative influence of still unknown agents 
to children at the age from 0 to 9. 

315 
NO INCREASE OF TYPE 1 DIABETES MELLITUS IN 19-
YEAR-OLDS~SSMALESIN27YEARS 
A.U. Teuscher, K. Reinli, and A. Teuscher. Division of 
Endocrinology and Diabetes, University of Bem, Switzerland. 
Aims: In some parts of Europe type I diabetes seems to have 
increased during recent decades. To determine the prevalence of 
type I diabetes mellitus in 19-year-old Swiss males data covering 
the period 1972-1998 were analyzed. 
Material and Methods: The cohort study included data from 9 
surveys in 335'009 19-year-old Swiss males. At this age every 
Swiss male has to present himself to a compulsory examination 
of the Swiss army. All those with known type 1 diabetes are 
rejected without exception. 
Results: A total of 470 subjects with type 1 diabetes were 
identified. The average prevalence rate for the nine birth cohorts 
was 1.40/1000 (95% CI 1.28, 1.54). Trend analysis showed no 
evidence of an increase in diabetes prevalence rates (overall 
X2=8.028, df=8, p=0.431; X2trend=1.243, df=l, 0.2S<p<0.5). 
Conclusions: In Switzerland, contrary to reports from other 
European countries, analysis of army files covering a period of 27 
years does not indicate that there is an increase in the prevalence 
of type 1 diabetes. 



316 
SPACE-TIME CLUSTERING OF CHILDHOOD DIABETES AT 

DIAGNOSIS IN DEVON AND CORNWALL, ENGLAND 

HX Zhao, E. Stenhouse, R. Moyeed, A.G. Demaine and B.A. Millward. 
Molecular Medicine Research Group, Plymouth Postgraduate Medical 
School, University of Plymouth, Plymouth, Devon, UK 

Aim: To investigate whether there is evidence of space-time clustering in 
the onset of childhood Type I diabetes in Devon and Cornwall, England 
from 1975-96. Previous studies have shown conflicting results. Positive 
results may imply an effect of environmental factors in the aetiology of this 
disease. Subjects and Metbods: All 522 newly diagnosed Type I diabetic 
children aged 0-15 years old from 1975 - 1996 contained in the population
based Cornwall and Plymouth Children's Diabetes Register were used in the 
analysis. The case ascertainment for this register was estimated 94.4% 
complete. Mantel's modification of Knox method was employed to calculate 
z statistics for each combination of space and time thresholds and a value of 
z greater than 1.645 or 2.326 indicates significance at 5% or 1% level (one
tailed). Time at diagnosis was defined as the date of first insulin injection 
and spatial referencing in the analysis was derived by patients' postcodes of 
residence at the time of diagnosis. The space and time thresholds were I, 5, 
10, IS, 20, 25, and 50 Ian and 28, 90, 360, 540, and 900 days, respectively. 
Results: Significantly greater numbers of observed close pairs than would 
be expected by cbance have been found in the following combinations of 
critical cutoff values, 25 Ian and 360 days (p < 0.05), 50 Ion and 90 (p < 
0.05), 540(p < 0.05), and 900 days (p < 0.05) with the highest significance 
found in 50 Ian and 360 days (p < 0.01). Conclusion: There is evidence of 
space-time clustering in the onset of childhood Type I diabetes in the far 
south west of England. These results lend some support to the hypothesis 
that an external agent, such as an infection may be involved in the 
development of childhood onset diabetes. 

PS3 
Epidemiology of Type 1 Diabetes III 
318 
HOSPITALIZATION IN 6.007 CHILDREN AND ADOLESCENTS WITH 
TYPE I-DIABETES AND IN THE GERMAN GENERAL POPULATION 
A. Icks, J. Rosenbauer, R.W. Holl', M. Grabert", and G. Giani, for the German 
Working Group on Quality Control. Diabetes Research Institute, Dpt. Biometrics 
and Epidemiology, DUsseldorf; "Division of Applied Information Technology, 
University Ulm; 'University Children's Hospital Giessen. 

Reduction of diabetes-related hospitalization in children and adolescents is a major 
goal of structured diabetes care. Aim of this analysis was to estimate relative 
hospitalization risks and days in in a large cohort of pediatric patients with diabetes 
in Germany compared to the general German population of the same age. 
Methods: Based on a prospective computer-based documentation program, 
established by the German Working Group on Quality Management in Childhood 
Diabetes, hospital admissions and days after diabetes onset in 1998 were ascer
tained. Hospital admissions and days in the general German population were 
derived from official hospital statistics. Age- and sex-specific and standardized 
incidence rates (IR) and days of hospitalization (standard: BRD population <25 
years of age, categorized into 4 classes) were estimated in the diabetic cohort and 
and compared with the corresponding measures in the BRD population. In ad
dition, standardized ratios of hospitalization incidence (SIR) and days ("SDR")of 
the diabetic cohort in comparison to the general population were calculated. 
Results: 61 centers contributed 6,007 patients (52% male, mean age 12.8±4.4, 
mean diabetes duration 5.0±4.4 years, 4,349 years of follow-up in 1998). The 
estimated hospitalization IR's (' py.l, 95%-CI) were 0.42 (0.40-0.44) and 0.1134 
(0.1133-0.1136) in the diabetic and in the general population, respectively, and the 
hospital days (' py-l, 95%-CI) were 2.73 (2.68-2.78 and 0.9678 (0.9675-0.9683). 
SIR and "SDR"'(95%-CI) were 4.43 (4.23-4.64) and 3.37 (3.31-3.43), respectively. 
The ratios were higher in boys and in pubertal age. 
Conclusions: Children and adolescents with diabetes had a 4.4 times higher 
hospitalization risk and 3.4 times more hospital days than the general population of 
the same age. These ratios were smaller as observed in Finland, Denmark, and 
Australia in the 1980'ies, probably due to time trends, different health care sys
tems, or differences in diabetes care. A repetition of this study may evaluate 
interventions that aim at further reduction of diabetes-related hospitalization. 

317 
RISING INCIDENCE OF CHILDHOOD DIABETES IN 
YORKSHIRE, UK IS SEEN AT ALL AGES AND IN URBAN AND 
RURAL SETTINGS. 

RG Feltbower, HJ Bodansky, PA McKinney, P Holland, F Campbell, 
RC Parslow. Paediatric epidemiology Group, Centre for Health Services 
Research, University of Leeds, UK 
Aim: To detennine whether the incidence of childhood Type I diabetes in 
Yorkshire, UK continues to rise and in which age groups. Also to compare 
incidence trends in urban and rural settings. 
Methods: 2205 children aged 0-14 years from the population-based 
Yorkshire Children's Diabetes Register diagnosed over a 20 year period 
(1978-97) were analysed. Using annual mid-year population estimates, sex
standardised incidence rates per 10'/yr by age group (0-4, 5-9, 10-14) were 
tested by linear regression modelling. Districts (n=22) were classified as 
mainly urban or mainly rural by levels of person-based population density 
«7 per hectare = rural, >7 per hectare = urban) and incidence trends tested. 
Results: There was a significant rise in incidence overall and in each age 
group (0-14: 2.2%/yr p<O.OI, 0-4: 2.1%/yr p=0.03, 5-9: 1.7%/yr p=0.03, 
10-14: 3.1%/yr p<O.OI). Urban incidence increased significantly from 11.7 
per 1O'/yr to 18.7 (p<0.01) and rural incidence from 14.7 to 19.5 (p=0.06). 
On average, incidence in rural areas was 4.9 per 10' higher compared to 
urban areas (p<O.OI). These differences were reflected in each age group. 
There was no evidence of epidemicity. 
Conclusions: In Yorkshire, UK there has been a steady and significant 
increase in the incidence of Type I diabetes in children of all ages. This is 
seen in urban and rural populations. This contrasts with data from other 
areas where the increases in incidence were restricted to the under 5s. 

319 
POPULATION MIXING AND THE INCIDENCE OF CHILDHOOD 
ONSET TYPE 1 DIABETES IN YORKSHIRE, UK. 
RC Parslow, PA McKirmey, HJ Bodansky. Paediatric Epidemiology Group, 
Centre for Health Services Research, University of Leeds, UK 
Aims: Exposure to infections in early life decreases the risk of developing 
diabetes in animal models and in epidemiological studies. Areas with a high 
level of population mixing are likely to have high infectious load in the 
community. We used migration as a measure of population mixing to test 
the hypothesis that areas with high levels of population mobility have a 
lower incidence of childhood onset Type I diabetes. 
Materials and Methods: Cases: 994 children (0-14 years) diagnosed with 
Type I diabetes between 1986 and 1994 from a population based register. 
Population data: the 1991 UK Census was used to calculate age/sex 
standardised incidence rates, a standardised deprivation score and person
based population density by census ward (n=532). A measure of population 
mixing based on infonnation theory (the Shannon index) was calculated 
using detailed statistics on childhood migration patterns. Poisson regression 
was used to examine the effect of population mixing in children, adjusted for 
population density and deprivation score on diabetes incidence for all ages 
and 5 year age-groups (0-4,5-9 and 10-14 years). 
Results: Effect of population mixing adjusted for deprivation and 
population density: 0-14 years - incidence rate ratio (IRR) 0.89, P=0.045, 
95% confidence interval (CI) 0.79-0.99; 0-4 years - IRR 0.89, P=0.323 
95%CI 0.71-1.12; 5-9 years - IRR 1.06, P=0.582, 95%CI 0.86-1.29; 10-14 
years - IRR 0.80, P=0.007, 95%CI 0.68-0.94. 
Conclnsions: There is evidence that higher levels of childhood population 
mixing result in decreased incidence of Type I diabetes when adjusted for 
deprivation and population density and this effect is particularly strong in 
the 10-14 year age range. 
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320 
DO PARENTAL OCCUPATIONS INVOLVING SOCIAL MIXING AFFECT 
THE RISK OF CHILDHOOD DIABETES? 
NT Fear, PA McKinney, RC Parslow and HJ Bodansky. Leukaemia Research Fund 
and Paediatric Epidemiology Group, University of Leeds, UK 
Aims: To test the hypothesis that parents whose occupations involve high levels of 
social mixing, and therefore exposure to infections, reduces the risk of diabetes in 
their children. Materials and Methods: In a population-based case-control study 
the parents of 220 children (0-15 years) diagnosed with Type 1 diabetes between 
1993-94, and 433 age/sex matched controls were interviewed. Mother's and father's 
occupations, recorded at the time of interview, were coded using the UK 1990 
Occupational Classification. This lists 371 occupations 79 of which were classified 
as having potentially 'high' levels of social mixing (e.g. school teachers), 23 as 
'medium' with the remainder classified as 'low'. This 'social mixing' classification 
was constructed independently by an occupational hygienist and has been used to 
assess the risk of childhood leukaemia among fathers whose jobs involve social 
mixing. Mothers' and fathers' occupations were grouped according to this 
classification. Due to small numbers in the medium exposure group (fathers: 8 
cases, 13 controls; mothers: 10 cases, 17 controls), low and medium exposure levels 
were combined. Associations between estimated level of parental social mixing 
(high vs. low + medium), age at diagnosis (0-15, 0-4, 5-15) and offspring's risk of 
diabetes were assessed using odds ratios (OR) produced using conditional logistic 
regression. Results: For all ages (0-15 years), no associations were observed 
between high parental occupational social mixing and childhood diabetes (fathers: 
OR 1.18; 95% CI: 0.78-1.77, based on 44 exposed cases; mothers: OR 1.08; 95% CI: 
0.77-1.51, based on 89 exposed cases). A reduced risk for high maternal 
occupational social mixing among children aged 0 to 4 was observed (OR 0.74; 95% 
CI: 0.34-1.61, based on 12 exposed cases). Conclusions: These rmdings do not 
suggest that childhood diabetes is related to the level of social mixing that parents 
experience at work. However, the protective effect seen for high levels of maternal 
occupational social mixing among children aged 0 to 4 years requires further 
investigation. 

322 
~-CASEIN Al CONSUMPTION AND INCIDENCE OF 
TYPE I DIABETES IN GERMANY 
H.E. Wasmuth*, J. Rosenbauer*, R.B. Elliott, C. McLachlan, G. 
Erhardt, G. Giani and H. Kolb, Diabetes Research Insitiute, University 
of DUsseldorf, Department of Animal Breeding and Genetics, 
University of Giessen, Germany, Diatranz and mUG, Auckland, NZ 
Aims: Several observations have linked the global intake of cow milk 
to the incidence of type I diabetes. A recent study has further 
demonstrated an association between the intake of the ~-casein Al 
variant and the incidence of the disease in several countries. Our study 
was performed to investigate a possible relationship between the 
consumption of this ~-casein variant and the incidence of type I 
diabetes within the different states of Germany. 
Methods: The mean consumption of ~-casein Al was estimated by 
using the dairy breeds distribution in the German states, the mean allele 
frequency of ~-casein Al in the breeds and the mean intake of cow 
milk in Germany. The resulting values were correlated to the local 
incidence of type I diabetes within the different states of Germany. 
Results: In Germany, there are substantial differences with regard to 
the regional consumption of ~-casein AI. Similarly, the incidence of 
type I diabetes in children under the age of 5 shows considerable 
variation. Upon correlation, there is a significant association between 
these two variables (p < 0.05, Poisson regression) within Germany. 
Conclusions: Regional differences in the mean intake of ~-casein Al 
may contribute to regional variation of the incidence of type I diabetes. 
Our study warrants further investigation of a possible role of ~-casein 
variants in the pathogenesis of type I diabetes. 
(* equal contribution) 

321 
IS CHILDHOOD DIABETES A ZOONOSIS? 
HJ Bodansky, RC Parslow, PA McKinney. Diabetes Centre, Leeds General 
InfIrmary, Leeds, UK 
Aims: The incidence of Type I childhood onset diabetes is higher in sparsely 
populated rural areas and we investigated whether contact with farm and domestic 
animals might result in an increase in the risk of cross-species transmission of 
infective agents which initiate islet cell damage. 
Materials and Methods: This study examined the relationship between contact with 
aninrals and onset of diabetes in a case-control study with 220 incident cases and 
433 age/sex matched controls derived from a population-based register of children 
with Type I diabetes (0-15yrs). Parameters used were presence of a pet (farm 
animals, mammals, birds) before and after birth Odds ratios (OR) with exact 95% 
confidence intervals (CI) were calculated using conditional logistic regression. 
Results: Contact with animals occurred in 63% of cases and 58% of controls during 
mothers' pregnancy and 80% of cases, 82% of controls after birth. The proportion 
of animal types were similar in both groups. Four controls and no cases had diabetic 
pets. No significantly raised or lowered OR were found for contact with animals. 

Ex~osure cases 1%1 controlsl% 1 OR 95%CI 
Before birth 

Any pet 138 63 250 58 1.22 0.88 1.70 
Farm 5 3 8 2 1.27 0.40 4.10 

Mammals 132 60 238 55 1.22 0.88 1.69 
Birds 10 5 19 4 1.00 0.45 2.22 

After birth 
Any pet 175 80 356 82 0.83 0.55 1.25 

Farm 10 5 13 3.0 1.52 0.65 3.56 
Mammals 168 77 340 79 0.87 0.60 1.28 

Birds 32 15 51 12 1.30 0.79 2.14 

Conclusions: These data do not support the concept that childhood diabetes is a 
zoonosis. Infective agents which initiate islet cell damage in genetically susceptible 
individuals may rely on intra rather than inter-species transmission. 

323 
PREVALENCE OF AUTOANTIBODIES TO PANCREATIC ~CELL ANTIGENS 
IN SARDINIAN WOMEN WITH GESTATIONAL DIABETES MELLITUS 

'G.Guaita, II.Pelligra, IC.Motzo, IM.Obinu, 'G.F.Bottazzo, IE.Cossn, and IR.Cirillo. 
, Diabetologic Centre, University of Cagliari, Italy 
2 Paediatric Hospital "Bambino Gesit" IRCCS Roma, Italy 

Aims: The aim of the study is to establish the prevalence of autoantibodies (AA) to 
pancreatic ~cell antigens in women with Gestational Diabetes Mellitus (GDM) 
belonging to Sardinian Region, which share with Finland the highest incidence of 
type 1 Diabetes in the world, and its correlation with the risk of developing diabetes 
later in life. 
Materials and Methods: We have investigated 109 women with GDM (mean age 
32.7 years; range 20.5-42 years) and the same number as control population. 
We have already tested 87 GDM for ICA (Islet Cell Autoantibodies), 66 for GADA 
(Glutamic Acid Decarboxylase Antoantibodies) and for IAZA (Tyrosine Phosphatase 
Autoantibodies). GDM was diagnosed between the 24'" and 28'" week of gestation 
with OGTI (Oral Glucose Tolerance Test - 100g glucose load). 
ICA were detected by indirect IFL, GADA and IAZA were detected with 
radioimmunoassay (125I-labelled human recombinant). HLA analysis was performed 
by sequence-specific oligonucleotide typing. 
Results: In GDM-women, the prevalence ofICA was 3.40/0, of GADA was 7.5%, and 
of IAZA was 1. 5%. 8 GDM women were positive for almost one AA and after 
delivery 5 of them developed Diabetes. The other three have not developed diabetes 
so far (OGTI neg. in follow up) but are still positive for AA. 
31 women with previous GDM attended the follow up with OGTI by 9 months after 
delivery: 25.8% developed glucose tolerance ahnormalities. Regarding to the 
frequencies of HLA-DRBI*03 DRBI*04, 73% of GDM-women were positive for 
DR3 or DR4 (16-22). 
Conclusions: AA and HLA l)1ling are useful markers to predict the development of 
diabetes in women with previous GDM especially in a region with the highest 
incidence of diabetes. 



324 
THE PREVALENCE OF GADA AND IA-2A ANTIBODIES IN WOMEN WITH 

GESTATIONAL DIABETES TREATED Willi DIET. 
M. Kinalski, A. Kr~towski, P. Bingley' and I. Kinalska, Department of 
Endocrinology, Medical School Bialystok, , Department of Diabetes and 
Metabolism, Medical School Unit, University of Bristol,UK 

Gestational diabetes is considered an important factor complicating foetal 
development. Furthermore it might potentate the risk of type I maternal 
diabetes after delivery. Nowadays, on the basis of a detection of antibodies 
against islet cells (ICA, GADA, IA-2A, IAA), we can recognize 
autoimmune disorders typical for the type I diabetes. Aims: Therefore, the 
aim of our study was to estimate the prevalence of islet cells autoantibodies 
(Abs) in women with a history of gestational diabetes and to assess, if they 
might be a risk factor for foetus development and gestation outcome. 
Material and metbods: Our investigations were carried out in 156 patients 
with the history of gestational diabetes (treated with diet), 6 weeks after 
delivery. GADA, IA-2A, HbAlc and lipid profiles were estimated. Then 
IVGTT was performed to measure the first phase of insulin secretion. The 
number of previous abortions per number of pregnancies and birth weight of 
children were also assessed. Results: In the studied popUlation GADA were 
detected in 7.0% and IA-2A in 3.2%. The prevalence of Abs was higher 
than in the healthy population but lower than observed among women with 
family history of type I diabetes. The presence of 2 types of antibodies was 
found in 3.8% of patients. In the group with the autoimmune disorders, 
significantly higher birth weights and more frequent failures of previous 
pregnancies were found. In conclusion: the foregoing data suggest that the 
detection of antibodies against the beta cells in women with gestational 
diabetes might be a serious risk factor and a possible indication for early 
insulin treatment. As a result the better prognosis of gestation outcome is 
expected. However, we believe that the further prospective studies are 
required to verity our statement. 

326 
NON·AUTOIMMUNE FULMINANT TYPE 1 DIABETES: A NOVEL 

SUBTYPE OF TYPE 1 DIABETES 

A. Imagawa, T. Hanafusa, J. Miyagawa and Y. Matsuzawa for Osaka IDDM Study 

Group Department of Internal Medicine and Molecular Science, Graduate 

School of Medicine, Osaka University, Suita, Japan 

Aims: This study was conducted to clarify the clinical and pathological 
characteristics of idiopathic or non-autoimmune type 1 diabetes. Material and 
Methods: Consecutive 60 Japanese adult type I patients were reviewed at the onset 

of overt diabetes after divided to 2 groups according to presence (AI group) or 
absence (!P group) of glutamic acid decarboxylase antibodies. Results: Thirty·six 

patients were classified to AI group and 20 patients to IP group. IP group could be 

further divided into low HbA Io group (!P·L, HbA j , <8.5%, 12 patients) and high 

HbA Io group (!P-H, HbA j , >11.5%, 8 patients). Mean plasma glucose value was 
significantly higher in !P-L group (40.5 mmol/l) than in AI group (22.3 mmol/l; 

p<O.OOOI) and !P-H group (24.2 mmol/l; p=0.0257) in spite of lower HbA" level in 
!P-L group. Mean duration with hyperglycaemic symptoms of !P-L group was only 

4.0 days and significantly shorter th.n that of AI group (53.6 days; p<O.OOOI) or!P

H group (35.5 days; p=0.OO02). Diabetic ketoacidosis was observed in all IP-L 

group patients but only in 18.2% in AI group (p=O.OO03) and in 40% in !P-H group 

(p=0.0275). Mean urinary C-peptide excretion was significantly lower in IP-L 

group (3.1 Jlglday) than in AI group (21.9 Jlglday; p<O.OOOI) and IP-H group (22.8 

Jlglday; p=O.OO04). Serum total amylase or elastase-l level was elevated in all!P-L 

group patients but not any in other 2 groups. Immunohistological examination h.s 

revealed neither insulitis nor MHC class I hyper-expression in islets but T

lymphocyte-predontin.nt infiltrates in exocrine pancreas in all 3 patients with similar 

characteristics to IP-L group. Conclusions: Within idiopathic or non-autoimmune 

type I diabetes, there exists a novel subtype, "non-autoimmune fulntinant" type 1 

diabetes, which is characterized by the absence of insulitis and islet autoantibodies, 

remarkably abrupt onset and elevated serum pancreatic enzyme levels. 

325 
RISK OF CHILDHOOD DIABETES RISES WITH MATERNAL 
AGE AT DELIVERY 
IF Douek, PI Bingley and EAM Gale, Diabetes and Metabolism, 
Division of Medicine, University of Bristol, UK 

Aims: To examine the influence of maternal and paternal age at birth 
upon the risk of diabetes in the offspring. Methods: A population-based 
cohort of families with a child with type 1 diabetes was studied using 
survival analysis. Results: Of 2915 offspring included in the analysis, 
1298 have diabetes (median age at diagnosis 10.6 yr) and 1617 remain 
non-<liabetic at median age 16.9 years (range 0.6 - 43). Both maternal 
and paternal age were related to risk in the offspring (p < 0.00(1) while 
birth order was not (p=O.54). By age 20, the cumulative risk of diabetes 
was 45 % (95 % CI 41-49) in children of mothers in the youngest quintile 
for birth age (median 21 yr) as against 68% (63-74) in the oldest quintile 
(median 34 yr) with risks of 48 %, 56 % and 56 % for the intermediate 
quintiles. Paternal age at delivery had a similar effect, with risk ranging 
from 46% (42-51) in the youngest quintile to 62% (56-67) in the oldest. 
Cox regression analysis showed that maternal age and offspring gender 
were independent determinants of risk but paternal age was not. There 
was a small but significant inverse correlation between age at diagnosis 
and maternal age at birth (R' 0.2, p < 0.0(01). Conclusious: Risk of 
diabetes increases markedly with maternal age at delivery throughout 
reproductive life, and rising maternal age is associated with a minor 
decrease in age of diagnosis. This study in children with similar genetic 
susceptibility provides further evidence that prenatal factors have 
important effects upon the risk of diabetes development in the child. 
Maternal age at delivery has risen in the UK over the last two decades, 
and this may have contributed to the increase in incidence of diabetes in 
young children. 
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Increased transmission of IntereeDular Adhesion Molecule-l 469E aDele in type 1 
Romanian diabetic families, 

C. Guja
1
, JA Todd

2
, K. Welsh

3
, S. Marshall

3 
and C. lonescu-Tirgoviste

1 
I -

Clinic of Diabetes, Institute N.C.Paulescu, Bucharest, Romania; 2 - Cambridge 
Institute for Medical Research, UK; 3 - Tissue Typing Lab, Oxford Transplant 
Centre, Oxford, UK. 

Type I diabetes is an autoimmune pathogeny disease conditioned by 
genetic factors. Recent studies (mainly on NOD mice) show the importance of 
Intercellular Adhesion Molecule-l (ICAM-l-CD54) in the autoimmune 
destruction of pancreatic ~ cells and the possibility to delay or block the insulitis 
with anti ICAM-I mAb. There are several polymorphisms of ICAM-I gene 
(chromosome 19p13.3-2) in humans. We typed two of these polymorphisms: the 
657A1G substitution in exon 4 (241GIR polymorphism in the AA sequence) and 
the 1548A1G substitution in exon 6 (469EIK polymorphism in the AA chain) - in 
204 Romanian diabetic families (756 individuals); 212 type I diabetic probands 
(l06M/I06F) with onset of disease between 9 months and 43 yr; median age at 
onset 12.1±6.7 yr. and 544 non-affected parents and siblings. The typing was 
made by SSP-PCR and electrophoresis of PCR products on ethimidium bromide 
stained agarose gels. We studied the transmission of ICAM-I alleles to affected 
and non-affected siblings using the Transmission Diseqnilibrium Test (TOT). We 
found a not significant increased transmission of 241R allele to diabetics (37 T122 
NT, 62.71% transmission, p-O.034) compared with the non-affected siblings (23 
T120 NT, 53.49% transmission, p-O.38). However the transmission of 469E allele 
was significantly increased to the affected siblings (122 T170 NT, 63.54% 
transmission, p-O.OOOll) compared with the non-affected (68 T/61 NT, 52.71% 
transmission, p-0.31). We found a 10% difference between the frequency of 
ICAM-I 469EIE homozygotes in affected versus non-affected (29.250/.,120.40%). 
The transmission of haplotypes in the affected show a protective haplotype 
241G/469K, 32.39% transmission, p-2.75e-05 and a susceptibility haplotype 
241G/469E, 63.57% transmission, p-O.OOI3. The transmission of these haplotypes 
was aprox 50% to the non-affected. Conclusions: We found a significantly 
increased transmission of ICAM-I 469E allele in diabetics compared with their 
non-affected siblings. Correlated with the experimental data from NOD mice, this 
supports the possible significant role of ICAM-I in the ethiopathogeny of type I 
diabetes. 

329 
INVESTIGATION OF INTERFERON-y AND INTERLEUKIN-4 GENE 
POLYMORPIDSM IN TYPE 1 DIABETES 

MM Jahromi, BA Millward and AG Demaine. Molecular Medicine 
Research Group, Postgraduate Medical School, University of Plymouth, 
UK 

Recent studies have shown that genes outside of the HLA region are involved 
in deterntining susceptibility to type I diabetes. Polymorphisms in the coding 
and non-coding regions of the genes encoding cytokines may be involved in 
modulating the immune response to self and non-self antigens. There is 
increasing evidence that the imbalance between Thl and Th2 lymphocyte 
subsets plays a key role in the development of experimental and clinical type 
I diabetes. The aim of this study was to investigate the frequency of CA 
dinucleotide repeat polymorphisms in the interferon-y (IFNG) gene and C--> T 
substitute at position of -590 of the intereukin-4 (IL-4) gene in 236 Caucasoid 
patients with type I diabetes. The IFNG region was amplified using the 
polymerase chain reaction (PeR) with specific amplimer (the sense amplimer 
was labelled with p32_ATP) and the product separated nsing polyacrylamide 
gel electrophoresis. Meanwhile, the IL-4 promoter polymorphism (-590 
C--> T) was analysed in our population by specific PCR amplification and 
BsmFI restriction endonucease digestion. There was a highly significant 
increase of the 122/122 IFNG genotype in the patients compared to normal 
healthy controls (56.0% vs 13.0% p<O.OOOI) as well as a significant increase 
in the 122 IFNG allele in the patients compared to controls (0.51 vs 0.31 
p<O.OOOOOI). No differences were found with age of onset of diabetes or 
gender. In contrast, no differences were found in the frequency of the -590 
polymorphism of IL-4 gene between the patients and controls. These results 
suggest that polymorphisms of the INFG gene ( Thl) may modify the 
function of this pro-inflammatory mediator and the cytotoxic response to 
pancreatic islet ~-cells. 
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NO LINKAGE OF POL YMORPmSMS IN THE HUMAN FAS GENE WITH 

lODM 
R. Nols0e, O. P. Kristiansen, Z. Larsen, J. Johannesen, F. Pociot, J. Nerup, T. 

Mandrup-Poulsen, DSGD, DIEGG, Steno Diabetes Center, Gentofte, Deornark. 

The human Fas gene, localized on chromosome IOq24.! encoding a cell surface 
receptor involved in the induction of programmed cell death or apoptosis was 
evaluated as a candidate susceptibility gene for IDDM. Fas mediated apoptosis 
plays a major role in maintaining peripheral self tolerance and in down
regulating an immune response. Mutations in the human Fas gene cause Auto
immune Lymphoproliferative Syndrome. There is evidence that Fas mediated 
apoptosis plays a role in autoimmune j3-cell destruction. 
We have completed a molecular scanning of the entire coding region of the hu
man Fas gene (exons I -IX, including exon - intron borders and the 3 'UTR) util
izing SSCP and heteroduplex analysis. 
We identified eight mutations, of which two have been previously described. 
There were six single base substitutions, one single base insertion and one single 
base deletion. Two of the mutations had a high heterozygosity index i) a G to T 
substitution in intron V leading to a new Bfa I RFLP and ii) a silent C to T sub
stitution in codon 198 leading to a Ora I RFLP. These were tested for association 
with lOOM in 96 unrelated lOOM subjects and 76 healthy controls. There were 
no evidence for association. A Danish family material comprising 144 lOOM 
sib pair families, (302 affected offspring and 137 unaffected offspring) and 103 
parent-offspring lOOM multiplex families (\03 affected and 112 unaffected off
spring) were typed for the Ora I RFLP, and the data were analyzed utilizing the 
transmission disequilibrium test, TOT. There was no evidence for linkage to 
lODM, ProT 0.84. 
In ~ there was no evidence of neither association nor linkage of the Fas gene 
polymorphisms to lODM. 
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THE NAD(P)H:QUINONE OXIDOREDUCTASE P187S POLYMORPHISM: 
LINKAGE ANALYSIS IN DANISH TYPE 1 DIABETES FAMILIES. 
O.P. Kristiansen, Z.M. Larsen, J. Johannesen, J. Nerup, T. Mandrup-Poulsen, F. 
Pociot, DIEGG and DSGD. Steno Diabetes Center, Gentofte, Denmark. 

Recent genome screenings have identified novel regions of interest for susceptibility 
to type 1 diabetes. One of these is a 30-35 cM region mapping to chromosome 
16q22-q24 (D16S515-D16S52Oj, where also the gene encoding NAD(P)H:quinone 
oxidoreductase (NOD1) maps. Association of a C to T transition gene polymorphism 
at position 609 of the NOD1, resulting in a proline to serine substitution at amino acid 
position 187 (P187S) in NQ01 with type 1 diabetes was suggested in a Japanese 
100M population. NQ01 is involved in protection against oxidative stress which is 
likely to be involved in [3-cell destruction and the P187S mutation results in reduced 
NQ01 activity. Hence, the aim of the present study was to investigate if the NQ01 
P187S polymorphism was linked to type 1 diabetes in Danish patients by use of the 
transmission disequilibrium test (TOT). Using a PCR based RFLP assay we geno
typed a population-based sample of 247 Danish nuclear type 1 diabetic families (454 
parents, 405 affected and 249 unaffected offspring) for the NQ01 P187S polymor
phism. The frequency of the S 187 -enCOding allele was 17% in the parental genera
tion. It was possible to evaluate transmissions from 125 heterozygous parents to 169 
affected and 119 unaffected offspring. Random transmission pattems were observed 
to all affected offspring (51 % T (mutant) alleles transmitted, Ptdt = 0.82), to index 
cases, defined as the first offspring in each family to have type 1 diabetes (51% T 
alleles transmitted, Ptdt = 0.77) as well as to unaffected offspring (50% T alleles 
transmitted, Ptdt = 0.93). Conditioning for IDDMlIMHC by stratification of the affected 
offspring into high and non-high IDDM HLA risk groups did not reveal of linkage in 
any ofthe groups (Ptdt > 0.41). 
In conclusion, we were not able to demonstrate linkage between the P187S NQ01 
polymorphism and IDDM in the Danish IDDM material. Hence, the NOD1 polymor
phism is not likely to be an etiological mutation underlying the reported linkage of the 
16q22-q24 region. 
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TELOMERE LENGTH, TYPE I DIABETES AND IMMUNE MARKERS IN 
THE DANISH DIABETIC TWIN STUDY 
K.O. Kyvik, E. Jeanclos, N.J. Schork, E.A.M. Gale, 1.S. Petersen and A.Aviv. 
SDU-Odense University, Denmark. New Jersey Medical School, New Jersey. 
Case Western Reserve University, Oklahoma and Harvard School of Public 
Health, Massaschussets, Dept. Of Medicine, University of Bristol, UK. Novo 
Nordisk, Denmark. 
Aims: To examine (I) whether the length oftelomeres, i.e. the ends of chromoso
mes, are shorter in white blood cell (WBC's) from twins with Type 1 diabetes 
than in healthy twins. (2) whether there is a correlation between telomere length 
and diabetes related immune markers. (3) whether the underlying reason for a 
possible positive finding, could be that diabetic subjects inherit relatively short 
telomeres or that telomere length in patients reflects an increased turn-over rate in 
WBC's engaged in the destruction of the beta-cells. 
Materials and methods: Study subjects were Danish monozygotic and dizygotic 
twin pairs concordant and discordant for Type I diabetes and recruited from the 
population based Danish Twin Register. Telomere length in WBC's and GAD65 
antibodies, JA-2 antibodies and islet cell antibodies were measured in blood 
samples from the twins. Data were analysed by means of (1) a linear model with 
variance component terms and (2) Spearman's correlation and sum-difference 
plots. 
Results: DNA from a total of 52 pairs of twins, 18 monozygotic and 34 dizygotic 
pairs, were available. The telomere length ofWBC's of twins with Type I 
diabetes were NOT different from that of non-diabetic twins. There was no 
significant correlation between telomere length and levels of Gad antibodies, JA-2 
antibodies or islet cell antibodies. Furthermore, the sum-difference plot did not 
reveal any obvious patterns in the distribution of mean oftelomere length versus 
difference in antibody level in the pairs. 
Conclusions: In this study there was no relationship between telomere length and 
diabetic status. Furthermore, there was no correlation between telomere length 
and levels of GAD antibodies, JA-2 antbodies or islet cell antibodies. Thus, in 
Danish twins telomere length does not seem to reflect a changed turn-over rate 
due to the immune mediated destruction of the beta-cells. 
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PROMOTER SEQUENCE STUDIES OF THE LGAL83 (GALECTIN-3) GENE - AN 
IDDM SUSCEPTIBILITY GENE. 
Z.M, Larsen, O.P. Kristiansen, J. Johannesen, J. Nerup, F. Pociot, DSGD and DIEGG. 
Steno Diabetes Center, Gentofte, Denmark, 

Galectin-3 is a rHlalactoside-specific lectin found in many species and cell types, The 
gene is located on the long arm of chromosome 14 (14q21). Results from genome
wide screenings and partial ones have showed some evidence for linkage in the 
Galectin-3 gene region, 0148276. In the present study we have screened for 
polymorphism's in the promoter region and the intron 2 of the Galectin-3 gene which 
also has showed promoter activity. Combining SSCP (Single Stranded Conformation 
Polymorphism) and cycle sequencing methods we have identified 3 polymorphism's 
within 60 bp of the promoter region. Two of the polymorphism's are single base 
substitutions leading to different restrictions sites (Mse/ and 8tu~. The third 
polymorphism is a 12 bp deletion which also lead to a different restriction sites 
(Eco0109~. All three polymorphism's have high heterozygosity and were analysed for 
linkage to IDDM in a large homogeneous Danish family material comprising 251 
families (1041 individuals) with 410 IDDM-affected offspring. Transmissions of 
wildtype (W) and mutant (M) alleles from heterozygous parents to offspring are shown 
in the table below: 

100M non-100M 
W M W M 

154 140 105 98 
160 157 100 114 
106 110 56 66 

The numbers in brackets are the distance from the transcription site. Even though 
Galectin-3 is a very promising candidate gene for IDDM we found no linkage to IDDM 
of the identified polymorphism's. An etiological mutation may still be found in the 
coding region of the gene, the 3'UTR or when combining variations in the promoter 
region with variations in the coding region as specific haplotypes. 
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AMINO ACID VARIANTS OF THE VITAMIN D-BINDING PROTEIN ARE 
NOT ASSOCIATED WITH TYPE 1 DIABETES IN CAUCASIANS, 
1. Sieradzki', M.T. Malecki"'., T. Klupa"', L. Hanna',1. Sieradzka', 1. Frey', and AS, 
Kr61ewski2 Department of Metabolic Diseases, Jagiellonian University, Cracow, 
Poland' and Joslin Diabetes Center, Harvard Medical School, Boston, MA, USA' 
Aims: No gene for type I diabetes mellitus has been identified so far. There is 
evidence that vitamin D has immunomodulatory properties and can prevent the 
development of insulitis in an animal model. Vitamin D-binding protein (DBP) is 
involved in the functioning of this hormone, Thus this gene may be regarded a 
candidate for type I diabetes. There are two known polymorphisms in exon II of DBP 
that result in amino acid variants: at coduns 416 GAT 4GAG (Asp4Glu) and 420 
ACG4AAG (Thr4Lys). These changes generate HaeIll and Styl restriction sites, 
respectively. The aim of our study was to exanune the association of the alleles, 
genotypes, and haplotypes at these codOllS of DBP witb type I diabetes. Materials 
and Methods: The study group consisted of 181 unrelated patients witb type I diabetes 
(mean age at diagnosis: 10.9 yrs, mean age at exanunation: 36,2 yrs) and 172 healthy 
controls (mean age at examination: 55.5 yrs), all of tbem Caucasians. Exon II was 
amplified by polymerase chain reaction followed by digestion of PCR product, The 
distribution of variants in the group of the diabetic patients and the controls were 
compared by '1.2. Results: At buth residues the distribution of the alleles was similar 
(0=0.80 and p=O,35, respectively), The frequencies of the genotypes are shown below 

Codon 416 AspIAsp Asp/Glu GlulGlu P=0.34 I 
Type I patients 41 (22,7"10) 80 (44,2%) 60 (33.1%) 

Controls 32 (19,6%) 85 (52,2%) 46 (28.2%) 
Codon 420 Thrtrhr Thr/Lys LyS/Lys p=0,35 I 
Type I patients 95 (525%) 76(42,0%) 10 (5.5%) 
Controls 87 (50,3%) 65 (39,9%) 16(9.8%) 

The distnbution of four haplotypes defined by the two loc, was also smillar m both 
groups (p=O.32). Conclusions: Our results do not sbow tbe association of DBP variants 
with type I diabetes mellitus in Caucasians. 
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ASSOCIATION OF THE 5' INSULIN GENE POLYMORPHISM IN SPANISH 
TYPE 1 DIABETES: HETEROGENEITY WITH BASQUES 

Calvo B, Bilbao JR, Perez de Nanelares G and Castalio L 
Endocrinology and Diabetes Research Unit. Cruces Hospital. Barakaldo. SPAIN, 

Introduction: The susceptibility locus for Type 1 diabetes (/DDM2) has been 
identified as allelic variation at the VNTR (Variable Number of Tandem Repeats) 
region upstream the human insulin gene (1IpI5.5). Short alleles (elass I) confer risk 
to Type 1 diabetes, while long alleles (class III) are dominantly protective. Our 
previous results confirm this association in Basques. 
Objective: To analyse the contribution of the IDDM2 locus to Type 1 diabetes risk in 
Spanish population. 
Patients and Methods: We studied 67 Spanish families with Type I diabetes (71 
patients and 129 first-degree relatives). VNTR typing was performed by high
resolution electrophoresis of fluorescent PCR amplifications (subtyping of class I 
alleles) or silver staining of polyacrilamide gels (elass lIelass Ill). For association 
analysis, alleles were categorised as diabetic or non-diabelic using an AFBAC 
(Affected Family-Based Controls) approach. 
Results: We obtained 267 alleles whose frequencies were as follows: 

SPANISH ALLELES BASQUE ALLELES' 
Alleles Diabetics Non-Diabetics Diabetics Non-Diabetics 

(138) (129) (147) (125) 
CLASS I 0.89 0.77 0,857 0,600 

CLASS III 0.11 0.23 0,143 0,400 
n = 0,01 p = 1.S, 10" 

Seventeen different Class I alleles (626-858 u) were identified in Spanish people with 
no significant differences in the conferring risk to Type 1 diabetes. 
Conclusions: 11 Insulin VNTR Class I alleles confer risk to Type I diabetes in 
Spanish popUlation. 21 Class IIClass III VNTR-INS allelic distribution between 
Spanish and Basques is different. 31 The non diabetogenic effect of some Class I 
subtypes (allele 814) maybe masked by the high frequency of the Class I alleles in 
Spanish population. 

'(Diabetologia 1998,41:1121-23) 
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ASSESSMENT OF THE INTERACTION BETWEEN HLA-DQBl ALLELES 
AND GAD65 IN A STUDY OF CASES AND PARENTS IN CHILE 
JL. Santos', F. Perez-Bravo', S. Piquer " M. Puig-Domingo " E. Carrasco', M. 
Calvillan " A De Leiva ' and C A1bala '. ' Laboratory of Epidemiology !NT A
University of Chile, and Hospital San Juan de Dios. Santiago. Chile. ' 
Endocrinology Dept. Hospital Sant Pau, Barcelona, Spain. 
Aim: The purpose of this study is to estimate whether the association between 
DQBI*0201 and DQBI*0302 alleles with childhood diabetes, depends on the 
presence of glutamic acid decarboxilase (GAD65) autoantibodies. Material and 
Methods: A study of incident cases and parents was carried out in Santiago, Chile 
during 1997-98. In this desigo, each new case is matched with three pseudosibs 
controls constructed with combinations of parental alleles. The use of the case
parental desigo eliminates the possibility that case-controls differences are due to 
selection of controls whose genetic backgrounds differ systematically from those of 
cases. HLA-DQ polymorphism was determined in cases and parents from n = 88 
families using polymerase cbain reaction and oligonucleotide dot-blot analysis. 
Detection of GAD abs in the 88 incident cases was done using a simple radio
binding asssay. Results: HLA-DQ polymorphism is strongly associated with type 1 
diabetes. with crude odds ratios of 3.3 (95% Confidence Interval: 1.7-(i.4) for 
DQBI*0201 allele and 9.8 (95%C.I: 4.9-19.6) for DQBl*0302 allele. When these 
HLA-disease associations were assessed in the subset of families with GAD65+ 
cases, the odds ratios were estimated as 18 (95%C.I: 2.4 - 134) for DQBl*0201 
allele, and 5.4 (95%C.I: 2.4 - 12.1) for DQBl*0302 allele. In families with GAD65-
cases, the odds ratios were calculated as 1.8 (950/oC.I: 0.7-4.2) for DQBI*0201 
allele, and 38.5 (95%C.I: 5.3-283) for DQBI*0302 allele. There is evidence of 
statistical interaction between GAD65 and DQBI*0201 aUele (p = 0.01) or 
DQBI*0302 allele (p = 0.03). Conclusion: HLA class II aUeles DQBI*0302 and 
DQBl*0201 display distinc associations with type I diabetes depending on the 
autoinnnunity to GAD65. (supported by Fondecyt 1970204 and SAF 97-0251). 
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DOUBLE BLIND TRIAL OF ORAL INSULIN IN RECENT ONSET TYPE 
1 DIABETES 
D. Pitocco, N. Visalli, M.G. Cavallo, M.L. Manca Bitti, e. Suraci, A. Crinc, 
e. Giordano, M. Cervoni, C. Mesturino, M.S. Sbriglia, e. Bizzarri, G. 
Marietti, G. Ghirlanda and P. Pozzilli for the IMDIAB study group, Rome, 
Italy 
Induction of immunotolerance to insulin can be obtained in animal models of 
Type 1 diabetes by oral administration of insulin. In the DPTI trial in the 
U.S. oral insulin is tested to prevent the disease insurgence. If given in the 
early stages of Type 1 diabetes, oral insulin can protect residual beta cell 
functions and possibly induce disease remission. Aims: The present study 
was designed as a double blind trial in recent onset Type 1 diabetes patients 
(mean age 14 years", 8 SD) in whom oral insulin (5mg daily) or placebo 
were administered for 12 months in addition to intensive subcutaneous 
insulin therapy. Materials and Methods: A total of 78 patients with Type 1 
diabetes « 4 weeks duration) were included in the trial. Basal C-peptide, 
glycated hemoglobin and insulin doses were monitored throughout the study. 
Results: Overall and without distinction between age at diagnosis, mean C
peptide secretion in oral insulin treated patients ranged from 0.96 ng/ml at 
diagnosis to 0.98 ng/ml (3 months), 1.07 ng/ml (6 months), 0.83 ng/ml (9 
months), and 0.73 ng/ml (12 months) after diagnosis. In the placebo group, 
basal C-peptide levels were 0.84 (diagnosis), 1.10 (3 months), 1.04 (6 
months), 0.72 (9 months) and 0.53 (12 months). Insulin requirement was 
similar between the two groups and mean HbAic levels were 7.2% '" 1.5 in 
the oral insulin group and 7.4% '" 1.2 in the placebo group (NS). 
Conclusion: Results of this study indicate that the addition of 5 mg of oral 
insulin does not overall modify the course of the disease in the first year after 
diagnosis 
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IgG SUBCLASS RESPONSES TO INSULIN, GAD, AND IA-2 AFTER INSULIN 
EXPOSURE IN PRE- AND NEW-ONSET DIABETES. 
M. Fuchtenbusch, E. Bonifacio', K. Kredel, O. Schnell, A.G. Ziegler. 
Diabetes Research Inst., Munich, Germany, lSan Raffaele Inst., Milan, Italy 
Aims: Insulin immunization in animal models induces T helper 2-like 

antibody subclass responses to insulin and other ~ cell antigens and protects 
from progression to overt diabetes. The aim of this study was to determine 
whether exposure to insulin in man resulted in a similar subclass bias of the 
humoral response. Methods: IgG subclass antibodies to insulin (IA), GAD, 
and IA-2 were measured at 3-month intervals after treatment with insulin in 
25 patients with newly diagnosed type I diabetes treated with intravenous (iv) 
plus subcutaneous (sc) or sc insulin alone from diagnosis with follow-up 1-3 
yrs post onset, 5 newly diagnosed patients treated with Cyclosporin A (CsA) 
and insulin for 12 months, and 7 antibody positive relatives treated with iv 
plus sc insulin (SIP trial). RBAs incorporating IgG subclass-specific 

sepharose were used to measure antigen specific subclasses. Results: IgG l
and IgG4- IA were the dominant responses induced in most subjects. IgG I-IA 
were the first detected and were maximal at 6-9 months after treatment. IgG4-
IA appeared later, but at 12 months were often the dominant subclass. 
Responses were higher and reached maximum levels earlier in children 
compared to adults, and no differences in subclass profile were found with 
respect to the route of insulin administration. Insulin prophylaxis in relatives 
gave a similar profile with marked decline in IgG I-IA after cessation of daily 
sc insulin. CsA treatment caused supression of IA responses and rebounding 
high titre IgG I-IA after its removal. Despite the presence ofIgG4-IA in most 
subjects, a shift to IgG4- anti-GAD or IA-2 was not found up to 3 years after 

start of therapy. Conclusions: IgG4-IA following insulin therapy in subjects 
with newly diagnosed or pre-type I diabetes may reflect induction of Th2 
immunity, but there is no evidence of subsequent spreading of potentially Th2 
associated IgG4 responses to other autoantigens. 
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GAD, IA-2 AND INSULIN AUTOANTIBODIES IN RELATION TO 
SOME RISK FACTORS IN SIBLINGS OF EGYPTIAN CHILDREN 
WIlli TYPE I DIABETES 
S,H. Assaad-Khalil, T. Dyrberg*, B.K. Michelsen*, O. EI-Azzouni, 
M. Abou-Seif, F. Kamel, K. Fouad, T. Abdel-Aty and S. EI-Sheikh. 
Faculty of Medicine, Alexandria, Egypt & Hagedorn Research Institute*, 
Gentoft, Denmark. 

The Aim of the present work has been to screen siblings of 
children with type I diabetes for some immunological markers of the 
disease, namely GAD, IA-2 and Insulin autoantibodies and to study their 
possible correlation with other risk factors. Material included siblings of 
151 child with type I diabetes (287 healthy siblings) besides 100 healthy 
control subjects matched for age and sex. Methods: All subjects were 
subjected to estimation of GAD antibodies using radioligand binding 
assay developed by Peterson et al in 1994, IA-2 by radioligand assay and 
Insulin autoantibodies (IAA) using ELISA technique. Subjects with 
positive immunological markers were screened for HLA-DR3 and DR4 
and first phase insulin release (FPIR) after IV glucose infusion. Results 
revealed that 39.7% of healthy siblings were positive for one or more 
autoantibodies, 22.8% for 2 antibodies and 4.38% for 3 antibodies. GAD 
antibodies were present in 27.9%, IA-2 antibodies in 9% and IAA in 
15.3% of healthy siblings. These prevalences were statistically 
significantly higher than those found in control subjects: 7%, 2% & 1.5% 
respectively. No relation could be elicited between positivity of 
immunological markers in the sibling and hislher age, sex, duration of 
breast feeding, age at cow's milk feeding nor with parents consangninity. 
On the other hand, HLA-DR3, HLA-DR4 and DR3IDR4 were found in 
29.4%, 58.8% & 82.3% respectively in seropositive subjects while in 
27.5%, 32.5% & 45% in seronegative healthy siblings. FPIR less than 48 
ILU/ml was found in 52.9% of seropositive siblings. Conclusion: The high 
prevalence of positivity of autoantibodies among siblings of type I 
diabetic children suggests the importance of an environmental factor, 
perhaps via a mechanism of antigenic mimicry. Also the results in 
relation to other risk factors may help to a better understanding of the 
immuno-genetic susceptibility and/or pathogenesis of type 1 diabetes in a 
particular population. 
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EFFECTS OF A PROTECTIVE DIET ON PEYER'S PATCH, 
MESENTERIC LYMPH NODE AND ISLETS CELLS FROM BB RATS 
E. Olivares, L. Ladriere, A. Laghmich, A. Sener, W.J. Malaisse and F.W. 
Scott, Laboratory of Experimental Medicine, Brussels Free University, 
Brussels, Belgium and Nutrition Research Division, Banting Research 
Centre, Ottawa, Canada 
Aims: The effects of substituting a plant-based control diabetogenic diet 
(NIH diet) by a protective hydrolyzed casein diet (HC diet) upon selected 
metabolic and functional variables were investigated in Peyer's patch cells, 
mesenteric and pancreatic lymph node cells and pancreatic islets from 50-d 
old control (BBc) or diabetes-prone (BBdp) BB rats. Methods: The plasma 
D-glucose and insulin concentrations, the protein and insulin content of 
pancreatic islets, the metabolism of D-glucose and its insulinotropic action in 
islets first cultured for 24 h in the absence or presence of IL-lB, the 
production ofIFN-y and IL-IO by mesenteric lymph node cells cultured for 48 
h in the absence or presence of concanavalin A, the mitogenic activity of 
Peyer's patch cells and pancreatic lymph node cells in the absence or presence 
of the same lectin and the biosynthetic activity of Peyer's patch cells were 
measured in the BBc and BBdp rats fed either the NIH or HC diet. Results: 
Two major novel informations emerged from this study. First, in immune 
cells, diet HC increased to a greater extent the responsiveness to concanavalin 
A of certain metabolic and functional variables in BBdp rats than in BBc rats. 
Second, pancreatic islet cells of BBdp rats were less sensitive to IL-IB than 
those of BBc rats and this difference was further accentuated when the 
animals were fed the HC, rather than NIH, diet. Conclusious: These findings 
afford further support to the view that, in BB rats, changes in the biological 
behaviour of Peyer's patch cells, mesenteric and pancreatic lymph node cells 
and pancreatic islet cells participate to the pathogenesis of insulin-dependent 
diabetes mellitus and its prevention by a suitable dietary manipulation. 
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Improved risk prediction for IDDM by testing for the combined presence of 
HLA-DRblLys71+I+ genotype and GAA and ICAS12IIA-2 (leA) autoantibodies 

Mahdi ZAMANI(1,3), Flemming POCIOT(2), Jom NERUP(2) and Jean-Jacques 
CASSIMAN(3); \)Department of Human Genetics, School of Public Health, Tehran 
University of Medical Sciences, Tehran, Iran; 2)Steno Diabetes Center, Gentofte, 
Denmark; 3)Center for Human Genetics, University of Leuven, Leuven, Belgium. 

Insulin-dependent diabetes mellitus (IDDM) is an autoimmune disease 
characterized by destruction of islet B cells, Jlresumably by auto-reactive T -cells 
recognizing critical self-antigens presented by particular HLA alleles. Several 
autoantibodies including autoantibodies to glutamic acid decarboxylase 
(GAD65) and Islet cell antigen ICA512/IA-2 have been identified. Recently, at 
the DNA level, we have found that alleles encoding a lysine at position 71 of 
the DRbl chain (DRbILys71+) very strongly associated with IDDM and that 
DQb1Asp57- had an additive effect on DRb1Lys71+ in the development of 
IDDM [I]; this was confmned by haplotype analysis ofHLA genes In Danish 
multiplex IDDM families r2]. In the present study we have genotyped eighty
one Danish mUltiplex families (374 individuals) with 165 IDDM affected sibs 
for HLA-DRB and DQ genes at the genomic level by PCR and sequence 
specific oligonucleotides (SSO's), and we also tested for the I'resence of 
GAD65 and ICA512/IA-2 autoantibodies. The predictive value of tests were 
calculated by Prevalence corrected Positive and Negative Predictive Value 
(PcPPV, PcNPV) formulas (Zamani et aI. 1998). The aim of this study was to 
investigate whether a correlation existed between HLA susceptible genotypes 
for IDDM, particularly DRbILys71+/+, and the presence of these 
autoantibodies. Furthermore the predictive value of combination of 
DRbILys71+1+ genotype, GAD65 and ICA51211A-2 autoantigens was 
examined to determine whether their combination improves prediction of 
IDDM. The results showed that DRbILy's71+/+ associated significantly with 
the presence of GAD65 autoantibody lGAA+) (0.00017, RR=24.55) while 
DQBI*0302+/x, DRbILys71+/+ and DRBI*0401+/+ (encodes Lys71 ) were 
associated with ICA51211A-2 autoantibody (ICA+). No association was found 
between DQbIAsp57-1- and GAA+ or ICA+ autoantibodies. These resnlts 
significantly increase the predictive value of testing for IDDM. While the 
PcPPV for DRbI Lys71+/+ genotype was 0.3227 in first degree relatives, which 
means that by testing for this genotype, a 32.27% risk for IDDM can be 
predicted (prenatal and postnatal diagnosis). When DRbILys71+/+ is 
combined with GAA+, the PcPPV increased to 0.6145 and PcPPV for 
GAA+IICA+ was 0.7175 in first degree relatives. 
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NICOTINAMIDE DOES NOT PREVENT DEVELOPMENT OF 
DlTHIZONE-INDUCED DIABETES IN RABBITS 
O.lvanova, V.Poltorack, N. Gorbenko, A. Gladkich and 1. Nikitchenko. 
Ukrainian Scientific Research Institute of Endocrine Diseases Pharma
cotherapy, Kharkiv, Ukraine 
It has been shown that nicotinamide (NA), an inhibitor of poly (ADP
ribose)synthase and free radical scavenger, protects pancreatic beta 
cells against a variety of toxic or immunemediated insults. The aim of 
the present study was to evaluate the impact of NA on the develop
ment of dithizone (D)-induced absolute insulin insufficiency in rab
bits. Materials and methods: Male chinchilla rabbits were injected D 
(35 mg/kg i.v.). NA (250 mg/kg/day) was given per os 7 days prior and 
7 days after D-injection. Control diabetic (CD) and intact (C) animals 
received vehicle alone. Blood glucose and insulin were monitored at 
days 3, 5, 7 after diabetes induction. Oxidative status was estimated in 
plasma by spectrophotometric determination of malonic dialdehyde 
(MDA) and diene conjugates (DC) contents. Results: At the end of 
experiment D-injected rabbits become hyperglycaemic and hypoinsu
linaemic. Administration ofNA did not reduce elevation in basal blood 
glucose levels (l9.4±4.0 vs CD: 24.0±2.9, NS; C: 4.7±0.2 rnmol/l) and 
did not affect plasma insulin contents. However, treatment with NA 
significantly diminished lipid peroxidation reducing MDA contents 
(0.53±0.07 vs CD: 1.4±0.3, p<0.02; C: 0.63±0.02 Jlmollml) and DC 
levels (0.34±0.02 vs CD: 0.41±0.01, p<O.OI; C: 0.28±0.02 Jlmollml) 
compared to diabetic controls. Conclusions: These findings suggest 
that NA supplementation decreases oxidative stress, but does not pre
vent the development of absolute insulin deficiency in dithizone
treated rabbits. 
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lROGLITAZONE INHIBITS TIffi DEVELOPMENT OF DIABETES AND BETA CELL 
lCAM-l EXPRESSION IN NOD MICE 
A. Dunger, P. Augstein, S. Berg, U. Fischer" and E. Salzsieder, Institute of Diabetes 
"Gerhardt Katsch" Karlsburg, • Inselklinik Heringsdorf, Gennany 
Troglitazone (TGZ) is a recently developed compound for the treatment of insulin 
resistance. Aims: This study was designed to investigate whether the drug exerts anti
inflammatory properties in an animal model of type l-diabetes. Materials and 
Methods: Female NOD mice (n=20) were treated with 500 mg TGZ kt! d'! 
(administered with drinking water) from 4 to 35 weeks of age (TGZ-Group). Age
and sex-matched controls were either placebo-treated (P-Group, n=20) or remained 
untreated (V-Group, n= 10) for the same period of time. Body weight and urinary 
glucose were monitored twice weekly. In case of diabetes manifestation (blood 
glucose readings ;,12 mmol/l at two consecutive occasions), the mice were treated 
during the remaining study interval with insulin implants. At the end of the follow-up, 
islets were isolated from pancreatic specimen on a single donor basis and cultured for 
24 h in the presence of either interleukin l-beta (1L-1, 20 U/mI) or TGZ (10 IJM) or 
TGZ+IL-I, or they remained untreated (control, C). Single islet cells were analyzed 
by flow cytometry after immunostaining for the adhesion molecule lCAM-1. Results: 
There were no significant differences in body weight gain between the three groups. 
Diabetes incidence and age at manifestation were 40"10 and 140±IS d in the U-Group 
compared to 30% and 160±11 d in the P-Group. TGZ treatment significantly reduced 
the incidence of diabetes (5%) and delayed the onset of the disease to IS2±O d. In all 
three groups of animals, in vitro exposure of islets to TGZ alone did not influence 
ICAM-I expression, but 1L-1 treatment resulted in an up-regulation of the adhesion 
molecule (C- vs. 1L-I-treated islets: U-Group 3.6±2.0 vs. 35.9±5.2, P-Group 3.7±O.7 
vs. 3S.2±2.5% positive islet cells, p<O.OI). Islets of the U- and the P-Group responded 
identical to those of in vivo TGZ-treated animals (5.S±1.0 vs. 43.1±2.1% positive 
cells, p<0.01). The 1L-I-induced expression of ICAM-I (=100%) was significantly 
inhibited by TGZ co-cuIture of islets obtained from all three in vivo treatment groups. 
This inhibition was 34.9±3.5% in islets from untreated and 32.2±2.4% in those from 
placebo-treated control animals, however, corresponded to 57.8±3.1% inhibition in 
islets from in vivo TGZ-treated NOD mice (p<O.OI). Conclusions: TGZ may 
suppress cell-mediated immune destruction of Jl-cells in NOD mice. The observed 
down-regulation of adhesion molecules on target cells is a putative mechanism to 
reduce the binding of autoaggressive immune cells. 

PS6 
Clinical Immunology I 
344 
Antoimmunity in relatives of children with diabetes: a suitable case for 
screening? 

AJK Williams, AJ Norcross, HA Gillmor, EAM Gale and PI Bingley. 
Diabetes and Metabolism, Division of Medicine, University of Bristol, UK 

Aims: To determine the distribution of coeliac disease (CD) associated 
autoinununity and its assocation with markers of thyroid and islet autoinununity 
in patients with Type I diabetes and their families. Methods: We have 
investigated the prevalence of autoantibodies to the endomysial antigen human 
tissue !ransglutaminase and thyroid microsomal antibodies (MCHA) in 1442 
non-diabetic first-degree relatives and 433 probands with type I diabetes 
diagnosed before the age of 21 years. 19A antibodies to 35S-labelled human 
trans glutaminase (TGA) were measured by radiobinding assay using a threshold 
defmed by the 97.5th centile of 347 schoolchildren which achieved 96% 
sensitivity for untreated CD. MCHA were assayed by haemagglutination. All 
samples were tested for GAD, IA-2 and insulin autoantibodies by radiobinding 
assay and for ICA. Results: 63 (14.5%) of pro bands (median age 12.2, range 1 
- 22 years), 6.5% of siblings (age 13.1,0 - 31) (p<0.0001 vs probands), S.O% of 
fathers and 9.8% of mothers had TGA;, 97.5th centile. 7.1% of pro bands, 6.2% 
of siblings, 12.9% of fathers and 23.0% of mothers had MCHA with titres ;, 
11400. 2.5% of siblings, 1.7% of fathers and 1.1 % of mothers had ;,2 islet 
autoantibody markers ;, 97.5th centile. 12.4% of MCHA+ relatives vs. 7.2% of 
MCHA- relatives had TGA (p=0.014) and 7.7% of ;,2 islet antibodies+ vs. 8% 
of ;,2 islet antibodies- (p=O.96). Conclusion: Coeliac disease associated 
autoinununity is strongly associated with overt diabetes but not associated with 
markers of islet autoimmunity in non-diabetic relatives. Autoimmunity to 
thyroid, small intestine and islet is prevalent in first degree relatives of children, 
but overlap between the three targets of autoimmunity is limited. Relatives are 
at high risk of autoinunune diseases other than type 1 diabetes and screening for 
these might be justified. 
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MATURATION OF THE HUMORAL AUTOIMMUNE RESPONSE TO 
EPITOPES OF GAD IN PRE-CLINICAL CHILDHOOD TYPE I DIABETES. 
*V Lampasona. *L Bernasconi. tAG Ziegler and 'E Bonifacio. ' lstituto 
Scicntifico San Raffaele. Milan. Italy. and t Diabetes Research Institute. 
MUlllch. Gennany. 
Aims: To examine the maturation of the humoral response to GAD 
cpitopes. Matel'ials and Methods: Epitope reactivity against GAD65. 
GAD67. and GAD65/67 chimeras was measured by radio-binding assay 
m sequential samples from birth to diabetes onset or current follow-up in 
lye AD antibody positive offspring of parents with diabetes from the 
BAE YDIAB study. Results: In all offspring. the first detectable 
antlb Idies were against epitopes within GAD65 residues 96-444. In four 
offspring. this was the only initial reactivity. In the remaining 15 offspring. 
epitopes within GAD65 carboxy terminal residues 445-5X5 were also 
recognized in this initial reactivity; three had also antibodies to epitopes in 
GAD65 amino terminal residues 1-95. and four to GAD67. including 
GAD67 specific epitopes. Subsequent spreading of epitope reactivity was 
seen III 9 of 12 offsprings with follow-up samples. Spreading was mostly 
(7 cases) to amino tenninal GAD65 epitopes. None of the epitope 

reactivities. nor changes in reactivity correlated with diabetes onset in the 

9 offspring who have developed disease. Conclusions: The findings show 
that the humoral autoimmune response to GAD found in childhood is 
dynamic. is initially against epitopes within the middle portion of GAD65. 
suggesting that this region is a primary target of autoinununity. and 
spreads to epitopes in other regions ofGAD65 and GAD67. 
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HIGH PREVALENCE OF GAD-A AND IA2-A IN THE SERA OF 
PATIENTS WITH LAMBERT EATON MYASTHENIC SYNDROME 
ANDIOR SMALL CELL LUNG CARCINOMA 
L. Hermite, N. Martin-Moutot, C. Atlan-Gepner, J. Boueraut, M. Seagar, F. 
Couraud and B. Vialeties, Laboratory of Diabetology UPRES EA 2193 and 
INSERM U 374, Faculty of Medicine, University of Marseille, France 
Aims: Despite endodermal origin ~ cells share numerous features with neural 
tissues and some immunoreactivity may occur in autoimmune neurological 
diseases, as in Stiff Man Syndrome. Material and methods: We looked for the 
presence of diabetes-specific autoantibodies GAD-A and IAl-A in neurological 
syndromes with authenticated or supposed autoimmune origin: Lambert Eaton 
Myasthenic Syndrome (LEMS), n=30, Lateral Amyotrophic Sclerosis (LAS), n=17, 
Multiple sclerosis (MS), n=30 with a sensitive and specific RIA. Results: There 
was a high frequency of these Ab in LEMS (GAD-A: 35%, IA2-A: 21%, double+: 
18%) in comparison to other neurological diseases; LAS: 18, 12 and 12%, MS: 10, 
3 and 3% respectively. In newly diagnosed LEMS, GAD-A were more frequent in 
paraneoplastic aetiology (GAD-A: 5/8 vs. 1/8 in idiopathic syndrome, p<0.05), and 
IA2-A (2/8 vs. 0/8 respectively). The difference was not observed in long-standing 
LEMS (GAD-A: paraneoplastic 5 III, idiopalhic 317). Among LEMS patients only 
one was treated for IDDM. Cross-reactivity between diabetes-specific Ab and Ca'+ 
channel Ab (types N and P/Q) was excluded as there was no association between 
the presence or the titre of these Ab in LEMS and in the contrary anti Ca'+ channel 
(type N) Ab were found in ouly one serum among 34 GAD-A+ sera from IDDM 
patients. Finally, these Ab were observed in some sera of patients bearing a small 
cell lung carcinoma (SCLC) without LEMS as double positivity was noted in 2 sera 
among 9. Conclusion: LEMS, as Stiff Man Syndrome, is a neurological disease 
characterised by a high incidence of GAD-A and IA2-A. These humoral markers 
can be used with Ca'+ channel Ab in the diagnosis of lhis syndrome. Expression of 
GAD and IAl or related epitopes by SCLC could be responsible for this 
immunoreactivity 
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PREVALENCE OF GADA65 IN SIBLINGS OF SARDINIAN TYPE 2 FAMILIES 
M Maioli, G Tonolo, L Bekris', R Cirillo, D Schranz', E Cossu, M Ciccarese, 
A Lemmark' 
Cattedra Malattie Metabolismo, Sassari, Italy' Dep Medicine, Seattle W A, USA 
On behalf of The Study Group for the Genetics of Diabetes in Sardinia (SGGDS) 
Background Adults type I can masquerade as type 2 at presentation, with a slow 
deterioration in metabolic control and later progress to insulin dependency: LADA. 
In Sardinia where the incidence of type I is very high in children it's possible that 
LADA might be a significant proportion of diabetes in adults. Objective In the 
present study we investigate the prevalence of glutamic acid decarboxilase 
antibodies (GADA65), in a group of Sardinian siblings affected or not by type 2 
diabetes mellitus. Patients and methods Diabetic (D) and non-diabetic (ND) 
siblings from families with at least two affected were enrolled. The non diabetic 
spouses of the siblings willing to participate as "control" ( C ) were also enrolled. 
Type 2 diabetic subjects (known age at onset of diabetes between 30 and 69 years) 
were enrolled following the WHO criteria, additionally in insulin treated patients, 
insulin was not used during the first three years after diagnosis. Results We present 
the results in subjects with at least 4 years of known diabetes as compared to non 
diabetic siblings and controls. Data are mean ± esm. No significant difference for 
sex, BMI and age at diagnosis were present between diabetic subjects positive (P) 
an d . (N) ft GAD65 negative or • *p=O.03 vs type 2 on diet or on OraJ Hypoghcemic Agents (OHA) 

DIABETES P/N(%) X2 P vs 
duration controls 

C (n-204) .~------------- 5/199(2.5) ----------- -------------------
ND(n=80) --------------- 4176(5.0) 0.52 0.467 
D diet (n-228) 11.4+1..4 12/216(5.3 1.57 0.212 
DOHA (n-239) 11.4±1.01 11/228(4.6) 0.91 0.339 
D OHA+[nsulin (58) 15.9±3.4 • 2/56(3.4) 0.02 0.962 
D insulin (n=79) 16.0±1.2· 13/66(16.5) 16.5 <0.0001 .. ConclUSIOn Our data are consIstent WIth the hypotheSIs that In SardInIa a substantIal 

proportion of insulin treated type 2 diabetic patients (in whom insulin has been 
started after more than three years from the diagnosis) are positive for GAD65, 
indicating those as LADA. These data must be taken into consideration in studies 
aiming at the discovery of the etiology of type 2 diabetes. 
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EARLY AUTOANTmODY RESPONSES IN PRE-TYPE 1 DIABETES ARE IgGl 
DOMINATED AND SUGGEST DETERMINANT SPECIFIC REGULATION 
K. Kredel, E. Bonifacio l

, M. Scirpoli l
• M. Fiichtenbusch, A.G. Ziegler. 

Diabetes Research Inst., Munich, Germany, ISan Raffaele Inst., Milan, Italy 
Aims: B-cell destruction in animal models is mediated through aT-helper I 
dominated autoimmune response and measurements of antigen specific 
antibody subclasses have been used to identify periods of Th 1- vs Th2-
dominant immunity. The aim of this study was to characterize the humoral 
islet autoimmunity of early type I diabetes in man. Methods: IgG subclass 
antibodies were measured sequentially from birth to diabetes onset or 
current follow-up in 26 autoantibody positive offspring of parents with type 
I diabetes using the protein AlG RBA of IAA, GADA, and IA2A with IgG 
subclass-specific sepharose beads for antibody detection. Results: Islet 
autoantibody appearance was characterized by early peak titres of IgG 1 
antibodies to one or more antigens at a median age of 2.2 yrs (inter-quartile 
range 2-2.9 yrs). IgG I-IAA peaks preceded other islet antibodies in 13 
offspring, 10 having HLA DR4, while a peak response to GAD was found 
prior to IAA in 5 cases, 4 of whom had HLA DR3. In 5 offspring, an acute 
diabetes onset occurred during the initial peak antibody response. In the 
remainder, early IgG I antibody levels declined markedly and antibody peaks 
against other B-cell antigens arose sequentially over several years. Second 
peak antibody responses to the same antigen were seen in only two 
offspring, both developing diabetes at this time. Two others developed 
diabetes with declining antibody titres. Other IgG subclass responses were 
usually of much lower titre. The IgG4 response to insulin was exceptional, 
being detected in 13 offspring, dominant over IgG I in 4 of these and in 5 
appeared andlor persisted after IgG I levels declined. IgG4 responses were 
not associated with diabetes protection. Conclusions: The data suggest that 
type I diabetes has an early acute destructive phase of B-cell autoimmunity, 
which can be regulated and which spreads chronically until diabetes onset. 
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CROSS SECTION ilL AND LONGITUDINAL STUDY FOR THE 
NON-Of3ESE DIABETIC PATIENTS WITH GAD ANTIBODY 
H.c. Lee. J,1I. Nam. C.W. Ahn, Y.O. Song, S.K. Lim, K.R. Kim and 
K.B. Iluh. Department of Internal Medicine, Yonsei University College of 
Medicine. Seoul. [(orca 
Aims: The charactcI1stic feature of diabetes meliitus(DM) in Korea is 
that 70-RO% of diabetic patients are non-obese, adult-onset type and 
tylX' 1 is very rare(helow 1 %). Autoantibodies to glutamic acid 
decarboxylase «(;.1\01 can occur in apparently typical, non-insulin 
dependent diabetes mellitus (type 2). However, tbe role of autoantibody 
to GAD In type 2 OM is not known. We detennined tbe 
characterization between GAD positive and negative non-obese, 
adult -onset diabdes in Korea and followed up tbe patients. Materials 
and Methods: We measured autoantibdy to GAD in 662 patients and 
followed between 1-2 years later. Results: The body mass index(BM]) 
of the patients were below 24 and onset age were between 30 and 77 
years old. Compared to the antibody-negative group (n=595; 89.9%), 
patients with antibody-positive (n~67; 10.1%) were significantly lower 
c-peptide level, (fasting c-peptide levels: O.98±0.68 vs. 1.23±0.67 
ng/ml. p<O.OS. lx)stprandial c-peptide levels: 1.41±0.91 vs. 2.13±1.71 
ng/ml. p<O.O;') and significantly younger (median age: 44.1 ± 12.7 vs. 
50.8 + 12.3 YC<lrs. p<0.05). Fasting and postprandial c-peptide were 
significantly decreased 1-2 years later(P<0.05). GAD-positive group was 
a lower U\·!J (214 '.:1.3 vs. 23.5±3.7, p<0.05) and more frequent insulin 
requiring (72°(, vs. 31%, p<0.05). GAD positive patients had higher 
frequencies of weight loss (56% vs. 21%, p<0.05) and ketonuria (45% 
vs. 14%. p<0.05), but lower prevalence of hypertension (32% vs. 47%, 
p<0.05). There were no significant differencs in sex, lipid profile and 
family history of diabetes. Conclusions: The presence of autoantibody 
to GilD allows us to identify the group witb more deteriorated {l-cell 
function and more frequent insulin-requiring, but lower prevalence of 
obesity. dyslipidcmia and hypertention. 
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DIFFERENT ONSETS OF TYPE 1 DIABETES. AGED-BASED 
IMMUNOLOGICAL AND CLINICAL DIFFERENCES. 
C. Fajardo, E.Carmona*, JM, Sanchez-Cuenca*, V. Campos, C. 
Carles**, A Brazales, F. Merino and F Pii'ion. Endocrinology 
Department Experimental Inmunology* and Pediatric Endocrinology ** 
University Hospital "LA FE" Valencia. Spam. 
AIMS' To study, within our environment, the prevalence of autoantibody 
markers (ICA, GAD, IA-2) at diagnosis of type 1 diabetes (DM I), 
comparing children and adults. To classify patients on the basis of the 
presence/absence of the mentioned markers, and to confirm possible 
clinical dIfferences. MATERIALS A,,,u METHODS: ICA (by mdIrect 
immunofluorescence) and GAD, IA-2 (RIA) were studied in 68 newly 
diagnosed DM 1 patients (42 male! 26 female); it was considered 
idiopatic when all studied antibodies were negative (at least two 
determined). The sludy group of 25 children (mean age 6.4 ± 39) was 
compared with the study group of 42 adults (mean age 23 ± 5.2). The 
stuuy was Gompleteu With the comparison or the diniGal anu analytical 
characteristics. The statistical analysis was performed with t-student and 
chi :>quare. RESULTS 36 adults anJ 21 c11l1d!en Wefe djagnos.ed 
autoimmune DM 1 (85 7'10) The prevalence of GAD + was significantly 
hIgher In adult patients (75.G ~~ VS-. 52 <j'o, p.::O.OOl). The prevalence of 
IA-2 'r was significantly higher in the children study group (65% vs 40~o, 
p<O 001) compared with the study group of adults. The lCA positivity 
did not change between both groups. IA-2 and ICA were more positive in 
female patients, \Vhereas in GAD there was no difference related to sex. 
CONCLUSIONS IA-2 is considered as the best marker for DM I in 
children, whereas GAD had a hIghest 3cnsitlvity in adults. Autmmmun.c 
DM I IS found in 85.7 % of adult patients and 80.8 % of children recently 
diagnosed with D1.1 type 1. The determination of GAD and IA-2 shovvs 
the highest percentage of positivity (96 %) 
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GAD ANTIBODIES IN AVSTRlAN TYPE-2 DIABETIC PATIENTS 
G.Schemthaner, S.Hink, B.Muzyka, G.Streit, H.P.Kopp and A.Kroiss 
Department of Medicine I and Nuclear Medicine, Rudolfstiftung Hospital, 
Vienna, Austria 
The prevalence of GAD antibodies seems to be relatively high in type-2 
diabetic patients of northern European countries, but relatively low in South 
Europeans. 
Aims: Since no information is available about Austrian type-2 diabetic 
patients GAD antibodies (GADA) were studied in 390 patients whose diabetes 
was diagnosed at a mean age of 52 years. At the time of evaluation 204 patients 
were treated with insulin and 186 were on oral hypoglycemic agents. 
Results: High levels of GADA (>30 Vlml) were found in 28 (7,1%) and low levels 
(1,5-30 Vlml) in 33 (8,3%) of390 type-2 diabetic patients. GADA were found in 
43 (21.1%) out of204 insulin treated patients, but in only 18 (9.7%) out of the 
186 patients without insulin treatment. GADA positivity (n=43) in the insulin 
treated patients was associated with a low BMI (p<O.OO I) and short diabetes 
duration before insulin treatment (p<O.OOI). In patients without insulin treatment 
clinical characteristics of the patients were very similar in GADA positive and 
GADA negative patients. 

with Insulin treatment without Insulin treatment 

GADA neg GADA pos GADA neg GADApos 
Number 161 43 p-value 168 18 p-value 
GADA (U/ml) 0.5±0.3 41±32 0.0001 0.5±0.3 29±31 0.0001 
Age at onset(yrs) 52±12 54±12 n.s. 52±12 51±11 n.S. 
BMI (kg/m2

) 28±5 24±4 0.0001 30±5 30±5 n.s. 
Duration of diabetes (yrs) 14±9 11±9 0.05 6±6 8±8 n.s. 
Years without insulin 1l±8 5±6 0.0001 

Conclusion: Prospective long term studies are needed for clarification, why some 
GADA positive patients progress to insulin deficiency, whereas other patients 
with high GADA can be treated sufficiently for many years with oral 
hypoglycemic agents. 
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PREDICTIVE VALUE OF GAD"Ab AND IA-2Ab IN TWO GROUPS OF TYPE 
I DIABETES MELLITUS FOR ASSOCIATED AUTOIMMUNITY 
Z. Masek, J. Perusieova, H. Barova, I. Sterzl, H. Hejdukova and P. Schneiderka. 
Institute of Endocrinology, Centre of Diabetology of III" Internal Clinic and Oep. of 
Clinical Chemistry, I" Faculty of Medicine, Charles University, Prague, CR 
Aim: To determine the correlation between islet-related, thyroid and a-gliadin 
autoantibodies in two groups of Type I diabetes mellitus (DM- I) patients. Patients: 
Group I (juvenile type, n=25, age 31.8±5.4 y, IIIF1I4M, duration of OM 14±10.4 y) 
and !@l!IL2 (LADA type, n=22, 52.5±8.6 y, I3F/9M, 8.6±9.6 Y resp). Methods: 
Serum C-peptide: RlA (Immunotech), IA-2Ab: lRMA (Brahms Diagnostica), 
GAD"Ab: ELISA (Roche Boehringer M., upper normal limit 30 ng/ml), anti-a
gliadin IgA and IgG: ELISA based on our own antigen preparation and Tg-Ab and 
TPO-Ab autoantibodies: ELISA (Alpha Dialab). Results: Groups I and 2 differed in 
basal and stimulated C-peptide levels (0.13±O.11 vs. 0.55±O.3 resp. 0.2I±O.11 vs. 
0.88±0.43 nmolll, p<O.OI). Group I: We found GAD6,Ab values above 30 ng/ml in 
76% (36.9% over 1000 ng/ml) and IA-2Ab positivity in 33.4%. Only 37% GAD6jAb 
positive patients were also IA-2Ab positive. 85.7% patients with elevation of the 
both B-cells autoantibodies revealed increased levels of Tg-Ab andlor TPO-Ab and 
71 4% IgA andlor IgG a-gliadin autoantibodies. Group 2: GAD6jAb positivity in 
86.4% (36.4% over 1000 ng/ml), IA-2Ab positivity in 36.4%. Increased levels of the 
both autoantibodies were detected in 77.8% patients, but only 57.1 % of them were 
Tg-Ab and/or TPO-Ab positive and 22.7% have increased levels of IgAlIgG a
gliadin-Abo However, 7122 persons in group 2 vS. 3/25 in l!!Ql!JLl had the highest 
levels of the all antibodies and all these patients suffered from manifest thyroid 
disease with altered thyroid function. The possible clinical importance of associated 
a-gliadin IgAlIgG antibodies is discussed. Conclusions: The predictive value of 
GAD,..Ab is in contrast to 1A-2Ab much higher regarding especiaUy thyroid 
autoimmunity. In this study no significant correlation between these islet 
autoantibodies was found. We recommend to examinate often associated 
thyroid and gastrointestinal autoimmune diseases especiaUy in GAD,..Ab+lA-
2Ah positive diabetic patients, mainly with the LADA type. 
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IVGTT AND ANTI-GAD65 ANTIBODIES IN THE DIAGNOSIS OF 
GLUCOSE INTOLERANCE 
T.Tankova, L.Dakovska, G.Kiriiov and D.Koev, Clinical Centre of 
Endocrinology, Medical University, Sofia 

Aim: The aim of the study was to evaluate the impact of first and second 
phases of insulin secrtion, assessed during IVGTT, and anti-GAD65 antibodies 
as p-cell autoimmune marker, in the early diagnosis of the type of glucose 
intolerance in patients aged 30-45 years. Materials and Methods: 54 patients 
(32 males and 22 females) were enrolled in the study. They were divided into 
two groups according to OGTT: diabetic patients (n=30, mean age 
39.1±8.9years) and subjects with IGT (n=24, mean age 39.0±10.1years). A 
group of healthy volunteers (n=19, mean age 37,9±7.4years) served as a control 
group. First phase insulin secretion (FPIS) was defined as the sum of insulin 
levels at 1st and 3rd minute (values> 48mlUIl were considered normal) and 
second phase (SPIS) - by the values at 30th and 60th minute during IVGTT. 
Results: Using the data from IVGTT and anti-GAD65 antibodies, the diabetic 
patients were divided into two groups: type 1 diabetic patients (n=12, showing 
loss of FPIS and SPIS - 9.53±3.8mIU/l and 10.6±2.4mIU/I, respectively, as well 
as high prevalence of anti-GAD65 antibodies - 81 %) and type 2 diabetic 
patients (n=18, who demonstrated declined FPIS - 25.34±3.8mIU/I, p<O.OOI as 
compared to the healthy controls and p<0.02 as compared to type 1 diabetic 
patients, and relatively preserved but retarded SPIS - 68.8±11.7mIU/l, none of 
them being anti-GAD65 positive). As far as their response during IVGTT is 
concerned, the subjects with IGT were divided into two subgroups: with 
normal FPIS (n=15, 119.4±29.8mIU/l), and with reduced FPIS (n=9, 
29.2±6.4mIUIl, p<O.OOI as compared to the healthy controls and p<O.OI as 
compared to type 1 diabetic patients), a significant percentage of the two 
subgroups (47% and 88%, respectively) being anti-GAD65 positive. 
Conclusions: IVGTT allows precise assessment of the phases of insulin 
secretion and, in combination with anti-GAD65 antibodies, helps to set proper 
early diagnosis of the type of diabetes in newly diagnosed patients aged 30-45 
years. This approach appears to be of great clinical importance in the 
adjustment of prompt adequate treatment. 
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ISLET CELL AND THYRO-GASTRIC AUTOIMMUNITY IN TYPE 1 
DIABETES: ASSOCIATION BETWEEN GADA AND ICA, IAA AND PCA. 
P. Abrams, C. De Block, 1. De Leeuw, R. Rooman, M. Du Caju, and the Belgian 
Diabetes Registry. University of Antwerp, Belgium. 

Type I diabetes mellitus results from autoimmune destruction of insulin-producing 
p-cells. These patients also present with elevated levels of auto-antibodies to the 
thyroid gland (TPO) and to the gastric mucosa (PCA). AlMS: To study the 
prevalence of and the relationship between p-cell and thyro-gastric autoimmunity 
in type I diabetes. PATIENTS AND MElliODS: A total of 171 type I diabetic 
patients (male/female: 86/85) were studied (mean age: 19.3 ± 10.6 y, duration of 
diabetes: 4.8 ± 3.7 y, HbAlc: 8.0 ± \.5%). Autoimmune aggression to the p-cell 
was measured with lCA (islet cell antibodies, pos ~12 IDFU), IAA (insulin 
antibodies, pos ~.7 %) and GADA (glutamic acid decarboxylase Ab, pos >0.009). 
Anti-thyroid peroxidase (TPO, pos >100 U/ml) and gastric parietal cell antibodies 
(PCA, pos >1/20 dilution) were also assayed.~: The majority of subjects 
(74.3%) showed 2 or more of the above-mentioned auto-antibodies (AAB) and 
only 1\ patients had none. The prevalence rates were: lAA: 81.3%, GADA: 
64.9%, lCA: 46.2%, PCA: 19.9% and TPO: 19.3%. In patients with lCA persisting 
more than 3y, the prevalence of IAA+ (p~0.01, OR: 4.33) and GADA+ (p~0.03, 
OR: 2.40) was higher than in subjects with lCA persisting less than 3y. The titer 
ofICA correlated with the number of AAB (p~0.001, FO.25) and the duration of 
diabetes (p~0.03,F -0.17). GADA positivity was associated with lCA+ (p~0.006, 
OR: 2.54) and IA+ (p~.007, OR: 2.97). We also observed a higher prevalence of 
GADA in PCA+ patients compared to PCA- subjects (p~0.005, OR: 3.89). Age at 
onset of diabetes was higher in PCA+ subjects (p~.04) and they were older 
(p~O.04) than PCA- diabetics. The presence of TPO did not correlate with any 
other AAB, although a trend of association was observed with persisting lCA +. 
CONCLUSIONS: Particularly in patients with persisting lCA, screening for thyro
gastric AAB is useful for early detection of polyendocrine autoimmunity. GADA 
positivity is associated with lCA and IAA. In addition, the presence of GADA and 
an older age at diagnosis of diabetes may be helpful in predicting PCA positivity. 
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ANTIBODY RESPONSE TO PROTEIN PEPTIDES AND POLYSACCHARIDE 
ANTIGENS IN PATIENTS WIlli TYPE- I AND TYPE-2 DIABETES 

S.Hink*, NL.Eibl*, H.Wolf**, G.Schernthaner* and MM.Eibl 
• Department of Internal Medicine I Rudoifstiftung Hospital, Vienna 
** Institnte ofImmunology, University of Vienna 

Epidemiological studies have shown that patients with diabetes mellitns 
have an increased risk for infections diseases. TIlls could be explained by an 
impairment in immune regulation. The immlIDe response can be estimated 
by the antibody response after vaccination. However, data addressing 
AB response following immunization are conflicting in patients with diabetes. 
Aims: In the present ongoing stndy the inlIDune response following vaccination 
with different types of antigens was investigated in patients with type-I and type-2 
diabetes. 
Method: Antibodies were deterntined by ELISA. An interim analysis 
of 17 patients with type-I diabetes and 16 age-matched controls (age:32±8 vs 
30 ± 4 yrs) as well as 18 patients with type-2 diabetes compared to 14 controls 
(age: 56 ± 8 vs 52 ± 10 yrs) has been performed. 
Results: Patients with type-I diabetes showed significantly decreased 
diphtheria-antibody levels after a single immunization with diphtheria toxoid 
vaccine in patients with type-I diabetes compared to controls: (Diphteria antibodies, 
IU/mI:I,8±1,9 vs. 5,1 ± 4,9; p<O,OI) as well as after immunization with hepatitis A 
vaccine in seronegative individuals (HA V-Antibodies, IU/mI: patients 92,6 ± 119, 
vs. 271 ± 292; p< 0,009). In contrast in patients with type-2 diabetes immlIDe 
response to diphteria-toxoid was comparable to controls. Response to 
polysaccharide antigens (haemophilus inflnenzae, streptococcus pneumoniae) 
was comparable to controls in both patients groups. 
Conclusion: These findings indicate that patients with type-I diabetes have an 
impaired capacity to produce JgG aotibodies following vaccination with clinically 
relevant protein antigens, whereas response to polysaccharide antigen is unaltered. 
TIlls may implicate that vaccination schedules should be adapted for this patient 
group in order to achieve sufficient protection. 
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HIGH PREVALENCE OF THYROID-ANTIBODIES IN FIRST
DEGREE RELATIVES OF IDDM PATIENS WITH ISLET
AUTOANTIBODY POSITIVITY. 
E.Hatziagelaki, C.Jaeger, R.Petzoldt1

, J.Seissler, W.A.Scherbaum2 

and R.G.BretzeI.Third Medical Department and Policlinic, Justus
Liebig University, Giessen. lDiabetes Clinic, Bad-Oyenhausen. 
2Diabetes Research Institute, University of Diisseldorf, Germany. 

Thyroid autoimmunity is often associated with type I diabetes 
mellitus. We wished to study the prevalence of thyroid antibodies 
(TGrrpO) in first-degree relatives of IDDM patients and examine 
their correlation with islet autoantibody positivity. We determined 
ICA, IA-2, GAD65 and thyroid-Abs in 1436 first-degree relatives 
(mean age 26.4±16.2 yrs) of IDDM patients. The distribution of the 
relatives was: parents 594, (group A) and siblings/children 842, 
(group B). Thyroid-Abs were found positive in 55 cases overall, 27 
(4.5%) in group A and 28 (3.3%) in group B. Multivariate method of 
discriminant analysis, revealed that high levels of GAD65 / IA-2 
Abs could predict the thyroid antibody positivity for the group B. 
The predictive value was from 92.9% to 94.7% and a significant 
correlation was observed between GAD65 / IA-2 Ab levels and 
thyroid-Ab positivity (r=0.65, p<O.OOI) in this group. In contrast, in 
group A the predictive value of GAD65 / IA-2 antibody levels to 
thyroid antibody positivity was much lower, 29.3% - 40.7%. The 
presence of GAD65 / IA-2 Abs is predicting of thyroid-Ab positivity 
in first-degree relatives, siblings and children, of IDDM patients. 
Thus, screening for thyroid-Abs is recommended in this population. 

357 
ANTI-P53 AUTOANTIBODIES INPATIENTS WITHIDDM 
E. Di Cesare, M. Previti, F. Lombardo, A. Di Benedetto, G. Romano, 
F. De Luca and D. Cucinotta. Department of Internal Medicine, 
University of Messina, Italy 
Aims: Since autoantibodies against the p53 tumor suppressor protein, 
which is also implicated in the apoptosis signaling, have been described 
in sera from patients with autoimmune diseases (LES, Sjogren's 
syndrome, systemic sclerosis): we investigated the presence of 
autoantibodies to p53 protein in patients with IDDM. Methods: 
Antibodies specific for p53 protein (anti-p53Ab) were measured by an 
ELISA procedure using recombinant wild-type human p53 in sera from 
47 newly diagnosed IDDM patients (mean disease duration 0.3 months) 
subdivided into two groups according to the age: 25 aged < 14 years 
(lOMlI5F; mean age 8 years, range 1-14 years) and 22 aged> 14 years 
(12M1IOF; mean age 27.2 years, range 18-39 years); and from 20 age 
and sex-matched control subjects. Results: Anti-p53Ab were detected 
in 4125 (16%) patients aged < 14 years, in 2122 (9,1 %) patients aged> 
14 years and in 0120 healthy controls respectively. All 6 anti-p53Ab 
positive sera were ICA+; 4 were IA2Ab+, 1 GAD65Ab+ and the other 
one IA2Ab-/GAD65Ab- . Anti-p53 autoantibodies persisted only in one 
of 4 patients whose subsequent serum sample was available (range of 
sampling period 2-36 months), while ICA persisted in all. 
Conclusion: These first data on anti-p53Ab in some newly diagnosed 
IDDM patients may reflect the involvement of p53 gene products in the 
modulation of apoptosis during islet infiltration and beta cell destruction 
leading to IDDM. 
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INSULIN ANTIBODY RESPONSES WITH INSULIN LISPRO IN LONG 
TERM STUDIES IN PATIENTS WITH TYPE I OR TYPE 2 DIABETES 
R.L. Brunelle, J. Huang, S.E. Fineberg and J.H. Anderson, Indianapolis, IN 
Aims: To evaluate the long-term insulin antibody response to insulin lispro 
(Humalog"') in patients with either type I or type 2 diabetes. Materials 
and Methods: 771 patients from lOS investigators in 19 countries 
participated in a non-controlled, 4 year extension study following 
randomized, controlled insulin lispro clinical trials. All patients received 
insulin lispro before each meal and a basal insulin appropriate for the 
patient's metabolic needs. Measurements were obtained for lispro-specific, 
human insulin-specific and cross-reactive antibodies (CRA) at 3 month 
intervals for the first year and yearly thereafter. The antibodies were 
measured at two central laboratories and the data were combined by using a 
cumulative distribution function transfonnation. Appropriate reference 
ranges for the antibody measurements were estimated using antibody 
measurements from patients previously exposed to insulin. Results: 85% 
(653/771) of the patients completed this long term study and received 
insulin lispro from 3 to 4 years. The antibody response for lispro-specific 
and human insulin-specific antibodies was low with only a few patients 
achieving levels outside of the reference ranges. For the CRA 
measurements, the median values at baseline were 3.9% for type I and 
2.1 % for type 2 patients. After 3 years of insulin lispro therapy the median 
CRA values were 4.1% for type I and 2.4% for type 2. The median 
difference from baseline for CRA for type I patients was 0.54% 
(interquartile range of -0.9% to 2.9%) and for type 2 patients was --0.40% 
(interquartile range of -3.0% to 0.7%). Only a few patients had a 
significant CRA response at their last visit during the study (1.4% for type I 
patients and 0.8% for type 2 patients) when defined as a value greater than 
four times the baseline measurement and above the upper reference range. 
Conclusions: Specific and cross reactive antibody measurements 
conducted in long term clinical trials demonstrate that therapy with insulin 
lispro does not result in an enhanced immunogenic response. 

360 
A TIME-RESOLVED FLUOROIMMUNOASSAY FOR HUMAN SERUM 

IMMUNOREACTIVE INSULIN BASED ON TWO MONOCLONAL ANTIBODIES 

S F Zeng, X S Xu, S X Zheng K.Shli and S Baba 

Metabolic Disease Hospital, TlanJIn Medical University, Tianjin, PRCHINA 

Kobe Umversity School of Medicine ,Japan 

Aims To develop an accurate, sensitive and rapid time-resolved fluorolmmunoassay 

(TRFIA) for human serum immunoreactive insulm Materials and Methods· The assay 

was a 'sandwich type' immunoassay using two monoclonal antibodies (MoAbs) and was 

performed With the DELFIA system (Wallac) Anti-human insulin MoAbs were prepared 

by immUnizing Balb/c mice with seml-biosynthetlc human Insulin (Novo) Two MoAbs 

recognizing different epitopes of msuJin were screened for the assay One of the 

antibodies was bound to the bottom of 96-well mlcrotlter plates and the other was 

labeled by europIUm (Eu3
_) Results Serum samples of 50~1 could be analyzed Wlthm a 

concentration range of 6 25j.llU/ml to 100~IU/ml The detection limit of this assay, 

2.I~ru/ml, was comparable to the conventIOnal RIA and results overall correlate well 

WIth those of the PAMIA (Sysmex, RIN·700A, Japan) (r==O 965) Conclusions The 

msulin TRFIA has several advantages over the standard insulin RIA These mclude (I) 

avoidance of hazards and inconvenience of handhng radioactivity, (2) not reqUIring a 

separate test tube for each sample, (3) stability of the Eul-Iabeled MoAb (>6 months), (4) 

short time period required for the assay «4 hours), and (5) the possibility of long-term 

storage (at least 3 months) of antibody-coated microtlter plates 

Key words TRFIA Human insulin Monoclonal antibody 
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INDUCTION OF ISLET-CELL SPECIFIC AlTTOANTIBODIES UNDER 
IMMUNSUPPRESSIVE THERAPY WITH TACROLlMUSIFK506 
T Lohmann, C List. P Lamesch. K Kohlhaw. C Sch"arz. M Wenzke. 0 Richler. J 
Hauss. and J Seisslcrt. Dept. of Internal Medicine III and Surge') n. 1 ;niYersily of 
Leipzig. tDiabetes Research Institute. Univcrsih' of Duessddorf. Ocmlany 
Aims: Tacrolimu&IfKS06 is a widely used immullsuppressiye drug ill rejectlOo 
therapy after organ transplantation. The induction of diabetes mellitus is a known 
side effect of this therapy but the mechanism for it remains ohscure. This study 
investigated whether induction of islet-cell specific autoimmunity may contribute to 
diabetes induction by FK506. 
Materials and Methods: 22 patients treated with FK506 and 20 patients treated 
with cyclosporine A (CsA) after liver transplantation were tested for islet cell 
antibodies (ICA) by indirect immunofluorescence and for antibodies against 
glutamic acid decarbm.;ylase 65 (GAD65) and tyrosine phosphatase IA? by 
radioimmunoassays. All antibody assays were validated by Islet Antibody 
Workshops for sensitivity. specificil) ~nd consistency. 
Results: Five122 FK506-treated compared to 0/20 CsA-treated patients had ICA (5-
320 .T[)F-U; p<0.03). mthe 5 iCA-posltive patients. 3 had diabetes (2 newly 
deyeloped diabetes after transplanlation) 'lild 2 normal (lGTT. At least on" ICA
positive patient was definitely ICA-negdtive before transpJanWtion. Three of the 5 
ICA-positive patients compared to 2117ICA-ncgative patients Heated with FKS06 
had the ,iidhttes associated HLA haplotype DQB I 'OJ02 (p<Il.0 I). One patient of 
each group had GAD- and IAl-Ab. 
Conclusions: Immunsuppn~ssi\'c' therapy wi!h FK506 \\las ;.ssociatcd with a higher 
frequency of islet cell specjfic ;mtoimmunity measured by Ie A compared to 
conventional CsA therapy. At least in one case ICA seem to be triggered de-novo 
after transplantation despite FK506 therapy. ICA were associated with diabetes 
associated HLA haplotypes. These results raise a further concern for usage of 
FK506 as first line immullsuppressive therapy in diabetes prone individuals e.g. 
after pancreas transplantation 
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AUTOIMMUNITY TO TISSUE TRANGLUTAMINASE C IN 
PATIENTS WITH TYPE 1 DIABETES 
R Bonfanti, E Bazzigaluppi*, V Lampasona*, F Mescbi, E 
Bognetti, E Bosi*, G Cbiumello, E Bonifacio*. Department of 
Pediatrics, Department of Medicine*, Scientific Institute H San 
Raffaele, University of Milan, Italy. 
Aims: silent Coeliac disease is a gluten driven autoimmune disease 
which is relatively frequent in patients with type 1 diabetes. The aim 
of this study was to determine the extent of gluten associated 
autoimmunity in type 1 diabetes Material and methods: IgG and IgA 
autoantibodies against human transglutaminase C (TGCA) using novel 
radiobainding assays were measured in a cohort of 290 patients with 
new onset type I diabetes and 213 control subjects. Results: 24 (8%) 
patients with type 1 diabetes had both IgA and IgG TGCA, 1 had only 
IgA TGCA, and 97 (33%) had IgG TGCA only. Antibody levels in 
those with IgG TGCA only were relatively low. Only 2 (1%) control 
subjects had TGCA. IgA TGCA were associated with the HLA 
DQAl *0501 DQBl *0201 heterodimer, while IgG TGCA were 
associated with HLA DRB 1 *04. Of 11 patients with TGCA who have 
had intestinal biopsies, 9 showed a flat mucosa typical of Coeliac 
disease. In another 5 patients without TGCA at diabetes onset, TGCA 
and a flat mucosa was found on follow-up 1-3 years later. Conclusion: 
These data show that almost 10% of patients have autoimmunity 
typical of Coeliac disease and another 30% have low level gluten 
associated IgG TGCA autoimmunity. This high prevalence suggests 
either a direct involvement of the gut in the pathogenesis of type 1 
diabetes, or that transglutaminase is a secondary autoantigen resulting 
from beta cell destruction. 
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ANTIBODIES TO GLIADIN AND ENDOMYSIUM IN TYPE 
DIABETES. 
V Cinapri, S Quilici, G Forotti, 0 Giampietro, E Matteucci, Pisa, Italy. 
The prevalence of coeliac disease (CD) in adult population is unknown 
because silent and latent stages do exist. Type I diabetes mellitus (IDDM) 
may be associated with CD because of common genetic background 
and/or shared pathogenetic mechanisms. We investigated 74 probands with 
IDDM (32±1l y, disease duration 13±9 y), 69 parents of diabetic 
probands (56±1O y), 59 siblings (30±11 y) and 50 healthy controls 
(35±1O y) for the presence of circulating islet cell antibodies (ICA), anti
glutamic acid decarboxylase antibodies (GADA65), anti-gliadin 
Immunoglobulins A and G (IgA- and IgG-AGA). All patients with raised 
AGA, performed also IgA anti-endomysium antibody indirect 
immunofluorescence assay (ErnA). 
Samples were positive for ICA in 19 diabetics (26%), 4 parents (6%), 4 
siblings (7%),0 controls (p<O.OOI); for GADA in 34 diabetics (46%), 4 
parents (6%), I sibling (2%),0 controls (p<O.OOI). Had raised IgA-AGA 
(>4.4 mgIL) 25 IDDM patients (34%), 10 parents (14%), 5 siblings (8%), 
3 controls (6%) (p<O.OOl). Had raised IgG-AGA (>18 mg/L) 4 IDDM 
patients (5%), 5 parents (7%), 0 siblings (0%),4 controls (8%). Both IgA
and IgG-AGA were detected in I IDDM and 2 parents. The prevalence of 
IgA-AGA positivity in IDDM was significantly higher than in controls 
(p<O.OOI). Finally, 50 AGA positive subjects performed ErnA test: only 2 
of them resulted EmA positive, an IDDM patients and a sibling. The 
patients with IDDM had a small-bowel biopsy specimen consistent with 
CD and, as sole evidence of malabsorption, sideropenic anemia. EmA 
positive sibling also showed severe iron deficiency, yet refused endoscopy. 
We conclude that: I) CD cannot be diagnosed on the basis of associated 
IgA- and IgG-AGA alone. Nevertheless, detection of such antibodies is 
useful, in combination with ErnA, in screening for endoscopic biopsy; 2) 
too high rate of detection of IgA-AGA in IDDM patients in comparison 
with other groups excludes a false positivity of the test itself, while 
suggests a pathogenetic association of both immunological disorders, 
perhaps related to abnormal gamma/delta TCR-bearing intraepithelial 
lymphocytes. 
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PREDOMINANCE OF THE TCR V~7 GENE FAMILY IN PANCREATIC 
AND IN CIRCULATING T-CELLS FROM TYPE I DIABETES PATIENTS 
P. Luppi*, M.M. Zanone*, W. Rudert.*, C. Haluszczak*, A. Alexander*, S. 
Bertera*. P. Gottlieb*, D. Becker+ and M. Trucco*. *Division of Immunogenetics 
and +Endocrinology and Diabetes and Metabolism, Department of Pediatrics, 
School of Medicine, University of Pittsburgh, Pittsburgh, PA, USA; 'Barbara 
Davis Center for Childhood Diabetes, Denver, CO, USA 

Aims: In a previous study, high frequency of T-cell receptor (TCR) vpr T-cells 
was detected in lymphocytes isolated from pancreatic islets of children at the onset 
of Type I diabetes. In this study, we assessed whether a preferential expression of 
certain TCR V~ gene families was present in peripheral blood mononuclear cells 
(PBMC) from patients at different time-points during Type I diabetes progression. 
TCR repertoire analysis was also perfonned on pancreatic specimens from a child 
who died at the onset of Type I diabetes. Ma terial and Methods: A semi
quantitative PCR was used to analyze TCR usage in PBMC of 16 newly-diagnosed 
diabetic patients and in PBMC collected at serial time points. before, at, and after 
the onset of the disease on 4 first-degree relatives of Type I diabetes probands, 
who eventually developed diabetes while under our clinical monitoring (i.e., 
converters) and on 4 high-risk relatives who have not yet developed diabetes. 12 
patients after 1-14 years from the onset of diabetes were also studied. HLA and 
age-matched controls were used. Results: The analysis of the TCR usage in the T
cells infiltrating the pancreas of a child at the onset of diabetes, demonstrates that 
the V!>7 gene family was expressed by almost half of the lymphocytes. Same 
analysis in the patients' PBMC showed that 9/16 newly-diagnosed diabetic 
patients, 3 high risk individuals and the converters at all time points had values of 
V~7 above the upper limit of the control population (p<O.OO I, <0.05 and <0.0005, 
respectively). In the converters, another V~ gene family. V~13.l, showed values 
above the upper limit of the control population. Long-standing diabetics exhibited 
V!>7 and V~13.1 values that were not statistically significant from those detected 
in the control populations. Conclnsions: Selective expansion of T-cells carrying 
the TCR V~7 gene family was observed in the pancreas of a child at the onset of 
diabetes and was also evident in PBMC from individuals progressing to diabetes 
and in newly-diagnosed patients. 
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ENTEROVIRAL INFECTIONS IN UTERO AND DURING EARLY CHILDHOOD 
AND THEIR INFLUENCE ON THE DEVELOPMENT OF O-CELL AUTOIMMUNITY 
IN OFFSPRING OF PARENTS WITH TYPE 1 DIABETES 
A. Imstetter, G.Jager', M. Schenker, M., A.G. Ziegler and M. Fiichtenbusch 
Diabetes Research Institute, Munich, 'Department of Virology, Max von 
Pettenkofer Institute, Ludwig-Maximilians-University, Munich, Germany 
Aims: Previous studies reported an increased frequency of antibodies against 
enteroviral (EV) antigens in patients with type I diabetes suggesting a role for 
EV infections in the pathogenesis of the disease. However, it is still unknown 
whether EV infections are causally related to the development of B-cell 
autoimmunity or merely represent scondary events in subjects already affected 
by autoimmunity. We therefore have prospectively evaluated EV infections 
prior to and in parallel with the appearance of B-cell autoimmunity in offspring 
of parents with type I diabetes. Methods: Using ELISAs, IgG-antibodies (abs) 
against a panel of enteroviruses, and, if present, more specifically, IgG-abs to 
Coxsackie virus serotypes (CV) B3, CVB4 and CVB5 were measured I) at 
delivery in 37 mothers of children who developed /l-cell-abs (IAA, GADA, IA-
2A) later in life and in 125 mothers of children who remained B-cell-abs 
negative; 2) from birth until 5 years of age in 37 offspring who developed B-cell
abs and 46 offspring who remained /l-cell-abs negative. Results: a) 17% of 
mothers from /l-cell-abs positive vs. 18% of mothers from /l-cell-abs negative 
offspring had elevated EV-abs, including 8% and 8% with CVB3-, 0% and 
2.4% with CVB4-, and 0% and 1.6.% with CVB5-IgG-abs, respectively. c) In 
offspring, 5 (13%) with and 5 (11 %) without /l-cell-abs developed elevated EV
abs during follow-up. Importantly, only one child developed EV-abs, including 
CVB3-IgG, -B4-IgG and -B5-IgG prior to B-cell-abs, while in all other 
offspring EV -abs were found in parallel or after the development of B-cell 
autoimmunity. Conclusions: EV infections were generally a rare event and did 
not show a consistent temporal relationship to islet-cell autoimmunity. Our data, 
therefore, do not support the view that EV infections playa role in the induction 
of B-cell autoimmunity in first degree relatives of patients with type I diabetes. 
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yo T CELLS ALTERATIONS IN TIIE PERIPHERAL BLOOD OF HIGH RISK 
DIABETES TYPE 1 SUBJECTS WITH SUBCLINICAL PANCREATIC B-CELLS 
IMPAIRMENT. 
A.Kr~towski, J.MySliwiec, M.Szelachowska and I.Kinalska, Department of 
Endocrinology, Medical School Bialystok, Poland 

There is increasing evidence that CD3+ cells bearing yo T cell receptor 
(represent the minor subpopulation of the T cells in the peripheral blood in 
humans) are involved in autoimmunity development. yo TCR+/C08+ T 
cells have been recently found to playa critical role in the pathogenesis and 
prevention of autoimmune diabetes in the animal model. Aims: The aim of 
the present study was the estimation the yo T cell subpopulation levels in 
the peripheral blood of subjects with preclinical and overt type 1 diabetes 
and their possible associations with the humoral immunity, metabolic 
parameters and pancreatic B-cells function. Materials and methods: The 
study was carried out in 3 groups of subjects: 26 first degree relatives of 
type I diabetes patients (prediabetics) with the combinations of 
autoantibodies against pancreatic B cells (ICA,GADA, IA-2A, lAA), 22 
patients with a recent onset of type I diabetes and age and sex-matched 24 
healthy volunteers (control group). The percentages of lymphocytes 
subsets: C03+/C08+, yoTCR+/C08+, yoTCR+/CD8- were measured on 
flow cytometer. Results: We observed a decrease in the absolute numbers 
(and percentages) of yo +/COS+ and yo+/COS- T cell subpopulations in 
peripheral blood in the prediabetics with the impaired first phase of insulin 
secretion in comparison to relatives with autoantibodies but still with 
normal B-cells function (l9± 7 vs. 27±S cells/mm3, p<O,005 and 67±35 vs. 
98±29 cells/mm3, p<O,OI), patients with clinical diabetes and healthy 
controls. Conclusions: Our study suggests that the yo T cells could play an 
important role in the development of IDOM. It is possible that their levels 
in the peripheral blood could be an additional marker of preclinical 
detection of the disease, but further prospective studies in high risk of 
IDOM subjects are needed. 

367 
LEVELS OF ADHESION MOLECULES IN NEW ONSET TYPE 1 
DIABETIC PATIENTS. 
E. Sonnet, J. Gibassier *, C. Derrien, C. Massart *, H. Allannic and 
D. Maugendre. Service d'Endocrinologie and * Laboratoire d'Hormo
nologie, CHR de Rennes, France. 
Aims: Levels of soluoie forms of adhesion molecules have been found 
increased in patients with onset autoimmune disease, such as Graves' 
disease. In new onset type 1 diabetic patients, this fact was suggested in 
one work. So the aim of the study was to investigate levels of 
InterCellular Adhesion Molecule-I (sICAM-I), Vascular Cell Adhesion 
Molecule-I (sVCAM-I) and L-selectin (sL-sel), in new onset type I 
diabetic patients, with or without Graves' disease. Materials and 
Methods: Sera were collected from 30 healthy controls and from 59 
patients with new onset type I diabetes alone (n=47) or associated with 
Graves' disease (n=12). No patient had vascular complication. Levels 
of soluble adhesion molecules were determined by ELISA method 
(Immunotech, Marseille, France). Results: In patients with type I 
diabetes alone, no significantly increased levels of adhesion molecules 
werefound (sICAM-I: 512 ± 158 vs 523 ± 175 ng/ml; sVCAM-I: 594 
± 201 vs 644 ± 104 ng/ml; sL-sel: 1655 ± 342 vs 1635 ± 262 ng/ml). 
By contrast, in patients with type I diabetes and Graves' disease, levels 
of sICAM-I were elevated (sICAM-I: 740 ± 228 vs 523 ± 175 ng/ml
p=O.OOI with Mann-Whitney test; sVCAM-I: 655 ± 181 vs 644 ± 104 
ng/ml; sL-sel: 1811 :!: L62 vs 1635 ± 262 ng/ml). Conclusions: We 
do not confirm that levels of soluble adhesion molecules increased at 
onset of type I diabetes alone. By contrast, patients with type I diabetes 
and Graves' disease have increased levels of sICAM-1. It may be 
secondary in these last patients to the Graves' disease autoimmune 
process, as already reported. 

366 
RAISED ANTIBODIES TO ~-CASEIN IN TYPE 1 DIABETES AND 
COELIAC DISEASE BUT NOT IN OTHER AUTOIMMUNE DISEASES 
L. Monetini, M.G. Cavallo, L. Valente, G. Coppolino, L. Stefanini, S. Corbi, 
S. Spera, M.e. Matteoli, F. Ferrazzoli, A. Cantagallo, G.C. De Mattia, B. 
Walker and P. Pozzilli for the IMDIAB study gronp, Rome, Italy 

Since the association between Type 1 diabetes and cow's milk 
consumption, enhanced immune reactivity to different cow's milk proteins 
was reported in patients with Type 1 diabetes. Aims: To evaluate the 
antibody response to one cow's milk protein of particular interest such as ~
casein. Materials and Methods: ~-casein antibodies were measured in a 
large population of subjects including 71 patients with Type 1 diabetes of 
recent onset, 24 1" degree relatives of Type 1 diabetic probands, 100 patients 
with latent autoimmune diabetes in adults (LADA), 50 patients with 
autoimmune thyroid disease, 50 patients with Type 2 diabetes, 24 patients 
with multiple sclerosis, 33 patients with coeliac disease, 48 diabetic pregnant 
women and 97 healthy subjects. Antibodies to bovine ~-casein were 
measured by an immunoenzimatic assay (ELISA) in a total of 497 sera. 
Furthermore, the binding to ~-casein has been also evaluated by 
immunoblotting analysis. Results: Significantly increased levels of IgG 
antibodies to ~-casein were found in patients with Type 1 diabetes and in 
patients with coeliac disease compared to healthy subjects (p=0.019 and 
p=O.023, respectively). Patients with other disease conditions showed 
significantly low levels of ~-casein antibodies compared to healthy subjects 
and/or patients with Type 1 diabetes matched for age and sex. Conclusion: 
These results demonstrate that antibody levels to bovine ~-casein are higher 
in patients with Type 1 diabetes and coeliac disease compared to normal 
subjects and/or other autoimmune diseases suggesting that the immune 
response to ~-casein may reflect intestinal autoimmune disorders common to 
Type 1 diabetes and coeliac disease. 

368 
T HELPER 1 PROFILE OF RECENTLY ACTIVATED 
CIRCULATING T CELLS IN TYPE 1 DIABETES. 
N.J.Leecb, K.A.Elsegood, P.Narendran, A Hubbard and C.M.Dayan. 
University of Bristol, UK. 
Aim: Studies of both serum and stimulated peripheral blood mononuclear 
cells (PBMC) have shown increased lFN-y and TNF-a levels in type I 
diabetes. These findings however, do not clearly differentiate active insulitis 
from longstanding diabetes and there remains a pressing need for a marker of 
ongoing autoimmune activity. Since T cells express the activation marker 
HLA-DR on their snrface for abont 2 weeks ouly following encounter with 
antigen, this population may reflect the phenotype of cells recently involved 
in the autoimmune process. We have therefore taken the novel approach of 
isolating this small population (2% of PBMC) and analysing their cytokine 
profile. Methods: PBMC were isolated from II type 1 diabetic patients within 
6 weeks of diagnosis, and 6 age matched healthy controls. T cells were 
separated to 95% purity by negative selection using magnetically labelled 
antibodies (MACS). The DR+ T cells were then euriched 10-15 fold by a 
positive immunomagnetic separation. The DR- and DR+ T cells fractions 
obtained were cultured with PMA/Ionomycin for 24 hours. and lFN-y and IL-2 
concentrations measured in the cell supernatants by specific capture ELISA 
Results: In diabetic patients, there was a 3.5 fold increase in IFN -y secretion 
in the DR+ population compared with the DR- cells (Median = 494 v 1240 
pg/ml p = 0.03). There was also a 4 fold increase in basal IL-2 secretion in 
DR+ cells ( median = II v 44 pg/ml, p=0.009). In healthy controls however, 
lFN-y and IL-2 production did not differ significantly between DR+ and DR
T cells. Conclusion.: Activated (HLA-DR+) T cells in recent onset type 1 
diabetes have an exaggerated Thl phenotype with increased levels of lFN-y, 
and IL-2 production. These findings suggest that cytokine phenotyping of the 
circulating recently activated (DR+) T cell population may provide a new 
approach to monitoring disease activity in type I diabetes. 
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SOLUBLE INTERLEUKlN-2 RECEPTOR IN PREDIABETES, IN OVERT 
DIABETES TYPE 1 AND DIABETES TYPE 2 
B. Mianowska , J. Bodalska-Lipinska' , M. Krokowski , S. Chrul, K. Wyka, 
M. Law?ik and J. Bodalski. Institute of Pediatrics, Medical University of Lodz, 
Poland; Metabolic Diseases and Gastroenterology Department, Medical University 
of Lodz, Poland. 

Aims: The purpose of this study was the evaluation of the relationship between ICA 

occurrence and the level of soluble interleukin-2 (sIL-2r) receptor in the blood 

serum of patients: in prediabetic period, at the onset of diabetes type 1 and at 

the onset of diabetes type 2. Materials and Methods: The subjects studied were: 35 

prediabetic children (mean age 12.5 ± 4.6 yrs), 40 children and 18 adults at the 

onset of diabetes type I (mean age respectively 10.0 ± 4.0 yrs and 32.3 ± 17.5 yrs) 

and 27 adults with newly diagnosed diabetes type 2 (mean age 45.9 ± 17.3 yrs). All 

prediabetics and all patients with type 1 diabetes were ICA positive. The control 
group consisted of 30 healthy individuals. ICA were determined by indirect 

immunofluorescence on cryostat sections of pancreas blood group type o. 
The results were expressed in Juvenile Diabetes Foundation (JDF) units. A positive 

result was defined as 5 JDF units or greater. Circulating sIL-2r in blood serum was 

quantified using an immunoenzymatic method. Results: Levels of slL-2r exceeding 

the highest norroal value were found in 21135 (60%; p<O,OOOI) prediabetic 
children, 17/40 (42,5%; p<O,OOI) diabetic childreu, 7/18 (38,9%; p<0,003) diabetic 

adults with type I diabetes, 4/27 (14,8%; NS) patients with type 2 diabetes and in 

1130 (3.3%; NS) of the control group. Levels of sIL-2r were higher in 

the prediabetic group (median: 1224 pglmJ; p<0,008) and in diabetic children 

(median: 972 pglml; p<0,05) compared to the control group (median: 784 pglml). 

No statistical differences were observed in levels of slL-2r between all adult 

diabetic patients and the control group. Conclusions: The study's results point out 

that levels of slL-2r increased in prediabetics and aduJts and children with type 1 
diabetes thus indicating that slL-2r may be implicated in pathogenesis of diabetes 

type I. Supported by Grant KBN 4P05E 05516 

371 
ADVANCFDGLYOOlONENDPRODUCf-INDUCED1NF-aANDlIr6 
PRODUCTIONBYPERIPHERALLYMPHOCYlESOFDlABETICPIUEINIS 
TM.zhang,Y,Zhang,CH.Han and SX.Jin Beijing Institute of 
Geriatrics, J 00730 Beijing, P.R.China 
Aim: To investig;lte whether a!vanced glycation em produ:t (AGE) stimulates 
human lymphocytes to puduce cytokines and 1he immune fe!l!XJIlSe to AGE 
stimulaJion is 1he same in diabetics and nonnal suQjects since AGE,easily fonned 
in diabdes, might I:ecome autoontigenic 1hroughmodification ofpmtein structure. 
Materials and Methods:Venous blood W<lS collected from 55 mnnal subjects 
and 50 diabetic pl1eints. The blood sample W<lS mixed in 1640 cu1ture medium 
wiIh 10 ~ PHA (Sigma) or 20 ~ AGE respectively for 24 00urs 
incuOOtion 1NF-u and JL6 were detennined by EUSA test kit Results: After 
24 ixlurs incuOOtion, AGEinduced 1NF-u production in diabetic txUien1s and 
nonnal sul:!iects W<lS 473.20 ± 66.93 pg'mI vs 254.62 ± 35.14 pg'mI (P < 0.02 ). 
JL6 production in diabetes and nonnal groUjll W<lS 2400.0± 399,0 pg'mI vs 
1983,9±294.8 pg'mI ( P < 0.02 ). There W<lS m relation of higher cytokine 
production to ~ BMl, course of diabetes and blood glucose level (Y = 0 - 021, 
P><1.05), PHA-indix:ed 1NF-u production W<lS aiID higher in diabetes than 1hat in 
nonnal control ( I3I326±162.6 pglmI vs 381.04±28.98 pg'mI , P < 0.002 ). 
There W<lS m diJfereoce ofPHA stimuIatro JL6 production in 1hese two groUjll. 
Condmions:The above resu1ts derrmstrated 1hat I) AGE can stimulate human 
lymphocytes topuduce 1NF-uand JL6 ; 2) Theimmunefe!l!XJllSeto AGE and 
PHA W<lSmore sensi1ive in diabetics, at least JE1ially, than 1hat innonnal subjects; 
3) It =us 1hat 1he sensi1ive fe!l!XJIlSe to AGE stimulation has m relation to rex, 
BMl, course of diabetes and glycemia in tested individual. Our finding<; imply 1he 
possibility 1hat immure resp:>nse to AGE of diabetic individual can be studied by 
1his me1hod The sensitive reJXlnse to AGE stimulation in diabetes may be an 
~riskfuctorinvolvedindiabetic complications. 
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REGULATION OF IL-lO RELEASE FROM PERIPHERAL BLOOD 

CELLS BY EPINEPHRINE IS DISTURBED IN DM TYPE I 
A. Geissler, M.L. Schneider, B. Bochow, and I. Koop. Department of Intemal 
Medicine, Charite-Campus Mitte, Humboldt-University Berlin, FRG. 
InterIeukin-lO (IL-lO) is an immosuppressive cytokine which may play 

a crucial role in development of autoimmune diabetes of NOD mice. 

Only few data on cytokine regulation in humans with DM type I exist. 
Recently, we reported on diminished IL-IO release during hypoglycemia 

in patients with DM type I compared to healthy controls. In addition, 

release of epinephrine, a known stimulus of IL-lO, was reduced. Aims: 

To study the functional capacity of immunocompetent peripheral blood 

cells (PBC) to release IL- 10 and the pro-inflammatory cytokine TNF-a 

and to investigate cytokine regulation by epinephrine. Methods: Whole 

blood from 20 patients with DM type I (age: 35.4±I3 years, 8.3±9 
years duration ofDM) and 24 healthy controls (age 36 S±13 years) was 
incubated with LPS (10ng/ml) with or without epinephrine (0. 1, I and 

IOng/ml) for 4h. IL-IO and TNF-a were determined in the supernatant 

by ELISA. Results: LPS-stimulated IL-IO (4.6±O.8 vs 7.0±2.4 pglImio 

leu co) and TNF-a release (27±O.3 vs. 2.0±0.2nglImio leuco) did not 

differ between both groups. Epi (IOng/ml) enhanced IL-IO by Ill±20% 
in controls which was significantly (p<O.OOI) higher than in DMI 

(61±12%). Epi dose-dependently inhibited TNF-a release in DMI and 

controls by 49% and 57% (n.s.). Conclusions: The functional capacity 

ofPBC to secrete IL-J 0 in response to epinephrine was reduced in DM I 

whereas TNF-a release was normal. These data are suggestive of a 
disease-inherent defect of immunocompetent cells in DMI The lack of 
IL-IO response to epinephrine may have implications in situations with 

increased sympathetic activity. 

372 
ROLE OF L-SELECTIN, VLA4, LEUKOSIALIN AND BET Al INTEGRIN 
IN DIFFERENT STAGES OF AUTOIMMUNE TYPE 1 DIABETES 
H. DervogorntiyaClyan, M. Arash, D. Aydemir, G. Yillar, G. Deniz, i. 
Satman, A O. Giirol, E. Akta~, Y. Tiitiincii and M. T. Ylhnaz. Institute for 
Experimental Medical Research and Istanbul Medical Faculty, Division of 
Diabetes, Istanbul University, Turkey. 

Aims: In this study we investigated the role of adhesion molecuJes belonging 
to selectin and integrio families expressed by lymphocytes in different stages 
of autoimmune Type I diabetes. Materials and Methods: Four different 
stages of diabetes were studied. While preclinical stage group (G I) consisted 
of first degree relatives of Type I diabetics (n=ll) having ICA;e20 JDF u. 
and acute insulin response in IVGTT below the 3. percentile of normals, 
early clinical group (G2) was composed of newly diagnosed diabetics (n=14). 
Diabetics diagnosed between 6-12 months (n=15) forroed the clinical stage 
group (G3) and Type 1 diabetics having a diabetic period of 1-5 years (n=14) 
constituted the advanced clinical stage group (G4). Control group consisted 
of 14 healthy, ICA (-) subjects(G5). Flow cytometric analysis was used for 
measurement of CD62L (L-selec!in), CD49d ( VLA 4), CD43 (Leukosialin) 
and CD29 (Beta 1 integrin). Results: L-selectin was significantly increased in 
Gl and G3 (p<O.05) and in G2 and G4 compared to G5 (p<O.OI). VLA 4 
expression was found to be significantly increased in all diabetic groups 
(p<O.OOI in Gl,G3 and p<O.OI in G2,G4). Leukosialin showed no significant 
alteration in any group (p>0.05). All stages were found to have significantly 
high levels of Beta 1 integrio (p<O.OOI in Gl, G2, G4 and p<O.05 in G3). 
Conclusions: Our results indicate that adherence and then rolling of 
lymphocytes on endothelial cells may play a role in pre- and early clinical 
stages of Type 1 diabetes, but in all other stages a relatively strong adhesion 
was observed. 
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EXPRESSION OF NEUTROPHIL ADHESION MOLECULES IN EARLY 

PREGNANCY OF DIABETIC MOTHERS. 
M.P. Pertyfiska1

, M. Banasil<', K. Zeman',4, K. Cypryk' , .I. Wilczyfiski1 and 
H Tch6rzewski2

,3 

!.Fetal-Maternal Dept. RI PMMH Lodz, 2.Clinical hrunonology Dept. RI PMMH, 
3.Microbiology Virology Center of Polish Academy of Sciences, 4. Military Medical 
School ofLodz, 5.Diabetes Center RI PMMH 
Ibe effective fimctions of hwnan peripheral blood neutrophil are modulated by 
regulatory molecules depending on receptor agonists and adhesion molecules. Aim of 
study: Evaluation of percentage of neutrophil carrying some adhesion molecules in early 
pregrumcy of diabetic mothers as well as their expression. Material: 9 pregnant diabetic 
women demonstrating good glycemic control and without major complications before 
pregnancy were studied at 7-13 weeks of fIrst gestation, 6 healthy pregnant women 
match for weeks of gestation, age and parity ; 9 healthy non-diabetic women; 12 
diabetic, non-pregnant women, were also studied. Methods: Peripheral blood 

"","oopiril adlresimr ii1u1CCd!W!eBffl,~,~'!L=d~werc -eTOlttoted both 
11FI expression and percentage when resting and activated by 30min., fLMP 
preincubation using monoclonal antibodies anti-CDllb and anti-CD62L (Becton
Dickinson) employing Flow Cytometer FACSCalibur with computer program 
CELLquest._Re.ults: Expression of CDllb receptor on leukocyte of diabetic pregnant 
mothers was higher both spontaneous and after stimulation by fL:MP in compare to 
group of healthy women and diabetic nonpregnant one. The significant difference in 
CD62L MFI expression was noticed both for resting and activated neutrophils in 
healthy pregnant women group when compare to healthy non-pregnant and other studied 
groups. A decrease in percentage of CD62L1fl,:MP molecule was noticed in all groups 
when compare to healthy nonpregnant. MFI expression of CD54 was lower in pregnant 
diabetic women versus diabetic non pregnant women. Although there was an increase in 
expression of CD54 on resting neutrophils of diabetic nonpregnant when compared with 
healthy. We did not noticed significant difference in expression of maternal CDl8 in 
peripheral blood neutrophils in early pregnancy, in all studied groups. Conclusions: 
diabetes type I with good glycemic control and pregnancy changed the percentage and 
MYI of neutrophil bearing adhesion molecules. 

375 
MANIFESTATION OF TYPE I DIABETFS MELLlTIJS IN A PATIENT 
WITH HEPATITIS C DURING TIlERAPY WITH a-INTERFERON AND 
RIBAVIRIN 
A. Figge, M. Reiser, W. Scluniegel, M .. A. Nauck, Ruhr-University, Knappschafts
Krankenhaus Bochurn, Germany 
ADm: Some cases of Type I diabetes during therapy with alpha-interferon and ribavirin 
in chronic hepatitis C have been reported. We report on a patien~ who developed Type 1 
diabetes onder continued therapy with a-interferon and ribavirin. Materials and 
Methods: A male patient (age 35 yrs, BMI 27.1 kg/m', HCV-RNA-positive; genotype 
2a; AST 43 UIL, ALT 136 UIL, y-GT 37 U/L, AP 95 UIL) was treated according to a 
study protocol with alpha-interferon (3 million IU/d s.c.) and ribavirin (1200 mWd). After 
four months of treatment the patient developed polyuria, polydipsia and a weight loss of 
8 kg. In the basal state and after administration of 1 rng glucagon i.v., we detennined 
glucose, insulin and C-peptide after 3, 6 and 10 min. In blood samples drawn before and 
after therapy we measured GAD-antibodies. Results: At diabetes onse~ the plasma 
glucose level was 457 mg/dl, the patient developed ketonuria, and the BMI had 
decreased to 24.3 kWm2. Glucagon stimulation test: glucose 353, 296, 348, 374 mwdl, 
insulin 1.8, 0.2, 2.0, 2.7mU/l, C-peptide 0'<Xl9, 0.13, 0.05 and 0.03 nmol/l (showing a 
significantly reduced insulin response). Before therapy, GAD-antibodies were negative 
in one blood sample. At time of diabetes onse~ GAD-antibodies became positive (466 
nwml, reference < 32 nWml). The patient was treated with iniensified insulin therapy, the 
therapy with alpha-inteIferon and ribavirin was stopped (HCV-RNA remained negative, 
AST and ALT were of normal value ontil 6 months after stopping antiviral therapy). 
Conclusions: Of special interest in this case is the short duration (16 weeks) between 
being GAD-antibodies negative before therapy and diabetes onset with positive GAD
antibodies. Whether there really is an increased incidence of Type I.<Jiabetes during 
alpha-interferon and ribavirin therapy is not yet clear. 

374 
DIFFERENTIAL TIJMOR NECROSIS FACTOR AND INTERLEUKIN-6 
PRODUCTION IN DIABETIC PATIENTS WITH DIABETIC NEUROPATHY 
TREATED WITH A-LIPONACID 
E.S.Muser,J.E.Baier,M.Bergbauer and G.Schmutz,Depart.ofInt.Med.St.Josef-Hospital 
Ruhr- University ofBochurn,Depart.ofCardiology Marienbospital Witten 
Aims: 
Administration of tumor necrosis factor (TNF-a) increases whole body glucose kinetics 
and stimulates in vivo glucose uptake by several tissues. As it is known that blood 
glucose changes after a-Liponacid infusion we examined serum TNF-a and (lL-6) 
Interleukin-6 activity in treated diabetic patients with peripheral neuropathy. 

Materials and Methods: 

28(16) diabetic patients with peripheral neuropathy were treated with 600mg a-Liponacid 
in 250 ml 0,9% NaCI over a period of 14 days.Cytokine levels were measured before and 
after intravenous infusion. All cytokines were measured by ELISA (Medgenix).Blood 
glucose was measured by Hemocue before starting infusion and when stopped. The 
differences in neuropathy symptoms were signed in a neuropathy score system. 

Results: 
67,85% (19128) of the patients showed elevated TNF-a serum levels after a-Liponacid 
infusion,28,57%(9/28)had lower TNF-a levels than before treatment. 75(12/16)ofthe 
patients had decreased serum lL-6 levels after a-Liponacid injection,25% (4/16) 
answered without any reaction.In patients pretreated with irnrnunsuppressive drugs 
like corticoids and Azulfidines changes in cytokine system were not seen.In all cases 
without pretreatment with irnrnunsuppressive substances lL-6 decreased significantly 
while TNF-a levels and blood glucose increased significantly (pless than 0,05). 

Conclusions: 

Our findings suggest that a-Liponacid as a component of the Pyruvat-Dehydrogenase 
complex plays an important role in stimulation and modulation of the cytokine system. 
The ability to induce these changes is stopped when irnrnunsuppressive substances 
possibly block this Multienzyme-system. The beneficial effect in neuropathy symptoms 
could be explained by decreasing systematic lL-6 serum levels. 
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SUPPRESSION OF AUTOIMMUNE DIABETES BY CHOLERA 
TOXIN B CHAIN: ROLE OF INNATE IMMUNITY 
V. Burkart, Y.-E. Kim, M. Kauer and H. Kolb. Diabetes Research 
Institute at the University of Dusseldorf, Dusseldorf, Germany 
Aims: The cholera toxin B chain (CTB) has been reported to 
suppress T cell dependent autoimmune diseases including 
autoimmune diabetes of NOD mice. We have tested the 
hypothesis that CTB exerts much of its immunomodulatory activity 
by targeting the innate immune system. Materials and Methods: 
Human monocytes Mono Mac 6 were exposed to CTB and 
subsequently tested for proinflammatory immunoreactivity in 
response to challenge with endotoxin (LPS from E. coli). Levels of 
TNFa in culture supernatants were determined by sandwich 
ELISA. Results: Incubation of monocytes with CTB (10 IJg/ml) 
suppressed a later proinflammatory response to LPS within 5 h as 
demonstrated by suppressed production of TNFa (p<0.01), while 
IL-10 remained inducible. Control experiments excluded a role of 
possible contamination of eTB by endotoxin or the intact cholera 
toxin. Tolerance induction by eTB was dose and time dependent 
and could be prevented by the addition of antibodies to IL-10 and 
TGFIl. IFNy also antagonized CTB actions on macrophages. In 
contrast to desensitization by low doses of LPS, tolerance 
induction by CTB occurred "silently", i.e. in the absence of a 
measurable proinflammatory response. Conclusions: In view of 
the potent instructive role of the innate immune system on T cell 
responses these findings are important in understanding how 
CTB prevents the development of autoimmune diabetes and 
improves tolerance to islet autoantigens. 

378 
EFFECT OF TROGLITAZONE ON CYTOKINE EXPRESSION OF T -CELLS FROM NOD MICE 
P. Augstein, B. Helunke, U. Fischer', E. Salzsieder, P. Heinke and A. Duuger, 
Institute of Diabetes "Gerhardt Katsch" Karlsburg, 'luselkliuik Heringsdorf, 
Germany 
CD4+ T-cells can be differentiated by their cytokine profiles in Thl-cells producing 
IFN-y and IL-2, and Th2-oells producing IL-4 and IL-IO. Thl- and Th2-inunune 
responses are thougbt to be involved in. the pathogenesis of oertain autoinunune 
diseases. Thus, in type 1 diabetes the switch from benign to Jl-cell destructive insulitis 
is accompanied by a sbift from Th2- to Thl-cytokines, potentially opening new 
strategies for preventiou of diabetes. Aims: This + study examined, therefore. whether 
the prevention of diabetes by troglitazone (TGZ) in NOD mice is related to changes 
of the T-cell cytokine production profile. Material and Methods: Splenocytes from 
non-diabetic NOD mioe treated with TGZ (n= 16) or plaoebo (n=7) for 35 weeks were 
stimulated in vitro with phorbol ester and ionomycin in the presenoe of brefeldin A. 
The permeabilised cells were double-stained by inununofluorescenoe for one of the 
surfaoe marl<ers CD4 or CDS, and for one of the cytokines IL-2, IFN-y, IL-4 and IL-
10. The peroentage of cytokine-positive T cells and the mean fluorescenoe intensity 
(MFI, relative amount of cytokine produoed per oell) were determined by flow 
cytometry. Results: The peroentage of CD4+ or of CDS+ splenocytes expressing either 
IL-4 and IL-IO or IL-2 and IFN-y was comparable between TGZ- and plaoebo-treated 
mioe (Table). Analysis of T -cells revealed two cell clusters with different IFN-y 
expression (MFl±SD: 27.0±7.7 vs. 44.6±8.1; p<O.05). 75% (12116) of TGZ-treated 
and 42.9% (317) of plaoebo-treated mioe had T -cells with IFN-y MFI level of 
27.0±7.7 whereas 25% (4/16) ofTGZ- and 57.1 % (4/7) ofplaoebo-treated mioe had 
IFN-y+ T -cells within the lower MFI oell cluster. 

Table. Cytokine-expression of CD4 and CDS T -cells ("10 double-positive oells ± SD) 
CD4 CDS 

I Cytokines IL-2 IFN-y IL-4 IL-IO IL-2 IFN-y IL-4 IL-IO 
ITGZ 23.1±6.3 15.4±5.1 2.0±3.2 l.5±1.4 7.3±5.7 IS.4±6.2 2.7±5.2 1.0±2.0 
IPlaoebo 27.2±9.1 20.4±7.2 1.9±1.3 2.0±1.9 1O.3±3.4 17.5±S.O O.3±O.5 1.4±1.l 

Conclusions. The mean peroentage of T -cells expressing either IL-4 and IL-I0 or 
IL-2 and IFN-y was unaffected by TGZ. However, TGZ appears to modulated the 
intraoellular level of IFN-y expression. Diabetes prevention by TGZ in NOD mioe 
might be mediated by the down-regulation of IFN-y. 
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PERFORIN PLAYS A BETA-CELL CYTOTOXIC ROLE ON THE 

PATHOGENESIS OF NIDDM INDUCED BY VIRUS INFECTION 
T. Utsugi, T. Kanda, I. Kobayashi, T. Uchiyama, H. Ito, Y. Ohyama, 
S. Tomono, S. Kawazu, and R. Nagai. Maebashi, JAPAN 
Aims; The NDK25 variants of Encephalomyocarditis (EMC) virus can 
induce NIDDM in RAG-2 knockout (KO) mice that lack both T- and B
lymphocytes, suggesting mature lymphocytes playa protective role. 
Whereas, the pathogenic mechanisms remain ill-defined. This study 
was initiated to elucidate the role of perforin on this model. Materials 
and Methods; RAG-2KO mice, perforin KO mice (PfpKO), RAG-2 
and perforin knockout (DoubleKO) mice (n=6-8) were used. Wild type 
of male 129/Sv mice and C57BU6 mice were used as control (n=6-8). 
The NDK25 variants were administrated intraperitoneally at 200 
pfu/mouse, and OGrr was performed before and 1 week after 
infection. Results; OGrr showed that blood glucose levels of RAG-
2KO after glucose load were significantly higher than those of control 
mice. Whereas, there were no significant difference of blood glucose 
levels during OGrr among PfpKO, DoubleKO mice, and control mice. 
The insulin contents of pancreas in RAG-2KO were 20 ± 14 J1 gig of 
pancreas, that were significantly lower than those in the other group. In 
contrast, there were no significant difference of the glucagon contents 
of the pancreas among these four group. In histology, mild 
mononuclear cell infiltration was observed in the islets of pancreas from 
each group. In contrast, atrophic islets were observed in RAG-2KO 
mice. Conclusions; Perforin can playa beta-cell cytotoxic role on the 
pathogenesis of virus-induced NIDDM in the absence of mature 
lymphocytes. 

379 
CELLULAR AUTOIMMUNITY TO PHOGRIN IN THE NOD 
MOUSE 
K. Kelemen, D. Wegmann and J.C. Hutton. Barbara Davis Center for 
Childhood Diabetes, Denver, CO, USA. 

The structurally-related protein tyrosine phosphatases IA-2 and 
phogrin are major targets of humoral autoimmunity in type I diabetes 
in Man however their involvement in the disease in experimental 
disease models (NOD mouse and BB rat) is disputed. In this study we 
have evaluated cell-mediated autoimmunity to recombinant phogrin in 
the NOD mouse. Mesenteric lymphnode cells of young NOD females 
exhibited a spontaneous T cell proliferative response to phogrin. 
Immunization of NOD mice with phogrin resulted in a vigorous T cell 
proliferative response which was antigen specific and cross reactive on 
islet cells. Limiting dilution yielded 10 T cell clones which reacted to 
phogrin and three of these reacted with crude granule preparation of 
rat insulinoma tissue consistent with the documented localization of 
the antigen. Two of these were capable of destruction of rat islet grafts 
placed into NODlscid recipients. All of the phogrin specific T cell 
clones were CD4 positive by F ACS analysis and were THI-like as 
defined by their cytokine production profile as analyzed by ELISA. A 
series of truncated recombinant proteins generated from the phogrin C 
terminal molecule has been used to map the epitopes recognized by 
phogrin -specific T cell clones of diabetogenic potential. These results 
demonstrate that cellular autoreactivity to phogrin arises in the islet 
during the course of the spontaneous disease and phogrin-specific T 
cells are capable of destruction of islet cells in vivo. Because of their 
close structural relationship, further delineation of T cell epitopes 
shared between IA2 and phogrin will facilitate analysis of the role 
determinant spreading in the progression of type I diabetes. 
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380 
FAS (CD95/APO-l) EXPRESSION IN PANCREATIC ISLETS OF 
DIABETES-PRONE BB RATS 
G. Wachlin, B. Kultler, D. Schroder, I. Kloting and S. Schmidt, lustitute of 
Pathophysiology of the University of Greifswald, Karlsburg, Gennany 

Aims: luterleukin- I beta (IL-I P) has been shown to induce destruction of 
pancreatic islet beta-cells and to upregulate Fas in mouse and human islets. 
We investigated the possible involvement of Fas in IL-IP-induced stress 
response of pancreatic islets from diabetes-prone BB rats. Materials and 
Methods: After preculture for 3d and exposure to IL-IP (10 U/ml) for 24h or 
not (control) isolated pancreatic islets were used for functional tests and 
estimation of spontaneous 5ICr-release. Surface antigen expression was 
measured on single islet cells by FACS analysis using monoclonal antibodies: 
MHC class I (OX 18), MHC class II (OX 6), ICAM-I (IA29), beta cells 
(KI4DIO). Islet proteins were separated by SDS-PAGE followed by 
inununoblotting with C92F3A-5 (HSP 70) and a polyclonal antibody which 
recognizes Fas. Results: IL-IP decreased islet insulin content (p < 0.001) 
and reduced insulin release in response to 20 nunolll glucose (p < 0.001) 
compared to control islets while no membrane alterations were detectable as 
measured by spontaneous 5ICr-release. After IL-IB treatment beta cell 
number was reduced (90.2±0.6% vs. 84.6±1.6%) and ICAM-I + beta cells 
(7.4±1.0% vs. 87.5±1.9%) and ICAM-I antigen density (3.9±0.710gU vs. 
15.8±2.310gU) on beta cells were increased while the expression of MHC 
class I and II was not changed. Whereas HSP 70 only in IL-I B treated islets 
was detectable, expression of Fas was similarly observed in both control and 
C}1okine-treated islets. Conclusions: Our results suggest that in response to 
IL-I P protective mechanisms are activated in pancreatic islets. But our results 
do not support the hypothesis of F as-mediated apoptosis in pancreatic beta 
cells from diabetes-prone BB rats because IL-I B induced stress response was 
not accompanied by upregulation of Fas. 

382 
PRIMARY NONFUNCTION OF ISLET XENOGRAFTS IN 
SPONTANEOUSLY DIABETIC AUTOIMMUNE NOD MICE: 
CORRELATION WITH ELEVATED NON-T CELL CYTOKINES IN THE 
GRAFTS. 
CMathieu, COysemans, lLaureys, lDepovere, M.Waer and R.Bouillon 
Laboratory for Experimental Medecine and Endocrinology 
(LEGENDO),Catholic University of Leuven, Herestraat 49, 3000 Leuven, 
Belgium 
Primary nonfonction (PNF) and early graft destruction are obstacles for the 
application of islet xenotransplantation in autoinunune type I diabetes. The first 
aim of this study was to investigate the role of autoimmune disease recurrence in 
PNF and xenograft survival in autoinunune NOD mice after rat islet 
transplantation. The second aim was to examine the mediators of this early islet 
destruction. Resnlts: Spontaneously diabetic autoimmune NOD mice had a 
shorter islet xenograft survival (5.4 ± 2.3 days) compared to chemically diabetic 
C57BII6 or old NOD niice (11.3 ± 1.2 days, p<O.OI and 9.7 ± 3.7 days, p<0.05). 
Also a higher incidence in PNF (44%) was noted in these autoimmune diabetic 
mice compared to non-autoinunune diabetic C57BII6 or old NOD mice (10% 
and 29%). Analysis of C}tokine mRNA levels locally in the xenografts showed 
clearly higher IL-Io. and TNF-u levels in spontaneously diabetic autoimmune 
NOD niice 8 hours posttransplantation, rapidly decreasing after 16 hours. In the 
islet xenografts of the non-autoinunune diabetic mice (cheniically diabetic 
C57B1/6 or old NOD mice), elevated levels ofiL-lo. and TNF-u were only noted 
at 16 hours after transplantation. Another difference between autoimmune and 
non-autoimmune mice were the levels of the suppressive C}tokine, TGF-B, being 
clearly higher (2 fold) in the non-autoimmune situation. T-cell C}1okines (IL-2, 
IL-4 and INF-y) in islet xenografts of both autoimmune and non-autoimmune 
diabetic niice were absent or similar with background levels in the first 24 hours 
after transplantation, as were T cells on immunohistochemistry. In conclusion, 
these data suggest a role for the autoinunune memory in the occurrence of PNF 
and islet xenograft destruction in the spontaneously diabetic autoimmune NOD 
mice. The destruction of islets seems however to be mediated primarily by non-T 
cell types such as macrophages. 

381 
THE LEVELS OF SOLUBLE CYTOKINES IN SERUM CORRELATE 
WITH CYTOKINE mRNA LEVELS IN PANCREAS AND INSULITIS 
PROGRESSION IN NOD MICE 
N.C.Schloot. P.Hanifi-Moghaddam. C.Goebel, H.Rothe. A. Hausmann. H. Kolb. 
Diabetes Research Institute at the University of Dusseldorf. Gennany 
Aim: The development of destructive insulitis and autoimmune diabetes in 
NOD mice correlates with in-situ expression of Th[ C}1okines. whereas non
destructive iusulitis is associated "ith Th2 C}10kines. The goal of this study was 
to detennine whether C}1okines in mouse serum might correlate with the quality 
of insulitis and therefore would provide a marker for monitoring disease 
activity. 
Material and Methods: Groups of non-diabetic NOD mice (5-[4 weeks old). 
diabetic NOD mice (14 weeks of age) and agc matched C57IBLl6 mice were 
analyzed. The pancreas was removed for histology and RNA extraction. and 
serum was obtained from blood samples. The C}10kines Interferon gamma (Thl) 
and Interleukin 10 (Th2) were determined from pancreatic mRNA by RT-PCR 
and in the senun of the same animals by sandwich ELISA. 
Results: IFN g mRN A levels were elevated in the pancreas of diabetic animals 
compared to non-diabetic NOD mice. whereas ILl 0 message was decreased in 
diabetic animals. Levels of soluble cytokines in serum correlated with that of 
cytokine mRNA in pancreas. The ratio of IFN-g to IL-IO in diabetic animals 
differed significantly (p<O.OOOI) from that of non-diabetic NOD mice. 
Conclusion: In an animal model of type I diabetes circulating cy10kines in 
serum reflect disease activity in the pancreas. as detennined by cytokine gene 
expression pattern. Serum cytokine patterns may allow monitoring of disease 
activity in human patients. 

383 
THE HU-PBL-SCID MOUSE AS MODEL FOR ISLET 
XENOTRANSPLANT ATION. 
CGysemans, lLaureys, J.Depovere, M.Waer. R.Bouillon and CMathieu 
Laboratory for Experimental Medecine and Endocrinology (LEGENDO),Catholic 
University of Leuven, Herestraat 49,3000 Leuven, Belgium. 
Type I diabetes is the resnlt of an autoimmune attack against the pancreatic ~ cells, 
causing a destruction of the target tissue. Transplantation of xenogeneic islets can 
be a possible treatment. SCID niice, characterized by a severe immunodeficiency 
and the acceptance of allo- and xenogeneic grafts may be a possible tool for 
research in this field. The aim of the study was to develop an in vivo animal model 
in which immunological interactions between the human immune system and 
transplanted xenogeneic islets could be studied. Methods: 150 rat islets were 
grafted under the kidney capsule of alloxan diabetic SCID mice before 
reconstitution with 50 x 10' huPBL or with 30 x 10' huPBL followed by a booster 
of 10 x 10' aCD3 pre-activated huPBL. Glyceniia was assessed every two days. 
Postglucose (2g/kg BW) glycemia, plasma rat C-peptide and insulin were measured 
weekly. At the end of the study, grafts were removed for histology and 
immunohistochemistry (!HC). Results: Although all groups remained 
normoglycemic until the end of the study, histology and!HC of the grafts revealed a 
severe human CD45+ cell infiltration in the grafts of the boostered niice compared 
to no infiltration in the unreconstituted group or minor infiltrates in the unboostered 
group. After glucose challenge, unreconstituted niice remained normoglyceniic (84 
± 16 mg/dl) with -compared to initial levels- elevated C-peptide (194 ± 110% of 
initial levels) and insulin (187 ± 110% of initial levels) measurements 3 weeks post 
sham reconstitution. The unboostered group had at this time point a slight decrease 
in both insulin (64 ± 54%) and C-peptide (73 ± 57%) production, however still 
maintaining normoglyceniia (104 ± 55 mgldl) after glucose challenge. A completely 
impaired islet xenograft function was demonstrated in the boostered group as 
suggested by hyperglycemia (323 ± 146 mgldl) and a significantly reduced insulin 
(23 ± 12%, p<0.05) and C-peptide secretion (11 ± 8%, p<0.05) after glucose 
challenge 3 weeks post reconstitution. These observations lead to the conclnsion 
that pre-activation of human lymphoC}1es is essential in graft destruction in the hu
PBL-SCID mouse model. 



384 
INFLUENCE OF FREE AND ENCAPSULATED ISLETS XENOTRANSPLAN
TATION ON THE CHEMOTAXIS OF PERITONEAL MACROPHAGES : 
V. Karsten; S. Tritschler; A. Belcourt ; M. Pinget and L. Kessler. Laboratoire 
d'Endocrinologie Experimentale, UPRES-ULP, CeeD; Strasbourg, France. 
In vitro, we have shown that pancreatic islets stimulated macrophage migration by 
the release of immunological specific proteins partly retained by macroencapsulation. 
The aim of these present work was to study the influence of the transplantation cf 
free and encapsulated (AN69 membrane, Hospal, France) rat islets on the chemotaxis 
of peritoneal murine macrophages. Materials and methods: 50 free and encapsulated 
rat islets cultured for 24 hours were transplanted in the peritoneal cavity of healthy 
mice (n=6). Untreated mice, mice operated but not transplanted and mice trans
planted with an empty macroencapsulation device served as controls (n=5). After 3 
days transplantation, peritoneal murine macrophages were collected and tested 1ir 
their chemotaxis toward fonnyl-Methionyl-Leucyl-Phenylalanine (fMLP), and cul
ture medium conditioned for 4 days by free rat islets isolated from the same rat donor 
as grafted islets. The macrophage chemotactic index was defined as the ratio: number 
of cells attracted by the conditioned culture medium (or fMLP) / number of cells at
tracted by the culture medium. Results: In response to fMLP, the chemotactic in
dexes of macro phages from mice transplanted with free and encapsulated islets were 
respectively 7.66±1.86 and 8.42±2.22. These values were significantly increased 
compared to those obtained with macrophages from untreated mice (2.90±0.37; 
p<O.O I). Transplantation of an empty device or surgery also induced an increase in 
macrophage migration toward fMLP (5.60±1.20 and 4.46±1.30) but significantly 
lower than that observed with macrophages from mice transplanted with islets 
(p<0.05). Toward culture medium conditioned by free islets, transplanted encapsula
ted islets failed to enhance macrophage chemotaxis (1.98±OAO) compared to trans
planted free islets (5.62±1.96; p<O.OI). Macrophage migration from operated mice 
and mice transplanted with an empty device was similar to that of untreated mice. 
Conclusions: Islet encapsulation decreased the specific chemotactic reactivity of pe
ritoneal macrophages induced by free islet transplantation. 
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Characteristics Associated with Early Onset of Type 2 Diabetes in Adults 

T.A. Hillier, KL. Pedula, and J.B. Brown, Portland, Oregon, USA 

Aims: To determine whether adults diagnosed with Type 2 diabetes between age 
18-44 years (EarlyDM2) have distinctive baseline risk proftles compared to adults 
diagnosed ?,45 years (UsualDM2). 

Materials and Methods: We studied baseline characteristics among 2,963 adults 
in a large health maintenance organization diagnosed with Type 2 diabetes between 
1996-97 who had measured weight, HbAlc, and blood pressure within 3 months of 
diagnosis. Electronic medical and laboratory records were used to abstract clinical 
data. Parametric t-tests and chi-square analyses were used to compare mean and 
proportional differences, respectively. To determine if significant univariate 
variables were independently associated with EarlyDM2 and control for other 
possible confounders, multiple logistic regression was performed for a subset of 692 
that responded to a 1997 sociodemographic survey. 

Results: Adults with EarlyDM2 were significantly more obese at the time of 
diagnosis than adults with UsualDM2 (BMI 36.6 vs. 32.3 kg/m', p<O.OOI). 
Glycemic control at diagnosis was not different (HbAIc 7.8 vs. 7.7%). Diastolic 
blood pressure (Dbp) with EarlyDM2 was slightly higher at diagnosis than 
UsuaIDM2 (81 vs. 79 mmHg, p<0.05) despite lower systolic (S) bp (130 vs. 136 
mrnHg, p<.OOI). Higher BM!, higher Dbp, and lower Sbp remained independently 
associated with EarlyDM2 on multivariate analysis (p<0.02). Non-white race and 
female gender were also associated with EarlyDM2 (p=0.005 and 0.04, 
respectively), but educational level was not. BM! had the strongest association 
with EarlyDM2 on multivariate analysis (for every kg/m' increase in BM!, the odds 
ofEarlyDM2 increased by 8%, p=O.OOO2). 

Conclusions: Morbid obesity is a significant predictor of DM2 before age 45 
years. Intensified screening for DM2 in very obese young adults should be 
considered, particularly in ethnic groups with a higher prevalence of DM2 andlor 
obesity. Further research is needed to determine the effect of increasing obesity to 
alter the time course of developing DM2 in those that are genetically predisposed. 

385 
TOLERANCE INDUCTION TO ISLET ALLOGRAFTS 
S. Gregori', L. Sala', S. Smiroldo', A. Davalli' and L. Adorini' 'Roche Milano 
Ricerche, Via Olgettina 58, 1-20132 Milano, 'Unit of Metabolic Diseases, San 
Raffaele Scientific Institute, Milano 
Mycophenolate mofetil (MMF), a selective inhibitor of T and B cell proliferation 
currently in clinical use for the prevention of allograft rejection, bas been 
suggested to induce donor-specific tolerance to islet allografts in adult mice. 1,25-
dihydroxyvitamin D, [1,25(OH),D,], the active form of vitamin D" is an 
immunomodulator able to prolong heart allografts and to ameliorate autoimmune 
diseases, including autoimmune diabetes, which inhibits the ability of APC to 
induce T -<:ell activation via inhibition of 1L-12 production and downregulation of 
class II MHC and costimulatory molecule expression. Aims: to analyze the 
capacity of MMF and 1,25(OH),D, administered alone or in combination to 
induce tolerance to pancreatic islet allograrts in mice. Materials and Methods: 
350 B6 mouse pancreatic islets were transplanted under the kidney capsule into 
fully mismatched BALBlc mice rendered diabetic by streptozotocin 
administration. Blood glucose levels were serially monitored in the recipients. 
Results: MMF (100 mg/kg po daily from d -1 to 30 after islet transplantation) 
and 1,25(OH),D, (5 ~g/kg po 3x/week from d -1 to 30) administered alone were 
scarcely effective in prolonging islet graft survival. However, 70% of recipient 
mice treated with both drugs showed long-term (>70 d) graft acceptance and 
following drug withdrawal all mice remained normoglycemic. Allogralts 
accepted under the cover of MMF and 1,25(OH),D, were more resistant to 
rejection upon challenge with B6 donor spleen cells than grafts accommodated 
under the cover of MMF alone. Mice still normoglycemic 4 weeks after spleen 
cell challenge received a non-vascularized heterotopic heart graft from B6 
neonates. Mice which did not reject islet tissue even after a spleen cell challenge 
were also tolerant to a donor-type heart graft, indicating that the combination of 
MMF and 1,25(OH),D, is able to induce an effective donor-specific 
transplantation tolerance in adult mice. Conclusions: these results indicate the 
possibility to use a combination of MMF I,25(OH),D, and to prolong human islet 
allografts. This regimen may not only prevent graft rejection and possibly induce 
tolerance, but also inhibit the autoimmune response. 
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EFFECTS OF FAMILIAL HISTORY OF DIABETES ON CLINICAL 

CHARACTERISTICS OF TYPE 2 DIABETIC PA TIENTS_ 
S.Bo*, E. Repetti, L.Gentile. 
·Institute ofinternal Medicine, University of Turin; Diabetic Clinic, Hospital of Asti. 
Aims: to evaluate if the presence of diabetes in relatives and in parents may influence 
metabolic control and the presence of chronic complications in type 2 diabetic 
patients and if there is a possible differential influence of maternal or paternal diabetes 
on these characteristics. Material and methods: all 2113 patients with type 2 
diabetes, referring to the Diabetic Clinic of Asti were recruited; these patients 
represent the 1.6% of the reference population, that is about 80010 of diabetic patients 
of the area. The patients were asked wheather any of their family members had 
diabetes diagnosed by a physician. BM!, blood pressure, lipid parameters, HbAlc, 
and C-peptide levels were measured; the patients were yearly screened for the 
presence of chronic complications. Results: 25.5% of patients had a a diabetic 
mother, while 6.5% had a diabetic father (p<O.OOOI), 21.2% had other relatives with 
diabetes and 46.7% had no relatives with known diabetes. No differential influence 
was found between maternal and paternal diabetes, on clinical characteristics of the 
patients. By comparing the following groups: parental diabetes, diabetes in other 
relatives, no known diabetes in relatives, we found age, age of diabetes diagnosis, 
total and LDL-cholesterol and prevalence ofhypercholesterolernia and retinopathy as 
significantly different between the three groups. In a logistic regression model, 
patients with parental diabetes had significantly lower age (1\= -0.030, p=0.OOO3), age 
of diagnosis of diabetes (13= -0.026, p=0.0014), and LDL-cholesterol (1\= 0.0068, 
p=O.030) in respect to tbose without known diabetes in their family. No relevant 
difference was found between those with other relatives with diabetes and other 
groups of patients. Conclusions: the presence of diabetes in relatives has no role in 
conditioning clinical characteristics of type 2 diabetes mellitus and we could not find 
any differential influence between paternal and maternal diabetes. Patients with 
parental diabetes showed an earlier age of onset of the disease and higher LDL
cholesterol, supporting the hypothesis that genetic component is more impottant 
when the disease was diagnosed at an early age and that a complex metabolic 
syndrome may be inherited. 
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PROGRESSIVE WORSENING OF HbAlc IN 10 YEARS OF FOLLOW-UP 
IN TYPE 2 DIABETES 
P. Fomengo, A. Bruno, L. Ferrero, G. Pagano 
Department of Internal Medicine-University of Turin-Italy 

UKPDS showed that HbAlc worsened during the ten years of the study irrespective 
of the therapy used (conventional or intensive); also the body weight worsened, but 
with an higher increase in the subgroup of patients in intensive treatment. We 
retrospectively evalued the trend of HbA I c, body weight. BMI and blood pressure 
(annual mean) in 100 type 2 diabetic patients (age 66.5±JO.7 years, mean ± SD, 
45% female, duration of diabetes at 1988 7.03±5.41 years). continuative referred to 
our diabetes care unit at least for \0 years (J 988 time 0; 1993 after 5 years; 1998 
after 10 years). Statistical analysis has been made with ANOV A. The body weight 
(time 0: 72.2±13.5 Kg, after 5 years: 73.8±13, after 10 years: 72.2±12) and the BMI 
(time 0: 27.7±4.79 Kg/m2

, after 5 years: 28.2±4.69, after \0 years: 27.5±4.33) did 
not show statistical difference. HbAlc (time 0: 7.65±1.26 %, after 5 years: 
8.72±1.46, after 10 yeas: 9.07±1.56, p<O.OOOI, time 0 vs 5 yeras and time 0 vs \0 
years) worsened during the years of follow-up, independently from gender, age of 
the patient, duration of diabetes, body weight, kind of therapy (diet, OHA, insulin) 
and value at baseline. The blood pressure did not change considering the systolic 
values (time 0: 146.8±20.8 mm Hg, after 5 years: 145±18.6, after \0 years: 
142.2±16.9, n.s.), whereas the diastolic values decreased (time 0: 84.9±10.5 mm 
Hg, after 5 years: 82.2±10.5, after \0 years: 78.3±9.0, p<O.OOOI, time 0 and 5 years 
vs 10 years); we also observed an increase in the number of diabetic patients treated 
for hypertension (time 0: 21%. after 5 years: 29%. after \0 years: 36%). We evalued 
also the prevalence of retinal complications. as index of microangiopathy: \0 
patients developped background retinopathy and 4 patients proliferative retinopathy; 
this subjects presented higber values of HbAlc at the baseline (time 0: 8.3±1.7 vs 
7.5±1.14%, p=O.0149) compared with those without retinal complications. Our 
study confirms tbe UKPDS data about the worsening of HbA I c in type 2 diabetic 
patients, independently from the tberapy. The observation that the body weight did 
not worsened in our study compared to the UKPDS might be explained with the 
lower degree of insulin therapy (7% vs 16% and 38%. conventional and intensive 
tberapy respectively) and with the importance gived to the behavioural therapy and 
to the diet. 

390 
GLUCOSE TOLERANCE AND ITS RELATION TO REPRODUCTIVE 
LIFE CHARACTERISTICS IN FEMALE POPULATION OF TURKEY 
i. Satman, M.T. YIimaz. and The Turkish Diabetes Epidemiology Group. 
Istanbul University, Istanbul, Turkey 
Aims: To determine the prevalence of abnormal glucose tolerance (DGT and 
IGT) among female population of Turkey and to investigate its possible 
relationships to reproductive life history (RLH). Material and Methods: The 
study included a sample of 13,708 women, aged 20 years and over. Data has 
been derived from a nation wide field survey which was carried out in 1997. 
GT was assessed based on WHO 1985 criteria. All attendees received an 
OGTT after an overnight fast except known diabetics. BP, BMI, WIH were 
measured. Sociodemographic features and data regarding to RLH (live birth, 
still birth, total parity, abortion, macrosomic baby, congenital malformations, 
current pregnancy, menopause, and contraception were obtained through a 
questionnaire filled by an experienced nurse. Results: Overall prevalence of 
diabetes was 8.9% and of IGT was 8.6%. Frequency of diabetes and IGT 
according to various RLH characteristics are below: 

Yes No ANOVA 
IGT DGT IGT DGT p-value 

Live birth 9.0 9.2 7.1 7.9 0.0001 
Still birth 11.4 12.9 8.5 7.9 0.0001 
Overall parity 9.0 8.6 7.1 8.0 0.0001 
Abortion 10.4 11.0 8.3 7.7 0.0001 
Congo Malformation 10.3 9.7 8.9 8.6 NS 
Macrosomia 9.8 8.6 8.8 8.5 NS 
Current pregnancy 5.8 3.3 8.8 8.3 NS 
Menopause 12.8 17.0 6.5 4.0 0.0001 
Multiple Logistic Regression Model showed that age, parity, menopause, 
BMI and BP are independent predictors of abnormal GT (p<0.0001, <0.002, 
<0.05, <0.05 and <0.01). Conclnsions: RLH as well as general female 
health have.a strong influence on GT in Turkey. 
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PREDICTIVE RISK FACTORS FOR CORONARY HEART DISEASES (CHD) IN 
TUNISIAN POPULATION 
F. Kanoun , F. Harzallah, B. Ftouhi, A. Mekaouar, R. Bell.aj , M. Fekih , A. 
Mebazaa, B. Zouari and F. Ben Khalifa. Service d'Endocrinologie-Diabetologie 
Hopitalla Rabta et Faculte de Medecine de Tunis, 1007 BS Tunis, TUNISIE. 

Previous studies had shown that about 25% of death in Tunisian adult population 
were related to cardiovascular diseases. Aims: the aim of this study was to identify 
predictive risk factors for non fatal CHD in Tunisian population. Materials and 
Metbods: this study included a cohort of 736 adults (age <:29 years, sex ratio 0,69) 
investigated in 1985 and ten years later in 1994 - 1995, with normal ECG at 
baseline. Weight , height , waist circumferences, systolic and diastolic blood 
pressures (SBP, DBP), fasting and two hours blood glucose and insulin, glycated 
haemoglobin and total cholesterol were measured in all subjects at base line. All 
subjects had ECG at baseline and at the end of the study. ECG were analysed by the 
same cardiologist. CHD was considered according to the presence of abnormal Q or 
T waves or ST segments. Results: Among the 736 subjects, 90 (12,2%) developed 
CHD. Subjects who developed CHD were older (50 ± 10,4 vs 46.3 ± 11,3 years, 
p<O.OOI). Comparison of age adjusted clinical and biological characteristics 
recorded at baseline in the two groups showed that subjects with CHD had 
significantly higher SBP and DBP respectively 142.9 ± 27.4 vs 133.7 ± 20.8 mmHg, 
p<O.OOI and 86.1 ± 13.8 vs 80.9 ± 10.8, p<O.OOI .In univariate analyses adjusted OR 
for CHD were 1.97 with 95 % CI [1.17 , 2.97] for SBP> 140 mmHg, 2.19 with 95% 
CI [ 1.3, 3.7] for DBP>90 mmHg and 2.74 with CI [1.32, 5.68] for HbAIC <: 6%. 
Stepwise regression analyses showed that only HbA I C persisted as independent risk 
factor for CHD OR 2.86 with CI [2.86,6.89]. Hypertension persisted at the limit of 
significance OR 1.28 [0.99,3.18]. In subjects with normal glucose tolerance SBP 
and DBP persisted significantly associated with CHD, OR were respectively: 1.76 
with CI [1.00, 3.12] and 2.19 with CI [1.10, 4.32]. Conclusion: strategies of 
prevention of CHD should insist on subject with blood pressure> 140/90 mmHg 
and diabetic patients with HbAI C > 6% . 

391 
LEPTIN LEVEL IS NOT ASSOCIATED WITH CARDIOVASCULAR 
MORTALITY: THE HOORN STUDY 
A.M.W. spijkennan, J.M. Dekker, F. de VegI, J.B. Ruige, C.DA Stehouwer, G. Nijpels, 
L.M. Bouter, and R.J. Heine. Institute for Research in Extramural Medicine, Vrije 
Universiteit, Amsterdam, the Netherlands. 

Aims - Several cross-sectional epidemiological studies have shown associations between 
high leptin level and components of the insulin resistance gyndrome, which cannot 
completely be explained by its strong correlation with body fat. Possibly, leptin is a 
cardiovascular risk indicator. So far, long-tenn prospective studies on the predictive value 
ofleptin for (cardiovascular) mortality have been lacking. 
Materials and Methods - In the Hoorn Study, a population-based cohort of 2345 
subjects, aged 50-75 years, the associations between fasting leptin levels (baseline 
examinations 1989-1990) and cause-specific 9-year mortality were studied. Subjects 
were grouped into quintiles ofleptin level. Cox' pruportional hazard analysis was used to 
estimate relative risks (hazard ratio·s). 

Results -Table I. Age- and sex adjusted relative risk (95% CI) of cause-specific 9-year 
mortality in quintiles of baseline leptin, relative to the lowest quintile « 2.6 f!gII) 
Leptin level (Ilgll) Total mortality Cardiovascular mortality 
2.6-5.4 1.07 (0.73-1.55) 0.79 (0.43-1.46) 
5.4-9.8 1.13 (0.76-1.66) 1.14 (0.63-2.05) 
9.8-18.7 1.15 (0.71-1.87) 1.37 (0.66-2.87) 
18.7-184 1.17 (0.70-1.95) 1.25 (0.55-2.86) 
High levels of leptm were not assocIated WIth mortality nsk. More extreme cut-off pomts 
(10% of the highest levels) did not show increased risk either. Adjnsting for other 
cardiovascular risk factors, correlates of leptin (body mass index, lipid level, post load 
glucose, fasting insUlin) did not change the estimates. The associations did not differ 
between diabetic and non-diabetic subjects. 
Conclusions - Despite its cross-sectional relationship with cardiovascular disease risk 
factors, leptin is not associated with mortality risk. 
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PREVALENCE OF UNDIAGNOSED DIABETES AND CARDIOVASCULAR 
RISK FACTORS IN TONGA 
S Colagiuri, R Colagiuri, T Palu, E Na'ati, S Muimui-heata, 0 Samiu, C deBlieck, 
A Ta'ai, S Foliaki, Z Hussain and M McLennan. Diabetes Centre Prince of Wales 
Hospital, Sydney, NSW Australia and Vaiola Hospital, Tonga. 
Introduction: Tonga is a developing Pacific nation with a population of 97,784 
(59,526 over the age of 15 years). The health status of Tongans is increasingly 
threatened by the alanning growth of non-communicable diseases. A high and 
growing prevalence of complications has been documented in people with known 
diabetes but little was known about diabetes prevalence or risk factors for 
macrovascular complications in the undiagnosed population. Aim: To determine 
the prevalence of undiagnosed diabetes and cardiovascular risk factors in the 
Tongan population. Methods: Over 600 people (>15 years old) not known to have 
diabetes were randomly sampled from the general community to reflect the 
population as per the 1996 census. They were assessed for BMI, WHR, BP, fasting 
BGL, HBA" , lipid levels, microalbuminuria, % body fat, ECG, family history of 
diabetes, personal cardiac history. Details on food intake, smoking and physical 
activity were collected by questionnaire administered by a trained health officer. 
An oral glucose tolerance test was performed where the fasting blood glucose was 
>5.OmmoVL and <11.OmmoVL or ifHBAIo was elevated. Samples were transported 
and analysed in Australia. Statistical analysis was perfonned using SPSS for 
windows v6.1. Results: From 608 survey participants, it was determined that the 
overall age adjusted prevalence of undiagnosed diabetes was 13.4% (95%CI 10.0-
16.8), for males 11.7% (95%CI 7.0-16.3) and females 14.8% (95%CI 9.9-19.7). 
The overall age adjusted prevalence of IGT in the Tongan population was 6.9% 
(95%CI 6.4-12.3), for males 10.4% (95%CI 6.0-14.8) and females 8.6% (95%CI 
4.5-12.6). For people aged >45 years, the prevalence of diabetes was 18.1% and 
11.8% for IGT. The mean BMI was 31.7, 55.6 % of people were obese and 29.9% 
were overweight The mean WHR was 0.86. A lying systolic blood pressure of 
> 140mmHg was recorded for 24.8% and a lying diastolic blood pressure of 
>90mmHg in 16.1%. Abnormal results for cholesterol (32.95%), triglycerides 
(20.7%) and creatinine (2.3%) were also recorded. Conclusions: These fmdings 
represent a very high prevalence of undiagnosed diabetes and IGT. This 
information will support targetted health plarming, delivery and evaluation. 

394 
PREVALENCE OF TYPE 2 DIABETES AND OTHER METABOLIC 
SYNDROME COMPONENTS IN NORTHERN INDIGENOUS POPULATION 
OFSIBERA 
S.ADogadin, K.G.Nozdratchev. Institute for Medical Problems of the North. 
Regional Endocrinology Centre, Krasnoyarsk, Russia 
The objective of this study, a population based survey, was to detennine the 
prevalence rate of type 2 diabetes, obesity, hypertension, dislipidaemia, insulin 
resistance among small ethnic group of northern aborigines living in a large Siberian 
territory named Evenkia. The Evenks still continue to follow their native traditions of 
lifestyle and nutrition. Reindeer-breeding and hunting are the main aspects of their 
activity. A total of 596 Evenks aged 18+ years in 5 communities in the Baikit district 
of Evenkia (89.9% eligible participants) were screening. The prevalence of 
overweight (BMI ;,25 kglm') in this population was 31,9% (95%Cl: 27.9-35.8), 
hypertension (BP ;,160/95 mmHg) was 16,6 % (13.6-19.7). Blood triglycerides >2.2 
mmo1l1 was present in 3.5% (2.2-5.2), total cholesterol >6.5 mmol/l had 10,9% and 
HDL-cholesterol <0.9 mm01l1 was present in 5.2% (1.9-8.4) of indigenous people. No 
cases of glucose intolerance were found in this study. Twenty-eight percent of 
aborigines had a combination of two or more symptoms of metabolic syndrome. 
Mean (±SEM) basal insulin levels were 43.1±2.1 and 47.1±1.8 pmolll for men and 
women respectively and only one subject (woman) had insulin levels below 160 
pmol/1. Body mass gain in Evenks did not affect to lipid metabolism evidently. The 
prevalence rate of high levels of triglycerides in overweight and in nonnal subjects 
were 3.5% and 2.5%. Low HDL-cholesterol had 5.3% and 5.4%, higher total 
cholesterol had 13.7% (6.7-20.4) and 9.1% (3.12-15.8) of overweight and nonnal 
subjects respectively. There were no differences in C-peptide blood levels in these 
groups. However the hypertension prevalence in overweight group was higher 
(25.8%, C1: 19.1-32.8) than in normal group (7.1%, 4.2-10.8, PX'<O.OOI). Our data 
indicates that diabetes among Evenks is still rare. The total prevalence of type 2 
diagnosed diabetes in all northern aborigines live in Taimir peninsula and Evenkia 
territory is 0.18% (0.9-2.8). Other components of metabolic syndrome in northern 
Siberian indigenous population are not common. Overweight in indigenous people is 
less accompanied by insulin resistance. 

393 
The DiaCard Study: European Diabetes Epidemiology Survey of Diabetes, Car
diovascular disease and the impact of cardiovascular risk factors 
Authors: C. N. Hansen, K. Borch-Jolmsen, H. Ibsen and J. Tuomilehto. Steno 
Diabetes Center, Niels Steensensvej 2, 2820 Gentofte, Denmark. 
Aims: Development of a risk score model for cardiovascular morbidity, mortality 
and effect of intervention in diabetes. 
Materials: The DECODE Study: 25 European occupational or population based 
studies, all with OGTT. Estimated number of individuals with diabetes is about 
3500 
Methods: The impact of cardiovascular risk factors on cardiovascular morbidity 
and mortality in diabetes and impaired glucose tolerance, will be estimated from 
centres participating in the DECODE study. Data will be harmonised and pooled. 
Based on the survival analysis a risk score for individuals with diabetes will be 
made, making it possible to estimate the 1 and 5 year risk of death, acute myocar
dial infarction and stroke. The effect of risk factor intervention on cardiovascular 
disease will be estimated based on randomised controlled clinical trials for 
dyslipidemia, hypertension and metabolic regulation. 
The risk score and estimated effect of risk factor intervention will be expressed as 
algoritlullS for use in a computer-based DiaCard Programme, based on the model 
of the PreCard Progranmle. 
Prospects: The programme is designed for physicians treating diabetes and will 
enable the physician to calculate the absolute risk of the diabetic patient based on 
the patients risk profile and the estimated effect of risk factor modification. This 
information will be guided by suggestions for individual treatment goals based on 
current guidelines. The goal is an improved intervention strategy. 
The DiaCard Programme risk score will be validated and tested as part of the pre
vention part of the large population based prevention studies Inter99 and DiaRisk 
in Copenhagen County. 

395 
INCREASED BONE MASS IN MIDDLE-AGED WOMEN WITH IMPAIRED 
GLUCOSE TOLERANCE. 
J. Lidfeldt, C. NeIbrand, L.R Lindholm, G. Samsioe, B. Schersten and C-D. 
Agardh. Department of Community Health Sciences, Lund University, Lund, 
Sweden. 
Aims: The aim of the study was to investigate the prevalence of impaired glucose 
tolerance (IGT) and if it was associated with altered bone mass in a geographically 
defined population of middle-aged women living in southern Sweden. Materials 
and Methods: The population comprised 5000 snhjects who underwent medical 
and psychosocial examinations. The results are based on analysis of questionnaires 
and laboratory screening of biological variables. A 75 g oral glucose tolerance test 
(OGTT) was performed on women with metabolic disorders (n~2070) and wrist 
bone density WaS measured on all 5000 women by means of dual energy X-ray 
absorptiometry, and expressed as bone mineral density (BMD) (g m-') and further 
as standard deviation (SD) from age matched controls (Z-score) as well as from 
young healthy women (T -score). Data on numbers and means (SD) are presented 
and Wilcoxon's rank sum test and chi-squared test were used. Results: The results 
show, that out of the 5000 examined women, 610 (12.2%) were glucose intolerant; 
95 (1.9%) women had IFG, 399 (8.0%) IGT and 116 (2.3%) were diagnosed with 
diabetes. Adding the 76 (1.5%) women who had a diagnosis of diabetes prior to 
the study makes a total of 192 (3.8%) women with diabetes and all together were 
686 (13.7%) glucose intolerant. The bone mass was higher in subjects using 
antihypertensive drugs (p < 0.01) and in those with a diagnosis of diabetes prior to 
the study (p < 0.01) as well as in those with a family history of diabetes (p < 0.05). 
Subjects with IGT had higher BMD (p=O.027), Z-score (p=O.0007) and T -score 
(p~0. 000 I) than nonna! subjects. This was even more pronounced than in diabetic 
subjects (p < 0.01 for Z-score and T-score but BMD non-significant). Conclusions: 
This study shows that metabolic disorders connected with diabetes in middle-aged 
women are associated with increased bone mass and that this seems to be most 
evident among subjects with IGT. 
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Detection ot Type 2 Diabetes According to WHO and ADA Diagnostic Criteria in 
Polish Population (Screen-Pol Study). 
Cz. W 6jcikowski 1, J. Sieradzki', W. Grzeszczak', A. Graczykowska-Koczorowska', 
lLopatyilski', E.Bandurska-Stankiewicz6 on Behalf of the Screen-Pol Study Group. 
lMed.Univer-Gda"sk, 'Dep.lnt.Metab.Dis.-Cracow, 'Dep.lnt.Med.Diab-Zabrze, 
'Dep.Endocr.-Bydgoszcz, 'Dep.Med.-Lublin, 6Dep.Diab.Centr-Olsztyn 
An association between the complication of diabetes and hyperglycaemia bas been 
documented in diabetes type 2. Early diagnosis and treatment of diabetes may 
reduce the risk of developing the complications. TIle new ADA diagnostic criteria 
for epidemiological purposes recommended a fasting venous plasma glucose 
concentration (FPG) instead of oral glucose tolerance test (OGIT). However, some 
of the studies have demonstrated a disagreement between the two criteria. The aim 
of studY was comparison the prevalence of carbohydrate disturbances according to 
WHO and ADA diagnostic criteria. 285 general practitioners (GP) situated in whole 
country were screened 100 consecutive patients> 45 years. 27065 subjects were 
included to studY. 3271 (12,1%) have previously diagnosed diabetes. All rest 22704 
subjects (group WI) have determined a random capillary blood glucose 
concentration. 3420 of them (group W2) bave glucose level> 100 mg/dl and in this 
group FPG was detennined. In 987 subjects (group W3) with FPG > 110 mg/dl he 
OGTT was perfonned. WHO and ADA criteria were used to diagnose abnonnal 
glncose tolerance. The mean random glucose concentration in groups WI, W2 and 
W3 were 90,4+0.13; 129,4+0,39 and 149,9+1,45 mg/dl (p.>O.OI), respectively. FPG 
were in group W2: 95,1+0,30 and in group W3: 132+0,93 mg/dl (p.>0.01). The 
number of subjects (and % of total tested population without of previously 
diagnosed diabetes) identified by each criteria is presented below: 

WHO 
Impaired fasting glucose (IFG) or 
Impaired glucose tolerance (IGT) 265 (1,11%) 

ADA 
454 (1,91%) 

Diabetes 282 (1,19%) 272 (1,14%) 
Unsolved betweenlFGIIGT or DM 160 (0,67%) 170 (0,71 %) 
In conclusions: Screening of diabetes by GP doctors is feasible and simple 
procedure. The rate of glucose undiagnosed disturbances according to WHO and 
ADA diagnostic criteria were 2,97% and 3,76%, respectively. Over 30% 
disagreement between the WHO and ADA criteria was observed. Total rate of 
diagnosed and w1k:nown diabetes in tested population was 13,3%. 
This studY was supported by Servier Polska. 

398 
REPRODUCIBILITY OF DIAGNOSTIC TESTS FOR DIABETES AND 
MORTALITY IN THE HOORN STUDY 
F. de Vegt, J.M. Dekker, C.D.A. Stehouwer, G. Nijpels, L.M. Bouter, and R.J. Heine. 
Institute for Research in Extramural Medicine, Vrije Universiteit, Amsterdam, the 
Netherlands. 

Aims - In epidemiological studies, the diagnosis of diabetes (DM) is often based on 
one abnonnal diagnostic test (fasting or 2-hour glucose). In clinical practice however, 
the diagnosis should be confirmed by repeated testing on another day. In the present 
study we analysed reproducibility of diagnostic tests at 2 occasions. In addition, we 
assessed mortality in accord with the diagnosis based on single or duplicate tests. 
Materiula and Methods - In this population-based cohort of 1094 elderly subjects 
without known diabetes, f"""Iing (FPG) and 2-hour plasma glucose values after an oral 
glucose load (2hPG) were determined at baseline and after 2 to 6 weeks. Subjects 
were categorised according to both WHO- and ADA-criteria at both tests. Dnring the 
follow-up of9 years, 147 subjects (13.4%) died. 
Results - For the duplicate tests kappas of 0.57 (95% Cl 0.53 - 0.62) and 0.59 (95% 
CI 0.53 - 0.64) were found when using WHO-criteria and ADA-criteria, respectively. 
Using WHO-criteria, 56 subjects had only one abnonnal glucose value, while 70 
subjects had abnonnal values at both tests. 
Using ADA-criteria, these numbers were 46 and 59 respectively. 

Table I. Mortality in accord with diagnosis based on single or duplicate tests and for 
WHO- and ADA-criteria [N(% deaths) 1 

Criteria (mmol/l) no diabetes one test DM both tests DM 

WHO (FPG > 7.80r2hPG> l.l) 968(13.0) 56(16.1) 70(17.1) 

ADA (FPG > 7.0) 989 (13.1) 46 (13.0) 59 (18.6) 

Conclusions - These results indicate that there is a fair to good agreement between 
duplicate tests after 2 to 6 weeks. Subjects diagnosed by WHO-criteria as having 
diabetes at only one of two tests appear to have alreadY a higher mortality risk. This 
was not observed for the subjects diagnosed only once by the ADA-criteria. 

397 
mGH PREVALENCE OF UNDETECTED DIABETES MELLITUS 
IN RURAL POPULATION IN EASTERN POLAND. 
1. Lopatyilski, G. Mardarowicz, H.Krol, A. Matej. Family Medicine 
Department, Lublin Medical University, Poland. 

Almost half of the inhabitants of Lnblin Region IEastem Poland! and 
1/3 of the whole population of Poland is a rural populatiou. It is a social 
group which works only on own fanns and that's why it is not a subject 
of periodical medical examinations. The aim of the study was to asses 
the prevalence of diagnosed and undetected diabetes mellitus in 
villagers aged 35 and more and to compare it with prevalence in urban 
population of our region. Materials and Methods: A two layer draw 
was applied: two groups of 3000 people were drawn from two samples, 
one from the Lublin town and the other one from the rural areas, each 
comprising 100 000 inhabitants. So far 1754 people have been 
examined: 1029 from Lublin and 725 from the country. Blood glucose 
(with Accu-Trend glucometer) and serum insulin (RIA) - fasting and 2 
hours after an oral load of 75g of glucose were measured. The 
responsiveness rate in the rural areas was 60% and 48% in the town. 
Results: We found diabetes in 9,3% of the rural population !known -
4,4% and undetected - 4,90/01 and in 7,5% of the urban population 
!known - 5,0% and undetected - 2,50/01. 13,5% of the examined had 
positive family history of diabetes. Obesity (BMI>30kg/m') was 
diagnosed in 24,0% of women from the town and in as many as 43,5% 
of women from the rural areas, while in men it was found in' 24,2% and 
24,7% respectively. In the obese people diabetes was found in 15,6% of 
the cases and in as many as 46% was newly diagnosed. Conclusions: In 
the Lubliu Region the population is about I millioll, what means that 
there is not less then 37 500 undiagnosed diabetics. 

399 
WW SENSITIVITY OF THE AMERICAN DIABETES ASSOCIATION 
CRITERIA FOR DIAGNOSING DIABETES AND GLUCOSE INTOLERANCE 
L. Czupryniak, A. Kropiwnicka, J. Drzewoski. Metabolic Diseases and Gastroenterology 
Department, Medical University qflixli; lixIi, Poland. 

Background. 100 mefulness and reliability of1he new aiteria fir diagnosis and cm.ification of diaI:leres 
pqxmI by1he AmericanDiOOelelA.mcialioo(ADA)haverecently beat oimm to bedispuillble. Aims. 
To"""", 1he sernitivity and specificiIy of1he ADA aiteria in Pofuil JlOIXlIatioo using Wald Health 
Organisatiro (WHO) 75 g amI glucose tolerance rest (0011) as gold sIandard Materials and methods. 
100 resJ!Is of 1554 OGTIs perllxmed comecutively in 1990-98 were availible fir anal}sis. Cases willi 
fusting plasma glucose >140mg'dl, any di<m:lfr likely to aflfct1herestresultcr incorq>lete resJ!Is werem 
irx:hmI into 1he study. OGTI was pediJnnedaam:lingto WHO JIOIDCOI at1he universiIy Iabcr.ltoty by 
1he same staffthroug/JOOt1he \\hole anaI)red period Plasma glucose was lI1f3.9J!'ed willi g1u<:a;tHlxidas 
method 100 diagoooe; of diaI:leres (OM), ~ glucose toletm:e (IGT), and implired fusting glucose 
(lFG) aam:lingto boIh sas of aiteria were compared Rfsults. 1360 OGTI resJ!Is fulfilled 1he aiteria to 
be irx:hmlirto1he anal}sis. 100 crncordance between 1he ADA and WHO aiteria is oimm in 1he table; 
daIa aregivenas~of1helXllll latioo. 

ADA criteria 
diagnosis DM IFG normal I prevalence by WHO 

WHO 10M 2.9 4.4 8.S 16.2 
criteria I IGT 1.9 3.7 19.6 25.1 

Inonnal 0.4 3.2 55.0 58.7 
prevalence by ADA 5.3 11.3 83.4 100.0 ... 

100 semIIMIy of1heADA cntena fir diagnosis ofdiabetes was ooJy IS.2"lowilli 97.2"1. specificity, Le. 
81.8%ofcases of diaI:leres were missed to diagnosis 77.Pf'1o of gIuro;e-intolernn! ~ were ccmidered 
nrnnal aam:lingto 1heADA critaia. 100 po:ragrrement between IGT and lFG was notfd; ooJy 14.6% 
ofIGT Slt!ieds had lFG, and 32.5% of cases willi lFG had IGT and 38.9% had diaberes. On 1he \\hole, 
1he ADA aiteria ddecIed glucose alnoona1ities in 16.6% of1he population, while 1he WHO aiteria 
showed 1heir prevaleI1re to be 413% Conclusions. New aitfria pqxmI by 1he ADA have essentially 
low sernitivity fur diagro;ing diaI:leres ~ aJtIlIllR'd willi OGTI.JmxI WHO aiteria, and may m be 
COOllletelyuseful fir glucose intolernnce ~in 1he studied pqJUlatiOlL 



400 
COMPARISON OF THE 1985 WORLD HEALTIf ORGANISATION AND 1997 
AMERlCAN DIABETES ASSOCIATION CRlTERlA FOR THE DIAGNOSIS OF 
DIABETES MELLTI1JS IN SOUTIf AFRlCAN INDIANS AND AFRlCANS IN 
DURBAN. RESULTS FROM TWO POPULATION-BASED STUDIES. 
AA Motala, E Viljoen, FJ Pirie and MAK Omar. University of Natal, Durban 
and Medical Research Council, Soulh Africa. 
Aims: The aim of the study was to compare the prevalence of abnormal glucose 
tolerance based on 1985 World Health Organisation (WHO) and American 
Diabetes Association (ADA) criteria, in two cross-sectional population-based 
studies in Soulh African Indians (n:2479) and Africans (n:485) aged> 15 yr. 
Materials and Methods: A 75g OGTT was performed on all subjects. Bolh sets 
of diagnostic criteria were applied to the OGTT results. Based on WHO criteria, 
a subject was classified as Normal glucose tolerance (NGT), impaired glucose 
tolerance (IGT) or diabetes mellitus (0); using ADA criteria, a subject was 
staged as normoglycaemia, impaired fasting glucose (IFG) or D. 
Results: In lhe Indian survey, the crude overall prevalence of D was lower 
using ADA criteria (7.6%) lhan with WHO criteria (10.1%); 7.1% had D, using 
bolh sets of criteria. The prevalence of I GT was 5.7% and lhat of IFG 2.4 %. 
When subjects with known D were excluded (n:2296), lhe prevalence of D was 
lower using ADA criteria (2.8%) lhan with WHO criteria (4.7%); 2.5% were 
classed D, using bolh sets of criteria. The prevalence ofIGT was 5.1% and lhat 
of JFG, 1.8%. The overall agreement between lhe WHO and ADA criteria was 
"fair to good" (K 0.46; 95% CI 0.43-0.49). In the African survey, the crude 
overall prevalence of D was similar using ADA (4.9%) and WHO (4.3%) 
criteria; 4.1% had D, using both sets of criteria. The prevalence of IGT was 
6.6% and that of JFG, 4.3%. When subjects with known D were excluded (n: 
470), lhe prevalence of D was higher wilh ADA criteria (3.0%) than with WHO 
criteria (2.3%); 2.1% had D, using bolh sets. There was "fair to good" overall 
agreement between lhe two systems (K 0.44,95% CI 0.37-0.51). 
Conclusions: This analysis of population studies in different ethnic groups wilh 
high and moderate D prevalence using WHO criteria, highlights the variability 
in prevalence rates using AD A criteria. 

402 
ADA CRITERIA DIFFERENTIA TES BETTER THAN WHO 
CRITERIA INSULIN RESISTANCE SYNDROME IN SIBLINGS 
OF NIDDM PATIENTS 
L. Baruffaldi, PM. Piatti, LD. Monti, EP. Sandoli, S. Costa, B. Solerte, E. 
Mantovani and AE. Pontiroli. Istituto Scientifico H. San Raffaele, Milan, 
Universita' di Pavia, Pavia and Ospedale di Bozzolo, Mantova, Italy 
Aims: To find a diagnostic criteria able to differentiate bolh glucose tolerance 
and other metabolic features associated with insulin resistance in siblings of 
patients with NIDDM. Materials and Methods: 158 non diabetic siblings 
underwent a standard OGTT (75 gr) and the results were analysed according to 
WHO (1985) and ADA (1997) criteria. Results: Results are shown in the table 

WHO ADA 
NIDDM 

N. 23 
Age 56±2 
(yrs) 

Weight (kg) 76±3 
Glucose 149±9 
(mg/dl) 
Insulin 13±1 

ijlU/ml) 
HOMA 4.6±0.5 

HhA1c 6.2±0.2 
(%) 

Triglyc. 167±16 
(mg/dl) 
Cholest. 
(mg/dl) 

228±12 

igt 
44 

55±1 

74±2 
116±3 

13±2 

3.9±0.7 

5.9±0.2 

171±22 

224±7 

ngt 
91 

50±1 
*# 

70±1 
102±2 

*# 
9±1 
*# 

2.3±0.2 
*# 

5.4±0.1 
*# 

ll1±6 

218±5 

type2 
35 

56±1 

78±2 
150±5 

16±3 

S.7±0.9 

6.2±0.2 

186±25 

242±9 

igt: impaired glucose tolerance; ngt: normal glucose tolerance 
ifg: impaired fasting glucose; nfg: nonna! fasting glucose 

ifg 
32 

57±1 

70±2a 
117±1 

a 
l2±2 

3.3±O.4 
a 

5.6±0.1 
a 

144±13 

240±9 

nfg 
91 

50±1 
ah 

70±1 a 
97±1 
ab 
8±l 
ab 

2.0±0.1 
ab 

5.5±0.1 
a 

113±6 
ab 

206 ±5 
ab 

(*)=p<0.05 vs niddm; (#)=p<0.05 vs igt (a)=p<O.OS vs type 2;(b)=p<0.05 vs ifg 
Conclusions: ADA but not WHO criteria can differentiate both glucose 
tolerance and olher metabolic features of Insulin Resistance Syndrome in siblings 
of patients with NIDDM. 

A 109 

401 
OGTT is better than fasting glucose to screen for abnormal glucose 
tolerance in women with a recent history of gestational diabetes, 
A.Costa , oS. Martinez, *F. Camlona, I.Levy, I Conget. Endocrinology Unit 
and Obstetrics Unit. Hospital Clinic i Universitari, Barcelona, Spain. 
American Diabetes Association 1997 (ADA) diagnostic criteria, recommends 
the use of fasting plasma glucose FPG to study different stages between 
nonnality and diabetes (DM). Moreover, ADA advises to test for diabetes in 
women with a history of gestational diabetes mellitus (GDM). Aim. To 
compare the transcendence of the application of ADA criteria and the 1985 
WHO criteria in women with a previous recent GDM, after pregnancy. 
Subjects and methods, A sample of 118 women, who had been diagnosed of 

GDM, aged 34.0 ± 4.6 years, was studied after gestation. The response to an 
oral glucose tolerance test OGTT were recorded when regular menses were 
recovered after delivery. According to WHO criteria subjects were classified 
depending on the 2h-glucose (G-2h) in: normal glucose tolerance NGT, 
impaired glucose tolerance IGT and DM. Based on the FPG they were 
classified as normal fasting glucose NFG, impaired fasting glucose IFG 
(:::6.lmM <7 mM) and DM «7mM). The kappa-statistic measure of agreement 
was used to compare the two set of diagnostic categories. A receiver operating 
characteristic (ROC) curve was constructed to study the relationship between 
sensitivity and specificity of the FPG to detect abnomlal glucose tolerance 
(IGT+DM). Results. Applying WHO criteria: NGT=87%, IGT=II %, 
DM=2%. Instead, using ADA criteria we obtained: NFG=95%, IFG=2.5%, 
DM= 2.5%. The kappa-statistic measure of agreement (scaled from 0 to I) was 
0.34, p=O.OOO. It is a fair agreement in the Landis and Koch scale. The area 
under the ROC curve was 0.494 (a test not better than chance). Conclusions. 
FPG seems not an appropriate screening test in order to identify abnormal 
glucose tolerance in women with a recent history of GDM. In our opinion 
OGTT should be recommended for such a purpose. 
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CARDIOVASCULAR RISK IN IMPAIRED GLUCOSE TOLERANT INDIAN 
POPULATION CONSIDERING WHO AND ADA CRITERIA 
S. Boullu, N. Jeandidier, V. Legaludec, A. Belcourt ,L. Kessler, M. Pingel; Service 
d'Endocrinologie et Diabetologie, Strasbourg, France. 
In a household selected population of Asian Indian migrants of Guadeloupe, at high 
risk of diabetes and cardiovascular disease (CVD), the selected subjects presenting 
an impaired glucose tolerance were different according to either ADA or WHO 
criteria, defining 2 groups. Aims: to assess tbe cardiovascular risk factors (CVRF) in, 
the 2 groups compared to normals. Material and methods: The CVRF were defined 
as high BMl, WHR, blood pressure ;, 160 19OmmHg, cholesterol, HDL chol, 
triglycerides (TG). Concordance for glucose tolerance was made by k concordance 
rate. The CVRF were compared in 3 groups, the IFG (ADA) classified subjects (GI), 
the IGT (WHO) classified subjects but considered as normals according to ADA 
(G2), and the normals classified as such by both ADA and WHO criteria (G3). 
Results: The 80 IGT subjects were divided in 60 normals, 19 IFG, I diabetic patient 
considering ADA criteria. The 67 IFG subjects were classified as normals (n=29) 
,IGT (n=19) and diabetic (n=19) using the WHO criteria. The k concordance rate for 
the different glucose tolerance states was 0.44 (moderate concordance, p<1O"). TG 
and HDL cholesterol levels tended to increase cardiovascular risk in G2 subjects 
(p=O.06) compared to G3 subjects. CVRF such as WHR (0.92 ±O.OI vs 0.88 ±O.OI; 
p<O.OI), TG level (1.8 ±O.18 vs 1.3 ±O.OI; p=O.02) and cholesterol levels (2.2 ±O.OS 
vs 2.0 ±O.04; p=O.OS) were higher in GI subjects compared to G2. G3 subjects were 
younger (p<O.OI) than both G2 and GI patients (40.2±1.0 vs 46.0±1.9 and 
48.7±1.3). Conclusion: IFG patients had higher CVRF than IGT patients, who 
themselves tended to have higher risk than normals. If normals are younger, IFG and 
IGT have the same age thus probably corresponded to 2 distinct populations at risk of 
CVD. IGT justifYing to be identifY, a 2 hour glycemia measurement after glucose 
load may remain interesting. 

405 
WHAT SHOULD BE THE FASTING PLASMA GLUCOSE LEVEL FOR 
DIAGNOSING DIABETES IN THE SOUTH ASIAN POPULATION? 
MA Sayeed, H Mahtab, MG Kibriya, PA Khanam and A K Azad Khan. 
Epidemiology and Biostatistics Dept, Research Division, BIRDEM, Dhaka, 
BANGLADESH 

Aim - We evaluate the diagnostic criteria of diabetes proposed by American 
Diabetes Association (ADA) with that of WHO in a South Asian population. 
Materials and Methods - This study is based on retrospective data of 96,674 oral 
glucose tolerance tests (OGTT) done from 1978 to 1996. Of the total 96,674 
subjects, 3,412 and 93,262 had OGTT with 50g-glucose (50gGTT) and 75g
glucose (75gGTT) load, respectively, before and after the recommendation of 
WHO (1980) criteria. For comparison, 2-h post-load plasma glucose (2bPG) level 
of;, Il.l mmolll was taken as a gold standard. Results - Based on the standard 
criteria, 85,062 were diagnosed as diabetic and 8,180 as non-diabetic subjects. 
The subjects with FPG ;,7.0, FPG ;'7.8 and 2bPG ;,11.1 mmolll were 92.2, 86.2 
and 92.4 %, respectively. The cut-point 2bPG '" 1.1 corresponded well with FPG 
27.0 even after stratification of age. For non-diabetic subjects (2bPG <11.1), there 
was a marked disagreement (92% vs 21%) between IGT (2hPG, 7.8-11.0 mmolll) 
and IFG (FPG, 6.1-6.9). However, the agreement between ADA (IFG and DM) 
and WHO (IGT and OM) classification was moderate (kappa (K) = 0.46). 
Compared with SOgGTT, 75gGTTshowed higher prevalence of diabetes (86.7 vs 
95.6%) in the lean subjects «50kg). Conclusion - Overall, the data suggest that 
taking 2bPG Il.l as a standard cut-point for diabetes, the FPG value inclines 
more toward 7.0 with 75g-0GTT and 7.8 with 50g-0GTT. A different diagnostic 
approach for the lean subjects «50kg) either reduced glucose load (-50g) or 
increased cut-point (FPG -7.8mmolll), may be considered. 

404 
CARDIOVASCULAR RISK RELATED TO WHO/ADA DIAGNOSTIC 
CATEGORIES ON mGH RISK SPANISH POPULATION_ 
B. Costa, 1, Franch, F. Martin, J. Morato, A. Donado, 1, Basora, J. Daniel 
and IGT Research Group. Institut Catahi de la Salut, Reus-Barcelona, Spain. 

Aim: To research into the impact of the new ADA diagnostic criteria as for 
cardiovascular prognosis on high risk Spanish population. 
Material and Methods: Two cross-sectional studies involving 7 primary 
health care centers in Catalonia (Spain) were revised. Individuals aged>40 
year-old with any major risk factor for diabetes were screened according to 
the WHO rules using a 75 g oral glucose tolerance test (OGTT) to measure 
fasting plasma glucose (FPG) and 2h plasma glucose. An assessment of the 
cardiovascular risk using Framingham Hearth Study reference based on sex, 
age, body mass index (BMI), smoking, glucose tolerance, blood pressure 
and lipid profile (tCOL, HDLc, LDLc, TGC) was carried out. 
Results: Diagnoses of 970 individuals, 453 males (46.7%), mean age 59 
year-old and BMI 30.6 kg.m·2 were revised. Among the 459 diabetic 
subjects according to either the WHO (OGTT) or the ADA (FPG) criteria, 
314 (68.4%) were classified as having diabetes according to both sets of 
criteria (WHO and ADA). The overlap between subjects diagnosed as 
normal was a 56.8% and suffered a dramatic downturn (20.7%) with respect 
to Impaired Glucose Tolerance vs. Impaired Fasting Glucose. According to 
the WHO categories the 10-years cardiovascular risk results were: 8% for 
individuals with normal glucose tolerance, 12% for Impaired Glucose 
Tolerance and 27% for diabetic subjects. The results using the ADA-97 
criteria were: 8% (normal FPG), 12% (Impaired Fasting Glucose) and 29% 
(diabetes ). 
Conclusion: Despite a low statistical concordance between both sets of 
criteria, the study evidenced an excellent agreement as for identifying 
overall cardiovascular risk associated to the theoretical equivalent WHO 
and ADA categories. 

406 
STEEP INCREASE IN DIABETES PREVALENCE IF BOTH FASTING 
AND 2HR GLUCOSE VALUES ARE USED 
M de Courten, P Chitson, H Cox, JE Shaw, P Zimmet, for the Mauritian NeD 
group. International Diabetes Institute, Melbourne, Australia; Ministry of 
Health, Mauritius. 
Aims: To determine the impact of using fasting glucose values alone. versus 
together with 2hr glucose values on diabetes prevalence as suggested by the 
new WHO diabetes classification. Materials and Methods: The prevalence of 
Type 2 diabetes (OM) was ascertained in the multi-ethnic (Indian, Chinese and 
African origin) population of Mauritius during a follow-up survey in late 1998 
when 6.294 subjects were screened for diabetes with an oral glucose tolerance 
test (OGTT) with whole blood glucose (BG) measurement. 70% of participants 
were part of a survey in 1992 and the remaining 30% newly recruited. Because 
there was no statistical difference between new and cohort subjects, both 
groups were analysed together. Cut-off values ofFBG ;:'6.1 mmol/I and 2brBG 
;'10.0 mmolll were used for diabetes classification. Resnlts: Diabetes rates for 
those 30 years and over (age-standardised to the 1997 Mauritian popUlation) 
are shown in the Table. 

Criterion Type 2 Diabetes DM Prevalence % (95% CI) 
Male Female Total 

FBG 18.9 (17.4 - 20.4) 19.8 (18.4 - 21.2) 19.3 (18.3 - 20.3) 
2hrBG 19.6 (18.1 - 21.2) 21.1 (19.3 - 21.4) 20.3 (19.3 - 21.4) 
Either 22.6 (20.9 . 24.2) 23.9 (22.4 - 25.4) 23.2 (22.1 - 24.3) 

Using only the 2br value in comparison to only the fasting for classifying 
diabetes results in marginally higher prevalence (n.s.). But if diabetes is 
classified if either one of the two tests is in the diabetic range then the 
prevalence increases by an average of 20%. Conclusions: Combining the 
fasting and 2h thresholds in an either/or fashion (as recommended by the 
WHO) had a much greater effect on prevalence estimates than did changing 
from using the 2h threshold alone to using the fasting threshold alone. 



407 
COMPARISON OF DIAGNOSTIC CRITERIA FOR ABNORMAL GLUCOSE 
TOLERANCE IN AN OBESE POPULATION. 
R. King, J. Dachtler and D. Johnston. The Academic Unit of Surgery, D Floor, 
Martin Wing, Leeds General Infirmary, Leeds, LS 1 3EX, England. 
Aims. To compare the new criteria for abnonnal glucose tolerance using those 
criteria of the American Diabetic Association (ADA) with those of the World 
Health Organization (WHO). The revised criteria for ADA use a fasting plasma 
glucose concentration >= 7.0 mmoJll for diabetes and between 6.1 and 6.9 
mmoJll for !FG. Materials and Metbods. Data were collected from 145 obese 
Caucasian subjects referred to us for gastroplasty (BMI> 30, 117 females and 28 
males, age range 17-62). Fasting and 2 hour glucose concentrations were 
measured during a 75g oral glucose tolerance test. Results. With WHO criteria. 
31 patients were diabetic and 37 had impaired glucose tolerance (lOT), while 
with ADA criteria only 24 were diabetic and 18 had impaired fasting glucose 
(IFG). Therefore the incidence of diabetes using the ADA criteria decreased by 
22.4% and that of Impaired Glucose Tolerance (lOT), (if accepted as equivalent 
to !FG), by 51.4%. 0f31 subjects classified as diabetic by WHO criteria 8 were 
normal by ADA criteria Of37 subjects classified as IGT by WHO criteria 29 
were nonnal by ADA criteria and I was diabetic. Kappa statistics for agreement 
between the 2 classifications for abnormal glucose tolerance was good for 
diabetes (0.84) but poor for all abnormal glucose tolerance (0.55). Conclusions. 
The use of a fasting rather than 2-hour plasma glucose will cause a decrease in 
the prevalence of abnormal glucose tolerance in an obese and morbidly obese 
population. The degree of disagreement between the two classifications was 
much larger for those with lOT than diabetes although both were cause for 
concern. If the progression of AGT through lOT to diabetes is associated with 
increased risk to health then the identification of obese individuals at risk arising 
from abnormal glucose tolerance in relation to these two criteria deserves a 
prospective trial. 

409 
Concordance between the 1997 fasting ADA and the WHO criteria for the diagnosis 
of diabetes and the impact of the WHO consultative document criteria 
AA Lakhdar and MA Myers, Department of Medicine and Cliuical Biochemistry, 
Royal Preston Hospital, Preston, UK. 
The WHO is currently considering new diagnostic criteria for the diagnosis of 
diabetes. A WHO provisional report proposed Jowering the diagnostic fasting plasma 
(blood) glucose value to?c7 mmolll (6.1 mmoJll). A new category of impaired fasting 
glucose (IFG) is proposed: FPG ?c6.l to <7.0 mmoJll. In addition, gestational 
diabetes (GDM) now includes gestational impaired glucose tolerance as well as the 
previous GDM. Aim: Our aim was to compare the diagnostic sensitivity of the ADA 
and WHO criteria and examine the impact of the WHO consultative document 
criteria on misclassification of subjects by either criteria. Method: We reviewed 
data obtained from oral glucose tolerance tests (ooTI) on 2769 non-pregnant and 
989 pregnant subjects referred with suspected type II or gestational diabetes 
respectively over a 3 year period where ooTI were done on capillary plasma samples 
at the Royal Preston Hospital, Preston, UK. Results: The rate of diabetes among the 
2769 individuals on using a 2 hour plasma glucose ?c12.2 mmoJll cut off was 12.2%, 
FPG ?c7.8 mmolll was 5.5%, FPG?c7 mmoJll was 10.7%, FPG ?c7.8 mmoIlI or 2 hour 
?c12.2 mmoJll was 11.8%, and when using FPG?c7 mmoJll or 2 hour ?c12.2 mmoJll 
was 14.3%. A FPG :?7 mmoJ/l misclassified 33% of sulljects as non-diabetic 
classified as diabetic by a 2 hour PG ?c12.2 mmoJll, and a 2 hour PO :?12.2 mmoJll 
misclassified 36% diabetic sul1jects by FPG ?c7 mmoIII as non-diabetic. Such 
misclassification was abolished by using the criteria proposed in the recent WHO 
consultative document when using FPG ?c7 mmoJll or 2 hour PO ?c12.2. FPG ?c6.1 
mmoJll identified 23 out of 49 subjects classified as GDM among 900 pregnant 
females by using 2 hour PO :?8.9 mmoJll, misclassifying 53% of subjects as non
GDM. Conclusion: It is concluded that the proposed WHO criteria for the 
diagnosis of diabetes identifies the highest number of diabetic subjects and abolishes 
misclassification of individuals that results when using the ADA or the current WHO 
criteria alone. It should be adopted for routine clillical practice. 
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PATHOPINSIOWGY OF IFG AND IGT IN AJAPANESE COHORT 
C. Ito, M. Kataoka, Hiroshima A,Bomb Casualty Council Health Management 
Center, 3,8-6, Senda,machi, Naka-ku, Hiroshima 730-0052, Japan 
~ Based on WHO criteria, pathophysiology of IFG and IGT was analyzed 
through OGTT follow-up study. Methods: Subjects were 7,324 noo-diabetics (4,114 
normal, 2,802 IGT and 408 IFG) among OGTI examinees registered in 1965-1996 
Study was made on the association between DM development rate, PG and IRI 
levels in OGTr Mean age at registration was 54.0 years and mean follow-up 

period was 7.2 years. Results: (I) In examining DM development rate in IGT by 
OGTI 2-h PG, the rate increased with elevation of 2-h PG being 45.4 /1000 PY at 
2-h PG of 140-149 mg/d!, 54.5 at 150-159 mg/d!, 67.8 at 160,169 mgld!, 77.1 at 
170-179 mg/d!, 101.2 at 180,189 mgld!and 104.0 at 190-199mg/dl When IGTwas 
divided into 2-h PG<170 mg/d! (IGT,I) and 2,h PG ~ 170 mgld! (IGT-2), the rate 

was 56.3 and 112.0/1000 PY, respectively. DM development rate of IFG was 
51.611000 PY, being similar to the rate ofIGT-1. Also, the rate ofIGT,1 within I 

year after registration was 19.611000 PY, with no difference from 19.9/1000 PY of 
IFG, but was significantly lower than 68.6 ofIGT-2. The rate of normal cases was 
significantly lower, being 3.7/1000 PY (2) In comparing I-h PG ofIFG and IGT-I, 

the rate of ~ 160 mg/d! was 74.3% in IFG, 77.5% in IGT,I and 90.0"/0 in IGT,2. 
The frequency of I,h PG ~ 200 mg/d! was 36.3% in IFG, with no difference from 

34.2% in IGT-I, but it was higher in IGT,2, being 59.2%. (3) l-hPG was not 

different between IFG and IGT-I, but fasting and II2-h PG were higher in IFG, 
but 2-h PG and 3-h PG were higher in IGT-l. IRI response in OGTT showed no 
difference in fusting and 1I2,h IRI levels, but 1-h level was 6O.7,uulml in IFG, 

being higher than 51.3,uuiml in IGT-I, while 2-h value was 42.7 ,uulml in IFG, 
being lower than 56.3,uU/ml in IGT,1. Conclusion: IFG and IGT-l did not differ in 
DM development rate. Higher IRI response in OGTI l-h is followed by decreased 

2,h PG, and OGTT will become IFG. On the other hand, lower IRI response in 
OGTT I,h and delayed hyper-IRI response wiJllead to IGT-l. It is suggested that 
different IRI response will contribute to different OGTI results. 
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INSULIN SECRETION DEFICIT IN PRE- AND EARLY TYPE 2 DIABETES 
M. Hanefeld, K. Fuecker, F. Schaper, C. Koehler and T. Temelkova-Kurktschiev. 
Institute for Clinical Metabolic Research, TU Dresden, Germany 
Type 2 diabetes (DM) is characterized by a deficit in early phase insulin response and 
high insulin levels in the late phase after an OGTT. So far little is known at which 
level of fasting and postchallenge (PC) hyperglycemia anomalies of insulin secretion 
can he observed. Aims: We therefore analysed (I) early and late pc real insulin 
response by the given plasma glucose (PG) concentration (2) occurence of insulin 
deficit by quintiles of fasting and 2h pc glucose level. Material and Methods: In the 
Risk Factors in IGT for Atherosclerosis and Diabetes (RIAD) StudY 785 subjects at 
risk for diabetes were tested by a standard 75g OGTT. Inclusion criteria: age 40-70 
years, familial history of diabetes, and/or obesity or hyperiipoproteinemia Exclusion 
criteria: known diabetes, treatment affecting glucose tolerance. PG, real insulin (ins) 
and proinsuIin were determined 30', 60', 90' and 120' pc. Early insulin secretion 
was calculated as a ratio of ins30' -insO' to pgJO' -pgO' (AinslApg). Late phase was 
calculated as a ratio of insulin area under the curve (AUC) 30-120' to PG AUC 30-
120' pc (QAUC). Results: 459 subjects had a normal glucose tolerance (NGT), 207 
IGT and 119 a newly diagnosed DM according to the new provisional WHO criteria. 
If calculated by the corresponding PG levels a deficit of early insulin secretion and 
even in the late phase secretion becomes obvious: early AinslApg was 2.0IxlO" in 
NGT, 1.83x10" in IGT and 1.65xlO" in DM (p<0.05 NGT vs. IGT, DM; IGT vs. 
DM) and late phase QAUC was 59.4, 60.8 and 48.0 (p<0.05 DM vs. NGT, IGT). 
Consistent with this finding we observed an increasing concentration and percentage 
ofproinsulin in IGT andDM vs. NGT at 30' pc. By quintiles of fasting as well as 2h 
pc PG a continuoes decrease in early and late phase insulin secretion was observed 
that was significant vs. bottom quintile at a fasting PG level of 6.06-6.57 nnno/l and 
2h pc PG of 7.77-9.33 nnnolll. In conclusion our data show a deficit in early and late 
phase of insulin secretion as early as at the cut-off limits for impaired fasting glucose 
and IGT when calculated by the level of corresponding PG. 

412 
FAMILIALITY OF QUANTITATIVE TRAITS DERIVED DURING 
AN ORAL GLUCOSE TOLERANCE TEST IN 
NORMOGLYCAEMIC RELATIVES OF ONE TYPE 2 DIABETIC 
PARENT 
C. T. Ekstr¢m', T. Hansen', S. A. Urhammer', H. Eiberg', J. J. Holst' and 
O. Pedersen'. Steno Diabetes Center' and University of Copenhagen', 
Denmark 
Several genes are likely to be involved in the glucose homeostasis in the 
fasting state and after a glucose load. The present study was undertaken in 
order to describe the familiality of quantitative traits which could be 
obtained during an oral glucose tolerance test (OOTT). Sixty families 
containing 224 offspring and 32 spouses of type 2 diabetic parents were 
examined by a 75g OOTT. Plasma glucose, s-insulin, s-C-peptide levels 
were analysed at 18 time points (-30, -10,0, 10,20,30,40,50,60,75,90, 
105, 120, 140, 160, 180, 210 and 240 min). p-GIP and p-OLP-l were 
analysed at the same time points except for -30, 50, 75, 105, 140, 160 and 
210 min. Familiality (hz) of the examined traits was estimated as the ratio 
of the additive genetic variance to the total phenotypic variance using a 
variance component model and adjusting for body mass index, age and 
gender. Familiality of each trait was examined I) in the fasting state, 2) as 
incremental area under the curve (AUC) from 0-120 min and from 0-240 
min 3) and as the highest h' obtained for a single time point. 

h' (SE) Glucose Insulin C-peptide GlP GLP-l 
Fasting 0.71 (0.15) 0.35 (0.22) 0.56 (0.15) 0.67 (0.21) 0.91 (0.32) 
AUC.,,,, 0.39 (0.24) 0.19 (0.25) 0.54 (0.22) 0.28 (0.22) 0.75 (0.23) 
AUC.,,,, 0.40 (0.24) 0.21 (0.25) 0.54 (0.22) 0.24 (0.22) 0.77 (0.15) 
Peak 0.56 (0.24) 0.46 (0.24) 0.47 (0.23) 0.46 (0.25) 0.57 (0.15) 

(140 min) (10 min) (160 min) (90 min) (90 min) 
The data show a high level of familility of OLP-I with a very high 
fasting level. For all the other measured traits except insulin, there is a 
high level of familiality for fasting values, whereas there is a modest 
familiality of the measured variables after a glucose load. There is no 
unique time point that gives a higher familiality for several traits, but 
most peaks are reached after 1 liz hour. The highly familial quantitative 
traits based on p-GLP-l will be used to search for related quantitative 
trait loci. 

411 
FAMILIALITY OF QUANTITATIVE TRAITS ASSOCIATED WITH THE 
METABOLIC SYNDROME IN NORMOGLYCAEMIC OFFSPRING OF 
ONE TYPE 2 DIABETIC PARENT 
S.M. Echwald, T. Hansen', C. T. Ekstr¢m', S. A. Urhammer', H. Eiberg' and O. 
Pedersen' Steno Diabetes Center' and University of Copenhagen', Denmark 
The metabolic syndrome is characterised by a cluster of disorders, type 2 diabetes, 
obesity, dyslipidaemia and hypertension, which are both genetically and 
environmentally determined. The present study was undertaken in order to describe 
the farniliaIity of risk factors for the metabolic syndrome in 224 Danish Caucasian 
offspring of 60 unrelated type 2 diabetic patients. All offspring and 32 non-diabetic 
spouses were examined in the fasting state and underwent a tolbutamide-modified 
frequently sampled intravenous glucose tolerance test (FSIGTT) with estimates of 
insulin sensitivity (Si), glucose effectiveness (Sg) and acute insulin response 0-8 
min (AIR) calculated by minimal model analysis. Familiality (h') of the examined 
traits was estimated using variance components analysis with adjustment for 
different covariates. 
Trait adjustment h' (±SE) 
body mass index (BMI) age, gender 0.49 (±0.l5) 
waistfhip ratio age, gender 0.41 (±0.l4) 
fat mass age, gender 0.45 (±0.24) 
diastolic blood pressure BMI, age, gender 0.04 (±O.23) 
systolic blood pressure BMI, age, gender 0.23 (±0.24) 
fasting s-leptin BMI, age, gender 0.28 (±O.l3) 
fasting s-triglyceride BMI, age, gender 0.20 (±O.l3) 
fasting s-cholesterol BMI, age, gender 0.32 (±0.14) 
fasting s-HDL-cholesterol BMI, age, gender 0.33 (±O.25 ) 
fasting s-insulin BMI, age, gender 0.37 (±0.22) 
Si BMI, age, gender 0.10 (±O.27) 
Sg BMI, age, gender 0.51 (±0.15) 
AIR BMI, age, gender 0.75 (±0.15) 
In conclusion, there is a significant familial effect of several known risk factors for 
the metabolic syndrome in offspring of type 2 diabetic patients, in particularly AIR, 
Sg and BM!. The quantitative traits with the highest heritability will be examined 
in an ongoing linkage study for quantitative traits. 

413 
SHARED FEATURES IN TYPE 2 DIABETIC SIBLINGS WITHIN 
FAMILIES IN THE DIABETES IN FAMILIES STUDY 

S. Roberts, B. A. Barrow, J. Hainsworth and J. C. Levy. Diabetes Research 
Laboratories, Radcliffe Infirmary, Oxford, UK 

Type 2 diabetes is a heterogeneous disease, but the extent to which the specific 
phenotypes 'breed true' within families is not known. The Diabetes in Families 
Study (DIF) is a collection of 386 sibships of type 2 diabetic patients with at least 
two additional siblings irrespective of diabetic status. Aim: To determine familial 
associations of specific diabetic phenotypes in the DIF study. Methods: Data on 
243 diabetic patients in 115 sibships were analysed, age: mean (SD) 65.0 (9.9) 
years, duration median (interquartile range): 9.0 (4.0-14.0) years, proportion on 
sulphonylurea alone / metformin alone / combination of tablets / insulin treatment: 
25% / 7% / 15% / 34%. Intraclass correlation coefficients (ICC) were calculated for 
various phenotypic traits relating to type 2 diabetes, using analysis of variance and 
covariance where appropriate. HOMA beta-cell function (%B) was calculated from 
fasting glucose and C-peptide. HOMA insulin sensitivity (%S) was not calculated 
for patients on insulin. Results: Significant ICCs (i.e. familial association) were 
found for age (0.67, p < 0.001), but not age of onset, BMI (0.37, p < 0.001) and 
waist circumference (0.39, p < 0.001) both after controlling for sex, %B (0.29, p = 
0.001), but not %S, and HDL-cholesterol (0.36, p < 0.001), but not other cholesterol 
fractions or triglycerides. There was no familial association for the sex of the 
affected sibling or for blood pressure. Though BMI and waist circumference sibship 
means were correlated (0.79, p<O.OOI), neither correlated with sibship means of %B 
or HDL-cholesterol, nor were these intercorrelated. Conclusions: The significant 
familial associations for measures of obesity, beta-cell function and HDL
cholesterol, indicate that some features of type 2 diabetes 'breed true'. This may be 
due to either common genetic or environmental backgrounds or both .. The 
independent assortment of these features contribute to type 2 diabetic heterogeneity. 
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HERITABILITY OF THE FASTING AND 120 MINUTES BLOOD GLUCOSE 
CONCENTRATIONS IN YOUNG TWINS - A POPULATION-BASED 
STUDY 
K. Schousboe, K.O. Kyvik, J.E. Henriksen og T.I.A. Smensen. The Danish Twin 
Register, SDU-Odense University, Denmark and The Danish Epidemiology 
Science Centre at The Institute of Preventive Medicine, Copenhagen University 
Hospital, Denmark. 
Aims: A previous study from The Danish Twin Register demonstrated a 
heritability of 0.26 for fasting plasma glucose and a heritability of 0.52 for 120 
minutes plasma glucose in elderly twins (age 55-74). The aim of this study is to 
elucidate the relative importance of genetic and environmental factors for glucose 
tolerance in a young population. 
Materials and methods: Study subjects were Danish monozygotic and dizygotic 
twin pairs at the age of 18-45 years recruited from The Danish Twin Register. 
Subjects underwent a standardised 75 g OGTT after an overnight fast. Capillary 
blood glucose concentrations were measured before oral glncose ingestion and 
120 minutes later. Data were tested for nonnality and thereafter analyzed by 
means of interclass correlations and classical heritability tests. 
Results: Blood glucose values (0 and 120 minutes) from a total of276 pairs of 
twins, 133 monozygotic and 143 dizygotic pairs, were available.The interclass 
correlations for fasting blood glucose were 0.559 (p«0.00 I) for monozygotic 
twins and 0.240 (p=O.004) for dizygotic twins. The estimated heritability for 
fasting blood glucose was 0.638. The interclass correlations for 120 minutes 
blood glucose were 0.437 (p«0.001) for monozygotic and 0.334 (p«O.OOI) for 
dizygotic twins. The estimated heritability for 120 minutes blood glucose was 
0.206. 
Conclusions: The present results show that the fasting glucose and the glucose 
tolerance is under both genetic and environmental control, also in a young 
population. The difference between the previous and the present results might 
suggest that the relative impact of genetic and environmental factors changes with 
advancing age, and that a possible genetic defect in insulin secretion (represented 
by the two hour OGTT glucose concentration) is phenotypical expressed only in 
late life. 

416 
PHYSICAL ACTIVITY IN NON-DIABETIC RELATIVES OF TYPE 2 
DIABETIC PATIENTS 
S.MABennett, SAGhunaim, M.W.Stewart and M.Walker. 
Department of Medicine, University of Newcastle, Newcastle upon 
Tyne, UK 

Lifestyle and genetic factors contribute to the pathogenesis of type 2 
diabetes mellitus. Non-diabetic first-degree relatives of type 2 diabetic 
patients are at increased risk of developing diabetes; this is thought to 
primarily reflect hereditary influences but shared lifestyle factors may 
be important in familial type 2 diabetes. Aims: to examine self
assessed physical activity in first-degree relatives of type 2 diabetic 
patients. Materials and Methods: non-diabetic relatives (n=152) and 
control subjects with no family history of diabetes (n=147), matched 
for age, sex and social class, completed a structured question on the 
self-assessment of physical activity (derived from the Danish Health 
Interview Survey). Subjects were classified on an ordinal scale and 
differences compared by Chi squared test. Results: the relatives 
were significantly less active than the control subjects (P<0.05); 
34.2% vs 21.8% were classified as having light, 63.8% vs 76.9% 
moderate and 2.0% vs 1.4% heavy levels of activity. When comparing 
males alone there were no differences in activity levels. However 
there was a significant difference between the activity levels of the 
female relatives and control subjects (P<0.05); 42.3% vs 25.6% light, 
56.5% vs 74.4% moderate and 1.2% vs 0% heavy. Conclusion: 
relatives of type 2 diabetic patients are less physically active than 
control subjects; this appears to be due primarily to lower levels of 
activity in the female relatives. Decreased physical activity may play 
an important additional role in the development of diabetes in "at risk" 
relatives of type 2 diabetic patients. 

A 113 

415 
INCREASED CENTRAL ADIPOSITY AND PAI-l IN SIBLINGS OF TYPE 2 
DIABETIC SUBJECTS WITH ELEVATED FASTING PLASMA GLUCOSE 

OM Herlihy, BA Barrow, B Timmer, IC Levy, PJ Grant· and RC Turner. Diabetes 
Research Laboratories, Radcliffe Infirmary, Oxford and ·Unit of Molecular Vascular 
Medicine, Leeds School of Medicine, Leeds UK 

Aims: Insulin resistance is associated with clustering of cardiovascular risk factors 
and the development of type 2 diabetes. The aim of this study was to investigate 
features of insulin resistance and cardiovascular risk in siblings of type 2 diabetic 
subjects. Materials and Methods: Thirteen sibling pairs (6 male:7 female) matched 
for age and gender but discordant for fasting plasma glucose (FPG); i.e. one sibling 
with increased fasting glucose (IFG): FPG 6.0 - 7.7 mmor' and a normoglycaemic 
sibling (NGT), FPG<6.0mmor' were evaluated for anthropometry, visceral adiposity 
(CT Scan), HOMA derived insulin resistance (%S), insulin, lipids, plasminogen 
activator inhibitor antigen (PAI·I) and blood pressure (BP). Results: IFG and NGT 
groups were mean age (SD) 56.8 (8.7) vs 55.8 (8.4) yrs and mean FPG 5.2(0.35) vs 
6.1(0.7) mmor', respectively. Siblings with IFG compared to NGT siblings had 
increased mean fasting insulin; 86(iqr, 55,135) vs 66 (iqr, 48-92) pmoIL", p=0.05, 
and reduced %S 61(iqr, 39,94) vs 79(iqr,57,109), p=0.04. IFG compared to NGT 
siblings were more centrally obese with a greater waist circumference (94 ± 10.8 vs 
88 ± 13.7) cm, p=O.OI, and greater visceral adiposity tissue area (167.4 ± 77.4 vs 
136.8 ± 64.9) cm', p=0.02. Mean PAI-1 antigen was increased in the IFG siblings: 
26.3 (iqr, 15.1,45.6) vs 11.1 (iqr, 2.1, 23.3) ng/mI, p=0.0002, but no differences 
were detected in lipids or BP. Insulin resistance (%S) was negatively correlated with 
visceral adiposity (Rs= -0.5, p=0.007) and PAl-I levels (Rs = -0.5, p=0.006). 
Conclusions: Early and minor increases in fasting plasma glucose are associated 
with features of insulin resistance including increased PAI-l concentrations that 
predate the development of type 2 diabetes. These changes may contribute to 
increased cardiovascular risk in early dysglycaemic states. 
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SSCP ANALYSIS OF GLUT! GENE IN MODY 
M.G. Baroni, F. Sentinelli, S. Lovari, M. Vitali, F. Capici and F Barbetti. 
Department of Clinical Science, University "La Sapienza" of Rome and 
htstitute San Raffaele, Milan. 
Aims: Although several MODY genes have been identified, the genetics of a 
percentage of MODY patients remains to be elucidated. Genes involved in 
beta-cell function are obvious candidate genes. There are increasing 
evidences for a central role played by the GLUT! glucose transporter in 
beta-cell glucose transport. Glucose transport appears to be largely mediated 
by the low-Krn transporters GLUT! anellor GLUT3, with the GLUT2 
playing a distinct role more directly related to exocytosis. Moreover, GLUT! 
mRNa is largely predominant in the human beta-cell, when compared to 
GLUT2. For these reasons we have decided to search for the presence of 
sequence variants within the exonic sequence of the GLUT! gene in MODY 
patients. Materials and Methods: The !O exon and all the promoter region 
of the GLUTI gene were amplified by PCR, and the fragments were 
electrophoresed in non-denaturing polyacrilarnide or Mutation Detection 
Enhancement (MDE) gels. Results: Eight out of the 10 exons have been 
analysed. Sequence variants have been detected within exons !, 2, 4, and 5. 
The sequence variants of exons 2, 4 and 5 corresponded to simp Ie nucleotide 

substitutions (GCC (Ala!5), TOO (Cys133), CCA (Pro!96), respectively) 
already described. 
The variants in exon ! were not detected in previous studies. Five out of 39 
(12.8%) MODY patients had these SSCP variants, which are contained 
within nucleotides -34 and -259, in an area containing Spl binding sites and 
tetradecanoylphorbol responsive elements (TRE). Sequencing of this region 
is under way. Conclusions: The possible presence of a mutation within this 
region of the GLUTl may help to define a new subclass of MODY patients. 

419 
PREVALENCE OF THE MATURITY ONSET DIABETES OF THE YOUNG 
(MOD¥) IN THE PEDIATRIC POPULATION OF THE ITAL Y'S MARCHE 
REGION. 
E.Bartolotta', L.Guazzarotti', H.Blanche", S.CIauin', V.MoreI', C.BeUanne
Chantelot'. 
'Division of Pediatrics, S. Lucia Hospital, Recanati (MC), Italy, 'Foundation Jean 
Dausset -CEPH, Paris, France. 

Maturity Onset Diabetes of the Young (MOD¥) is a subtype of type 2 
diabetes characterised by an autosomal dominant inheritance and an early age of 
onset. To date five genes have been identified on chromosomes 2Oq(MODYI), 
7p(MODY2), 12q(MODY3), 13q(MODY4) and 17cen-q(MODY5). Aim: the 
prevalence of MODY2 and MODY3 gene mntations, the most common fonns of 
European Caucasian subtypes of MODY, has been studied in the pediatric 
population of the Italy's Marche Region. Materials and Methods: out of four 
thousand chiIdreo and adolesoents hospilldized in our Pediatric Department, during 
the last three years, for clinical problems not related to metabolic or genetic 
disorders and no taking drugs interfering with glucose metabolism, 20 (0.5%) have 
been identified having a mild fasting hyperglycemia (glycemia >5.6<6.7 rnrnol/l) 
and a family history of type 2 diabetes. The molecular study of MODY2 and 
MODY3 genes bas been perfonned in all these subjects and their families. Results: 
Five childreo (25%) carried a MODY2 gene mutation Two families, carrying the 
same missense mntation (AI73S), has been found to be distant related, while the 
others showed different missense mutations (l404S, H380D, R275C). Three childreo 
(15%) carried a MODY3 gene mutation. In two unrelated families we identified the 
G3 ID missense mutation and in the third family the R272H mntation. Twelve 
cbildreo were MODY2/3 negatives. Nine of these 12 had a typical MODY 
phenotype while three had a very higb insulin response to the IVGTI (>90" pel) and 
one of the parents with a Iate-onset insulin-dependent diabetes B-cell antibodies 
negative. This phenotype reminds the recent described MODY subtype (MODYx) 
probably associated to a primary insulin resistance and to an early insulin-requiring 
type 2 diabetes. Conclusions: these data showed that the study of MODY2 and 
MODY3 gene mutations can diagnose only the 40% of MODY phenotypes in the 
pediatric population of the Central Italy. Out of this 40"10 of cbildreo and adolesoents 
25% carried the MODY2 and the 15% the MODY3 genes mutations. 

418 
SCREENING FOR MUTATIONS IN THE HNF-I~ GENE IN SCANDINAVIAN 
FAMILIES WITH EARLY-ONSET DIABETES AND DIABETIC NEPHROPATHY 
J.P. Weng, M. Lehto, H. Li, C. Forsblom' and L. Groop. Dept of Endocrinology, 
MAS, Lund University, Malmo, Sweden, and 'Dept of Medicine, Helsinki 
University Hospital, Helsinki, Finland. 
Rationale: Mutations in the hepatocyte nuclear factor-I ~ gene (HNF· J 13) have been 
associated with MODY and non-diabetic renal disease. Aims: To investigate 
whether HNF-J 13 contributes to early-onset diabetes andlor diabetic nephropathy 
(DN) in Scandinavian populations. Materials and Methods: The HNF-I ~ gene 
was screened for mutations with SSCP using a ABI377 DNA sequencer in 143 
diabetic patients, liS of whom had onset of diabetes 910 years, whereas 28 of them 
had DN. Observed allele frequencies were also compared with 92 nondiabetic 
control subjects. Results: We identified 5 novel sequence variations and confirmed 
two intronic polymorphisms (NS8+48insC and NS8-22C~T). The novel variants 
included two amino acid substitutions (A24 I T in exon 3 and G492S in exon 7), two 
intronic variants (NS6+26C~T, IVS8-66C~T) and one nucleotide substitution 
(C~G) 31 bp upstream from the start codon. The allele frequencies of these 
variants did not differ between diabetic and control subjects. The A241T 
substitution, located in the homeodomain region, was identified in one patient with 
end-stage DN but in no control subject. Ten diabetic G492S mutation carriers had 
an earlier age at onset than nine non diabetic relatives without matution (31±15 vs. 
57±15 years; P=O.OO3). No difference was seen in urine alburnine excretion rate 
(82±212 vs. 18 ±22 f.Lglmin), fasting plasma glucose (FPG, 9.1±4.2 vs. 7.1±2.8 
mmollL) or fasting insulin concentrations (12±6 vs. 16±11 mUlL). In these families 
neither was there any difference in FPG (4.8±O.5 vs. 4.7±O.6 mmollL) or 30 min 
insulin concentrations (42±39 vs. 39±30 mUlL) during OGrr between three 
nondiabetic carriers and ten non-carriers of variant G492S. Conclusion: Although 
variants in the HNF- J 13 gene are rare in patients with diabetes, they are associated 
with an earlier onset of the disease. Due to incomplete segregation the final 
elucidation of their pathogenic role in diabetes and DN requires functional studies. 

420 
FUNCTIONAL STUDIES OF VARIANTS OF THE HUMAN INSULIN PRO
MOTER FACTOR-I (IPF-I) OCCURRING IN EARLY- AND LATE-ONSET 
TYPE 2 DIABETES 
L.Hansen, V. Stanojevic, H. V. Petersen, S. Urioste, D. Stoffers, T. Hansen, A. 
M. Mj;lller, P. Serup, J. F. Habener, O. Pedersen. Steno Diabetes Center and Ha
gedorn Research Institute, Copenhagen, Denmark. HHMI, Dept. of Molecular 
Endocrinology, Massachusetts General Hospital, Boston, USA. 
Focus on transcription factors expressed in pancreatic f)-cells as potential diabe
tes genes causing both early- and late-onset type 2 diabetes has intensified after 
the discovery of transcription factors: hepatocyte nuclear factor-4a, -la, and -I~ 
as being the cause of maturity onset diabetes of the young (MODY I, 3 and 5) 
and the insulin promoter factor 1 (IPF-I) as a MODY 4 gene. 
Aim: To examine the IPF-I gene as a potential diabetes gene in patients with 
either early- or late-onset type 2 diabetes. Materials and Methods: We have 
performed mutational analysis by PCR-SSCP and heteroduplex analysis of the 
coding exons in IPF-I on genomic DNA from 8 Danish diabetic patients with 
maturity onset diabetes of the young (MODY) who had been excluded as MODY 
I and MODY3 and from 200 Danish Caucasian patients with late-onset type 2 
diabetes. Results: We found a novel A140T missense mutation in exon 2 of the 
IPF-I in one of the MODY patients and a D76N variant in exon I in one of the 
patients with late-onset type 2 diabetes. Both groups also had the previously re
ported G ins/del at nt. -108 in exon 1. The biological function of these IPF-I va
riants was tested as transactivators of the human insulin gene promoter. 
Coexpressed together with the coactivators neuroD and pan (E47). wildtype IPF-
1 or the mutants: AI40T and D76N were compared for transactivation of the 
human insulin promoter driving a luciferase reporter in NIH 3T3 cells. Compared 
to wildtype IPF-l, the AI40T had activity levels of 82% (48%-116%); and the 
D76N, 43% (35%-51%). Conclusion: Our data suggest that the D76N variant of 
IPF-I have reduced biological activity whereas the AI40T probably has normal 
activity. Hence, it is unlikely that the AI40T variant is pathogenic in the descri
bed MODY proband whereas the D76N may be pathogenic in the patient with 
type 2 diabetes. 



421 
Hepatocyte Nuclear Factor-6: Studies of Associations between Genetic Vari
ability and Type 2 Diabetes or Estimates of Insulin Secretion 
J. Ek', A.M. M¢ller" S. Durviaux', S. A. Urhammer', 1. O. Clausen', H. Eiberg', T. 

Hansen', G. G. Rousseau', F. P. Lemaigre' and O. Pedersen'.'Steno Diabetes Center, 
Copenhagen, Denmark; the 'Hormone and Metabolic Research Unit, Universite 
Catholique de Louvain and Christian de Duve Institute of Cellular Pathology, B-1200 
Brussels, Belgium and the 'University Institute of Medical Biochemistry and Genet
ics, University of Copenhagen, Copenhagen, Denmark. 

Since the transcription factor hepatocyte nuclear factor (HNF)-6 is an upstream 
regulator of several genes involved in the pathogenesis of maturity onset diabetes of 
the young (MODY), we have tested the hypothesis that variability in the HNF-6 gene 
is associated with subsets of type 2 diabetes or estimates of insulin secretion. We 
cloned the coding region as well as the intron-exon boundaries of the two exons of 
the human HNF-6 gene. We examined genomic DNA form 6 MODY probands with
out mutations in the MODYl, MODY3 and MODY4 genes and genomic DNA from 
54 patients with late-onset type 2 diabetes by combined SSCP-heteroduplex analysis 
followed by direct sequencing of identified variants. We found two silent variants 
(Pr094Pro, Gly287Gly) and one missense variant (Pr075Ala). In an association study 
the allelic frequency of the missense polymorphism Pr075Ala was 3.2% (95% confi
dence interval, 1.9-4.5) in 330 type 2 diabetic patients and 4.2% (2.4-6.0) in 238 age
matched glucose tolerant control subjects (P=NS). There were no differences be
tween carriers (N=19) and noncarriers (N=219) of this polymorphism in glucose
induced serum insulin and C-peptide release during an oral glucose tolerance test in 
238 middle-aged, glucose tolerant subjects. Moreover, in genotype-phenotype inter
action studies of 226 glucose tolerant offspring of type 2 diabetic patients and of 367 
young healthy subjects, the carriers (N=21 and N=15, respectively) of the polymor
phism did not differ from non-carriers (N=205 and N=352, respectively) in acute (0-8 
min) serum insulin or C-peptide responses during an intravenous glucose tolerance 
test. In conclusion, mutations in the coding region of the HNF-6 gene are not associ
ated with type 2 diabetes or with significant changes in insulin secretion among the 
Caucasians examined. 

423 
LOSS OF FUNCTION MUTATION IN THE HNF-I~ GENE ASSOCIATED WITH 
RENAL DYSFUNCTION, DIABETES, GENITAL MALFORMATIONS 
T.H. Lindner, Y. Horikawa, P.R. Njelstad and O. Sovik; Franz Volhard University 
Hospital Berlin, Germany; Howard Hughes Medical Institute, University of Chicago, 
U.S.A.; Haukeland University Hospital Bergen, Norway 
Aims: Mutations in the hepatocyte nuclear factor (HNF)-l ~ are the cause of one form 
of maturity-onset diabetes of the young (MODY), MODY5. We have studied a Nor
wegian family (NS) ascertained through a female proband with frequent urinary infec
tions, retarded matorie development, and a failure to thrive from birth on due to seve~ 
re kidney malfunction. At the same time, this patient developed a type 2 diabetes mel
litus that is presently being treated with insulin. We suspected MODY5 in family N5. 
Materials and Methods: In family N5, the co-segregation of renal dysfunction and 
diabetes, both of variable severity, occurs in five family members in three genera
tions. We have screened the nine exons, flanking intron sequences, and the minimal 
promoter region of the HNF-I~ gene for mutations and performed functional studies. 
Results: The sequence of the HNF-I~ gene revealed a heterozygous 75 bp deletion in 
exon 2 (409-483del) resulting in an in-frame deletion of amino acids Arg137-to
Lysl61 (R137-KI6Idel). This deletion is located in the pseudo-POU region of the 
protein and co-segregated with kidney disease and diabetes implying that it is the 
cause of both disorders. Functional studies ofR137-KI6Idel HNF-I~ revealed that it 
could not bind an HNF-I target sequence or stimulate transcription of a reporter gene 
and indicated that this was a loss-of-function mutation. DNA binding studies by gel 
supershift assays in vitro and in vivo resulted in an inability of the mutant protein to 
bind to its binding side, therefore lacking the ability to transactivate downstream tar
get genes. In addition, two of four female carriers with this mutation had vaginal apla
sia and rudimentary uterus (Mullerian aplasia). Conclusions: Since the original report 
of Horikawa et al. another family with a HNF-l~ mutation has been described. All the 
subjects in these three families (our family included) with HNF-I~ mutations are cha
racterized by early-onset and progressive renal dysfunction andlor diabetes mellitus of 
variable severity suggesting that subjects with these clinical features should be 
screened for mutations in HNF-lp. The identification of other families will reveal if 
HNF-l~ mutations result in a distinct clinical syndrome characterized by renal dys
function and diabetes mellitus. 
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MOLECULAR GENETIC ANALYSES OF NORWEGIAN FAMILIES 
WITH MATURITY-ONSET DIABETES OF THE YOUNG 

L Bjorkhaug, P.R. Nj0lstad, P. Thorsby, T. Lindner, B.N. Cockburn, A. 
Molven and O. S0vik. Center for Mol. Medicine and Dept. of Pediatrics, 
Haukeland Unzv. HospItal, N-5021 Bergen, Norway; The Hormone Lab., 
Aker Hospital, N-0514 Oslo, Norway; HHMI and Dept. of MediCine, 
Biochem. and Hum. Genetics, Univ. of Chicago, Chicago, IL 60637, USA. 
Aims: Maturity-onset diabetes of the young (MODY) is characterized by 
autosomal dominant inheritance, onset usually before the age of 25, absence of 
ketosis, and no absolute insulin requirement. At present five genetic subtypes 
are known (MODYI-5), with each subtype having its own discrete phenotype. 
Our research focuses on the genetic epidemiology of MODY in Norway with 
the aim of confirming the clinical diagnosis by molecular genetic means, 
allowing appropriate treatment decision and genetic counselling. Materials & 
Methods: We have collected blood samples from about 30 Norwegian MODY 
families. Mutations were identified by PCR-based tests, or by screening 
families with microsatellite markers for known MODY genes, followed by 
sequencing of the candidate gene. In cases where only one affected member of a 
family was available for analysis, known MODY genes were sequenced 
directly. Results: We have so far identified five MODY3 families with the 
following mutations in the HNF-la gene: P29lfsinsC (two families), RI71X, 
R229Q and R263C In addition, one family had a V62A mutation in the 
glucokinase gene (MODY2) and one family carried an inactivated HNF-I~ 
gene (MODY5). Since alterations of the HNF-la gene, in particular the 
P29lfsinsC mutation, seem to be a conunon cause of MODY in several 
populations, we developed a simple, PCR-based test for this so-called "hot-spot 
mutation" of MODY3. However, P291fsinsC was present in only two of 25 
tested families. Haplotyping suggested that these two families are of a conunon 
origin. Conclusions: Genotyping of Norwegian families has shown the 
presence of MODY2, MODY3 and MODY5. The MODY3 "hot spot 
mutation" does not appear to be particularly conunon. Our patient material 
might be useful for identifying novel MODY genes. 
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STUDIES OF A NOVEL MISSENSE MUTATION AT CODON 647 IN INSULIN 
RECEPTOR SUBSTRA TE-2 USING THE YEAST TWO-HYBRID SYSTEM 
S. K. Frederiksen', K. Almind', E. Van Obberghen' and O. Pedersen l 

'Steno Diabetes Center, Copenhagen, Denmark, 'INSERM- U145, Nice, France. 

We have recently identified a novel heterozygous variant in the gene encoding hu
man IRS-2 causing an amino acid substitution at codon 647, Leu647Val. The amino 
acid variant is located in the kinase regulatory loop binding (KRLB) domain, which 
is important for the interaction between IRS-2 and the insulin receptor (IR). The vari
ant is less than 20 amino acids from two tyrosine residues which in mice have been 
demonstrated to contribute significantly to the interaction with the IR. Furthermore, 
the variant is positioned only 6 amino acids from Tyr 653 residing in a YMXM mo
tif, which upon phosphorylation may interact with the SH2 domains of p85CL, the 
regulatory subunit of PI3-kinase. In an association study, the variant was found in 3 
of 413 diabetic patients and in none of280 matched glucose tolerant control subjects. 
Due the potentially important location of the variant in IRS-2, we used the yeast two
hybrid system to examine whether the mutated IRS-2 had any impact on the interac
tion with the IR and p85CL. Yeast cells were cotransformed with either wildtype or 
mutated murine IRS-2 KRLB domain and the IR cytoplasmic domain and p85CL, re
spectively. The interaction between the proteins was estimated by measuring the p
galactosidase activity in transformed yeast cells. The interaction between the IR and 
the mutated IRS-2 KRLB domain showed no significant difference as compared to 
the interaction between IR and wildtype IRS-2 KRLB domain (relative activities 
(mean, 95% CI): wt 100% vs. Leu647Val 119% (84 - 154)). Similarly, there were no 
differences observed in the interaction between p85a and wildtype or mutated IRS-2 
KRLB domains (wt 100% vs. Leu647Val 106% (101-112)). In conclusion: an amino 
acid substitution at codon 647 in IRS-2 has so far only been detected in type 2 dia
betic patients. The variant showed no major impact on the interaction with neither IR 
nor p85a in the yeast two-hybrid system. However, the present study was constrained 
by the use of the IRS-2 KRLB domain instead of full length IRS-2. Therefore, further 
functional studies as well as segregation analyses in diabetic families are required to 
elucidate a potential diabetogenic role of this mutation. 

426 
NOVEL AND SEX-DEPENDENT QTLs IN TRAITS OF THE METABOLIC SYNDROME X 
USING WILD RATS (RATTUS NORVEGICUS) AS DISEASE-RESISTANT COUNTERPART 
S. Schmidt, P. Kovacs, J. van den Brandt and I. KIOtiog, Department of Laboratory 
Animal Science at the Institute of Pathophysiology, University of Greifswald, D-
17495 Karlsburg, Germany 
Aim: The spontaneously hypertensive rat (SHR) is thought to be an animal model 
for human metabolic Syndrome X including obesity, hypertension, dyslipidemia, 
glucose intolerance and insulin-resistance. To dissect the traits of such a complex 
disease, the SHR is normally crossed with disease-resistant rat strains. However, 
comparing the traits of the metabolic Syndrome X between so-called disease
resistant inbred rat strains (DA, F344, LEW, WKY, BN) and wild rats, we could 
clearly demonstrate that most, probably none, of our inbred rat strains is actually 
disease-resistant for metabolic as well as blood pressure disturbances. That prompted 
us to use wild rats for crossing studies to genetically dissect some features 
comparable with human metabolic Syndrome X. Materials and Methods: One male 
wild rat was terminatively crossed with SHR females. The (Wild x SHR) FI hybrids 
were transferred into a pathogen free environment by wet-hysterectomy. One FI 
female rat was backcrossed onto hypertensive SHR rats resulting 37 male (M) and 
35 female (F) first backcross hybrids which were phenotypically characterised for 
body weight (BW), blood glucose (Glu), triglycerides (Tg), cholesterol (Chol) and 
systolic blood pressure (SBP) 3 times between 12 and 14 weeks of age. A genome
wide scan was carried out using 221 microsatellite markers on 20 autosomes and X 
chromosome. The MAPMAKER computer package was used to define quantitative 
trait loci (QTLs). Results: Significant linkage (lad score> 3.3) was found for BW 
on chromosomes 10 (M) and 18 (F), for Glu on chromosome 15 (M, F), for Tg on 
chromosome 17 (M, F) and for Chol on chromosome 14 (M, F). Suggestive linkage 
(Iod score> 1.9) was determined for BW on chromosomes 3 (M) and 19 (F), Glu on 
chromosomes 17 (M) and 20 (F), for Tg on chromosome 6 (M, F) as well as SBP on 
chromosomes 2 and 7 (M) as well as 5 and II (F). Conclusion: In contrast to 
conventional crossing studies using inbred rat strains, this is the first study 
demonstrating novel and sex-dependent QTLs in traits of the metabolic Syndrome 
X. Wild rats as disease-resistant counterpart in crossing studies may help to identify 
essential major genes in animal models of complex human diseases in general. 

425 
EVIDENCE FOR COMMON GENETIC CONTROL OF METABOLIC 
SYNDROME X AND TYPE-I AS WELL AS TYPE-2 DIABETES 
P. Kovacs, J. van den Brandt and I. Kloting, Dept. Lab. Anim. Sci., Inst. of 
Pathophysiology, University Greifswatd, 17495 Karlsburg, Germany 
Aim: Up to now there is a number of studies leading to genetic dissection of 
phenotypes such as hypertension, obesity or dysJipidemia, but there are no studies 
with animal models developing all these phenotypes known as metabolic Syndrome 
X. That was mainly attributed to the lack of a suitable animal model. This problem 
was overcome by establishment of WOKW rat as animal model for the metabolic 
Syndrome X manifesting moderate hypertension, severe dyslipidemia, obesity, 
impaired glucose tolerance and hyperinsuJioemia. The aim of our study was the 
genetic dissection of syndrome X in the WOKW rat. Materials and Methods: 
WOKW rats (W-istar O-ttawa K-arlsburg RTlU) were reciprocally crossed with DA 
rats to produce FI hybrids, which were further intercrossed to generate F2 
populations. 150 F2 male rats were used for quantitative trait locus (QTL) analysis 
by a genome-wide scan approach using 126 microsatellite markers. A linkage 
between phenotype (impaired glucose tolerance, dysJipidemia, body mass index, 
body weight, hyperinsulinemia) and genotype was determined using 
MAPMAKER/Exp and QTL computer program. Results: We found a major QTL 
for glucose metabolism on chromosome 3 at D3Mit3 locus (lod score 5.0) and 
further QTLs influencing obesity and body weight on chromosome I between 
DIMit5 and DIMgh12 (lod score 4.1 and 4.9) and on chromosome 5 near D5Mgh6 
(4.5 and 4.2). Genetic determinants affecting triglyceridemia are mapped to 
chromosome 4 close to D4Mgh2 (Iod score 5.2) and affecting HDL-cholesterol to 
chromosome 17 near D17Mit2 (Iod score 4.4). In addition, hyperinsulinemia 
appears to be a result of interaction of loci on chromosomes 1 and 6, which were 
previously described as loci influencing diabetes development in the BB/OK. 
Conclusion: The genetic analysis ofthe Syndrome X in the WOKW rat manifesting 
a complex of disorders of the syndrome, clearly demonstrates not ouly its polygenic 
nature, but also indicates that the features of this syndrome might be at least 
partially under common genetic control. Furthermore, the fact, that certain regions 
found in our study are consistent with those previously suggested to be involved in 
type-I and type-2 diabetes mellitus brings an evidence about close genetic 
relationships between syndrome X and diabetes mellitus. 

427 
IMPACT OF THE Xbal POLYMORPHISM OF THE MUSCLE GLYCOGEN 
SYNTHASE GENE ON THE INSULIN RESISTANCE SYNDROME IN TWINS 
M. Fenger, P. Poulsen, H. Beck-Nielsen and A. Vaag. University Hospitals of 
Hvidovre and Odense, Denmark. 
Aims: Insulin resistance represents a hall mark of various states of diseases pre
disposing to atherosclerosis including Type 2 diabetes mellitus, essential hyper
tension, obesity and dyslipoproteinaemia. A major defect in the insulin resistance 
syndrome is a defective activation of the muscle glycogen synthase (GS) by insulin. 
In some previous studies a polymorphism in intron 14 of the GS gene has been 
associated with Type 2 diabetes mellitus. The aim of this study was to elucidate 
the impact of this polymorphism on the insulin resistance syndrome and its 
various components in 283 pairs of monozygotic and dizygotic Danish twins. Ma
terials and Methods: Plasma glucose and insulin were determined during 2 hour 
oral glucose tolerance tests. Fasting lipid levels and blood pressures were measured. 
In addition, body mass indeces and waist-to-hip ratios were calculated. The Xbal 
polymorphism was determined by PCR and enzymatic treatment with Xbal. All 
genotypic discordant twins were sequenced to confirm the discordance. Results: 
The frequencies of the non-cutting (AI) and cutting (A2) alleles were 0.95 and 0.05, 
respectively. The population consisted of 89,9 % AlAI homozygotes and 10,1% 
AIA2 heterozygotes. No A2A2 homozygotes were detected. The population was 
in Hardy-Weinberg equilibrium. In the total twin popUlation the AIA2 genotype 
had elevated diastolic blood pressure (mean 82 vs. 78 mmHg, p<O,OI) and increased 
waist-to-hip ratio (mean 0,90 vs. 0,88, p<0,05) compared to the AlAI genotype. The 
elevated diastolic blood pressure was confined to women with abnormal glucose 
tolerance (91 vs. 79 mmHg, p<O,OI), whereas the increased waist-to-hip ratio was 
confined to men with abnormal glucose tolerance (0,99 vs. 0,96, p<O,OS). Eleven 
genotypic discordant twin pairs were identified. In this unique subgroup the A I A2 
heterozygotes were significantly more insulin resistant as assessed by homeostasis 
model assessment (HOMA) (p<0,05) compared to the AlAI genotype. Conclusions: 
The intronl4 Xbal polymorphism in the muscle glycogen synthase gene is associated 
with insulin resistance and components of the insulin resistance syndrome including 
elevated diastolic blood pressure and central obesity in Danish twins. The data 
showed that the association of the genotype and diastolic blood pressure or waist
to-hip ratio was influenced by gender. 
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THE TUMOR NECROSIS FACTOR ALPHA -238 AND -308 PROMOTER 

POL YMORPHISMS ARE NOT ASSOCIATED TO INSULIN SENSITIVITY 

M. Koch, K. Ret!, A. Volk, E. Maerker, K. Haist, M. Weisser, A. Rettig, W. 
Renn, and H.D. Hliring. Medizinische Klinik der Universitiit TObingen, Abt. IV, 
Innere Medizin und Endokrinologie, Otfried-MOller-Str. 10, 72076 TObingen, 
Germany 

Aims: Tumor necrosis factor-a (TNF-a) is believed to influence skeletal muscle 
insulin resistance. Two G --+ A transitions in the promoter region of TNF-a at 
position -238 and -308 have been identified that could play a role in 
transcriptional regulation of the gene. Insulin resistance is an independent familial 
trait that predicts the development of type II diabetes. We wanted to investigate 
the influence on insulin sensitivity and insulin secretion of both polymorphisms 
in a well characterized population of young healthy relatives of patients with type 
2 diabetes. 
Materials and Methods: We examined 109 first degree relatives (FOR) of 
caucasian subjects with a history of type II diabetes who were younger than 50 
years. Insulin sensitivity was determined by euglycemic-hyperinsulinemic 
glucose-clamp. The TNF-a -238 and -308 G --+ A promoter polymorphisms 
were determined by PCR and subsequent restriction enzyme analysis with Msp I. 
Results: For the -238 polymorphism, 83 probands (76.1 %) were homozygous for 
the G-allele, 25 probands (22.9%) were heterozygous, and I proband (0.9%) was 
homozygous for the A-allele. For the -308 polymorphism, 83 probands (76.1%) 
were homozygous for the G-allele, 24 probands (22.0%) were heterozygous, and 
2 probands (1.18%) were homozygous for the A-allele. Probands with and 
without the polymorphism did not differ in insulin sensitivity (p ~ 0.78), insulin
and C-peptide concentrations in oral glucose tolerance tests (p» 0.05). 
Conclusions: We could not detect an association between insulin sensitivity or 
insulin secretiro and TNF-a promoter polymorphisms in our collective of young 
healthy offspring of type II diabetes patients. The polymorphisms occur at the 

same frequencies in probands with either low or high insulin sensitivity. 

430 
PROMOTER VARIANT OF THE HEPATIC LIPASE GENE IS ASSOCIATED 
WITH INSULIN RESISTANCE 
J. Pihlajamtiki, L. Karjalainen, P. Karhapiia, I. Vauhkonen, M. Laakso, 
Department of Medicine, University ofKuopio, Kuopio, Finland 

Variants in the promoter of the hepatic lipase (HL) gene have been associated 
with components of the insulin resistance syndrome, e.g. high levels of 
triglycerides and low levels of high-density lipoprotein (HDL) cholesterol. 
Aims: To investigate the association of the G-250A promoter variant of the HL 
gene with insulin-stimulated whole body glucose uptake (WBGU). 
Materials and Methods: Genotypes of the G-250A polymorphism in the HL 
gene were determined in 110 randomly selected healthy subjects [82 males, 28 
females, age 50.7±7.6 (mean±SD) years, body mass index 26.1±3.6 kg/m']. The 
rates of insulin stimulated WBGU were dctcnnined by the hyperinsulinemic 
euglycemic clamp in combination with indirect calorymetry. 
Results: The A-250 allele of the HL gene was associated with low rates of 
insulin-stimulated nonoxidative glucose disposal (41.1±12.7 J-lmollkg/min in 62 
subjects with the G-250G genotype, 36.9±13.l Ilmollkglmin in 40 subjects with 
the G-250A genotype and 29.9±13.5 Ilmollkglmin in 8 subjects with the A-250A 
genotype, p~0.012 adjusted for age and gender). No differences in the rates of 
insulin-stimulated WBGU and glucose oxidation were observed. In addition, the 
A-250 allele was associated with high levels of total triglycerides (p~0.009). No 
association between total or HDL-cholesterol and this polymorphism was 
observed. 
Conclusions: The G-250A promoter variant of the HL gene is not only associated 
with dyslipidmias but also with a defect in insulin-stimulated nonoxidative 
glucose disposal. The mechanism by which this polymorphism could affect 
insulin sensitivity remains unknown. 

429 
THE -258 G-A VARIANT OF THE GLUCOKINASE GENE HEPATIC 
PROMOTOR IS ASSOCIATED WITH HIGHER INSULIN SENSITIVITY 
IN CHINESE 

M.Zhang, N.M.S.Wat, E.D.Janus', S.S.M.Chung" and K.S.L.Lam. 
Department of Medicine, Clinical Biochemistry Unit' and Institute of 
Molecular Biology", University of Hong Kong, Hong Kong, China. 

Aims: We investigated the effect of the -258 G-A variant of the hepatic
specific promoter of the glucokinase gene on plasma glucose and insulin levels 
in a Chinese population because in a previous study among 25 Afro
Americans with normal glucose tolerance (NGT), increased iusulin resistance 
was found in 3 homozygous AA subjects. Materials and Methods: We 
studied 676 unrelated Chinese subjects (aged 50.3 ± 12.5 years; mean ± SD) 
with NGT (n=351) or impaired glucose tolerance (IGT; n=325) according to 
WHO (1985) diagnostic criteria. Fasting and 2-hour plasma glucose and 
insulin levels were measured during a 75-g oral glucose tolerance test. The -
258 G-A genotype was determined using PCR and Accl restriction fragment 
length polymorphism. Results: IGT subjects had significantly higher 2-hour 
iusulin levels and 2-hour insulinlglucose ratios than those with NGT 
(p<O.OOI and p<O.01 respectively), suggesting the presence of insulin 
resistance. The allele frequency of the A variant·was 25% and 24% in IGT 
and NGT subjects respectively (P~NS). Among NGT subjects, no significant 
difference in fasting or 2-hour insulin or glucose levels was found fur subjects 
with different genotypes. Among subjects with IGT, however, those with the 
A allele had lower 2-hour insulin levels [74.6(67.6-82.4) vs 90.2(81.8-99.3) 
pmolimmol for GG, P=O.008] and 2h iusulinlglucose [8.07(7.41-8.8) vs 
10.2(9.24-11.2) pmolimmol for GG, P~0.007] compared to subjects with 
GG. Conclusion: In contrast to the findings in Afro-Americans, these data 
suggest that the -258 hepatic glucokinase gene promoter A variant is 
associated with less insulin resistance in Chinese subjects with impaired 
glucose tolerance. 

431 
A Novel UCP3 regulatory region polymorphism is associated with body fat 
distribution in a South Indian Population 
P. Cassell', N. Uwakwe', P. Kopelman'" A. Ramachandran', C. Snehalatha', 
and G.A. Hitman'. 'Medical Unit, StBartholomew's and The Royal London 
School of Medicine and Dentistry, Q.M.W., London, UK, 'Diabetes Research 
Centre, Chennai 600 013, India. 
Aims: Liokage between markers close to the uncoupling protein 2 and 3 genes 
(11 q 13) and resting metabolic rate and a pre-diabetic phenotype have been found. 
The syntenic region in mouse has been found to be linked to quantitative traits 
associated with obesity and diabetes. UCP3 expression in skeletal muscle has been 
found to be significantly reduced in Type 2 diabetics. UCP3 may therefore bave an 
important role in body weight regulation and susceptibility to diabetes. By 
mutation screening of the UCP3 gene we have previously identified a novel point 
mutation (C to T) close to the TATAA box. Therefore the purpose of this study 
was to investigate a South Indian population for a correlation between this new 
variant and Type 2 diabetes and diabetes/obesity related traits. Materials and 
Methods: Two separate stody groups were used, firstly families (n~83, 249 
members) , comprising of a Type 2 diabetic proband and parents, and secondly a 
cross sectional survey (n~54). The variant was screened using a generated Hae III 
site PCR-RFLP digestion and gel electrophoresis. Results: In the South Indian 
families no association with Type 2 diabetes was found using the Extended 
Transmission Disequilibrium Test. Analysis of the parents found a positive 
association in the mothers for the presence of the T variant ( p=O.006) and 
increased WHR (mean 0.92 vs 0.87 for presence of C allele only). No such 
association was found in the fathers (mean WHR 0.945 vs 0.953). In the cross 
sectional survey we were able to replicate the findings in the families, with a 
significant association in the females ( n~220) between WHR and the UCP3 
variant (p=O.039 ) ,but not in males (n~234)(p=0.6). Conclusion: No 
association was found with this UCP3 gene variant and Type 2 diabetes, however 
in Female South Indians the T allele was consistently related to increased central 
adiposity. 
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STUDIES OF THE VARIABILITY OF THE GENES ENCODING IGF-I AND 
ITS RECEPTOR IN RELATION TO INTRAUTERINE GROWTH RETAR
DATION, INSULIN SENSITIVITY AND TYPE II DIABETES MELLITUS 
S. K. Rasmussen', C. Lautier", l. Hansen', T. Hansen', F. Grigorescu2

, R. 
J. Smith3 and O. Pedersen'. ' Steno Diabetes Center and Hagedorn Re
search Institute, Copenhagen, Denmark. 2 Centre de Recherche de Bio
chimie Macromoleculaire, Montpellier, France. 3 Joslin Diabetes Center, 
Harvard Medical School, Boston, USA 
Human IGF-l is an important regulator of many aspects of growth, differ
entiation and development and since a low birth weight has been associ
ated with impaired glucose tolerance and type II diabetes in adult life we 
considered the genes encoding the IGF-l and the IGF-l receptor as candi
date genes for intrauterine growth retardation, insulin resistance and type II 
diabetes. Here, we report the mutational analyses of the IGF-l and IGF-l 
receptor genes performed on genomic DNA from probands of 82 Danish 
type II diabetic families. All the coding regions and the intron/exon bounda
ries of the 5 exons of IGF-l and the 21 exons of IGF-l R were analyzed for 
mutations using SSCP/heteroduplex formation analysis at two different ex
perimental settings. No missense mutations were detected in the IGF-l or 
the IGF-l receptor genes. Two variants were identified in the IGF-l gene; 
one intron variant and one silent variant at codon Arg21 Arg, allelic fre
quency 0.02. Six silent variants and four intron variants were found in the 
IGF-l R gene. The six variants in the coding region and the allelic frequen
cies were: Ala211 Ala, 0.01; Ser261 Ser, 0.01; Gly271 Gly, 0.02; Thr736Thr, 
0.05; Glul013Glu, 0.49; Tyrl316Tyr, 0.05. We evaluated the impact of the 
prevalent codon 1013 polymorphism in a population based sample of 380 
young healthy subjects but no relationship between this variant and birth 
weight, birth length or insulin sensitivity were detected. Neither did we ob
serve any significant differences in allelic frequencies of the codon 1013 
variant between groups consisting of 246 type II diabetic patients (allelic 
frequency 0.47) and 415 matched glucose tolerant control subjects (allelic 
frequency 0.52). In conclusion, variability in the coding regions of the IGF-l 
and the IGF-l receptor does not associate with reduced birth weight, insulin 
sensitivity or type II diabetes in the Danish population. 

434 
GENETIC AND PATHOPHYSIOLOGICAL CHARACTERIZATION 
OF THE MAJOR DIABETES LOCUS IN GK RATS 
J. Galli', H. Fakhrai-Rad', A. Kamel t , C. Marcust , S. Norgrent, and H. 
Luthman '. 'Karolinska Institute & CMM, Department of Molecular Medicine, 
Karolinska Hospital, L602, S-17l 76 Stockholm, Sweden. tKarolinska Institute, 
Department of Pediatrics, Pediatric Endocrine Research Unit, B62, Huddinge 
University Hospital, S-14l 86 Stockholm. Sweden. 

Genetic studies of the type 2 diabetes-like GK rat have revealed several 
susceptibility loci for the compound diabetes phenotype. Congenic strains 
for Niddml, the major quantitative trait locus (QTL) determining 
postprandial glucose levels were established by transfer of GK alleles 
onto the genome of the normoglycemic F344 rat. Despite the polygenic 
nature of the diabetes in GK, the locus-specific diabetes-phenotype was 
retained in the congenic strain Niddmla, containing a GK derived 
genomic fragment of 52 eM that includes the Niddml locus. Furthermore, 
Niddml was divided into two non-overlapping loci, physically separated 
in the two congenic strains Niddmlb and Niddmli, with distinct 
metabolic phenotypes. Both strains displayed postprandial hyperglycemia 
and reduced insulin action in isolated adipose cells. Furthermore, Niddmli 
exhibits a pronounced in vivo insulin secretion defect already at 65 days 
of age, while Niddml b develops a relative insulin secretory defect at 95 
days. This suggests that Niddml i impairs mechanisms common to insulin 
secretion in pancreatic B-cells and insulin action in adipocytes. Niddml b 
rats display increasing insulin resistance with age, resulting in obesity, 
hyperinsulinemia, and dyslipidemia. Moreover, the data indicate non
allelic interaction (epistasis) between Niddml band Niddml i on 
postprandial glucose levels. This emphasizes the pathophysiological 
complexity of diabetes, even within an apparently single QTL, and 
demonstrates the potential of the GK model in dissecting disease 
pathways predisposing for type 2 diabetes and reducing complex 
phenotypes to bimodal mendelian traits suitable for positional cloning. 

433 
TYPE 2 DIABETES AND THE HUMAN HOMOLOG OF THE RAT INSULIN 
RESISTANCE GENE, CD36: NO LINKAGE OR ASSOCIATION IN EUROPEANS 
M.l.McCarthy, P.J.Saker, A.T.Hattersley, T.Frayling, MWalker, R.Turner, S.O'Rahilly, 
G.Hitrnan, P.Subba Rao, A.J.Bennett, E.Jones, G.M.Lathrop, S.Menzel, FWahid, 
L.Cooper, J.Scott, T.J.Aitrnan. Imperial College School of Medicine, MRC Clinical 
Sciences Centre, London; Wellcome Trust Centre for Human Genetics, Oxford, UK 
Aims: Defects in the Cd36 gene lead to insulin resistance and defective fatty acid 
metabolism in the spontaneously hypertensive rat. This study aims to examine the role 
of variation in CD36, the human homolog, in the pathogenesis of type 2 diabetes. 
Materials and Methods: Nonparametric linkage was performed in 300 families (634 
affected, 72 unaffected members) from the British Diabetic Association (BDA) 
Warren2 sibpair resource: each contains a type 2 diabetic sibpair of British/Irish origin 
(probands: median(range) age of diagnosis, 56(35-75)y; BMI 28.1 (16.8-51.6)kgm·2). 
Families were typed for the CD36 region (chromosome 7) with ABI LMS2 markers, 
supplemented by an intragenic microsatellite (intron 3: L06849), and analysed with 
GENEHUNTER v2. In addition, family-based association methods were used in 158 
parent-offspring trios from the BDA Warren Trios repository, each ascertained via a 
Europid type 2 diabetic proband (age of diagnosis 40(25-58)y; BMI 30.8(19.7-
59.6)kgm2), and typed for two common CD36 variants of potential functional 
relevance, a 16bp deletion in exon 14, and a g-7t variant at promoter position -53. 
Results: There was no evidence for excess allele-sharing in the sibpairs, with a NPL 
score at CD36 of -D.74 (p=0.77) and exclusion of a gene with a sibling relative risk 
(1c,»1.5 from the 15cM interval D7S669-D7S657. In trios, there was no evidence for 
linkage disequilibrium between either variant and diabetes (exon 14, X2=0.59, p=0.44; 
promoter, £=0.02, p=0.88; 2-locus TDT, p=0.33). Neither variant was associated with 
intermediate variables (age at diagnosis, weight, BMI, waist-hip ratio) in parents or 
offspring (all p>0.02, uncorrected). Conclusions: In European families, there is no 
evidence for linkage between CD36 and type 2 diabetes nor of linkage disequilibrium 
with two common CD36 variants. CD36 is not a major gene for diabetes in this 
population, but minor effects for variants other than those studied cannot be excluded. 

435 
Construction of Congenic Lines for the Locus Nidd/gkl Controlling 
Glucose Tolerance in the GK Rat. 
RH Wallis', SC Collins', PJ Kaisaki', A Ktorza', M Lathrop', D Gauguier' 
'The Wellcome Trust Centre for Human Genetics, University of Oxford, 
U.K. 'University of Paris 7, CNRS ESA 7059, France 
Genetic studies of the spontaneously diabetic (Type 2) Goto Kakizaki 
(GK) rat have demonstrated the importance of this model for the 
mapping of genes controlling diabetes phenotypes. Congenic lines from 
the GK rat are derived in order to test the effect of the Nidd/gkl locus on 
glucose tolerance and to refine its localisation on rat chromosome 1. 
Lines are derived through successive backcross breedings with non diabetic 
Brown-Norway (BN) rats, using a genetic marker assisted protocol to 
increase transfer efficiency of GK chromosomal intervals onto a BN 
genetic background. We have constructed two congenic lines for large 
segments of GK chromosome 1, together spanning over 95cM and 
containing the locus Nidd/gkl affecting glucose homeostasis: a line (I a) 
carrying 77cM of GK chromosome 1 (DIWoxI8/DIMghI2) and a line 
(lb) containing 20-26cM of GK chromosome I (DIMit7IDIMghI4). 
Intravenous glucose tolerance tests performed in 3 month-old animals 
show that glucose tolerance in rats from line Ib is not significantly 
deteriorated when compared to BN. In contrast, rats from line 1 a show a 
significantly impaired glucose tolerance when compared to BN and line 1 b 
rats. Cumulative glycaemia during the test is 4590±95mg/ml in BN, 
4675±145 mg/ml in line Ib and 5260±103 mg/ml in line la, (p<1O-5 and 
p<1O-3 when compared to BN and 1 b respectively). The effect on glucose 
tolerance was more pronouced in female than in male congenic I a 
animals. These results confirm the existence of a QTL affecting glucose 
tolerance on chromosome I of the GK rat. Furthermore, preliminary 
phenotypic characterisation of these congenic lines suggests that a 20cM 
interval may be eliminated as a candidate region containing a gene 
substantially affecting glucose tolerance in this model. Further phenotpyic 
characterisation of sublines derived from congenic la will allow 
refinement of the position of susceptibility gene(s) at the locus Nidd/gkl. 



436 
VARIATION IN THE GENE FOR THE SKELETAL MUSCLE UNCOUPLING PROTEIN (UCP3): A 
NOVEL PROMOTER VARIANT INFLUENCING FAT DISTRIBUTION, 
PJ Saker, S Huxtable, AT Hallersley, M Walker, T Frayling, E Kousta, M McCarthy. 
Section of Endocrinology, Imperial College School of Medicine, St Mary's Hospital, 
London, UK. 
Aims: The UCP3 gene maps to a region of chromosome 11 linked to metabolic rate 
in humans, and is the predominant UCP in skeletal muscle. Since dysfunction of this 
gene could reduce thermogenic capacity, thereby disturbing energy homeostasis and 
predisposing to obesity and type 2 diabetes, we have been cataloguing and 
evaluating genomic variation at this locus. Materials and Methods: For mutation 
screening, we assembled a panel of 30 women of mixed ethnic group, selected for a 
history of previous gestational diabetes (GOM) and high BMI (>28kgm·2). All 8 exons 
and the core promoter were screened using both single-stranded conformational 
analysis and direct sequencing. Results: We have identified 3 variants of potential 
functional relevance: (a) G304A, producing Val~lIe at codon 102; (b) g~a in the 
splice donor site of exon 6; and (c) a c~t change in the promoter at position -55bp, 
which is 6bp upstream of the TATA box. These variants were assessed in larger 
cohorts including 74 women with previous GOM and 158 parent-offspring trios from 
the BOA-Warren Trios repository (ascertained through a GAO-antibody negative 
Europid proband with type 2 diabetes). The Vall021le and exon 6 variants were only 
seen in AfroCaribbean subjects (both -15% allele frequency). The promoter variant 
was present in all ethnic groups (frequency -20%). In the Warren trios, we found no 
evidence for preferential transmission of either allele at this site (P=0.36). When 
family members were analysed for relevant intermediate traits, promoter variant 
genotype was associated with increased waist-hip ratio in parents (lI(n=4) 0.97(0.03); 
ct(n=134) 0.93(0.09); cc(n=185) 0.90(0.09), P=0.02[mean (SO)]). On further analysis, 
this relationship was confined to mothers (mothers P=0.007, fathers P=0.87). 
Conclusions: We have identified several variants in UCP3, some with ethnic-specific 
distributions. From data available, the c~t promoter variant is not a major 
susceptibility factor for type 2 diabetes, but it may influence fat distribution in later life. 

438 
A NOVEL MICROSATELLITE MARKER LOCATED IN THE 

PROTEIN KINASE C(3 GENE: ASSOCIATION WITH DIABETES? 
M. Lazdins, R. Assert, V. Pirags, H. Schatz, and A.Pfeiffer. Dept. Int. 
Medicine Bergmannsheil, University Bochum, Germany and University of 
Latvia, Riga, Latvia. 

Aims: Protein kinase Cp (PKCP) was associated with insulin resistance due to 
phosphorylation of the insulin receptor tyrosine kinase impairing its function. 
Insulin resistance plays an important role in the pathogenesis of type 2 diabetes 
(T2D). Therefore variants of PKCP may be associated with the occurrence of 
diabetes. Recently. it was shown that microsatellites underlying selection pressure 
typically show multimodal distributions and may be excellent markers for gene 
clusters. We therefore searched for microsatellites with a non-Gaussian distribution 
in the PKCP gene. Materials and Methods: Microsatellite markers were identified 
within the genomic sequence of PKCp. For several markers primers were designed 
using "Oligo" software and their distribution was assessed. Marker genotypes were 
analysed manually by PCR amplification, electrophoresis on denaturing 5% 
polyacrylamide gels and silver staining. Results:One marker within the 3' region of 

the PKCP gene consisted approximately of an (AC)21-repeat and showed a bimodal 
distribution. The first peak comprised 5 different alleles and the second a single 
allele. Altogether, there were 9 different alleles resulting in a heterozygosity 
HET=O.85 and a polymorphism information content of PIC~0.83. The frequency of 
alleles in the flrst peak differed between T2D and controls: The frequency of allele 
"9" was 0.16 in controls (n~142 chromosomes) and 0.25 in T2D (94 chromosomes). 
By contrast the frequency of allele "7" was 0.23 in controls and 0.16 in T2D. The 
second peak did not differ between controls and T2D. Conclusion: A highly 
polymorphic microsatellite marker within the PKCP gene is described. This marker 
shows overall a bimodal distribution. Allele frequencies within the flrst peak 
separate T2D from controls suggesting that this marker may be associated with 
T2D. 

437 
A NONSENSE MUTATION IN THE ISL-l GENE IDENTIFIED IN A 
TYPE 2 DIABETIC PATIENT WITH STRONG FAMILY HISTORY, 
H. Shimomura, T, Sanke, T. Hanabusa, T. Nakagawa, Y. Shimajiri, K 
Tsunoda K. Nanjo_ First Dept. of Medicine, Wakayama Univ.of Med. Sci., 
Japan 
Aims: ISL-I is one of the transcriptional factors with LIM homeodomain 
which is expressed in the islet cells. To find whether this gene was 
responsible for Japanese type 2 diabetes or not, we screened the ISL-I gem' 
for mutation. Materials and Methods: Seventy-seven Japanese Type 2 
diabetic patients with family history and 180 non-diabetic subjects were 

screened by PCRfSSCP analysis. Statistical analysis was perfoffiled X 2 test 
Then, the effect of the mutation on ISL-I function was examined by testing 
their ability to stimulate transcription of a human amylin promoter-linked 
luciferase reporter gene, using /3 TC3 cells. Results: A C to G change at IS 
bp downstream from splice donor site of exon 3, a silent mutation (PI68P) in 
exon 4 and a nonsense mutation (Q310X) in exon 5 were found. Allele 
frequencies of the two former variants were not significantly different 
between diabetic and non-diabetic subjects. (C to G change: diabetics II 9% 
Vs non-diabetics 7.0%, P168P: Diabetics 30.7% Vs non-diabetics 34%, ns ) 
The Q310X mutation, in the heterozygous state, was identifled in a diabetic 
patient. This mutation located in the rear of homeodomain. It deletes 40 
amino acids of the C terminal lesion. The 49 years-old patient with the 
Q310X mutation was diagnosed with Type 2 diabetes at 32 years old and has 
been treated with sulfonylureas. He had a history of insulin treatment for 
several weeks at age of32 (onset time) and 42. His mother with diabetes and 
14 years-old daughter with normal fasting glcose also carry the Q3 lOX 
mutation. The Q310X exhibited a 50% reduction in activity compared to the 
wild-type. Conclusions: ISL-I gene mutation is not a major susceptibility 
gene for Japanese common type 2 diabetes. But in this study, we found an 
interesting nonsense mntation in a type 2 diabetic patient with strong family 
history. This mutation decreased the transcriptional activity of ISL-I in vitro 
pointing toward an important role of ISL-I in the pathogenesis of Type 2 
diabetes with strong family history. 
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Genetic Variability of the GLUT2 Promotor and Its Relationship to 
Type 2 Diabetes Mellitus 
L.T. Dalgaard, A.M. M¢ller, N.M. Jensen, J. Ek, J.N. Jensen, S. A. Urhammer, T. 
Hansen, O. Pedersen. Steno Diabetes Center, Copenhagen, Denmark. 

Glucose transporter 2 (GLUT2) is together with glucokinase part of the glucose sens
ing machinery of the ~-cell, and rednced GLUT2 expression or function could cause a 
dysregulation of glucose homeostasis and/or ~-cell function. Previously, the coding 
sequence of the GLUTI gene has been examined for genetic variants but so far no 
gene variants associated to type 2 diabetes have been identified. The aim of this study 
was to examine the promotor of GLUT2 for genetic variation and examine whether 
variants were associated with type 2 diabetes mellitus or measures of ~-cell function. 
We have examined 1340 nucleotides upstream of the transcription initiation site in 36 
type 2 diabetic patients by SSCP-heteroduplex analysis. Samples showing aberrant 
patterns of migration were sequenced directly. We have until now identified two nu
cleotide variants: a G to A substitution at position -447 and a T to C substitution at 
position -122 of the transcription initiation site. The G/A -447 variant was only identi
fied in one type 2 diabetic proband and in her two children, bnt it was not detected 
among 363 other type 2 diabetic patients or among 245 glucose tolerant control sub
jects. The allelic frequency of the TIC -122 variant was 9.8% (95%CI: 7.4-12.2%) 
among 300 type 2 diabetic patients and 11.8% (8.8-14.8%) among 225 glucose toler
ant control subjects (P=0.2). Among the 225 normal glucose tolerant subjects there 
was no difference in fasting values of glucose, insulin and C-peptide according to 
genotype. In contrast, after a 75 g oral glucose load carriers of the wildtype Trr -122 
variant (N=175) had lower glucose levels (30 min: 7.7 mmol/l, 60 min: 7.1 mmolll, 
120 min: 5.4 mmolll, AUCO-120 min: 177 minxmmolll) compared to TIC -122 (N=48) 
and C/C -122 (N=2) carriers (30 min: 8.2 mmolll, 60 min: 8.0 mmol/l, 120 min: 5.6 
mmolll, AUCO-120 min: 230 minxmmolll) (P=0.037, P=O.Oll, P=0.27, P=O.OlO, respec
tively). No differences between carriers and non-carriers of the -122 variant in glucose 
stimulated insulin and C-peptide levels were found. In conclusion, we have identified a 
rare G/A -447 variant and a common TIC -122 variant in the promotor of the GLUT2 
gene. The TIC -122 variant was not associated with type 2 diabetes but was signifi
cantly associated with increased plasma glucose levels up to 2 hours after an oral glu
cose tolerance test. 
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INTERMEDIATE GAA REPEAT EXPANSIONS OF THE 
X25IFRATAXIN GENE IN TYPE 2 DIABETES. 
S Lynn!, AT Hatterslel, MI McCarthy', TM Frayling2, DM Turnbull! and 
M WalkerI !University of Newcastle, Newcastle upon Tyne; 2Royal Devon & 

Exeter Hospital, Exeter; 'Imperial College School of Medicine. London. 
Type 2 (non-insulin dependent) diabetes mellitus is frequently associated 
with Friedreich's ataxia (FRDA). Homozygous expansion of > 66 repeat 
lengths of a GAA repeat in the I" intron of the X25/frataxin gene is linked 
with the development of FRDA. Intermediate GAA expansions of 10-36 
repeats do not lead to FRDA but were found to be increased in two white 
Caucasian Type 2 diabetic populations, although a subsequent comparable 
population association study failed to confirm this finding. Aims: given the 
potential problems of population association studies, we used a family 

based association method to investigate the importance of intermediate 
GAA expansions in Type 2 diabetes. Materials and Methods: the British 
Diabetic Association-Warren Trio collection comprises 170 family trios 
(Type 2 diabetic proband with both living parents) of North European 
extraction. Ascertainment was through the Type 2 diabetic probands, and 
MODY, Type I and 3243 mitochondrial diabetes were excluded by clinical, 
biochemical and genetic screening. 111e presence of the GAA repeats was 
determined using a PCR-based technique and separation of the products on 
a 1.5% agarose gel. Results: We have screened 104 families and detected 
41 parents that are heterozygous carriers of intermediate expansion alleles. 
However, there is no evidence of preferential transmission of these alleles 
to diabetic offspring (22 vs 19 transmissions from heterozygous parents, 
NS). 22% of the diabetic probands are carriers of intermediate expansion 
alleles which is slightly lower than the rates of 24% and 27% detected in 
the population based studies. Conclusions: we have found no evidence to 
implicate intermediate GAA expansions of the X25/frataxin gene in the 
development of Type 2 diabetes in our population. 

442 
ALDOSE REDUCTASE POLYMORPHISM IS NOT ASSOCIATED 
WITH RETINOPATHY IN TYPE II DIABETIC PATIENTS. 
C.l. Groves', M.L.lzmajlowicz2

, V.A. Horton!, N.M.S Wae, R.l.0went, 
LR. Stratton', F.R. Green2

, and R.C Turnerl 'Diabetes Research Laboratories, 
'Nuffield Deparunent of Surgery and 'Deparunent of Medicine, 
University of Hong Kong, for the United Kingdom Prospective Diabetes StUdy. 

Retinopathy is a common microvascular complication of diabetes. Prolonged 
hyperglycaemia and raised blood pressure are the main risk factors that contribute to 
the onset of retinopathy. Aldose Reductase (ALR2), is a key enzyme in the polyol 
pathway which converts D-glucose to sorbitol, the accumulation of which may 
contribute to retinopathy as well as cataract. A Short Tandem Repeat (STR) 
identified 2.1 kilobases upstream of the transcription initiation site of the ALR2 
gene, has been associated with early onset retinopathy in a Chinese population 
(n=22 pairs) Aims: We examined the ALR2 STR and incidence of retinopathy in 
patients selected from the United Kingdom Prospective Diabetes Study (UKPDS). 
Materials and Methods: Wbite Caucasian Type II Diabetics were matched 
pairwise (n=250 pairs), case (severe retinopathy requiring photocoagulation) to 
control (no retinopathy or just micro-aneurysms at same duration of known diabetes), 
for gender, age at diagnosis, fasting plasma glucose after 3 months diet, smoking, 
mean blood pressure 2 and 9 months after diagnosis. Fluorescent labelled primers 
were designed to amplify the STR by Polymerase Chain Reaction (PCR) and the 
products resolved by denaturing gel electrophoresis on an ABI 377 DNA sequencer. 
Results: No significant difference in allele or genotype frequency was detected 
between cases and controls (p>O.l). Conclusion: In this group of carefully 
matched patients selected from the UKPDS, there was no association of the ALR2 
STR with retinopathy. This observation is in contrast to the Chinese study. Whether 
the discrepancy reflects ethnic differences remains to be clatified. Published data 
concerning the association of this polymorphism with nephropathy is also 
contradictory. 

441 
HFE GENE HETEROGENETITY IN TYPE 2 DIABETIC PATIENTS WITH 

HAEMOCHROMATOSIS 

G Perez de Nanelares, L Castailo, S Gaztambide, JR Bilbao, B Calvo, JA Vazquez. 
Endocrinology and Diabetes Research Group. Hospital de Cruces. Barakaldo. Spain 

Type 2 diabetes mellitus is reported in 50-72% of patients with haemochromatosis. 
This relatively high frequence has impelled several studies of prevalence of 
haemochromatosis in diabetic populations as well as mutational analysis of the 
candidate gene for hereditary haemochromatosis (HFE) among type 2 diabetic patients. 
These studies show that HFE mutations Cys282Tyr and His63Asp do occur in similar 
frequencies in patients with type 2 diabetes and in control subjects. 
Aim: To study HFE gene in haemochromatosis patients detected by biochemical 
screening among type 2 diabetic patients and in hereditary haemochromatosis 
individuals. 
Patients and methods: Group A: 24 patients with idiopathic haemochromatosis (17 
men aged 37-65, mean 50; and 7 women, 29-70, mean 47). Group B: 5 patients from a 
group of 551 type 2 diabetic patients screened for haemochromatosis (275 men, mean 
61.9; 276 women, mean 68). Screening criteria were transferrin saturation;, 50%, 
serum ferritin ;, 1000 J.!g!l. In the absence of contraindications. Diagnosis was 
confirmed by liver biopsy in four of five and by total iron removed (in grams) >4g in 
the other. 
Genomic DNA from all patients was extracted from peripheral blood. For detection of 
the Cys282Tyr and His63Asp mutations, genomic DNA was amplified by PCR and 
sequenced. 
Results: The Cys282Tyr mutation was present on 87.5% of group A patients while no 
group B patient was homozygous for the mutation (p<0.0005). The frequency of the 
His63Asp mutation was the same in both groups. 
There are no differences in serum ferritin or transferrin saturation values among both 
groups. 
Conclusions: 1.) Haemochromatosis in type 2 diabetic patients is not clearly related to 
HFE gene. 2.) Genetic heterogeneity has been found among idiopathic 
haemochromatosis patients. 3.) There are no biochemical differences between 
haemochromatosis patients and type 2 diabetic individuals with haemocromatosis. 

443 
CANDIDATE GENES FOR RISK AND/OR SEVERITY OF VASCULAR 
COMPLICATIONS OF DIABETES 
ML Izmajlowicz, C Groves, V Horton, R Owen, I Stratton, LA Clarl<, RC Turner 
and FR Green. Nuffield Dept Surgery & Diabetes Research Laboratory, Urtiversity 
of Oxford, UK. 
Aims: to investigate associations between common genetic polymorphisms and 
risk and/or severity of myocardial infarction (MI) or retinopathy (RP: by retinal 
photography, Wisconsin score) in non-insulin-dependent diabetes mellitus 
(NIDDM). Materials & Methods: approxinlately 350 cases with MI or RP and 
350 matched controls were selected from the Urtited Kingdom Prospective 
Diabetes Study. Controls were matched prospectively for gender, age, duration of 
disease, fasting plasma glucose, blood pressure. with the MI group also matched 
for smoking, and LDL and HDL cholesterol. The following common genetic 
polymorphisms were detected by PCR-based techniques: plasminogen activator 
inhibitor-I (PAl-I) promoter 4G/5G, stromelysin (MMP3) promoter 5N6A, tissue 
plasminogen activator (tPA) alu insertion/deletion and factor XIIIA P1L564. 
Results: Possession of the factor XIIIA L564 allele was significantly associated 
with RP (RR 1. 9, 95% CI 1.1-2.4, n=542). Median Wisconsin retinopathy scores 
were 10 10 for the PP564 homozygotes, 20 10 for heterozygotes and 31 <3 I for the 
LL564 homozygotes, with a significant test for trend. This polymorphism was not 
associated with MI. There was a borderline statistically significant association of 
homozygosity for the tPA insertion allele with risk of MI (RR 1.54, 950/oCI 0.97-
2.43, n=424) but not for angina. Cox proportional hazard analysis of detemlinants 
of risk of MI suggested that the tP A polymorphism may interact with the 
endothelial rtitric oxide synthase IVS13 (CA)n and the paraoxonase QIRI92 
polymorphisms (p<O.02). Conclusions: Common polymorphisms in tPA and factor 
XIIIA, both important factors in haemostasis and thrombosis, may predispose 
certain individnals with NIDDM to more severe RP or MI. This study also suggests 
that interactions between genetic polymorphisms may be important in detennining 
risk and/or severity of vascular complications of NIDDM. 



444 
CALCIUM/CALMODULIN DEPENDENT PROTEIN KINASE II J3 AND Ii ARE 
mGHL Y EXPRESSED IN HUMAN J3-CELLS 
A. Voigt, H. Rochiitz, D. Pipeleers·, H. Schatz and A. pfeiffer, Medizinische 
Universitlltsklinik Bergrnannsheil, Bochum, Germany; "Diabetes Research Center, 
Vrije Universiteit Brussel, Bruxelles, Belgium. 
The calcium/calmodulin dependent protein kinases II (CaM kinase II) are 
multifunctional enzymes which regulate gene expression, calcium homeostasis, 
and hormone and neurotransmitter release. In rats CaM kinase II isoforms a and /3 
are exclusively expressed in neuronal tissues, while the isoforms y and Ii are 
expressed in neuronal and other tissues. Previons stndies have shown, that CaM 
kinases II play an important role in glucose-stimulated insulin release. A 
dysfunction of this enzyme is thought to playa part in the multifunctional genesis 
of the type 2 diabetes mellitus. The aim of this study was the characterization of 
the CaM kinase II isoforms which are present in human /3-ceUs, and which 
isoforms are predominantly expressed. Methods: A human insulinoma eDNA 
library was screened and several clones of the CaM kinase II /3, y and Ii were 
detected. For RT-PCR primers of the isoforms /3, y and Ii were designed according 
to the sequence of the eDNA clones, while a primer pair of the isoform a was 
created form a partial sequence published in GenBank. Total RNA from isolated 
human /3-cells was reverse transcribed into cDNA and amplified by PCR The 
expression levels of the CaM kinase II isoforms were determined by quantitative 
PCR using an internal DNA standard and by the comparison with the expression 
level of pyruvate dehydrogenase (PDH). Results: mRNA of the CaM kinase II 
isoforms /3, y and Ii but not a were detected in human /3-ce1ls. The CaM kinase II 
/3, subtype, previously described in human islets, was not found. The expression 
levels of the subtypes J3 and Ii were eqnivalent, whereas the subtype y was 10 fold 
lower expressed. The expression level of the housekeeping enzyme PDH was 
similar to the isoforms /3 and II. Conclusion: The CaM kinase II isoforms /3 and II 
are predominantly expressed in human /3-<:ells at the same level of PDH. The high 
expression level of CaM kinases II /3 and II indicate their important role in /3-<:ell 
physiology. 

446 
APO E POLYMORPHISM IS NOT ASSOCIATED WITH THE OCCURRENCE 
OF MACROVASCULAR COMPLICATIONS IN CZECH NIDOM PATIENTS 
B.Bendlova' , LMazura1

, 1. Vcela.k\ K. Vondral
, 1. Perusicova\ D. PalyzovcF, 

J. Svatos3 and P. Miksova 3 'Institute of Endocrinology, '3rd Oep. ofMedicine, 
Charles University, 3EuroMise, Prague, Czech Republic 
Apolipoprotein E (apo E) plays a central role in the lipoprotein metabolism and 
polymorphism of the apo E gene is thought an important genetic factor for the 
development of macrovascular complications. Aims: We investigated the association 
of apo E genotypes (2/2, 2/3; 3/3; 3/4, 4/4 detected by Hha I digestion of PCR 
products) with lipid status and prevalence of macrovascular complications in 
patients with NIDOM (0, n~262) and the impact of polymorphism on lipid levels 
and glycemic control in juvenile hypertensives (lIP, n~68) and controls (HC, n~66). 
Results: There were no signif. differences in the frequencies of apo E alleles and 
genotypes between the study groups which did not differ from Czech general 
population (OP.n~211), (X' (O,OS), n.s.). Serum total cholesterol (CH) and LOL-CH 
levels signif. differ according to apo E genotypes in D (Spearman corr. coef., CH: 
p~0039; LOL-CH: p~O,O 116, ANOVA, CH: ~0,0008). The higher levels of CH, 
LOL-CH as well as HDL-CH and triacylglycerols were identified in persons wiili 
apo E 3/4 and 4/4, and were more pronounced in women (due to the positive 
average effects of 04 allele on these variables in women). The higher occurrence of 
treated hypertension and ischemic heart disease in apo E 3/4 and 4/4 carriers was 
observed but it did not reach the stat. signif. There was also no correlation between 
apo E genotype and the occurrence of myocardial infarction, stroke, 
microalbuminuria, glucose control and any oilier screened metabolic parameter (X' 
test, exact test of independence, Spearman corr. coer., ANOVA were used). Apo E 
was not signif. related to glucose control in juvenile hypertensives and controls, but 
iliose wiili apo E 2/3 tended to ilie lowest fasting glucose, fasting and stimulated 
C-peptide and insulin levels. Conclusions: In spite of the iulluence of apo E 
polymorphism on CH and LOL-CH levels our study showed no signif. differencies 
in the occurrence of macrovascular complications in patients with longterm NIOOM 
in relation to apo E genotype. Supported by grants IGA MH 5395-5 and COST B5. 
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445 
VITAMIN 0 RECEPTOR ALLELES AND VITAMIN 0 LEVELS IN GERMAN 
NIOOM PATIENTS. 
H. Rau, J. Braun, K. Schmidt*, K Plock, H. Donner, A. Sch6neberger*, KH. Usadel 
and K Badenhoop. Med. Dept. I, J. W. Goeilie-University Hospital FrankfurtlMain, 
*KVB-Klinik, K6nigsteinlTs., FRO 

Alterations of vitamin 0 metabolism are well documented for experimental and 
human diabetes mellitus. Vitamin 0 deficiency impairs insulin release. Vitamin 0 
receptors (VDR) are not only present in organs related to calcium metabolism but 
can be found in a variety of other tissues. VDR genotypes iulluence VDR gene 
transcription and/or mRNA stability, and common polymorphisms in ilie VDR gene 
are associated with IDOM and insulin secretion. Aims: To determine ilie impact of 
VDR polymorphisms in the pathogenesis of NIDOM. Materials and Methods: 
Vitamin 0 levels were studied together with VDR polymorphisms in 29 female and 
43 male caucasian German patients wiili NIDOM. VDR genotypes were analysed 
from genomic DNA using PCR and restriction enzyme digestion wiili BsmI, ApaI 
and TaqJ. Vitamin 0 levels, HbA j , as well as fasting and postprandial blood glucose, 
insulin and c-peptide were evaluated using commercially available kits. Results: The 
distribution of VDR genotypes among NIDOM patients (AA 40%, Aa 33%, aa 27%; 
BB 18%, Bb S2%, bb 30%; TT 3S%, Tt 38%, tt 27%) did not differ from 200 
matched controls and was also similar to controls reported by several American, 
Australian and French studies. However, the frequency of the b allele was 
significantly more frequent in patients when additional 192 patients wiili NIDOM 
were analysed for ilie BsmI RFLP (S8% vs. Sl%, p<0.03%). There was no 
association of VDR polymorphisms with anti-diabetic medication, glycaemic control, 
insulin or c-peptide levels. Carriers of the bb genotype had significantly lower 2S
hydroxyvitamin 0 levels than patients wiili ilie Bb genotype (bb 13.1±S.7nglml vs. 
Bb 19.0±7.8nglml, p~O.OI, BB 16.7±6.3nglml). A similar, however, statistically not 
significant trend was found for calcitriol. Conclusions: The results do not rule out 
that VDR polymorphisms contribute to genetic susceptibility in NIDOM in the 
studied German population. Further studies on different ethnic populations and 
larger numbers are warranted to elucidate the iulluence of VDR polymorphisms on 
vitamin 0 levels and ilie pailiogenesis of NIDOM. 

447 
THE SST-I POLYMORPHISM AT THE APOC3 GENE LOCUS IN A POPULATION -BASED 
STUDY: ASSOCIATION WITH AN ATHEROGENIC LIPID PROFILE IN MEN. 
G.Russo, P.Couture, D.Cucinotta, PW.F. Wilson, LA Cupples, J.D. Otvos, E.J.Schaefer, and 
J.M.Ordovas. JM-USDA-HNRCA at Tufts University. Boston. MA. 

Aims: Apolipoprotein (apo)CIII is a major component of chylomicrons and very low density 
lipoproteins (VLDL), and is also present on high density lipoproteins (HDL). The APOC3 gene 
is clustered with the APOA 1 and APOA4 genes on chromosome 11 q23. 
An Sst1 polymorphism on the 3' untranslated region of the APOC3 gene has been described 
and the rare allele (S2) has been associated with higher triglycerides (TG), total cholesterol 
(TC), and apo CIII plasma levels on several, but not all, studies. The aim of this study was to 
assess whether the S2 allele has a significant effect on plasma lipids and coronary heart 
disease (CHD) risk in a large population-based study: The Framingham Offspring Study. 
Materials and Methods: The Sst! polymorphism was examined in 2485 study participants 
(1219 males, 1266 females) using PCR and restriction endonuclease analysis with Sst!. 
Results: The frequency of the S2 allele was 0.09, consistent with previous reports in 
Caucasian populations. We found a gender specific association between the presence of the 
S2 allele and plasma lipid concentrations. In men, the S2 allele was associated with 
significantly lower HDL cholesterol (p<0.04) and HDL2 cholesterol (p<0.02) levels; whereas in 
women the association was observed with increased total-(p<O.03), LDL·cholesterol (p<O.03) 
and apo B levels (p<O.04). The previously reported association of the S2 allele with higher TG 
and apo Clilleveis was noted only in men, but it did not reach statistical significance. 
However, S2 male carriers had significantly smaller particle size (p<O.04), as assessed by 
nuclear magnetic resonance. The presence of the 52 allele did not affect CHD risk or the age 
of onset in this normal population. 
Conclusions: The associations of the S2 allele at the APOC3 locus with lower HDL-C, 
increased TG levels and smaller LDL size observed in males, suggest that this genetic variant 
could exacerbate the atherogenic lipoprotein profile characteristic of diabetic subjects, thus 
increasing their atherogenic risk. 

HUMAN HUMAN HUMAN 
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448 
ANALYSIS OF THE NKX 2.2 GENE FOR MUTATIONS IN PATIENTS 
WITH LATE ONSET TYPE 2 DIABETES 

J.N. Jensen, L. Hansen, T. Hansen, H. Eiberg, O. Pedersen, Steno Diabe
tes Center and Hagedorn Research Institute, Copenhagen, Denmark 

Aim. Since disruption of the NKX 2.2 gene in mice results in congenital 
diabetes we tested the hypothesis that variability of the human NKX 2.2 
gene is associated with subsets of type 2 diabetes 
Methods and Materials. The coding region of the NKX 2.2 gene was ex
amined by combined single strand conformational polymorphism - hetero
duplex analysis of genomic DNA from 244 Danish Caucasian patients with 
late onset type 2 diabetes. Two of the three identified variants were sub
jected to association studies comprising the 244 diabetic patients and 236 
matched glucose tolerant control subjects. 
Results. 

Variant 
P190 (ccg/cag) 
A42T (gcc/acc) 
G 152A (ggg/gcg) 

Allelic frequency 
Diabetic patients Glucose tolerant controls 
0,002 Not analysed 
0,08 0,07 
0,03 0,02 

The A42T and G152A polymorphisms were not associated with diabetes. 
The P190 mutation was detected in only one family comprising 3 genera
tions. The mutation however, did not segregate with diabetes nor did it af
fectthe age of diabetes onset. 
In conclusion. We have identified amino acid substitutions in the coding 
region of the NKX 2.2 gene. None of them are associated with late onset 
type 2 diabetes among Danish Caucasians. 

450 
DETECTION OF A NEW VARIANT IN TIIE MITOCHONDRIAL GLYCEROL 
PHOSPHATE DEHYDROGENASE GENE IN SPANISH TYPE 2 DM PATIENTS. 
Gudayol. M., Usac. E.F .. Costa. A and Gomis. R. Endocrinology and Diabetes Unit. 
Medical Department. IDIBAPS. Hospital Clinic of Barcelona . 
Screening for mutations in the FAD-linked glycerolphosphate dehydrogenase gene 
(mGPDH) has yielded positive results in some individuals with type 2 OM. Our 
recently findings. have shown the existence of mutations affecting the amino-acid 
sequence of the FAD binding-<lomain in one type 2 DM patient. The aim of the 
present study was to evaluate if defects in the FAD binding-<iomain of the mGPDH 
gene could contribute to the susceptibility to type 2 OM. Methods: Human genomic 
DNA was extracted from peripheral blood leukocytes. Screening by single strand 
conformational polymorphism (SSCP) was carried out on 151 type 2 OM patients 
and 13 9 non diabetic control Caucasian subjects. The nucleotide changes 
corresponding to each abnormal SSCP were determined by direct sequencing. 
Results: An electrophoretic variant pattern was detected by SSCP screening of the 
mGPDH gene in six subjects ( 5 type 2 DM subjects / I control subject). Direct 
sequencing of the DNA fragments with the variable pattern revealed the same 
mutations in the intron-3: A single substitution (T-A) at position 18 and 6 base pair 
deletion situated at position 26. These nucleotides changes were found in 
beterozygous form. Subjects with the intron mutation compared to those type 2 DM 

subjects without the mutation, were older (69.8 ± 1.5 vs. 62.7 ± 13.2, p< 0.001) and 
the evolution time of their diabetes was longer (24.2 ± Il.l vs. 12.6 ± 8.7, p< 
0.005). Members of the proband's families were also studied Only one of these 
studied families showed cosegregation. A part from the proband, two women (his 
sister an his niece) who have had a gestational diabetes shared the same pattern. We 
have not further observed those mutations previously found affecting the amino-acid 
sequence of the F AD-binding-<lomain. Conclusions: New mutations in the mGPDH 
gene are described in type 2 diabetic population. This intron mutation are not in the 
known consensus sequence for splicing, however we can not role out (IS functional 
significance in the correct mechanism of the F AD-binding-<iomain mRNA 
transcription. 

449 
CLINICAL CHARACTERISTICS OF TYPE 2 DIABETES MELLITUS THAT IS 
LINKED WITH CHROMOSOME 20q 
M.T. Malecki " L. Ji " S. Curtis " T. Klupa " L.Hanna " S.S. Rich " J.H. 
Warram' and A.S. Krolewski l Joslin Diabetes Center, Harvard Medical School, 
Boston, MA, USA' and Wake Forest University School of Medicine, Winston
Salem,N.C2 

Aims: The report of a genome scan for linkage with obesity, an intervening phenotype 
for type 2 diabetes, described evidence for an obesity gene in the region of chromosome 
20q where we previously fouud evidence for linkage with type 2 diabetes mellitus in 
Caucasians. Our finding has been confirmed in several other family collections. This 
report describes the phenotype of the diabetes liuked with this region and examines the 
region for evidence in our families for linkage with obesity. Materials and Methods: 
Our family collection has growu from 29 to 43 families and includes 526 genotyped 
individuals, 263 with diabetes. Fifteen microsatellite markers spanning the entire length 
of chromosome 20 were genotyped. Nonparametric linkage analyses for type 2 diabetes 
and obesity (defined as BMI>30.0) were done by GENEHUNTER. Results: We fouud 
linkage with type 2 diabetes at a single region on chromosome 20q. The maximum NPL 
score (4.1, p=5.0xI0"), corresponding to a lod score 3.51 (Z't21n(IO)), for all families 
occurred at marker D20S196. There was evidence of heterogeneity as 7 families had a 
maximum NPL scores over 2.1 (Iod >1.0). The 43 diabetic patients in these 7 families 
were characterized by a middle to late age at onset of diabetes (mean=46 years) and 
obesity (mean BMI= 30.1). In these regards, they were indistinguishable from the 223 
affected individuals in the remaining 36 families. Both groups were characterized by 
fasting and post-challenge hyperinsulinemia. We found no evidence for linkage of 
markers on chromosome 20q with obesity. Conclusions: We provide further evidence 
for strong linkage between type 2 diabetes and a specific region on chromosome 20q. 
Diabetes in the linked and unlinked fumilies was similar with regard to age at onset, 
obesity, fasting and post-challenge insulin levels. The recently described obesity locus on 
chromosome 20q does not contribute to the development of type 2 diabetes in our family 
collection. 

451 
HETEROPLASMY LEVELS OF THE A3243G MUTATION, HLA DQ 
POLYMORPHISM AND PHENOTYPE OF MA TERNALL Y INHERITED 
DIABETES AND DEAFNESS. 
E.H.R. van Essen, B.O. Roep, L.M. 't Hart, J.J. Janssen, J.M.W. van den Ouweland, 
H.H.PJ. Lemkes, AJ. Maassen, Leiden, The Netherlands 

Aims: Maternally Inherited Diabetes and Deathess (MIDD) associates with a 
mutation at position 3243 in mitochondrial DNA. Phenotypic expression ofMIDD 
includes type 1 and type 2-like diabetes. We examined whether the degree of 
heteroplasmy in leukocyte and oral mucosa DNA and HLA haplotypes influence 
clinical expression of the 3243 mutation. 
Materials and Methods: In a group of20 unrelated probands with MIDD, eight 
having type I-like diabetes, twelve with type 2-like diabetes, HLA DQ and 
heteroplasmy levels for the 3243 mutation were determined. HLA DQAIIDQB I 
phenotypes were categorised as predisposing, neutral or protective for autoinuuune
mediated Type I diabetes. 
Results: No differences were observed between type I and type 2-like MIDD groups 
with respect to the cumulative frequency of protective and predisposing haplotypes. 
Predisposing HLA-DQ types are mOfe prevalent in MIDD patients than in 
autoimmune type 1 diabetic patients (p<0.05). Heteroplasmy levels for the 3243 
mutation showed large variations in patients, ranging from I % to 52% in leukocyte 
DNA. A strong relationship was seen between heteroplasmy values in leukocyte DNA 
and DNA from oral mucosa cells (r=0.89, p<O.OOI). No correlation was observed 
between the degree ofheteroplasmy and diabetic phenotype, even when group size 
was extended with diabetic relatives of patients with MIDD. The onset age of diabetes 
was not correlated with heteroplasmy levels, but heteroplasmy levels decreased with 
age. 
Conclusions: We conclude that the phenotype of diabetes in MIDD is independent of 
HLA haplotype and independent of the degree ofheteroplasmy indicating that other, 
as yet unknown, factors modulate clinical expression of the A3243G mitochondrial 
mutation. 



452 
MITOCHONDRIAL DNA MUTATIONS ARE ASSOCIATED WITH BOTH 
DECREASED INSULIN SECRETION AND PROGRESSION OF MICRO
VASCULAR COMPLICATIONS IN JAPANESE DIABETIC SUBJECTS 
S. Nakano, M. Fukuda, K. Maejima, N. Imaizumi, M. Kitazawa, 
M. Nishizawa, T. Kigosbi, and K. Uchida. Div. of Endocrinology, Dpt. of 
Int. Med., Kanazawa Med. Univ., Ishikawa, Japan. 
Aims: To assess the roles of mitochondrial (Mt) DNA mutations in 
diabetic and nondiabetic subjects, we screened Mt DNAs at the 3243 base 
pair (bp) and its adjacent portion in diabetic and nondiabetic subjects. 
Furthermore, to clarify the clinical features of diabetic subjects harboring 
an Mt DNA mutation, we evaluated the ability of insulin secretion and 
microvascular complications in diabetic suhjects. 
Materials and Methods: Baseline characteristics in lUuelated 537 
diabetic subjects and 612 nondiabetic subjects were exanined, and 
microvascular complications and insulin secretory capacity in diabetic 
subjects were newly evaluated Mt DNAs isolated from peripheral 
leukocytes were analyzed by PCR. 
Results: Eight kinds (np 3243, 3316, 3394, 3714, 3593, 3639, 3391, and 
3537) of the Mt DNA mutations found in 74 subjects were point mutations. 
The numbers of affected diabetic and nondiabetic subjects were 45 (8.4%) 
and 29 (4.7%)(p=O.012), respectively. There was no difference in the 
prevalence of maternally inherited diabetes between these two groups. The 
mean level of urinary C-peptide excretion was lower in diabetic subjects 
with an Mt DNA mutation (DM+) than in those without it (DM-). Diabetic 
retinopathy and nephropathy in DM+ were serious, in comparison with 
those in DM-. Furthermore, a logistic regression analysis revealed that 
advanced retinopathy and decreased urinary C-peptide excretion in all 
diabetic subjects studied were strongly related to the presence of Mt DNA 
mutation. 
Conclusions: Our results suggest that Mt DNA mutations are related to 
the development of diabetes, and also that these mutations are associated 
with not only a decrease in insulin secretion but also progression of diabetic 
microvascular complications. 
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454 
CHARACTERISATION OF GLUCOKINASE INTERACTING 
PROTEINS TROUGH A PHAGE DISPLAY PEPTIDE LIBRARY 

Baltrusch S, Tiedge M, Lenzen S, Institute of Clinical Biochemistry, 
Hannover Medical SchOOl, 30623 Hannover, Germany 
Aims: The glucose recognition enzyme glucokinase (GK) is regulated in 
liver through an interaction with a regulatory protein (GRP). It was the 
aim of this study to identify potential interacting proteins of glucokinase 
by a systematic approach which may have a glucokinase regulatory 
function in pancreatic beta cells. Methods: Recombinant human beta 
cell glucokinase was fixed to a solid support by a His-Tag and screened 
for interaction with a phage display peptide library of l2-mer random 
pep tides fused to a minor coat protein pIlI of the M 13 phage. Through 
biopanning steps of high stringency specific GK-interacting peptide se
quences were enriched. GK interaction of the consensus pep tides and 
complete proteins was verified by ELISA sandwich assays, protein 
binding assays and the yeast GAL4 two-hybrid system. Results: Two 
proteins showed a strong interaction with human beta cell GK: I. The 
GRP of the liver and 2. the bifunctional glycolytic enzyme 6-
phosphofructo-2-kinase/fructose-2,6-bisphosphatase (PFK II) with a 
consensus motif of six amino acids corresponding to a Il-sheet of the 
fructose-2,6-bisphosphatase domain. Binding studies and two-hybrid 
assays revealed that the binding is specific for GK and that the interac
tion of GRP with GK is stronger than that of PFK II. Conclusion: The 
interaction of GK with the glycolytic enzyme PFK II may provide a pos
sible mechanism of posttranslational regulation of GK in pancreatic beta 
cells through formation of a multienzyme complex which favours meta
bolic channeling as well as modulation of GK enzyme activity. The 
GKlPFK II complex may trigger oscillatory metabolic phenomena in 
pancreatic beta cells which have a significant impact on stimulus
secretion coupling. 
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453 
ACCURATE DETECTION OF LOW PERCENTAGES OF MUTATION 
A3243G IN BLOOD USING A NEW NON-RADIOACTIVE METHOD. 
C.Derrien, D.Maugendre, E.Sonnet, J.Y.Le Gall', H.Allannic and 
V.David*. Service de Diab6tologie, Hopital Sud and * Departement de 
Biologie moleculaire, Hopital Pontchaillou, 35000 Rennes, France. 
Aims: The A3243G mitochondrial DNA mutation, the most common 
cause for mitochondria1 diabetes mellitus, is usually detected in blood using 
PCR, Apa I restriction enzyme analysis and agarose ethidium bromide 
staining. This is a simple but insensitive method. However, sensitive 
screening procedures for mtDNA mutations must be used for testing 
patients diagnosed with only diabetes mellitus, who usually carry low levels 
of heteroplasmic DNA mutations. The most sensitive method to date is 
based on autoradiography, but radioactive methods are expensive, lengthy 
and prohibited in some laboratories. Consequently the aim of the study 
was to test a new non-radioactive method of detection for the 
mitochondrial A3243G mutation. Materials and Methods: DNA 
samples were collected from 50 diabetic patients with deafness and/or 
maternally inherited diabetes mellitus. The same Apa I digests were firstly 
revealed by standard ethidium bromide staining and secondly by 6% 
polyacrylamide gel electrophoresis stained with silver. Results: Using 
standard method, A3243G mutation was detected in only 4 patients. Using 
polyacrylamide silver staining, A3243G mutation was clearly identifiable 
in 6 patients. Furthermore, when only a faint band was visible for one 
patient's undiluted PCR-product after standard method, the same sample 
diluted with 118 was clearly identifiable using polyacrylamide silver 
staining. Conclusions: We suggest that the non-radioactive method 
based on 6% polyacrylamide gel electrophoresis stained with silver could 
be more sensitive than the standard method in identifying the A3243G 
mutation and the other known mitochondrial DNA mutations. 

455 
IMPORTANCE OF CYSTEINE RESIDUES FOR THE STABILITY 
AND CATALYTIC ACTIVITY OF HUMAN GLUCOKINASE 

M. Tiedge, T. Richter and S. Lenzen, Institute of Clinical Biochemistry, 
Hannover Medical School, D-30623 Hannover, Germany 
Aims: The glucose phosphorylating enzyme glucokinase is the glucose sen
sor in pancreatic beta cells. It was the aim of the study to characterise the 
importance of cysteine residues for the catalytic function using the SH 
group reagent alloxan as a tool. Methods: Wild-type and mutant human 
beta cell glucokinase protein was expressed in E. coli bacteria and purified 
by metal chelate chromatography. Formation of intramolecular disulphide 
bridges was shown through the electrophoretic band pattern after controlled 
proteolysis by proteinase K. Cysteine residues (C) were exchanged by ser
ine through site-directed mutagenesis. Results: Incubation of glucokinase 
with alloxan induced the formation of multiple intramolecular disulphide 
bridges corresponding to a double band pattern (58 and 49 kDa) in non
reducing SDS PAGE due to different conformations of the protein. Muta
tion of cysteine residues could not prevent the formation of the 49 kDa glu
cokinase species after alloxan treatment. The cysteine mutants C233, C252 
and C382 showed a complete loss of catalytic activity. The V wax values of 
the C213, C220, C364 and C371 mutants for glucose and mannose were 
significantly (p < 0.01) decreased by 30-60 % whereas the C230 mutant 
showed kinetic characteristics comparable to that of wild-type glucokinase. 
The sensitivity of the C213, C230, C364 and C371 mutants towards an 
alloxan-induced inhibition of enzyme activity was up to tenfold lower (p < 
0.01) compared to wild-type glucokinase. Conclusion: The data provide 
evidence that multiple intramolecular disulphide bridges contribute to the 
well-known instability of the glucokinase enzyme. The identification of 
sensitive cysteine targets may help to develop strategies which protect glu
cokinase against sulfhydryl attack and oxidative stress. In particular the 
C230 mutant may serve as a glucose sensor with an imprOVed stability in 
insulin-secreting surrogate cells for diabetes gene therapy. 
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456 
IDENTIFICATION OF A NOVEL GLUCOSE-STIMULATED, 
STRESS-ACTIVATED KINASE IN PANCREATIC ISLETS. 
G. da Silva Xavier, M. Dickens and G.A. Rutter. (University of 
Bristol, Department of Biochemistry, School of Medical 
Sciences, University Walk, Clifton, Bristol, BS8 lTD.) 
AIMS: Elevated extracellular glucose concentrations may 
stimulate the transcription of preproinsulin and other genes 
through the activation of stress-activated protein kinases 
(SAPKs) including SAPK2 (also called p38 or reactivating 
kinase, RK). In-gel kinase assay was used to measure the 
activation of SAPK2, and identifY novel glucose regulated 
members of this fiunily. Materials and methods: The 
transcription factor and SAPK target Activating Transcription 
Factor 2 (ATF2) was immobilised on 10% SDS-PAGE gels as a 
fusion protein with Glutathione-S-Transferase (GST-ATF2). 
Total cell extracts from glucose-, UV- or TPA-stimulated rat 
islets of Langerhans were subjected to separation on the 
substrate-containing gel and subsequently exposed to r_32p_ 
A TP. Activation of the kinases was quantitated via 
measurements of 32p incorporated into individual bands. 
Results: Whilst SAPK2 was poorly (-1.5 fold) stimulated by 
incubation of islets at elevated glucose concentrations, the 
activity of an ATF2 kinase of relative molecular mass close to 63 
kDa (p63) was stimulated -7 fold by 16.6 versus 3mM glucose. 
This activation, which was maximal after 15 min., could be 
mimicked by cellular stresses including UV irradiation, but was 
markedly smaller at high glucose concentrations (> 30mM). 
Conclusions: p63 may have an important role in signal 
transduction between glucose metabolism and gene expression, 
some of which have previously been attributed to SAPK2. 

458 
PANCREATIC J3-CELL PROLIFERATION INVOLVES P42/44 
MITOGEN-ACTIVATED PROTEIN KINASES 
C.J. BURNS, P.E. SQUIRES, S.L. HOWELL and S,J, PERSAUD 
Endocrinology and Reproduction Research Group, School of Biomedical 
Sciences, King's College London, Campden Hill Road, London W8 7 AH 
AIMS: We have previously identified the p42/44 mitogen-activated protein 
kinases (MAPKs) in adult rat islets and the MIN6 J3-cell line, and have 
demonstrated that signalling through these enzymes is not required for 
regulated insulin release. Since MAPKs have been shown to be involved in 
the transduction of mitogenic signals in other cell types, the aim of this 
study was to investigate the involvement of p42/44 MAPKs in the 
proliferation of the MIN6 J3-cell line, METHODS AND RESULTS: 
Exposure of 24h serum-starved MIN6 J3-cells to I-IS% (v/v) foetal calf 
serum (FCS) for 24h induced significant increases in J3-cell proliferation, as 
assessed by colorimetric detection of bromodeoxyuridine (BrdU) 
incorporation into newly synthesised DNA using an HRP-coupled anti
BrdU antibody (0% FCS, 100±4,9%; 1% FCS, 173±14.3; 2% FCS, 
24S±J3.I%; IS% FCS, 228±18.8, P<O.OOI vs 0% FCS, n=6), Inhibition of 
p42/44 MAPK activities by PD0980S9 (pD; 20f,lM, 4h) significantly 
inhibited FCS-stimulated MIN6 J3-cell proliferation (S3±7% FCS
stimulated, P<O,OOI, n=6). BrdU incorporation was also assessed by 
fluorescence immunocytochemistry, using a FITC-conjugated anti-BrdU 
antibody to detect BrdU incorporation, In these experiments PD (SO or 
100f,lM) also significantly reduced the levels of FCS-stimulated BrdU 
incorporation into MIN6 J3-cell DNA, with a more marked inhibitory effect 
at 100f,lM (SOf,lM PD, P<O.OS; 100f,lM, P<O.OI). PD, at concentrations up to 
100f,lM, had little effect on cell appearance or cell viability as assessed by 
measuring Trypan blue uptake. CONCLUSION: These data implicate 
signalling through the p42/44 MAPK pathways in the regulation of MIN6 J3-
cell proliferation. 

457 
INVOLVEMENT OF MAPKAP KINASE-2 IN IL-lfl INDUCTION 
OF NITRIC OXIDE SYNTHASE IN ruT-TIS CELLS 
V. D. Belin, and I. C. Green. Biochemistry Department, University of 
Sussex and School of Pharmacy and Biomolecular Sciences, University 
of Brighton, Sussex, U.K. 
Preliminary studies using an inhibitor of p38 MAPK, suggest a role for 
this kinase in IL-IB signalling. A potential candidate for downstream 
signalling events is MAPKAP kinase-2 which is known to be 
phosphorylated by p38. Aims: To use transfection, in addition to 
inhibitor studies, to determine the potential role ofMAPKAP kinase-2 as 
an effector for p38 during IL-l B induction of nitric oxide synthase 
(iNOS) in liT-TIS cells. Materials and Methods: HIT cells were 
transiently transfected with a catalytically inactive (dominant negative, 
ON) mutant of murine MAPKAP kinase-2 or control vector (pCR™3) 
alone. After 48h incubation with IL-IB (I00pmol/l), insulin secretion, 
nitrite formation and iNOS protein expression were determined. Results: 
Transfected cells express the ON MAPKAP kinase-2 as determined by 
western blotting for c-myc which is tagged to the gene. IL-IB treatment 
decreased glucose-induced insulin secretion in untransfected and control
transfected cells. IL-IB inhibition of insulin secretion was not reversed 
by transfection with the ON MAPKAP kinase-2. However, IL-IB 
induction of nitrite formation was partially reversed in cells expressing 
the DN MAPKAP kinase-2, compared to cells transfected with the vector 
alone (from 17.9±0.9 to 14.3±0.2f,lmolll; p<O.OI). These results are in 
agreement with those obtained using the p38MAPK inhibitor, SB203S80 
(SOf,lmolll). Western blotting for iNOS similarly showed reduced 
expression of the enzyme (by 50%) in cells transfected with the ON 
construct. Conclusions: Transient transfection experiments utilising a 
dominant negative kinase construct suggest that IL-I B induction of nitric 
oxide synthase may be mediated partly by MAPKAP kinase-2. 

459 
ATF-2 MEDIATES SIGNAL TRANSDUCTION FROM 

Ca2+ICALMODULIN-DEPENDENT PROTEIN KINASE IV IN INSULIN 

GENE EXPRESSION 

N. Ban, Y. Yamada, Y. Someya, Y. Ihara, K. Tsuda, and Y. Seino. 

Department of Metabolism and Clinical Nutrition, Kyoto University Graduate 

School of Medicine, Kyoto 606-8S07, Japan. 

We previously reported that the transcriptional factor ATF-2 binds to the 

cyclic AMP-responsive elements (CREs) of the human insulin gene. Here, 

we report that ATF-2 enhances glucose-induced insulin promoter activity 

when transfected into rat primary cultured islets, while CREB represses it. 

The transcriptional activity of ATF-2 was enhanced by Ca2+/calmodulin

dependent protein kinase IV (CaMKIV), but not by cyclic AMP-dependent 

protein kinase (PKA) or Ca2+/calmodulin-dependent protein kinase II 

(CaMKII). Mutagenesis study showed that the Thr", Thr7l, and Thr" of 

A TF-2 are necessary for the activation by CaMKIV. The CaMKlV -induced 

ATF-2 transactivity was not mediated by the activation of c-Jun NH,-terminal 

protein kinase (JNK) or p38 MAP kinase. Co-transfection with CBP or p300 

expression plasmids further increased the transcriptional activity of ATF-2 

induced by CaMKIV. Transcription of the human insulin gene, enhanced by 

the elevated intracellular concentration of calcium ions, was completely 

blocked by Ca2+/calmodulin-dependent protein kinase inhibitor. These 

results suggest that A TF-2 increases insulin gene expression in pancreatic ~

cells through activation by CaMKIV. 



460 
GLUCOKINASE-SENSITIVE GLUCOSE METABOLISM IN INS-l 
CELLS OVEREXPRESSING LACTATE DEHYDROGENASE 

O. Alcazar, M. Tiedge and S. Lenzen, Institute of Clinical 
Biochemistry, Hannover Medical School, 0-30623 Hannover/Germany 

Aims: The channelling of glucose metabolic flux towards mitochondrial oxidation 
is critical for initiation of insulin secretion. However, the precise regulatory 
principles in the control of oxidative versus anaerobic glycolysis are still 
unresolved. It was the aim of this study to characterise the role of lactate 
dehydrogenase (LDH) as a metabolic modulator in insulin-secreting INS-l cells. 
Methods: The M-isofonn ofLDH was stably transfected in INS-I cells. Cell clones 
with a 20-fold and S-fold overexpression of LDH were selected through their 
mRNA, protein and enzyme levels. The dichotomy of anaerobic and aerobic 
glucose metabolism was measured by the production of l4C02 from D-[U
l4C]glucose and lactate release into the medium. Results: INS-l cells with a 20-fold 
overexpression of LDH showed a 40 % decrease of the glucose oxidation rate at 
high glucose concentration (16.7 mM) compared with control cells (p < 0.05) 
whereas glucose oxidation at I mM glucose was only slightly reduced by IS %. 
Lactate release was increased by 200 % at 16.7 mM glucose and 80 % at I mM 
glucose (20-fold LDH overexpressing INS-I cells vs. control cells). S-fold 
overexpression of LDH resulted in a 30 % decrease of glucose oxidation at 16.7 
mM glucose compared with controls (p < 0.05) whereas no difference was observed 
at I mM glucose. Lactate release was significantly increased (70 %) only at 16.7 
mM. Nevertheless, the insulin secretory response was not significantly modified by 
the overexpression of LDH. Conclusion: The data provide evidence that 
glucokinase-mediated but not hexokinase-mediated glycolytic flux is highly 
sensitive towards anaerobic lactate production by LDH. The preferential 
channelling of aerobic glucose metabolism by glucokinase in pancreatic beta cells 
may explain the low constitutive expression levels ofLDH. 

462 
THE NOVEL HYPOGLYCEMIC AGENT nT-608 IS A PHOSPHODIESTERASE 

INHIBITOR 
E Mukai, H Ishida, S Fujimoto, M Kajikawa, J Fujita, Y Tsuura, Y Yamada, and Y 
Seino. Department of Metabolism & Clinical Nutrition, Kyoto University Faculty of 

Medicine, Kyoto, Japan 

Aims: We studied the effects of the novel hypoglycemic ageot1TT-608 [trans-4-(4-
methylcyc1ohexyl)-4-oxobutyric acid] on insulin secretion from pancreatic islets, and 

analyzed the mechanism of its effect. Methods: Insulin secretory capacity by static 

incubation and in perifusion conditions from isolated intact islets, Ca2+-induced 
insulin secretion from electrically permeabilized islets, and the intracellular Ca2

+ 

concentration ([Ca2+]i) by fluorescence measurement were examined. Results: lTT-
608 augmented 8.3 mM glucose-induced insulin secretion dose-dependently, and 

there was a stimulatory effect of 100 flM JTT -608 at both moderate and high 

concentrations (8.3,11.1 and 16.7 mM) of glucose but not at low concentrations (3.3 
and 5.5 mM). In perifusion experiments, both phases of insulin release were 
enhanced, and the effect was eliminated 10 min after withdrawal of the agent. In the 

presence of 200 flM diazoxide and a depolarizing concentration (30 mM) of K+, 

there was an augmentation of insulin secretion by 100 IlM JTT-608, not only under 

high levels of glucose but also under low levels, and the effects were abolished by 10 

flM nitrendipine. JTT-608 augmented insulin secretion from electrically 

permeabilized islets in the presence of stimulatory concentrations (0.3 and 1.0 IlM) 

of Ca2+, and [Ca2+]; response under 16.7 mM glucose, 200 flM diazoxide, and 30 

mM K+ also was augmented. In addition, the cAMP content in the islets was 

increased by 100 J.IM JTT-608, and a synergic effect with 1 IlM forskolin was 

observed, but not in the presence of 50 flM 3-isobuthyl-l-methylxanthine. JTT -608 

was found to inhibit phosphodiesterase (PDE) activity dose-dependently. 

Conclusions: We conclude that JTT-608 augments insulin secretion by enhancing 

Ca2
+ efficacy and by increasing Ca2

+ influx which is a result of the increased 

intracellular cAMP concentration due to PDE inhibition. 

461 
POTENTIAL GENES INVOLVED IN HUMAN ~-CELL GROWTH 
STIMULATION AFTER UNI-LATERALNEPHRECTOMY 
B. Tyrberg, C. Carlsson and A. Andersson. Department of Medical Cell Biology, 
Uppsala University, Uppsala. Sweden. 

We have previously shown that the proliferative activity of adult human ~-cel1s is 
quite limited, but, nevertheless, glucose stimulates human ~-cel1 proliferation in 
vitro. We have also shown that mouse islet cell proliferation in a subcapsular renal 
graft is considerably stimulated, when the recipient is nephrectomized. Aims: To 
investigate whether transplanted human ~-cells increase their proliferative activity 
when stimulated by growth factors released after uni-Iateral nephrectomy, and to 
explore which islet cell genes are differentially expressed after such a stimulation. 
Methods: Human islets, prepared from a total of 8 heart-beating organ donors (~ 
cell Transplant, Brussels), were transplanted (day 0) under the kidney capsule of nude 
CS7bll6J mice. The recipients were either sham-operated or uni-laterally 
nephrectomized on day 14. For cell proliferation analysis, a BrdU tablet was 
implanted s.c. in the neck region at the same time as the nephrectomy, or BrdU was 
injected 2h prior to killing of the mice on day IS, 17 or 19. The labelling index (LI; 
i.e. % of labelled cells over total number of cells) for ~-cells was estimated by light 
microscopy after double immunohistochemistry for insulin and BrdU. For 
differential display, grafts were harvested on day IS and 17 and total RNA was 
extracted. RT-PCR was perlormed with random primer pairs and the results 
displayed on large polyacrylamide gels. where differentially displayed bands could be 
examined. Results: In uni-laterally nephrectomized mice, human ~-cells 
transplanted under the kidney capsule were affected by the growth stimulation and 
increased their proliferative rate with 190% compared to sham-operated controls, 
during a 5 day period (0.30±0.06 vs. 0.12±0.04; p<O.OI paired t-test). After pulse
labelling with BrdU. ~-cell LI was increased with 50% compared to controls 3 days 
after nephrectomy, whereas LI had not yet begun to increase I day after 
nephrectomy. Preliminary results show that I and 3 days after nephrectomy 2 genes 
were differentially displayed, whereas 2 other genes were no longer expressed 
compared to sham-operated controls. Conclusions: The present experimental 
model is probably the first in which human ~-cell growth stimulation is both 
induced and experimentally monitored. Four genes potentially involved in human 
islet-cell proliferation have been identified and are currently being sequenced and 
further investigated. 
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D-GLUCOSE METABOLISM IN RAT ISLETS EXPOSED TO 
DIAZOXIDE AND HIGH K+ CONCENTRA nONS 
F. Malaisse-Lagae, S. Picton, A. Laghmich, L. Ladriere and W.J. Malaisse, 
Laboratory of Experimental Medicine, Brussels Free University, Brussels, 

Belgium 
Aims: Even in the presence of diazoxide, D-glucose stimulates insulin 
release provided that the B-cell is exposed to a high concentration of K+. The 
metabolism of the hexose was now investigated in isolated islets incubated 
under such experimental conditions. Methods: The metabolism of D-[5-
3H]glucose and D-[UYC]glucose was measured in islets from fed rats over 

120 min incubation. Results: At high (16.7 mmolll) but not low (5.6 
mmolll) D-glucose concentration, diazoxide (0.25 mmolll) decreased the 
paired ratio between I·CO, and 3HOH generation, this coinciding with a 

higher net production of I'C-labelled amino acids and acidic metabolites. 
Whether in the absence or presence of diazoxide, equimolar substitution of 
NaCI by KCI, to raise the K+ concentration from 5 to 90 mmolll, decreased 
modestly, but significantly, both the oxidation of D-[U-14C]glucose and 
utilization of D-[5-3H]glucose, at least at high concentrations of the hexose 
(8.3 and 16.7 mmol/l). At a normal K+ concentration, the absence ofCa'+ (no 
CaC!" EGTA I mmolll) decreased the production of 3HOH and, even more 

so, that of "CO" these changes being again most marked at a high 
concentration of D-glucose. An inhibition of the catabolism of D-glucose 
(16.7 mmolll) attributable to Ca'+ deprivation was also documented in islets 

exposed to a high K+ concentration (90 mmolll) and diazoxide. Conclusions: 
Whilst confirming the key role of cellular Ca'+ accumulation in the 
preferential stimulation of oxidative events in glucose-stimulated islets, these 
findings indicate that the experimental conditions currently used to 
investigate the component of D-glucose insulinotropic action not attributable 
to the closing of ATP-sensitive K+ channels only cause a modest impairment 
of its catabolism in islet cells. 

465 
POTENTIATION OF GLUCOSE-INDUCED INSULIN RELEASE WITHOUT 
CORRESPONDING CHANGES IN OXYGEN CONSUMPTION 
H. Ortsatcr, P. Liss, K.E.O. Akerman and P. Bergsten, Departments of Medical 
Cell Biology and Physiology. Uppsala university. Uppsala, Sweden 
The islet respiratory response to a rise in glucose is one of the primary triggering 
factors leading to insulin release. This response varies between islets under 
physiological conditions. The corresponding insulin secretion of the islets via 
this Ca2+-dependent pathway is, however, tightly coupled to the inter-islet varia
tion in the respiratory response. It is not know if stimulation of insulin release via 
the Ca2+--independent pathway is correlated to changes in oxygen consumption. 
Aim: We have examined the respiratory and secretory responses of individual 
islets stimulated by activators of proteinkinase A and C. Materials and meth
ods: Oxygen tension (p02) and insulin release were measured simultaneously 
from indIvidual islets isolated from the ob/ob mouse. The islets were perifused at 
3 or 11 roM glucose either at I .28 mM Ca2+ or in a Ca2+ -deficient medium (0.5 
mM EGTA) in the presence or absence of 100 nM phorbol myristate acetate 
(PMA) and 10 ~M forskolin. Results: Similar glucose-induced decreases in pO, 
were observed both with Ca2+ -containing and -deficient media in the absence or 
presence of PMA and forskolin. When decrease in pOl was plotted against insu
lin release at 11 mM glucose for individual islets, the correlation obtained under 
physiological conditions (r2=0.95 p<0.05) was no longer present when islets 
were peri fused with Cal+-deficient medium, which inhibited insulin release. 
Although insulin release was restored to levels obtained under physiological 
conditions when PMA and forskolin were present in Ca2+ -deficient medium, no 
correlation was found between respiratory and sccretory changes in the individ
ual islets. Also, when PMA and forskolin were present in Ca2+-containing me
dium there was no correlation between respiratory changes and the 3-fold in
crease in insulin release induced by the activators. Conclusion: Activation of 
PKA and PKC potentiates glucose-induced insulin release from individual islets 
without corresponding changes in respiration. 

464 
Does biphasic insulin secretion require Krebs-cycle anaplerosis ? 

J. Tamarit-Rodriguez, A. Mukala-Nsengu-Tshibangu, S. Fernandez and E. 
Gine.Complutense University, School of Medicine,Department of 
Biochemistry,Madrid-28040,Spain. 

Aims: We have tested the hypothesis that a sustained stimulation of insulin secretion 
requires not only feeding the Krebs cycle with acetyl-CoA but also the anaplerotic 
replenishment of cycle intennediates.Materials and methods: For that purpose, 
isolated rat islets were perifused with substrates that are metabolized exclusively to 
acetyl-CoA (10 mm01l1 L-leucine) and to a cycle intennediate (10 mm01l1 L-glutamine, 
succinic acid dimethyl ester or SAD, and D-glucose), and the secretion of insulin was 
radioimmunologically measured (ng/min x 40 islets) in the effluent every minute. 
Results: L-leucine induced a transien~ monophasic stimulation of insulin secretion that 
lasted for 10-15 minutes. Depolarization with 30 mm01l1 K+ mimicked L-leucine 
stimulation. L-glutamine, which is not a secretagogue by itself, did not significantly 
modify depolarization-induced secretion, even in the presence of 3 mmol/l glucose 
(0.40 ±0.06,n~13 vs. 0.33 ±0.06,n~II;N.S.). However, it induced a second phase of 
release, after the first phase initiated by L-leucine, that doubled the the rate of secretion 
(o.n ±0.09,n~12 vs. 0.32 ±0.04,n=ll;p<0.01). A subthreshold glucose concentration 
(3 mmolll) could partially substitute for L-glutamine and sustain in time the transient 
secretory effect ofL-leucine (0.56 ±O.l, n~7 vs. 0.32 ±0.04,n~ll;p<0.05).This effect 
was even more pronunced at 6 mmolll glucose (0.92 ±0.I,n~13 vs. 0.32 
±0.04,n~1l;p<0.001). SAD alone triggered a biphasic insulin secretion at 10 mm01l1 
that was not significantly modified by L-leucine (0.71 ±0.15,n~9 vs. 0.83 ± 
O.I,n~lO;N.S.) and was lower than that induced by a maximum glucose stimulus. At 
3 mmolll, SAD stimulated a low, but sustained, rate of insulin secretion that was 
significantly increased in the presence of L-leucine (0.18 ±0.02,n~9 vs. 0.44 
±0.04,n=8;p<0.001).Conc1usions: The faclthat the monophasic stimulation of insulin 
secretion by L-leucine is made biphasic by L-glutamine, and low concentrations of 
glucose or SAD, supports the need of the anaplerotic replenishment of Krebs cycle 
intermediates for a sustained secretion. 

466 
2-DEOXYGLUCOSE INHIBITS GLUCOSE METABOLISM BUT NOT INSULIN 
SECRETION IN HIT-Tl5 CELLS IN NUTRIENT-RICH DMEM MEDIUM. 

S. Hu, S. Wang, , E.S. Roos, J.S. Gounarides, M.J. Shapiro, C.J de Souza, and K.K. 
Papas; Novartis Institute for Biomedical Research. Summit, NJ, USA. 

Aims: To investigate the effects of inhibitors of glycolysis on glucose-stimulated 
insulin secretion (GSIS) in phosphate buffered saline (PBS), and a medium 
(DMEM) containing exogenous nutrients other than glucose (such as amino acids). 

Materials and Methods: We employed multi-nuclear NMR spectroscopy, the 
perforated patch-clamp method, and conventional enzymatic and insulin assays to 
study the effects of 2-deoxyglucose (2-DG) on glucose metabolism, cellular 
bioenergetics, KATP current, and GSIS in the glucose responsive HIT-TI5 cell line. 

Results: In DMEM and in the presence of 20mM glucose (G20), 2-DG treatment 
(20mM) reduced the glucose utilization rate by n±5%, completely blocked the 
incorporation of [l-IJC] glucose into [3-1JC] lactate, reduced its incorporation into 
[4-"C] glutamate by 56 ± 3 %, decreased the cellular ATP and the ATP/ADP ratio 
by 30±3 and 70±3 respectively, activated KATP channels by 82± 18% but failed to 
inhibit GSIS. Similar behavior was observed in PBS with the notable exception of 
GSIS, which was inhibited. Furthennore, 2-DG markedly opened KAT' channels in 
GO-DMEM (by 195±6%), suggesting that it may act on the channel independently 
of its inhibition of glucose metabolism. The effect of 2-DG was not observed in GO
PBS, exemplifying the importance of incubation media on experimental outcome 
and conclusions. All reported effects were statistically significant (p<O.OI). 

Conclusions: The dissociation of GSIS from glucose metabolism, ATP, the 
ATP/ADP ratio, and KATP current in DMEM imply that KAT' channel-independent 
mechanism(s) may function to regulate GSIS in more physiological nutrient-rich 
media. Therefore, these results warrant further experimentation and re-evaluation of 
the role of glucose metabolism in GSIS under more physiologically relevant 
conditions. 



467 
EFFECTS OF INCUBATION MEDIA ON STIMULUS-SECRETION COUPLING 
IN HIT-TIS CELLS: BUFFERED SALINES VERSUS NUTRIENT-RICH DMEM. 

K.K. Papas, E.S. Roos, S. Wang, J.S. Gounarides, MJ. Shapiro, CJ. de Souza, and 
S. Hu; Novartis Institute for Biomedical Research, Summit, NJ, USA. 

Aims: To investigate the physiological relevance of incubation media used for p-cell 
metabolism and stimulus-secretion coupling. 
Materials and Methods: Multinuclear NMR spectroscopy, the perforated patch
clamp method, and conventional glucose and insulin assays were used to study 
glucose metabolism, cellular bioenergetics, KATP current, and insulin secretion in 
HIT-TIS cells incubated in several traditionally used buffered salines (PBS, KRB, 
and HBSS) and a more physiological nutrient-rich DMEM medium. All media 
contained 20mM glucose (G20). 
Results: We demonstrate (Table) that at elevated glucose (G20): I) the measured 
glucose consumption (GCR), and insulin secretion (ISR) rates are higher in DMEM 
than in PBS and HBSS; 2) GCR in KRB is comparable to that measured in DMEM, 
but ISR is lower and similar to that measured in PBS and HBSS; 3) The KATP current 
is substantially lower in DMEM than in any of the salines; 4) overall activity ofKATP 
current does not correlate to the measured GCR, ISR, the intracellular levels of ATP, 
and the ATP/ADP ratio. (*) Indicates statistical significance (p<O.OI) when 
compared to G20-DMEM [Control]. Values are % of control (means ± SD). 

DMEM HBSS KRB PBS 
GCR 100±09 7S±04* IIS±06 76±04* 
ATP 100±06 7S±06* SI±03* 90±11 
ATP/ADP 100±l2 71±22 62±02* 74±04* 
KArp Current 100 191±14* 226±70* 420±92* 
ISR IOO±OS 31±O2* 34±OI* 29±OI* 

Conclusions: At the same glucose concentration (G20) medium composition has a 
prominent influence on HIT-TIS cell metabolism, electrophysiology, and insulin 
secretion. We believe that these observations warrant careful consideration in 
choosing incubation media for investigations of p-cell metabolism and stimulus
secretion coupling, and further experimentation in incubation media mimicking the 
in vivo environment as closely as possible. 

469 
UPTAKE, CATIONIC EFFECTS AND INSULINOTROPIC ACTION OF L
ARGININE AND ITS METHYL ESTER IN PANCREATIC ISLETS 
A. Sener, M.M. Kadiata, K. Louchami, H. Jijakli and W.J. Malaisse. 
Laboratory of Experimental Medicine, Brussels Free University, Brussels, 
Belgium. 
Aims: The stimulation of insulin release by L-arginine is currently ascribed 
to the transporter-mediated accumulation of this cationic amino acid inside 
the B-cell with resulting depolarization of the plasma membrane. In order to 
further evaluate such a hypothesis, the uptake, cationic and metabolic effects, 
and insulinotropic action of L-arginine were compared to those of its more 
positively charged methyl ester. Methods: The net uptake of L-[U- 14C]
arginine or its methyl ester, corrected for extracellular contamination and 
expressed relative to the paired 3HOH space, the outflow of 86Rb and "Ca 
from pre labelled perifused islets, the net uptake of "Ca, the oxidation of D
[UYC]glucose and utilization of D-[5-3H]glucose and the release of insulin 
were measured in pancreatic islets isolated from fed Wistar rats. Results: L
arginine (10 mmol/I) increased 86Rb outflow, 40Ca2+ influx, 4SCa net uptake 

and insulin release in islets exposed to D-glucose (6.0 to 16.7 mmolll), its 
insulinotropic action displaying the same dependency on extracellular Ca2

+ as 
that of the hexose. In contrast, its ester (also 10 mmol/l) decreased 86Rb 
outflow, inhibited "Ca net uptake, only caused a modest increase in insulin 
output at intermediate concentrations of D-glucose (6.0 to 8.3 mmol/l), and 
even inhibited secretion at 16.7 mmol/l D-glucose. Over 5-20 min 
incubation, the net uptake of L-[U-14C]arginine methyl ester was also much 
lower than that of unesterified L-[U-14C]arginine. Both L-arginine and its 
ester failed to affect significantly D-[U)4C]glucose oxidation, D-[5-
3H]glucose utilization or the paired ratio between these two metabolic 
variables. Conclusions: These findings are consistent with the hypothesis 
that the transport of L-arginine by a specific carrier system represents an 
essential determinant of its insulinotropic action. 

468 
AN INSULINOTROPIC EFFECT OF VITAMIN D ANALOG THROUGH NON
GENOMIC SIGNAL TRANSDUCTION IN PANCREATIC B CELLS 
M, Kajikawa, H. Ishida, S. Fujimoto, E. Mukai, Y. Tsuura, 
J. Fujita, M. Nishimura, and Y. Seino, Department of Metabolism and 
Clinical Nutrition, Kyoto University Fuculty of Medicine, Kyoto, Japan 
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Aims: We investigated non-genomic effect of vitamin D via a putative membrane 

vitamin D receptor (mVDR) on insulin release from rat pancreatic B cells, using a 
specific agonist of mVDR, 1a,25(OHplumisterob. Methods: Insulin secretory 
capacity by static incubation and perifusion condition from intact islets, Ca" efficacy 
in exocytotic system using electricaJly permeabilized islets, and intracellular Ca" 
concentration ([Ca"]i) by fluorescent measurement were examined. Results: 
1a,25(OH)2Iumisterob (IN) dose-dependently augmented 16.7 mmol/I glucose
induced insulin release from rat pancreatic islets but had no effect on low 
concentrations (below 8.3 mmol/I) of glucose-induced insulin release. The 
insulinotropic effect of IN was also observed in the presence of a depolarizing 
concentration (30 mmol/I) of K+, 200 Ilmol/I diazoxide and 16.7 mmol/I glucose, 
and in this condition, [Ca"]i was increased by IN. These effects were completely 
abolished by an antagonist of m VDR, 1B,25-dihydroxyvitamin D3 (lB,25(OH)2D3), 
or by a blocker of voltage dependent Ca" channels (VDCC), nitrendipine. Moreover, 
the fact that IN had no effect on insulin release and elevated [Ca"]i in the presence of 
30 mmol/I K', 200 Ilmol/I diazoxide and 3.3 mmol/I glucose and that it had no 
insulinotropic effect in the presence of S mmol/I K', 200 Ilmol/I diazoxide and 16.7 
mmol/I glucose indicates that both sufficient membrane depolarization and 
intracellular glucose metabolism is needed for the expression of these effects. On the 
other hand, IN did not increase Ca2

+ efficacy in the exocytotic system. 

Conclusions: Vitamin D analog, 1a,25(OH)2Iumisterob has a rapid 
insulinotropic effect through non-genomic signal transduction via m VDR , that 
would be dependent on the augmentation of Ca" influx through VDCC on plasma 
membrane, being also linked to metabolic signals derived from glucose in pancreatic 
B cells. 

470 
AMINO ACIDS REGULATE GLUCAGON SECRETION AND 

SYNTHESIS IN CLONAL ISLET ALPHA CELLS 

A.S. Rajan, S. Kuang, D. Iyer, J.D. Waddell' and B,R. Holloway', 
Division of Endocrinology, Baylor College of Medicine, One Baylor 
Plaza, Houston, Texas 77030, USA; ·CM&M Research Dept., Zeneca 
Pharmaceuticals, Mereside Alderely Park, Macclesfield, Cheshire SK 10 
4TG, England. 

A relative or absolute increase in glucagon secretion from pancreatic islet 
a-cells is associated with every form of diabetes. However, the 
molecular mechanisms that regulate glucagon synthesis and secretion 
have not been well characterized, and may yield useful insights for 
therapeutic management of diabetes. Since isolation of normal islet a
cells for use in biochemical studies is difficult, in this study we have used 
a clonal islet a-cell line (aTC-6) as an in vitro model of a-cells. In static 
incubation assays, an amino acid mixture of glutamine, arginine and 
alanine (AA mix, 10-20 mM) induced an - 2-fold increase in glucagon 
secretion over basal levels during a one hour incubation period. The AA 
mix stimulation of glucagon release was attenuated by calcium channel 
blockade with nimodipine (1 IlM). Chronic exposure of aTC-6 cells to 
AA mix induced a steady state elevation of glucagon mRNA levels (-
2.5-fold increase at 24 hours). Furthermore, AA mix increased 
expression of a glucagon gene promoter-luciferase fusion gene in 

transiently transfected aTC-6 cells. The effects of AA mix on glucagon 
gene transcription were attenuated by nimodipine. These results 

demonstrate that amino acids regulate islet a-cell function with effects 
on both glucagon synthesis and secretion, and that these processes 
involve intracellular calcium signaling pathways. 
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PS22 
Stimulus-Secretion Coupling 
in Islet Cells 
471 
ENGINEERING OF PYRUV ATE- OR LACTATE-STIMULATED 
INSULIN SECRETION IN PANCREATIC ISLETS. 
R. Ishihara, R. Wang, and C.B. Wollheim, Div. of Clinical Biochemistry, 
Dept. ofIntemal Medicine, University of Geneva, Switzerland. 
Aims: Neither pyruvate nor lactate stimulates insulin secretion from 
pancreatic islets, despite their active metabolism. Recent studies 
demonstrated that activities of monocarboxylate transporter (MGT) and 
lactate dehydrogenase (LDR) are low in J3-cells compared to non-J3-cells, 
suggesting that these molecules are mainly metabolized in non-J3-cells. To 
test whether low activities of LDR and MCT in J3-cells are responsible for the 
lack of insulinotropic action of pyruvate or lactate in islets, we examined 
effects of overexpression of type I MCT (MCTI) andlor type A LDR 
(LDRA) in insulinoma INS-I cells, or isolated rat islets. Methods: LDRA 
overexpression in INS-I cells was achieved by stable transfection of rabbit 
LDRA under the tetracycline-inducible promoter. Overexpression ofLDRA 
in islets and ofMCTl in either INS-l cells or islets was achieved via 
recombinant adenovirus infection. Results: Inducible overexpression of 
LDRA resulted in an 87-fold (p<O.OOI) increase in LDR activity in INS-I 
cells. Adenovirus-mediated overexpression of MeTl increased lactate 
transport activity 3.4-fold (p<0.05) in INS-I cells. Although overexpression 
of LDRA andlor MCT! did not affect glucose-stimulated insulin secretion, 
LDRA overexpression caused a 2-fold (p<0.05) increase in lactate (2 
mmoVL)-stimulated insulin secretion in INS-I cells. Overexpression of 
MCT! resulted in a 1.9-fold (p<0.05) increase in pyruvate (10 mmoVL) 
oxidation and caused pyruvate-stimulated insulin secretion (3.2-fold, p<0.05) 
in islets. Although lactate (10 mmoVL) did not stimulate insulin secretion 
from control and MCT!-overexpressing islets, co-overexpression of LDRA 
and MCT! resulted in lactate-stimulated insulin secretion (3.5-fold, p<0.05) 
with a concomitant 3.8-fold increase (p<O.OJ) in lactate oxidation in islets. 
Conclusions: These data suggest that low activities of LDR and MCT in 13-
cells protect against stimulation by pyruvate and lactate, which would 
otherwise cause undesired insulin secretion during catabolic states, such as 
exercise. 

473 
EFFECTS OF EXTRACELLULAR pH ON THE lNSULlNOTROPIC 
ACTION OF a-D-GLUCOSE PENTAACETATE 
G. Ayvaz, A. Sener and W.J. Malaisse. Laboratory of Experimental 
Medicine, Brussels Free University, Brussels, Belgium. 
Aims: The pentaacetate ester of a-D-glucose stimulates insulin release. 
Its insulinotropic action appears mainly attributable to its intracellular 
hydrolysis, resulting in a transient and modest decrease of cytosolic pH, 
and further catabolism of its hexose moiety in islet cells. A direct effect 
of the ester itself upon a receptor apparently displaying analogy with· 
that involved in the recognition of bitter agents by taste buds may also 
be operative, however. In the present study, the influence of 
extracellular pH on the secretory response of rat isolated pancreatic 

islets to a-D-glucose pentaacetate was investigated. Materials and 

Methods: Groups of 8 islets each were incubated for 90 min in the 

absence or presence of a-D-glucose pentaacetate (1.7 mmol/l), D
glucose (7.0 mmolll) and L-leucine (10.0 mmol/l) at pH 7.0, 7.4 or 8.0. 
Changes in extracellular pH were achieved by equimolar substitution of 

NaCI by NaHC03. Results: The insulinotropic action of a-D-glucose 
pentaacetate was preserved, except in the absence of any other 
exogenous nutrient, when the extracellular pH was raised from 7.4 to 
8.0. Inversely, however, when the extracellular pH was lowered to 

about 7.0, a-D-glucose pentaacetate inhibited both basal and D
glucose- or L-leucine-stimulated insulin output. Conclusions: These 
findings are interpreted to support a dual mode of action of a-D

glucose pentaacetate upon insulin secretion, a lowering of extracellular 
pH revealing a negative component of the islet B-cell functional 
response to such a monosaccharide ester. 

472 
ISOMERIC AND ANOMERIC SPECIFICITY OF THE lNSULlNOTROPIC 
ACTION OF GLUCOSE PENTAACETATE 
M.M. Kadiata, A. Laghmich and W.J. Malaisse. Laboratory of Experimental 
Medicine, Brussels Free University, Brussels, Belgium. 
Aims: Both the D- and L-isomers of glucose pentaacetate were recently 
reported to stimulate insulin release. In the present study, the anomeric 
stability of these esters and the anomeric specificity of their insulinotropic 
action were investigated. Method: The a- and B-anomers of D- and L
glucose pentaacetate were synthesized by esterification of the corresponding 
hexoses in the presence of Lewis acid or sodium acetate, respectively. The 
anomeric stability of the esters in salt-balanced media was assessed over 120 
min incubation at 37°C by proton NMR. Insulin release from rat islets was 
measured over 90 min incubation. Results: No anomeric interconversion 
and no sizeable hydrolysis of the esters of D- and L-glucose were observed 
after 120 min incubation at 37°C. In the presence of 2.8 mmolll D-glucose, 
the anomers of D-glucose pentaacetate augmented insulin release much more 
efficiently than the anomers of L-glucose pentaacetate. Unexpectedly, B-D
glucose pentaacetate increased insulin output to a greater extent than a-D
glucose pentaacetate. The two anomers of L-glucose pentaacetate yielded 
comparable secretory rates. At 2.8 mmol!1 D-glucose, the increment in 
insulin output evoked by nateglinide (10 !lmol!l) was also higher in the 
presence of B- than a-D-glucose pentaacetate. Conclnsions: While being 
consistent with the nutritional value of 0- as distinct from L-glucose, these 
findings suggest a far-from-negligible direct contribution of the glucose 
pentaacetate esters themselves in their insulinotropic action, with possible 
preference for the C1 configuration of B- rather than a-D-glucose 
pentaacetate. This information may help in the selection of monosaccharide 
esters for optimization of the B-cell secretory response to hypoglycemic 
sulfonylureas or meglitinide analogs in NIDDM. 

474 
EFFECTS OF a-D-GLUCOSE PENTAACETATE, B-L-GLUCOSE 
PENTAACETATE AND B-D-GALACTOSE PENTAACETATE ON THE 
REDOX STATE OF PURIFIED RAT ISLET B-CELLS 
D. Mercan and W.J. Malaisse. Laboratory of Experimental Medicine, 
Brussels Free University, Brussels, Belgium. 
Aims: In order to assess the nutritional value of a-D-glucose pentaacetate 
(a-D-GluPA), B-L-glucose pentaacetate (B-L-gluPA) and B-D-galactose 
pentaacetate (each 1.7 mmolll), their effects on NAD(P)H autofluorescence 
was measured in rat islet B-cells deprived of any other exogenous nutrient or 
exposed to either 8.3 mmolll D-glucose or 10.0 mmolll L-Ieucine. Methods: 
Dispersed rat islet cells loaded with Flu03-AM were analyzed on a flow 
cytometer to measure their NAD(P)H autofluorescence. The cytometer was 
calibrated with multi-level fluorescent beads immediately before each series 
of measurements. Results: Within I min, D-glucose, but not L-Ieucine, 
increased the NAD(P)H signal. Except in the presence of D-glucose, it was 
further increased by a-D-gluP A. Such was not the case with the other two 
esters. A comparable situation was found after 45 min incubation, except that 
B-L-gluPA now also slightly but significantly increased the NAD(P)H signal 
in cells exposed to L-leucine. The paired ratio between the 45th min and 
initial readings was always higher than unity in cells exposed to D-glucose, 
whilst being lower than unity in cells deprived of any exogenous nutrient. 
Relative to the latter value, it was increased by a-D-gluPA, but not the two 
other esters. In the presence of L-Ieucine, both a-D- and B-L-gluPA also 
increased this paired ratio above the corresponding control value recorded in 
the sole presence of the amino acid. Conclnsions: These findings are 
consistent with the view that, among the 3 esters, only a-D-gluPA acts as a 
nutrient in B-cells. The late increase of the NAD(P)H signal in the cells 
exposed to both L-Ieucine and B-LgluPA may be attributable to both the 
modest nutritional value ofthe amino acid and its enhancement by B-L-gluPA 
secondary to mitochondrial CaH accumulation. 



475 
EXPRESSION OF THE a-GUSTDUCIN, A TASTE-CELL-SPECIFIC G 
PROTEIN, IN ISLET B-CELLS 
J. Rasschaert and W.J. Malaisse. Laboratory of Experimental Medicine, 
Brussels Free University, Brussels, Belgium. 
Aims: It was recently reported that selected esters of non-metabolized 
monosaccharides, such as a- or B-L-glucose pentaacetate, stimulate insulin 
release both in vitro and in vivo. The insulinotropic action of such esters 
cannot be attributed to the catabolism of either their glucidic or acidic 
moieties. It was proposed, therefore, that L-glucose pentaacetate itself may 
directly interact with a yet unidentified receptor, in a manner reminiscent of 
that involved in the recognition of bitter compounds by taste buds. These 
esters indeed display a bitter taste. Since the taste of bitter compounds is 
thought to be transduced at the intervention of a taste-specific-cell G protein, 
gustducin, it was now investigated whether a-gustducin is expressed in 
pancreatic islet cells. Methods: Specific primers designed according to the 
published sequence of the rat lingual epithelium were used in rt-PCR 
amplification to obtain a specific fragment of the G protein a subunit. After 
subcloning and sequencing, the PCR products were labelled by the 
digoxigenin method and used as specific probe in order to determine the 
expression of the a-gustducin by Northern hybridization. Results: After rt
PCR amplification, a specific fragment of the a-gustducin was obtained in rat 
tongue (used as positive control), pancreatic islets and pancreatic purified B
cells. The sequence of the a-gustducin fragment obtained from purified B
cells was comparable to that reported for the rat lingual epithelium. Specific 
transcripts of the a-gustducin gene were identified by Northern blot of total 
RNA from rat lingual epithelium, pancreatic islets and R1Nm5F cells. 
Conclusions: These results demonstrate the expression of the taste-cell
specific G protein a-gustducin in pancreatic islet B-cells. Together with the 
discovery that L-glucose pentaacetate stimulates insulin, this could open the 
way to identification of a novel pathway for activation of islet B-cells. 

477 
INTRACELLULAR SIGNALLING AND 4-HYDROXYISOLEUCINE 
INSULINOTROPIC EFFECT. 
C. Broca'.', J. Fernandez-Alvarez', M. Manteghetti', R. Gross', Y. Sauvaire', P. 
Petit', R. Gomis' and G. Ribes'. 'UMR 9921 du CNRS, Univ. Montpellier I, France; 
'Endocrinology and Diabetes Unit. Hospital Clinic Barcelona, Spain; 'Lab. 
Phannaco!., Fac. Med., UPRES EA 1677, Univ. Montpellier I, France. 

We have previously reported that 4-hydroxyisoleucine (4-0H-Ile), an amino acid 
extracted and purified from fenugreek seeds (Trigonella foenum graecum L) 
stimulates insulin release only in the presence of intennediate to high glucose 
concentrations and does not interact with other insulinotropic agents as leucine or 
arginine. Moreover, we have shown that 4-0H-Ile has only a weak effect on ATP 
dependent potassium conductance. The present study was aimed at investigating 
further the pancreatic B cell mechanisms involved in the stimulus-secretion coupling 
of 4-0H-Ile. For this purpose, in islets of Langerhans isolated from nonnal rats and 
incubated in the presence of intennediate glucose concentration (8.3 mmolll) 
different sets of experiments were perfonned. Our results show that: (i) the addition 
of a calcium channel blocker, verapamil (50 f1molll), prevents the insulinotropic 
effect of 4-0H-Ile (200 f1molll); (ii) 4-0H-Ile (200 f1molll) increases glucose 
induced insulin release (2.02 ± 0.18 ng/isletJ30 min versus \.58 ± 0.12 for control, 
p < 0.05) without modifying cAMP content (1.2 ± 0.1 final/islet versus 1.1 ± 0.05 
for control and 12.3 ± \,2 for 0.5 mmolll IBMX); (iii) glucose utilization was 
significantly enhanced in the presence of 4-0H-Ile at 200 f1molll (70.2 ± 9.1 pmol 
H,o/isletJ90 min versus 45.1 ± 4.3 for control, p < 0.05), without any significant 
change in glucose oxydation (I \.0 ± \,7 pmol CO,/isletJ90 min versus 13.0 ± \.8 for 
control) nor in lactate fonnation (1.11 ± 0.09 f1mollisletJ90 min versus 0.99 ± 0.16 
for control and 2.03 ± 0.05 for I mmolll phenfonnin). In conclusion, our data show 
that calcium influx is necessary to the insulinotropic effect of 4-0H-Ile; this effect is 
not related to an increase in cAMP content, but appears rather mediated by an action 
on early steps of glucose metabolism. 
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476 
METABOLIC AND SECRETORY INTERACTIONS BETWEEN 

D-GLUCOSE AND D-FRUCTOSE IN ISLETS FROM GK RATS 

M.-H. Giroix, O. Scruel, L. Ladriere, A. Sener, B. Portha and W.J. Malaisse 
Laboratory of Nutrition Physiopathology, University Paris 7, Paris, France 
and Laboratory of Experimental Medicine, Brussels Free University, 
Brussels, Belgium 
Aim: It was recently proposed that the reciprocal effects of D-glucose and D
fructose on their respective metabolism in islets from normal rats may 
optimize the insulin secretory response to these hexoses after food intake. 
The present study aims at investigating whether a comparable situation 
prevails in islets from hereditarily diabetic GK rats. Methods: Metabolic 
variables and insulin release were measured over 120 min incubation of 
isolated islets in the presence of D-glucose and/or D-fructose (10 mmol/l 
each). Results: In GK, like in normal rats, D-fructose failed to affect 
significantly the utilization of D-[5-3Hjglucose and oxidation of D_[U-14C] 
glucose, D-[1-14C]glucose or D-[6-14C]glucose. Likewise, in GK as in normal 
animals, D-glucose inhibited D-[5-3Hjfructose utilization, but augmented D
[U-14C]fructose oxidation. The concentration-response relationship for such 
an effect was also comparable in control and GK rats. Despite such analogies 
between normal and GK rats, D-fructose was less efficient in the latter than 
former animals in its capacity to augment glucose-stimulated insulin release. 
Thus, the concentration of D-fructose required to cause a significant increase 
in insulin output from islets exposed to D-glucose amounted to 30 mmol/l in 
GK rats, as distinct from 10 mmol/l or less in control rats. Moreover, the 
relative extent of such an increase, at 30 mmol/l D-fructose, was lower in GK 
than control rats. Conclusions: The contrast between a normal metabolic and 
altered secretory response to D-fructose in GK rats reinforces the view that 
the insuJinotropic action of the keto hexose cannot be entirely accounted for 
by its nutritional value in islets cells. 

478 
PARTICIPATION OF FRUCTOKINASE TO D-FRUCTOSE 
PHOSPHORYLATION IN PANCREATIC ISLETS 
W.J. Malaisse, M.-H. Giroix, O. Scruel, B. Portha and A. Sener. Laboratory 
of Experimental Medicine, Brussels Free University, Brussels, Belgium and 
Laboratory of Nutrition Physiopathology, University Paris 7, Paris, France 
Aims: In islet homogenates, D-fructose phosphorylation is catalyzed by hexo
kinase, glucokinase and fructokinase. The respective contributions of each of 
these enzymes to D-fructose phosphorylation in intact islets, incubated in the 
absence or presence of D-glucose, is not known, however. To progress on 
such an issue, the metabolism of D-glucose andlor D-fructose was inves
tigated, therefore, in intact islets. Methods: Isolated pancreatic islets from 
normal rats, GK rats and adult animals injected with streptozotocin during the 
neonatal period (STZ rats) were incubated for 120 min for measurements of 
I4CO, and 3HOH production from [S_3Hj_ and [UYC]-labelled D-glucose 
andlor D-fructose (10 mmol/l each). Results: D-fructose failed to affect 
significantly the metabolism of D-glucose. D-glucose, however, lowered D
[5-3Hlfructose utilization, whilst increasing D-[U_14C]-fructose oxidation. 
The most salient finding consisted in the fact that, in the concomitant pre
sence of both hexoses, the paired ratio between D-[U-14C)-fructose oxidation 
and D-[S-3H)fructose utilization (49.4 ± 2.2 %; n = 53) was higher than that 
between D-[UYC]glucose oxidation and D-[S-3H)-glucose utilization (38.S ± 
1.1 %; n = 40). From these ratios, and assuming isotopic equilibration of D
[U-14C]glucose 6-phosphate and D-[U-14C]-fructose 6-phosphate, it was 
calculated that the fractional contribution of fructokinase to the 
phosphorylation of D-fructose accounted, in control and GK rats, to at least 
22.0 ± S.4 %. Such a percentage was even higher in islets from STZ rats. 
Conclusions: The present findings indicate that fructokinase participates to a 
far-from-negligible extent to the phosphorylation of D-fructose in intact 
islets. They also imply that the formation of 3HOH from D-[S-3H)fructose 
underestimates sensibly the true phosphorylation rate of the keto hexose. 
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Potassium Channels in the 
Regulation of Insulin Secretion 
479 
DOWN REGULATION OF KATP-CHANNEL-DEPENDENT AND 
-INDEPENDENT INSULINOTROPIC ACTIONS OF TOLBUTAMIDE 

N.H. McClenaghan, AJ. Ball and P.R. Flatt, School of Biomedical 
Sciences, University of Ulster, Coleraine, BT52 ISA, N. Ireland, U.K. 

KATP"channel-dependent and KAlP-channel-independent insulin-releasing 
actions of tolbutamide, were examined in the clonal BRIN-BDII cell 
line. In acute 20 min incubations (n=6), 50-400 Ilmolll tolbutamide 
stimulated a 1.3-2. I-fold increase (p<O.OI-p<O.OOI) in insulin release at 
1.1 mmolll glucose (2.02 ± 0.18 ng/l06 cells120 min, mean ± SEM). 
Raising the glucose concentration to 16.7 mmolll in the presence of 
depolarizing concentrations (200-400 flIDollI) of tolbutamide stimulated a 
1.4-fold (p<O.OI) increase in insulin secretion, reinforcing the KATP
channel-independent actions of glucose. Under depolarizing conditions 
(30 mmolll KCI and 16.7 mmol/l glucose; 14.37 ± 0.51 ngll06 ceUs/20 
min) 100-400 Ilmolll tolbutamide evoked a 1.2-1.3-fold (p<0.05-
p<O.OI) dose-dependent insulin secretory response. Culture (3-18 h) 
with 100 Ilmolll tolbutamide reduced (16-31%, p<O.OI) subsequent 
responsiveness to acute challenge with 200 flIDol/l tolbutamide, in a time
dependent manner (p<O.OI). Similarly, 18 h culture with 100 Ilmolll 
tolbutamide removed the KAlP-channel-independent actions of this agent 
without significantly reducing the depolarizing effect of 30 mmolll KCI 
itself. Notably, culture with tolbutamide also caused a 20% decrease 
(p<O.OO I) in the insulin secretory response to 25 Ilmolll forskolin (7.55 
± 0.15 ng/l06 cells120 min) but not that of 10 nmolll phorbol-12-
myristate 13-acetate. These data demonstrate that prolonged exposure 
to tolbutamide downregulates both the KAlP-channel-dependent and 
-independent insulin-secretory actions of this antidiabetic drug, indicating 
synergistic pathways mediated by common sulphonylurea binding site(s). 

481 
KATP CHANNEL ACTIVATION BY NICORANDll AND RllMAKALIM 

U. Meyer, I. Gross, C. Schwanstecher and M. Schwanstecher; Institute of Phar
macology and Toxicology, University of Braunschweig, Germany 

Aims: Potassium channel openers (KCOs) comprise a structurally diverse group of 
drugs with a broad spectrum of potential therapeutic applications (e.g. hypoglycemia, 
hypertension). These drugs exert their effects on excitable cells (e.g. pancreatic fl
cells, vascular smooth muscle and cardiac myocytes) by opening ATP-sensitive potas
sium channels (KATP channels) thus shifting the membrane potential towards the re
versal potential for potassium and reducing cellular electrical activity. KATP channels 
are composed of a small inwardly rectifying K+ channel subunit (KIR6.x) plus a sul
fonylurea receptor (SUR!, SUR2A or B). Recently, it has been established that SURs 
are the KCO receptors of KATP channels and KCOs of various chemical classes (pina
cidil, levcromakalim, diazoxide) were shown to induce monophasic displacement cur
ves suggesting binding to a single class of receptor sites. However, nicorandil and 
rilmakalim have previously been proposed to bind to receptor sites distinct from the 
pinacidil-type. To test this assumption, binding of these drugs and effects on recombi
nant SUR2B/KIR6.2 channels were analyzed. Methods: Following transient expressi

on of SUR2A or B in COS-7 cells, specific binding of nicorandil and rilmakalim was 
assessed by displacement studies using [,H]PI075. Potencies to activate recombinant 
SUR2B/KIR6.2 channels were measured using the inside-out configuration of the 
patch-clamp technique. Results: ['H]P!075 competition experiments revealed mono
phasic displacement curves with Hill coefficients close to one and dissociation con
stants for binding of nicorandil and rilmakalim to SUR2B of 9 ± 0.6 flM and 30 ± 3 
nM, respectively (N = 5 each). Potencies for activation of SUR2B/KIR6.2 channels 
were 6.8 or 7.5-fold lower than binding affinities with Hill coefficients for the con
centration-activation curves significantly higher than one (1.29 or 1.54, respectively). 
Affinities for binding to SUR2A were 2.5 to 4-fold lower than that for SUR2B. Con
clusion: Nicorandil and rilmakalim exert their effects on KATP channels by inter .. 
action with the pinacidil-type KCO site on sulfonylurea receptors. 

480 
DESENSITIZATION OF INSULIN SECRETION BY INHIBITORS OF 
ATP-DEPENDENT K+ CHANNELS 
I. Rustenbeck" C. Dickel', M. Winkler', and T. Grimmsmann'.'Institute of 
Clinical Biochemistry, Hannover Medical School, D30623 Hannover, Germany; 
'Institute of Pharmacology, University of GOttingen, D3 707 5 GOttingen, Germany 

Aims: to define how prolonged stimulation of pancreatic islets by inhibitors of 
KATP channels leads to a decrease of the secretory responsiveness. Incubation 
of isolated mouse pancreatic islets in a bigh concentration of the sulfonylurea, 
tolbutamide (500 I'M in RPM! 1640 with 5 mM glucose for 18 h) virtually 
abolished the insuIinotropic effect of this compolUld upon renewed stimula
tion, wbi1e control-incubated islets showed a prompt and robust secretory res
ponse. A homologous desensitization of similar magnitude occured after incu
bation in high concentrations of imidazolines (100 f1M phentolamine or 100 
f1M a1inidine), wbi1e the one induced by quinine (100 f1M), was less marked. 
The insulin content of islets desensitized by exposure to the above compmmds 
was not significantly reduced as compared with control-incubated islets. 
When islets were incubated under a strongly depolarizing condition (40 mM 
K' for 18 h), the secretory response of such islets to subsequent stimulation 
with tolbutamide, phento1amine, a1inidine or quinine was reduced, but not to 
the same extent as by homologous desensitization. The increase in cytosolic 
Ca>+ concentration ([Ca"'];) by phentolamine and a1inidine was suppressed in 
desensitized B-cells, wbi1e the [Ca2+]i increase by reexposure to quinine was 
partially reduced and that by tolbutamide lUlcbanged in comparison to con
trol-incubated B-ce11s. KATP channels in intact B-ce11s were blocked and the 
membrane potential was reduced after culture in the presence of phentol
amine, a1inidine or quinine, but not tolbutamide. Conclusion: the desensiti
zation of insulin secretion induced by inlnDitors of KATP channels is not due 
an lDlfesponsiveness of KATP channels, rather, insulin secretion appears to be 
inhibited at later stages, e.g. by a block of Ca2+ influx as induced by phentol
amine, or at steps distal to Ca2+-influx as induced by tolbutamide. 

482 
HYDROCHLOROTHIAZIDE: AN HYPERGLYCAEMIA-INDUCING 
AGENT AND KATP CHANNEL AGONIST IN HUMAN B-CELLS AND 
CLONAL INSULIN-SECRETING CELLS. 
PD. Barnes', R.E. O'Brien', Y.H.A. Abdel-Wahab', K.E. Cosgrove', P.R. Flatt', and 
MJ. Dunne'. 'Biomedical Science Department, Sheffield University, Sheffield, UK; 
'School of Biomedical Science, Ulster University, Coleraine, N. Ireland, UK. 

Aims: Thiazide diuretics are widely used to treat hypertension but are also known to 
impair glucose tolerance and even induce diabetes in some patients. Hydro
chlorothiazide (HCT) is one such diuretic with hyperglycaemic effects. Here, we 
examined whether the diabetogenic actions of ReT involve inhibition of insulin 
secretion and the modulation of ATP-sensitive potassium (KATP) channels in insulin
secreting cells. Methods: Patch clamp experiments were used to monitor the 
regulation ofKATP channels in isolated human l3~cells and in the glucose-responsive 
B-celiline, BRIN-BD!!. Insulin secretion was assessed by RIA. Results: In BRIN
BDI! B-cells, HCT (l-!OOflM) inhibited both 15mM glucose- (n=8) and 100ilM 
tolbutamide (Tol.)-induced secretion (n=8). Significantly, whilst IflM HCT inhibited 
insulin release to near basal values (O.82±0.03nglI06 cells120 min; !OO%) under both 
conditions, the KATP channel agonist diazoxide (DZ; I flM) was without effect: 
glucose (GIu.) = !73±17%, Glu. + HCT = 103±10%, GIu. + DZ = 175±2!% (n=8); 
Tol. = !69±8%, Tol. + HCT = !20±10%, Tol. + DZ = 167±16% (n=8). At higher 
concentrations, both compounds were similarly effective at inhibition of insulin 
release. Using the inside-out configuration of the patch-clamp technique, HCT (lflM-
100flM, n=12-38) activated KATP channels and reversed 0.5mM ATP-induced 
channel inhibition. In the presence of ATP, I flM HCT increased KATP channel 
activity by 2.3±0.3 fold (n=9) and similar effects were seen with IOOflM HCT 
(3.5±1, n=6) and 50flM HCT (3.l±0.4, n=5). In isolated human B-cells (n=!7), IflM 
HCT caused a 2.3±0.3 fold (n=6) increase in KATP channel activity and 100flM HCT 
activated ATP-inhibited channels by 1.98±0.2 fold (n=6). Finally, in both BRIN-
BD II and human B-cells, HCT was consistently found to be a more potent agonist of 
KATP channels than DZ (n=8). Conclusions: these data show that the thiazide diuretic 
HCT is an agonist ofKATP channels in B-cells, and that this is causally related to the 
inhibition of insulin release. 



483 
THE IMIDAZOLINE EFAROXAN INFLUENCES SURl PROTEIN 
EXPRESSION IN INSULIN-SECRETING CELLS. 
M.J. Dunne', J.C. Chapman', N.H. McClenaghan', M.N. Hashmi', R.M. Shepherd', 
K.E. Cosgrove', A.N. Giesberts l, SJ. White l, and P.R. Flatt'. lDepartment of 
Biomedical Science, University of Sheffield, Sheffield, UK; 'School of Biomedical 
Science, Ulster University, Coleraine, N. Ireland, UK. 

Aims: Imidazoline compounds, such as phentolamine and efaroxan (EFX) are 
insulin secretagogues. Here, we have examined the effects of imidazoline receptor 
down-regulation on insulin-secreting cell function using the glucose-responsive 8-
cell line, BRIN-BD II. Methods: Patch clamp experiments were used to monitor the 
regulation ofKATP channels, microfluorimetry with fura-2 was used to study [Ca'+], 
homeostasis, insulin secretion was measured by RIA and SURI protein expression 
was assessed by Western immunoblotting using a specific SURI receptor antibody. 
Results: Pre-exposure of BRIN-BDlI 6-cells for 20 hours to 50flM EFX 
selectively inhibited EFX (200flM)-induced insulin release, but not the responses of 
cells to glucose (15mM), tolbutamide (200flM) or a depolarising concentration of 
KCI (25mM) (n=6). When pre-incubated with 50 to 500flM EFX, there was a 
consistent increase in SURI protein abundance at all concentrations tested (n=4), 
but this did not prevent EFX (200flM, n=13)- or KCI- (50mM, n=ll) induced 
increases in rCa''], in the same batches of cells. The density and the regulation of 
KATP channels in the same groups of cells were also investigated. Using the patch
clamp technique we found KATP channels were operational in intact cells (n=6) and 
were modulated by intracellularly applied nucleotides (n=14), and imidazolines 
(n=7). Furthermore, whilst there was no significant difference in the density of 
channels in cells pre-exposed to either 50flM EFX or 200flM EFX, there was a 
significant increase in channel numbers in cells pre-treated with 500flM EFX, and 
this correlated well with a more marked increase in SURI protein expression at this 
concentration: peak current values; control=28.2±4pA, 50flM EFX=28.1± 12pA, 
200flM EFX=26.4±4pA and 500flM EFX=94.7±39pA, n=3-20. Conclusions: these 
data show that pre-exposure to EFX selectively down-regulates EFX-induced 
insulin release at concentrations that do not affect [Ca2+]\ signalling or KATP channel 
function despite an increase in SURI protein abundance. 

485 
GENERATION OF ANTI-IDIOTYPIC ANTI-RECEPTOR ANTIBODIES 
AGAINST THE PANCREATIC ISLET IMIDAZOLINE RECEPTOR 
S.L.F. Chan, A. Parini" and N.G. Morgan. Cellular Pharmacology Group, 
School of Life Sciences, Keele University, Staffs., STS SBG, UK & 
"INSERM U388, InstiM Louis Bugnard, CHU Rangueil, Toulouse, France. 

Aims: The imidazoline receptor which mediates the action of imidazoline 
insulin secretagogues such as efaroxan has, as yet, eluded complete 
characterisation. The approach that we have taken to the isolation and 
purification of the imidazoline receptor is the development of anti-idiolypic 
anti-receptor antibodies. Methods: Firstly, polyclonal anti-ligand antibodies 
were generated in Dutch rabbits using efaroxan (coupled to BSA) as 
immunogen. Following purification on an efaroxan-affinity column, the 
antibodies were used to immunise a second set of Dutch rabbits. Anti
idiotypic antibodies were detected using an ELISA, with membranes from 
the clonal cell line RINmSF as the coating antigen. Results: In Western blot 
analysis, the antisera recognised four highly-immunoreactive bands in 
membranes from RINmSF cells, with a molecular size range of 4S - 9OkDa. 
This immunoreactivity profile appears to be islet B-cell specific since these 
same four bands were observed in other clonal B-cell lines (NES, HIT -T15, 
~TC), but were totally absent in membranes of islet non B-cell lines, 
including RINT3, and in exocrine pancreas. In membranes from islets from 
rat and human, the antisera recognised only one band of SSkDa, which 
corresponded to one of the 4 bands observed in the clonal B-cells. 
lsoelectric focussing of solubilised RIN cell membranes revealed that the 
immunoreactive bands are acidic peptides, and electrophoresis under non
reducing conditions indicated that the tight association of these peptides are 
not via disulphide interactions. Immunofluoresecence staining of HIT cells 
grown on coverslips and of human pancreatic sections revealed immune
localisation in the plasma membranes of B-cellS, with granular fluorescence 
present in some cells, suggesting localisation in secretory granules. 
Conclusions: The polyclonal anti-idiotypic antibodies appear to recognise 
islet B-cell-specific targets and thus, may be useful tools for the isolation of 
islet imidazoline receptor involved in insulin release. 
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484 
STIMULATION OF INSULIN SECRETION FROM ISOLATED HUMAN 
PANCREATIC ISLETS BY THE Il-CARBOLlNE, HARMANE. 
E.J.Cooper, A.L.Hudson', R.M. Eglen2

, M.P. Dillon2 S.L.F. Chan and N.G. 
Morgan. School of Life Sciences, Keele University Staffs STS SBG; 
'Psychopharmacology Unit, University of Bristol, UK; 2Roche Biosciences, 
Palo Alto, California, USA. 

Aims: Recent studies have revealed that pancreatic ~-cellS are equipped with 
a binding site for imidazoline ligands which is coupled to K..Tl' channels and 
promotes a rise in insulin secretion. Thus, the sHe may represent an 
appropriate target for the development of new insulin secretagogues for use in 
the management of type 2 diabetes. Although the functional phannacology of 
the islet imidazoline receptor has been defined, the precise structure-activity 
relationships for agonism are not known. Methods: We have screened a 
range of molecules, of different structural classes, in an attempt to identify 
new ligands for this site which display insulin secretagogue activity in isolated 
human islets. Results: One such molecule, hannane (a ~-carboline 
derivative) was found to stimulate insulin secretion from human islets 
incubated in the presence of 6mM glucose (6mM glucose: 2.1±0.2 nglislet/h; 
6mM glucose + 100flM hannane: 3.4±0.4 nglisletlh; p<0.01). In common with 
imidazoline ligands, harmane also completely prevented the inhibition of 
glucose-induced insulin secretion mediated by the K..TP channel agonist 
diazoxide (20mM glucose + 2S0flM diazoxide: 1.0±0.06 nglisletlh; 20mM 
glucose + diazoxide + 100flM hannane: 3.4±0.6 nglisletlh; p<0.001). This 
effect was dose-dependent over the range 0.1-100flM hannane (ECSO - S-
10IlM) and was prevented by inclusion of the imidazoline antagonist KU14R 
(20mM glucose + 200llM diazoxide: 0.6±0.06 ngflsletlh; 20mM glucose + 
diazoxide + 100llM hannane: 2.6±0.2S ngflsletlh; 20mM glucose + diazoxide + 
harmane + 100llM KU14R: 0.7±0.1 nglisletlh' P<0.001). Conclusions: These 
results reveal that hannane can stimulate insulin secretion and suggest that H 
may interact with imidazoline binding sites associated with K..TP channels. This 
raises the possibility that ~-carbolines may be a useful class of molecules for 
development of novel insulin secretagogues. 

486 
DOES THE KATP CHANNEL PARTICIPATE IN THE REGULATION OF 
GLUCAGON SECRETION? 
K Bokvist, H L Olsen, M HillY, C Goifredsen, K Buschard", P Rorsmant 

and J Gromada. Novo Nordisk AlS, Bagvrerd, Denmark, "Bartholin In
stituttet, Copenhagen, Denmark and tLund University, Lund, Sweden. 

Glucagon release from the a-cells is inversely dependent of the blood 
glucose level but the cellular mechanisms involved are unknown. The 
aim of this study was to investigate, using the patch-clamp technique, 
if the a-cell is equipped with ATP-dependent (KATP) K+ channels and if 
they playa role in the regulation of glucagon secretion. Single rat a
cells generate action potentials in the absence of glucose, which are 
inhibited by the addition of 20 mM of the sugar. The electrical activity 
inhibited by glucose could be restored by the application of the sul
phonylurea (SU) tolbutamide thus indicating the involvement of a SU 
receptor. In whole-cell experiments, the wash-in of a pipette solution 
containing a mixture of 0.3 mM ATP and 0.3 mM AOP activated a K+ 
current which could be blocked by tolbutamide (Kl= 6 flM). Further
more, the KATP channel opener diazoxide, but not pinacidil or cromaka
lim, activated a whole-cell K+ conductance and inhibited a-cell electri
cal activity. In inside-out patches, we observed a K+ channel with a 
single channel conductance of 70 pS in symmetrical (high) K+. This 
channel was inhibited by intracellular ATP (K;=17 flM). Channel activity 
in the presence of ATP (50 flM) was increased >4-fold by the inositol 
phosphate lipid PIP2 (5 flM). The KATP channel was activated by dia
zoxide, AOP and GOP whereas GTP or UTP had no effect on its open 
probability. Finally, in-situ hybridisation revealed that cells staining 
positive for glucagon also express SUR1 and Kir6.2 but not SUR2 or 
Kir6.1. In conclusion, the a-cell possess KATP channels with biophysical 
properties expected for a SUR1/Kir6.2 channel complex. The precise 
role of this channel in the regulation of glucagon release remains to be 
determined. 
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487 
DETECTION OF KvLQTI CHANNELS IN INS-l CELLS AND ITS 
ROLE IN INSULIN SECRETION 
S. Ullrich, J. Su, M. Rosier, J. Hescheler, R. Greger", and R. Wardt', Institute of 
Neurophysiology, University of Cologne, Robert-Koch-Str. 39, D - 50931 Cologne 
and Institute of Physiology ('), Albert-Ludwigs-University, Hermann-Herder-Str. 7, 
D - 79104 Freiburg, Germany. 

KvLQT1 is found in excitable (heart) and non-excitable epithelial cells. 
KvLQT1 associates together with Isk (Mink) forming small K+-channels 
(lIC,). Upon depolarisation to positive potentials Il(, current slowly activates 
reaching maximum only after several seconds. The aim of the present study 
was to analyse whether KvLQTI and Isk are present in INS-I cells and to 
examine whether the Il(, channel contributes to the regulation of insulin 
secretion. Voltage steps from -80 m V to 50 m V lead to an activation of an 

outward whole cell current of 0.11 ± 0.01 nA/pF at 22°C and 0.33 ± 0.02 
nA/pF at 34°C (n=18). This current is affected by the chromanol HOE 
293B, a specific inhibitor of IK" in a concentration dependent manner (5 

IlM inhibited 3.3 ± 0.7 % (n=3) of the outward current, 10 IlM 7.9 ± 0.7 % 

(n=3), 20 IlM 15.6 ± 0.5 % (n=3), 50 IlM 23.6 ± 2.32 % (n=5) and 100 IlM 

42.6 ± 5.5 % (n=7) ) at room temperature. Similar results have been 
obtained at 37°C. Since maximal activation of 293B sensitive current was 
completed in less than 50 ms, the channel properties in insulin secreting 
cells do not correspond to the heart Il(, channel but to a channel which may 
only comprise KvLQT1. Using RT-PCR we found KvLQT1- mRNA in 
INS-I cells. In the presence of tolbutamide (100 IlM) 293B increased 
insulin secretion 3.4-fold as assessed after 30 min incubation of the cells. 
293B had no significant effect on basal secretion (0.5 mM glucose) nor on 
secretion elevated by forskolin (5 IlM) or glucose (16.7 mM). Adrenaline 
still inhibited secretion in the presence of the chromanol. In conclusion, it is 
suggested, that K vLQT1 is functionally expressed in INS-I cells and it 
might contribute to repolarisation in stimulated cells. 

PS24 
Ca2 + Signalling in p-Cells 
488 
THE ENDOPLASMIC RETICULUM CONTRmUTE TO OSCILLATIONS OF 
CYTOSOLIC CA" TRIGGERED BY PERIODIC CA U INFLUX IN B-CELLS. 

A. Arredouani', P. Gailly', J. Gromada', J.e. Henquin' and P. Gilon'. 'Unite 
d'Endocrinologie et Mhabolisme and 'Unite de Physiologie Generale des 
Muscles, University of Louvain, Brussels, Belgium and 'Department of Islet 
Cell Physiology, Novo Nordisk AlS, Bagsvaerd, Denmark 

In pancreatic B-cell, glucose induces oscillations of the free cytosolic Ca" 
concentration ([Ca"],) that mainly result from periodic influx of Ca". Aim: 
The role of the endoplasmic reticulum (RE) in these oscillations is controversial 
and was investigated here. Materials and Methods: [Ca"], (fura-2) and 
membrane potential (intracellular microelectrode) were measured on whole 
islets or single B-cells from mice. Results: [Ca"], oscillations occurring in 
response to glucose or artificially induced by pulses of high K· (in the 
presence of diazoxide) displayed a descending phase with two components: a 
fast drop due to the closure of voltage-dependent Ca" channels followed by a 
much slower decrease independent of Ca'· influx. Thapsigargin (TG) or 
cyclopiazonic acid (CPA), specific blockers of the SERCA pump, increased 
the amplitude of [Ca"], oscillations suggesting that the ER buffers the rise in 
[Ca"] by rapidly taking up Ca" during the upstroke of [Ca"] oscillations. 
They 'also suppressed the slow component of the descending phase of [Ca"], 
oscillations, which demonstrates that this phase reflects Ca" release from the 
ER. The slow recovery Ca" phase did not involve depolarization-, Ca"- or 
IP,-induced calcium release, and could be reproduced at the end of a rapid 
rise in [Ca'l triggered from caged Ca'·. On the other hand, TG depolarized 
the plasma membrane of islets, suggesting that the filling state in Ca'· of the 
ER modulates the membrane potential. Conclusions: These observations 
suggest that the Ca" concentration in the ER ([Ca'·]'R) oscillates in parallel 
with [Ca"], oscillations. Ca" release from the ER during these oscillations 
might rythmically depolarize the plasma membrane and, thereby, modulate 
the bursting behaviour of B-cells, and eventually [Ca"], oscillations 
themselves during glucose stimulation. 

489 
THE REGULATION OF CYTOSOLIC Ca2+ SIGNALS IN A HUMAN 6-
CELL LINE, NES 2Y. 
R.M. Shepherd i

, W.N. Macfarlane2, M.N. Hashmil, K.E. Cosgrovel, K. Docherty2 
and MJ. Dunne I 

1 Biomedical Science Dept., Sheffield University, Sheffield, UK; 
'Molecular & Cell Biology Dept., Aberdeen University, Aberdeen, UK. 

Aims; NES 2Y cells are a human insulin-secreting cell line derived from a patient 
with persistent hyperinsulinaemic hypoglycaemia of infancy (PHHI). PHHI 5-cells 
lack operational KATP channels and constitutively secrete insulin under basal 
conditions. Here, we examined the control of intracellular Ca2

+ homeostasis 
([Ca'+],) in this novel B-cellline. Methods; [Ca2+], changes were monitored using 
fura-2 microfiuorimetry, and the properties of voltage-gated Ca" channels 
examined by patch-clamp techniques. Results; Like acutely isolated PHHI 5-cells, 
NES 2Y cells have basal rates of insulin release that are elevated under nOll

stimulatory conditions; - 0.9±0.lngllO' cellslhr (n~4) vs. - 0.1±0.05ng 110' cellslhr 
in MIN 6 5-cells (n~4). When NES2Y cells were challenged with glucose (20mM; 
n~17), tolbutamide (0.1-0.2mM; n~24) or KCI (40mM; n~23) each agent failed to 
elevate [Ca'+];, and these data are explained by the functional loss of both KATP 

channels (n~19) and voltage-gated Ca2+ channels (n~IO). Release ofCa2+ from 
intracellular stores was studied in NES2Y cells using a combination of A TP and 
acetylcholine (1 OO~M each). In 50% of experiments this produced an oscillatory 
rise in [Ca"], and the average peak response increased [Ca2+], by I 74±42 nM 
(n~18/21). Similar experiments in control human islets produced monophasic rises 
of 56±4 nM (n~74178). Acute removal of extracellular Ca" ([Ca2+],) gave only a 
modest fall in [Ca"]; (-21nM in 1/5 cells), whereas raising [Ca'+], to 10mM 
produced a more marked rise when compared to human controls: 402±120nM (n~7) 
vs. 46±6 (n~35/41). Together, these data suggest that [Ca'+]; homeostasis in NES2Y 
B-cells is dysregulated and that non-voltage-dependent Ca2+ entry may playa greater 
role in governing insulin release than in controls. Significantly, maitotoxin an 
activator of non-selective cation channels, evoked a larger rise in [Ca2+]! in NES2Y 
B-cells than in human controls: 765±99nM (lnM; n~IO) VS. 21O±40nM (IOnM 
n~). Conclusions; the human B-ceilline NES 2Y is a functional model of the 
PHHI 5-cell, and is a convenient system to study "KATP channel-independent 
pathways" of insulin release. 



490 
l3-CELL RECRUITEMENT BY GLUCOSE EVIDENCED BY 
MEASURING CYTOSOUC CA" IN ISLET CELL CLUSTERS 
F.C. Jonkers and J.C. Henquin. Unite d'Endocrinologie et 
Metabolisme, University of Louvain, Brussels, Belgium. 

Individual l3 cells are functionally heterogeneous as shown by their 
variable glucose-dependence for insulin biosynthesis and secretion. 
Glucose-induced changes in [Ca',]" a key step in the stimulation of 

insulin secretion, are also heterogeneous in single l3 cells. However, 
within the islet [Ca',], oscillations are well synchronized probably because 

of l3 cell coupling. In this study, we used clusters of 6-15 mouse islet cells 

to evaluate whether l3 cell recruitment occurs before or after generation 
of the Ca" signal. Clusters cultured for 1 or 2 days in RPM! medium (10 
mmol/l glucose) were loaded with fura 2, and [Ca"], was recorded with 
an imaging system during stepwise increases in the glucose concentration 
(6, 7, 8, 10 mmol/l). The proportion of clusters showing a [Ca2

,], rise 
increased from 30 to 90% (day 1) and from 45 to 100% (day 2) between 6 
and 10 mmol/l glucose, indicating that the threshold sensitivity to 
glucose differs between clusters. Within responsive clusters, 70-80% of 
the cells were active at 6 mmol/l and 95-100% at 8-10 mmol/l glucose. 
This activity consisted in fast and slow [Ca"], oscillations that were 
synchronous between cells. In clusters responding homogeneously 
already at 6 mmol/l glucose, the magnitude of [Ca"], changes increased 
with the glucose concentration, which reflects modulation of the 

individual cell response. In conclusion, l3 cell recruitment by glucose can 
occur at the stage of the [Ca'+], response. However, this type of 
recruitment is limited to a narrow range of glucose concentrations 
probably because of cell electrical coupling. Modulation of the action of 
Ca2+ on exocytosis may be more important for recruitment of secreting 

l3 cells. 

492 
TOLBUTAMIDE INDUCES TETRODOTOXIN -R ES ISTANT 
OSCILLATIONS OF CYTOPLASMIC Na+ IN PANCREATIC ~-CELLS 
E.Grapengiesser. Department of Medical Cell Biology, University of 
Uppsala, Sweden. 
Aims: Previous studies have demonstrated that both glucose and sulfonyl
ureas promote the entry of Na+ in pancreatic 13-cells. It was therefore 
analyzed if tolbutamide mimics glucose in inducing oscillations of the 
cytoplasmic concentration of Na+ ([Na+],). Materials and Methods: 
[Na+], was measured in mouse B-cells using dual wave-length microflnoro
metry and the indicator SBFI. Results: The addition of 0.1 or 1.0 mmol/I 
tolbutamide to a medium containing 3 mmolll glucose and 1.3 mmolll 
Ca'+ resulted in elevation of [Na+];, which in some of the 13-cells (15%) 
was manifested as oscillations (frequency 0.08/min; amplitude 4.6 
mmol/I). The analysis of the tolbutamide-induced [Na+]; oscillations was 
facilitated by replacing extracellular Ca2+ with S mmolll Sr'+. In this 
case about SO % of the cells oscillated in response to 0.1 or 1.0 mmol/l 
tolbutamide. The oscillations were more prolonged at the higher 
concentration, the frequencies being 0.091±0.00S/min at 0.1 mmol/l 
and 0.067±0.00S/min at 1.0 mmol/l. The [Na+]; rhythmicity remained 

unaffected in the presence of 3 ~mol/l tetrodotoxin but disappeared after 
addition of 10 ~mol/I nifedipine or 400 ~mol/l diazoxide. Oscillations of 
[Na+], induced by II mmol/l glucose were modified by 0.1 mmol/l 
tolbutamide with increase of the amplitudes from 4.9±0.3 to 7.4±0.7 
mmolll (n=IS; P<0.005) and reduction of the frequency from 0.36±0.02 
to 0.24±0.02/min (n=IS; P<O.OOS). Conclusions: Tolbutamide is not 
only a potent stimulator of Na+ entry into pancreatic l3-cells but also 
mimics glucose in inducing rhythmic variations of the cytoplasmic 
concentration of Na+. 
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491 
CARBACHOL-INDUCED CA'+-SIGNALING AND GLUCOSE 
METABOLISM IN MOUSE BETA-CELLS 
C. Scholl, J. Borger, A. von zur MUhlen, G. Brabant. Abteilung Klinische 
Endokrinologie, Medizinische Hochschule Hannover, Germany 

Aims: The regulation of insulin secretion is multifactorial involving nutrients 
like glucose (glc) and neurohumeral factors like acetylcholine (ACH), that 
activate the Ca"/phospholipase C (PLC) signaling pathway. The actions of 
ACH on the cytosolic free Ca" concentration ([Ca"],) are glc-dependent. As a 
rise in A TP is a critical signaling event in glc-dependent regulation of B-cell 
functions, we characterized the metabolic steps by which glc exerts its 
synergistic effects on ACH-linked Ca"'-signals. Methods: [Ca"], was 
measured in single fura-2 loaded mouse B-cells obtained from female NMRI 
mice and cultured for 2-3 days in RPMI medium. Results: In the presence of 
glc (6 mM) the ACH-analogon carbachol (3 ~M) increased [Ca'+], by 327 ± 
47 nM and 68 ± 14 nM at its peak or plateau, respectively (n=18). In glc (0 

mM) the carbachol (3 ~M)-induced increase in [Ca"], amounted to 12 ± S % 
(n=ll) of the increase in glc (6 mM). In glc (6 mM) sodium arsenate (2 mM), 
which prevents net glycolytic production of A TP without inhibiting 
glycolysis, had no significant effect on the carbachol (3 ~M)-induced Ca"
signal. By contrast, the mitochondrial pyruvate transport inhibitor 2a
methoxycyanocinnamate (I mM) inhibited the carbachol (3 ~M)-induced 

increase in [Ca'+], by 80 ± 10 % of controls (n = 8). Rotenone (I ~M) and 
antimycin A (SO nM) which inhibit complex I and 2 of the mitochondrial 
respiratory chain, inhibited the carbachol (3 ~M)-induced increase in [Ca"], 
by 90 ± 8 % (n = 7) or 97 ± 3 % (n = 4) of controls. Conclusions: A TP 
generated from mitochondrial oxidative glucose metabolism underlies the 
synergisic effect of the extracellular metabolic glc-signal on ACH-linked 
Ca'- -signaling in mouse B-cells. Supported by DFG grant Scho 466/1-3. 

493 
TIlE CALCIUM-SENSING RECEPTOR IN HUMAN ISLETS: CALCIUM
INDUCED INHIBITION OF INSULIN SECRETION. 
T.E. Harris, P.E. Squires, SJ. Persaud, A.M.J. Buchan' and P.M. Jones. King's 
College London, Carnpden Hill Road, Kensington, London and 'Department of 
Physiology, University of British Columbia, Vancouver. 
Aims: We have previously demonstrated that human ~-cells express a functional 
calcium-sensing receptor (CaR). The purpose of the present study was to determine 
the effects of elevating extracellular calcium [Ca2+]e on the insulin secretory profile of 
human islets of Langerhans. Methods and Results: In perifusion experiments, 
increasing the concentration of glucose from 2mM (0-10min) to 20mM (10-30min) 
evoked a rapid increase in insulin release from human islets (2mM glucose, 1. 7±0.9 
pg/islet/min, 1=10min; 20mM glucose, IS.5±3.6, 1=16min; p<O.OS, n=3). In similar 
perifusion experiments, increasing [Ca'+], from O.5mM to SmM at 2mM glucose 
caused a rapid but transient rise in insulin secretion above basal secretion 
(O.SmM Ca'" 100±13.7%, t=O-IOmin; SmM Ca'" 187.S±25%, 1=14) followed by a 
significant inhibition of secretion below basal levels (SmM Ca'+, SI.2±11.2%, 1=20; 
p<O.OS, n=3). A more pronounced inhibition was observed in the presence of 
10mM Ca2+ (27.5±7.S% basal,p<O.OI, n=3). A similar secretory profile was observed 
with increasing [Ca2+]e at 20mM glucose, although the transient increase in secretion 
above basal induced by SmM Ca'+ was not significant (O.SmM Ca'" I 00±2.8%, 1=0-
10min; SmM Ca'" 117±1O%, 1=12; p>O.I, n=3). The transient increase in secretion 
was followed by a concentration-dependent and prolonged inhibition of secretion 
(SmM Ca2

" 6S.7±10%; 10mM Ca'" SI.4±7.1%). At both 2 and 20mM glucose, the 
inhibition of secretion by Ca'+ was fully reversible. Incubation of human islets with 
increasing [Ca'+], at 2mM glucose caused small increases in the cyclic AMP content 
(O.SmM Ca'+, 100±11.6%; 5mM Ca'" IS9±18%; lOmM Ca'" 128±16%; p<O.OS, 
n=4) while insulin secretion from the same islets was inhibited (O.SmM Ca'" 
100±1O%; 5mM Ca'" 51±2%; 10mM Ca'+, 52±2%; p<O.OOI, n=4). Conclusion: This 
study has demonstrated that activation of the CaR inhibits basal and nutrient
stimulated insulin secretion, and that the inhibition is not mediated by Ca2+-dependent 
decreases in cyclic AMP. This CaR-mediated inhibitory mechanism may be an 
important auto-regulatory mechanism in the control of insulin secretion. 

This research is supported by the British Diabetic Association. 
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494 
THE CALCIUM-SENSING RECEPTOR IN HUMAN ISLETS: 
CALCIUM-INDUCED INCREASES IN CYTOSOLIC CALCIUM. 
P.E. Squires, T.E. Harris, SJ. Persaud, A.M.J. Buchan* and P.M. Jones. 
(King's College London, Campden Hill Road, Kensington, London and 
*Department of Physiology, University of British Columbia, Vancouver). 
Aims: The purpose of the present study was to determine if human J3-cells 
express a functional calcium-sensing receptor (CaR). Methods and results: 
Reverse transcription PCR using primers for the N-terminal sequence of the 
CaR expressed in human parathyroid-secreting cells identified a product of 
the expected size (374bp) in human pancreatic mRNA. 
Immunocytochemistry, using a monoclonal antibody against the 
extracellular C-terminal region of the CaR (NPS Pharmaceuticals, Salt Lake 
City), was used to immunostain 51'm sections of human pancreas. Double 
immunostaining with anti-somatostatin, glucagon, or insulin confirmed 
extensive immunoreactivity on a and J3-cells, but not on o-cells. Cells 
isolated from human islets (supplied by University of Leicester Human Islet 
Facility), which exhibited tolbutamide-evoked (IOOI'M) increases in [Ca'+];. 
at sub-stimulatory concentrations of glucose (2mM), also exhibited 
increases in [Ca'+]i in response to elevated extracellular calcium ([Ca'+]" 0.5 
to 5mM; 26/32 cells in 9 experiments from 4 donors). The mean basal-to
peak Ca'+-induced rise in [Ca'+]i was 59% of the tolbutamide response. In 
39% of those cells examined (N~10/26) the Ca'+-evoked rise in [Ca'+], had 
returned to basal levels within 3 minutes of the original application, even in 
the continued presence of elevated concentrations (5mM) of [Ca'+],. Ca'+
induced increases in [Ca']i were observed in some tolbutamide-insensitive 
cells (2/12 cells in 5 experiments from 4 donors). Conclusion: In human, 
islets of Langerhans, the CaR is expressed on insulin- and glucagon
containing cells, but not somatostatin-immunoreactive cells. Elevation of 
[Ca'+], evoked variable increases in [Ca'+];. The CaR may link changes in 
[Ca'+], to insulin secretion via mechanisms independent of a sustained 
change in [CaH

];. 

The work is supported by the British Diabetic Association. 

496 
CATIONIC AND SECRETORY RESPONSE TO D-GLUCOSE IN DEPOLARIZED 
AND Ca'+-DEPRIVED ISLETS EXPOSED TO DIAZOXIDE 
P. Lebrun, M.-H. Antoine, Q.-A. Nguyen and W.J. Malaisse. Laboratories of 
Pharmacology and Experimental Medicine, Brussels Free University, 
Brussels, Belgium 
Aim. D-glucose stimulates insulin release from islets exposed to both 
diazoxide, to activate A TP-responsive K+ channels, and a high concentration 
of K+, to nevertheless cause depolarization of the B-cell plasma membrane. 
Under these conditions, the insulinotropic action of D-glucose is claimed to 
occur despite unaltered cytosolic Ca'+ concentration, but no information is so 
far available on the changes in Ca'+ fluxes possibly caused by the hexose. In 
the present experiments, we investigated the effect of D-glucose upon 45Ca 
efflux from islets exposed to both diazoxide and high K+ concentrations. 
Methods. Rat pancreatic islets pre labelled with 45Ca were perifused, except 
if otherwise mentioned, in the presence of 0.25 mmoIl1 diazoxide and absence 
ofCa2+ (no CaC!" 0.5 mmol/l EGTA). Results. In the presence of diazo xi de 
and at normal extracellular Ca'+ concentration, D-glucose (16.7 mmol/l) 
inhibited insulin release at 5 mmol/l K+, but stimulated insulin release at 90 
mmoVI K+. In both cases, the hexose inhibited "Ca outflow. In the presence 
of diazoxide, but absence of Ca'+, D-glucose (8.3 to 25.0 mmoVI) first caused 
a rapid decrease in insulin output followed by a progressive increase in 
secretory rate. This phenomenon was observed both at 5 mmoVI or higher 
concentrations (30, 60 and 90 mmoVI) of extracellular K+. It coincided with a 
monophasic decrease in 45Ca efflux and either a transient (at 5 mmo1l1 K+) or 
sustained (at 90 mmo1l1 K+) decrease in overall cytosolic Ca2+ concentration. 
Conclusion. In the absence of extracellular Ca2+, D-glucose causes a 
secondary rise in insulin output from islets exposed to diazoxide. This effect, 
which is not linked to depolarization of the plasma membrane or Ca2+ entry, 
could be due to inhibition of Na+-Ca2+ countertransport with resulting 
localized Ca2+ accumulation in the cell web of insulin-producing cells. 

495 
PRESENILIN 2 IS LOCALISED IN ISLET 11-CELLS BUT MET239V AL PS2 
V ARlANT IS NOT ASSOCIATED WITH DIABETES IN MAN 
E.T.A.S. laikaran, 2 G. Marcon. 3 P.R. St George-Hyslop, 'P.E. Fraser and A. 
Clark, Diabetes Research Laboratories, UK, 'Cattedra di Neurologia, University of 
Udine, Italy, 'Centre for Research into Neurodegenerative Disease, University of 
Toronto, Canada. 

Mutations ofpresenilin I and 2 (pSI,2) are causative factors for early-onset 
familial Alzheimer's disease and increased cerebral amyloid deposition. PS are 
expressed largely in the brain but PS2 is found also in muscle and pancreas. The 
function of PS are unknown but putative roles include protein trafficking, calcium 
homeostasis and apoptosis. Aims: To identify and localise PS2 in pancreatic 
tissues and to determine if PS2 is a candidate gene for diabetes by determination of 
the diabetic status of subjects with PS2 M239V mutation. Methods: Human and 
rodent pancreatic tissues were examined for PS2 by immunocytochemistry (lCC) 
and by Western blotting. Subjects of FLOlO pedigree (mean age 35y) with (n~5) 
and without M239V mutation (n~4) were tested with an OGTT. Results: Western 
blot analysis of extracts of rodent pancreas, mouse and human isolated islets, 13-TC 
cells and human insulinoma demonstrated full length protein (50kDa) and 
fragments of 30 and 20kDa. PS2 was identified by ICC in islets. insulinoma and 
some pancreatic duct cells and in human foetal pancreas (12 weeks gestation). PS2 
was present in amyloid-containing islets of Type 2 diabetic subjects but not in 
a,.myloid deposits. PS2 was identified in human islet 13-cell granules and Iysosomes. 
No evidence of glucose intolerance or increased secretion of proinsulin was found 
in subjects with M239V mutation. Conclusions: PS2 is a 13-cell protein and could 
have a role in calcium homeostasis, trafficking of granule proteins including pro
islet amyloid polypeptide and pro-insulin. 
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Identification and Characterization of Single Glucagon-Secreting 
A-Cells in a Standard Mouse Islet Preparation 

Sebastian Borg, Patrik Rorsman, and Lena Eliasson. Department of 
Physiological Sciences, Lund University, Sweden. sebastian.barg@mphy.lu.se 

Dispersed mouse pancreatic islet preparations are normally used for 
electrophysiological studies of B-cells, based on the high prevalence of this cell type 
in islets (>80%). A greater than average scatter in the results obtained from certain 
such preparations prompted us to routinely monitor the fractions of A- and B-cells 
by immunofluorescence microscopy. We obtained ratios of A:B in the range of 
about 7: I to I :50. The frequency of glucagon-positive A-cells in the preparation 
correlated with on average smaller cells (diameter and whole cell capacitance; 
ranging between 3.7+/-0.8 pF for high and 6.8+/-0.8 pF for low fraction of A-cells) 
and the occurrence of a TTX sensitive NaT current. A-cells could thus be identified 
during an experiment based on their electrophysiological properties and (to a limited 
extent) their appearance in phase contrast microscopy. A-cells displayed glucose
inhibitable electrical activity consisting of rapid action potentials that originated 
from a plateau of around -40mV and peaked at OmV. The cells were equipped with 
a fast NaT-carried transient, Ca2T-currents that could be partially blocked by 
nifedipine (46+/-3%) and ro-conotoxin GVIA (23+/-4%), and an inactivating KT_ 
conductance ("A current"). Capacitance measurements revealed that A-cells were 
capable of Ca2T -induced exocytosis. The exocytotic response to whole cell infusion 
of2~M free Ca" was larger in A- than in B-cells from the same preparation (26+/-
6fF/s vs. 4+/-lfF/s). Train-depolarizations separated a rapid initial component ("1" 
phase") and a slow component that activated with a delay of several seconds ("2" 
phase"). Our results demonstrate that A-cells can be studied in a standard mouse 
islet cell preparation without the need for elaborate and potentially harmful cell 
sorting. 

499 
VISUALIZING INSULIN SECRETION WITH PH SENSITIVE GREEN 
FLUORESCENT PROTEINS 
P. Antinozzi, P. Maechler, E. Schwartz, and e. Wollheim 
Division of Clinical Biochemistry, Department of Internal Medicine, 
University of Geneva, Switzerland 
Aims: Monitoring insulin secretion via visual methods has several 
advantages in the study of beta-cell function. First, the high temporal and 
spatial resolution of imaging techniques allows real time analysis of the 
traficking of single secretory granules. Second, detection of insulin secretion 
from single cells allows an efficient analysis of the impact of microinjected 
oligonucleotides, antibodies, or impenneant inhibitors on insulin secretion. 
Visual techniques would be a significant improvement to currently used 
single cell assays including amperometry and plaque assays. Third, these 
visual techniques could be applied to permeablized beta-cell preparations and 
possibly isolated secretory granules. Fourth, in addition to quantitatively 
measuring insulin exocytosis, the design of appropriate probes facilitates 
measurements of secretory granule acidification, neutralization and recycling. 
Materials and Methods: pH sensitive green fluorescent proteins 
(pHluorins) have been recently engineered to visualize secretion in 
hippocampal neurous and the mast cell line RBL-2H3 (Miesenbock et. aI., 
1998, Nature 394:192). These pHluorins are targeted to the secretory 
granules by theVAMP-2 N-terrninus and have different fluorescent properties 
at different pHs. The pH sensitivity of these proteins discrinrinates the 
unfused acidic secretory granule from the fused neutralized granule, therefore 
allowing dynamic measurements of exocytosis. We have applied this 
experimental design to assess insulin exocytosis in pancreatic beta-cells. 
Results: We have transiently and stably expressed these pHluorins in both 
MIN-6 and INS-I beta-cell lines. We have demonstrated that the pHluorin 
protein co-localizes with insulin containing secretory granules. 
Neutralization of the pH in all vesicles with 50 mM anarnonium chloride 
efficiently altered the fluorescent properties of the expressed pHluorius. The 
insulin secretagogues glucose and KCI each altered the fluorescent properties 
of these pH sensors in a dose-dependent manner. Conclusion: These results 
illustrate the potential use of these reagents for the study of pancreatic beta
cell exocytosis. 
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498 
PHOGRIN, AN INSULIN GRANULE MEMBRANE PTP HOMOLOGUE, 
IS PHOSPHORYLATED DURING STIMULATED INSULIN RELEASE. 
C. Wasmeier and J.e. Hutton. Barbara Davis Center for Childhood 
Diabetes, Denver, CO, USA 
Reversible protein phosphorylation has frequently been implicated in the 
regulation of exocytosis and associated membrane trafficking events in 
the pancreatic ~-cell. While the protein kinases involved have been 
studied extensively, little is known about their cellular substrates. Phogrin 
(IA-2 beta), a major target of autoimmunity in type I diabetes, is a 60/64 
kDa integral membrane protein tyrosine phosphatase (PTP) homologue. 
It is localized to dense-core secretory granules, suggesting a possible 
physiological role in the regulation of granule biogenesis, exocytosis or 
granule movement during stimulated secretion. Here we show that phogrin 
is reversibly phosphorylated in intact pancreatic ~-cells in response to a 
variety of secretory stimuli. In MIN6 cells, a mouse insulinoma line 
exhibiting the glucose sensitivity of islet ~-ce\ls, glucose dose-response 
and time course of phogrin phosphorylation paralleled the secretion of 
insulin. Both secretion and phosphorylation stimulated by either glucose 
or depolarizing concentrations of K+ required the presence of extracellular 
Ca" ions. The calmodulin antagonist W-7 and the Ca'+icalmodulin
dependent kinase II (CaM kinase II) inhibitor KN-93 dose-dependently 
inhibited both phosphorylation and secretion, with the "inactive" 
analogue KN-92 effective only at significantly higher concentrations. 
Phosphorylation of phogrin was also stimulated by exposure of cells to 
forskolin, which elevates intracellular concentrations of cyclic AMP 
(cAMP) and activates protein kinase A (PKA), a potent modulator of 
insulin secretion. The close correlation of phogrin phosphorylation with 
insulin release in response to different types of secretagogues is consistent 
with an involvement of this protein in the regulation of the secretory 
response at a site proximal to the exocytotic event. 

500 
CYTOSOLIC PHOSPHOLIPASE A, TRANSLOCATION AND 
ARACHIDONIC ACID-STIMULATED INSULIN SECRETION IN RODENT 
AND HUMAN p-CELLS. 
H. M. Roderigo, P.E. Squires, T.E. Harris, P.M. Jones and S.J. Persaud 
School of Biomedical Sciences, King's College London, UK 

Arachidonic acid (AA) generation in p-cells following activation of the Ca'+
dependent type IV cytosolic phospholipase A, (cPLA,) may be a key factor in 
the coupling of nutrient -induced elevations in cytosolic Ca2T to increased 
exocytosis of insulin. Aims: To detenuine the effects of increases in 
intracellular Ca'+ ([Ca'lJ on p-cell cPLA, distribution and the effects of 
exogenous AA on insulin secretion from rat and human islets. Methods: The 
distribution of cPLA, in intact p-cells was assessed by immunofluorescence 
microscopy and in parallel experiments changes in [Ca'l, were measured by 
microfluorimetry using Fura 2-loaded cells. Insulin secretion was measured 
from islets in perifusion by radioimmunoassay. Results: Western blots of 
cytosolic and membrane fractions prepared from permeabilised rat islets 
maintained at a substimulatory Ca'+ concentration (50nM) detected a major 
cPLA,-immunoreactive protein of approximately 95kDa which was almost 
entirely located in cytosolic fractions. Raising [Ca'l; to IO~ caused a rapid 
stimulation of insulin secretion accompanied by a movement of 
immunoreactive cPLA, from the cytosolic fractions. Confocal 
iuununofluorescence microscopy indicated that under basal conditions cPLA, 
immunoreactivity was eveuly distributed throughout the p-cell. Incubation for 
1-30 minutes in the presence of tolbutamide (lOOJ.1M) or KCI (20mM) caused 
rapid increases in [Ca'l, which were accompanied by a redistribution of 
cPLA,-immunoreactivity. AA (50J.1M) caused a large increase in basal (2mM 
glucose) insulin secretion from both rat and human islets in perifusion, with a 
maximal lO-fold stimulation obtained after 10-12 minutes exposure to AA 
(P<O.OI, n=3). Conclusion: These results indicate that elevations in [Ca'l, 
promote redistribution of cPLA, in p-cells and that the product of cPLA, 
activation stimulates insulin secretion. 
PES is a RD Lawrence Research Fellow o/the BDA (97/0001453) 
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POSSIBLE INVOLVEMENT IN INSULIN SECRETION OF SYNAPSIN 
I AND Ca"ICALMODULIN KINASE II IN INSULINOMA CELL. 
K. Matsumoto, K. Ebihara, H. Yamamoto, H. Tabuchi, K. Fukunaga, M. 
Yasunami, H. Ohkubo, E. Miyamoto, and M. Shichiri. Departments of Metabolic 
Medicine and Phannacology, and Institute of Molecular Embryology and 
Genetics, Kumamoto University School of Medicine, Kumamoto, Japan 
Aims: Synapsin I is a synaptic vesicle-associated protein. 
Phosphorylation of synapsin I by Ca"/calmodulin-dependent protein 
kinase II (CaM kinase II) correlates with neurotransmitter release. We 
examined the expression and functional role of synapsin I and isoforms 
CaM kinase II in insulinoma cells. Materials and Methods: We 
screened the MIN6 eDNA library with a probe of rat brain synapsin I 
cDNA. Isoforms of CaM kinase II expressed in MIN6 were examined by 
Northern blot analysis. Intracellular localization of synapsin I and CaM 
kinase II were examined by sucrose density gradient subfractionation and 
Western blot analysis. Secretagogues-induced phosphorylation of 
synapsin I, activation of CaM kinase II and insulin secretion were 
examined. Results: The largest open reading frame of 3,695 base pair 
encoded 670 amino acids with 98 % similarity to rat synapsin I. The 
expression of synapsin I was also confirmed in normal rat islets with 
reverse transcriptase-polymerase chain reaction analysis. MIN6 
expressed ~, yand 0 isoforms of CaM kinase II (0 > ~ > y). Western blot 
analysis after subcellular fractionation of MIN 6 cells demonstrated that 
synapsin I and 0 isoform of CaM kinase II were colocalized with insulin 
secretory granules. By stimulation with 25 mM glucose or 0.37 mM 
tolbutamide, phosphorylation of synapsin I increased by 25 or 68 %, 
respectively, in 32P-labeled MIN6 cells. Under these conditions, the 
activity of CaM kinase II was elevated from 4.4 % (control) to 5.6 or 8.0 
%, respectively. Insulin secretion from MIN6 cells correlated with the 
activity of CaM kinase II and increased from 13.2 f,.tU/lxlO' cells (control) 
to 17.3 or 20.2 f,.tU/lxlO' cells, respectively. Conclusion: Our results 
suggested that phosphorylation of synapsin I by 0 isoform of CaM kinase 
II involved in the insulin secretion from islet beta cells. 

503 
ROLE OF NIFLUMIC ACID ON INSULIN SECRETION INDUCED BY 
EXCITATORY AND INHIBITORY AGONISTS IN MOUSE PANCREATIC 
ISLETS. 
M.J. Garcia-Barrado; C. Sancho; M. Martin and J. Moratinos. Dept. of 
Pharmacology, Fac. Medicine. University of Salamanca. Spain. 
Calcium-dependent K+ (Ke.) channels have been studied widely in 
various tissues, including endocrine cells. Recent studies using insulin 
secreting murine /3TC-3 cells have suggested the presence of a Ca+2

_ 

activated K+ current. The channel was sensitive to block by c1otrirnazole 
and could be reversibly potentiated by niflumic acid. Our aim was to 
investigate a possible participation of that Ca +2 -activated K+ channel in 
the regulation of insulin secretion by glucose in the presence of 
carbachol, UK 14.304, galanin and adenosine in mouse pancreatic islets. 
Insulin secretion was measured under static incuhation. 20 f,.tmolll 
niflumic acid significantly inhibit insulin release induced by 15 mmolll 
glucose (l8.32±1.09 vs 28.15±1.84 f,.tUIlisletlh., p<O.OOl). This 
inhibitory response was blocked by I J.lmolll clotrimazole, whereas this 
antagonist did not modify insulin secretion induced by high glucose. 
When /3-cells were stimulated by 50 J.lmolll carbachol in the presence of 
15 mmolll glucose, insulin secretion was increased (36.92±1.47 
J.lUI/isletlh., p<O.OOl vs glucose). In this conditions niflumic acid 
attenuate insulin release evoked by carbachol (32.8I±O.79 J.lUI/isletih 
p<0.05 vs carbachol). However, the inhibitory responses mediated by 
IJ.1mo1l1 of the alpha-2 agonist UK 14.304 (percentage of inhibition vs 
glucose 52±3.11% p<O.OOl), 50 nmolll galanin (58±3.02% p<O.OOl) and 
500 J.lffiolll adenosine (42±2.3) were not affected by c1otrirnazole. It is 
conclude that this Ke. channel sensitive to niflumic acid seems to 
negatively modulate insulin secretion evoked by the excitatory agonist 
but it is not involved in the inhibitory response under study. 

502 
INSULIN SECRETION OF INS- I CELLS MODULATED BY 
CA2+1 CALMODULIN- DEPENDENT PROTEIN KINASE II 
M. M6h1ig, C. Mayer, M. Osterhoff, P A Hom, H. Schatz, A. Pfeiffer 
Dept. of Internal Medicine, University of Bochum, D- 44789 Bochurn, 
Germany 

Aims: Ca2+/calmodulin- dependent protein kinase II (CaM Kin II) is activated 
by glucose stimulation. Subtype 02 could be shown associated to insulin 
secretion vesicles. The role of CaM Kin II 0, in insulin secretion should be 
studied in INS- I cell- lines overexpressing CaM Kin II 02. 
Materials: By the use of a retroviral system two INS- I cell- lines were 
constructed either with a stable or an inducible overexpression of 
CaM Kin II 02. For induction CaM Kin II 02 was constructed under control of 
the estrogen response element. INS- I cells or cell lines which contain the lacZ
Gen instead of CaM Kin II 02 were used as control. The level of expression 
was checked by immune blot using a polyclonal immune serum generated 
against the association domain of CaM Kin II 02. After stimulation with 
glucose II mM, glibenclamide O,2I1M or ionomycin 311M insulin content in the 
supernatant was measured by standard RIA. 
Results: Stably overexpression of CaM Kin II 02 does not significantly alter 
glucose or glibenclamide induced insulin secretion. In contrast, short- term 
overexpression of CaM Kin II 02 induced by the activation of the estrogen 
response element augmented Glibenclamide stimulated insulin secretion by 
75 % and the response of insulin secretion to the Ca2+- ionophore ionomycin 
by 69%. 
Conclusion: Glucose stimulated insulin secretion in INS- 1 cells is not 
influenced by overexpression of CaM Kin II 02. Glibenc1amide stimulated 
insulin secretion in Ins- I cells is augmented by short-term overexpression of 
CaM Kin II 0, but not by a stably overexpression. The underlying mechanisms 
are not yet clear. 

kinase kinase kinase kinase kinase kinase 
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SECRETORY HETEROGENEITY BETWEEN ISOLATED MOUSE ISLETS 
J. Westerlund. J.M. Lin and P. Bergsten, Department of Medical Cell Biology, 
Uppsala university, Uppsala, Sweden 
Secretory heterogeneity exists between sub-populations of isolated /3-cells. It is 
not known, however, if such secretory variability also exists between intact is
lets. Aim: In order to determine if inter-islet secretory heterogeneity exists we 
have measured insulin release in response to glucose and GLP-l from 132 islets. 
Materials and methods: Islets were isolated from NMRI mice, cultured over
night at 11 mM glucose and subsequently placed in microtiter wells, one islet 
per well. Insulin release during 30 min was measured in the presence of 3, 11 
mM glucose and II mM glucose plus 10 ~M GLP-1. Results: In the presence of 
3 rnM glucose average insulin release was 42 ± 9 pM. When the glucose COll

centration was augmented to 11 mM, insulin release averaged 289 ± 50 pM. 
Average insulin release was further increased to 655 ± 60 pM after addition of 
GLP-l. When insulin release was analyzcd for each islet (n=132), variability 
between the islets was observed. Based on the secretory response to the increase 
of the glucose concentration from 3 to II mM, the islets were divided into three 
groups. "Low responders" increased insulin release about 50 %, "middle re
sponders" approximately 5-fold and "high responders" more than 20-fold, The 
subsequent increase in insulin release in response to GLP-l was 4-fold in "low 
responders", 3-fold in "middle responders" and 2-fold in "high responders". 
Conclusions: Islets show secretory heterogeneity in response to both glucose 
and GLP-l stimulation. This variation may retlect heterogeneity in metabolism 
between islets and/or variations in the islet cell population of non-beta cells. 
Islets with a "low" secretory response to glucose augment secretion more vigor
ously upon further stimulation with GLP-I as compared with "middle" or "high" 
responding islets. If such secretory heterogeneity also exists in vivo, it is possi
ble that secretory less active islets, "low responders", are less vulnerable to ~
cell toxins like streptozotocin and to autoimmune attack. Such islet heterogene
ity could explain the selective destruction of islets during development of type 1 
diabetes. 

506 
ASSOCIATION, BUT NOT LINKAGE OF IMPAIRED INSULIN- AND 
[Ca'· ], RESPONSES TO GLUCOSE IN HUMAN PANCREATIC ISLETS 
A Bjorklund and V Grill Dept Endocrinology, Karolinska Hospital, Stockholm, 
Sweden and Dept Medicine, University Hospital, Trondheim, Norway 
AIMS: To compare the influence of long term elevated glucose and excessive 
stimulation in human islets on insulin and ( [Ca2

.] i) responses. 
MATERJAL and METHODS: Human islets from seven donors were obtained from 
Beta Cell Transplant Unit, Brussels. Islets were cultured for 48 h at 5.5 or 27 roM 
glucose. Post-culture insulin and [Ca2+) i) responses were measured, the latter using 
the Fura-2 technique, 
RESULTS: In 27 mM glucose-cultured islets the post-culture insulin response to 
glucose was totally obliterated, Basal [Ca'·] i was elevated compared to 5.5 mM 
glucose-cultured islets (l54,3±12,3 vs 95,9±7,3 nM, p<O,OI), In islets cultured at 27 
mM glucose the normal [Ca2

.] i response (peak from 95 to 165 nM) was totally 
abolished. In fact, in 3 of II islets a small decrease in [Ca2

.] i was observed after 
stimulation with high glucose, Slow oscillations (0,2-0.5 min-') analysed by Fast 
Fourier Transform were significantly reduced by culture at 27 compared to 5.5 mM 
glucose, p<0,05), 
Diazoxide was added to culture media to investigate the importance of 
overstimulation, Diazoxide during culture decreased insulin accumulation in culture 
media by 63%. Previous diazoxide normalised post-culture insulin responses to 
glucose, Previous diazoxide also lowered basal [Ca2

.], (l23,6±8,6 vs 154.3±12.3 

nM for islets cultured with and without diazoxide, p<0,03), In contrast, previous 
diazoxide did not to any extent restore post-culture stimulation by glucose of 
[Ca'·]; . 

CONCLUSIONS: Long term exposure of human islets to elevated glucose in vitro 
abolishes both an insulin and a [Ca2

.] i response to glucose, Abolition of a [Ca2
.] i 

response is not corrected by previous diazoxide, which however restitutes insulin 
release, These results question the role of an abnormal [Ca2

.] i response for 
deficient signal transmission in human beta-cells. 

505 
PULSATILE INSULIN RELEASE FROM METABOLICALLY IMPAIRED 
MOUSE ISLETS 
P. Bergsten and R. Brown, Department of Medical Cell Biology, Uppsala uni
versity, Uppsala, Sweden 
Pulsatile insulin release has been connected with regular variations in metabo
lism. A decrease in the metabolic capacity of the ~-cell has been implicated in 
the deranged secretory pattern in type 2 diabetes. Aim: To investigate how de
creased metabolism by lowering the temperature affects the kinetics of insulin 
release. Materials and methods: Islets were isolated from the ob/ob mouse. 
Insulin release was measured from individual islets, perifused at 3T' C in the 
presence of 3 and II mM. The temperature of the perifusion medium was gradu
ally decreased to 20" C when I mM tolbutamide and, 20 min later, I mM 
dbcAMP were added. Results: Insulin release from individual islets at 37" Crose 
from 5.2 ± 0.5 to 144 ± 20 pmol*g-l*s·1 when the glucose concentration of the 
perifusion medium was increased from 3 to 11 mM. The increase in secretion 
was achieved by augmentation of the amplitudes of the insulin oscillations with
out affecting their frequency (0.32 ± 0.08 osc/min). When the temperature of the 
perifusion medium was decreased, insulin release declined by reduction of the 
amplitudes of the pulses without affecting their frequency. When the temperature 
of the pcrifusion medium was 20') C the islets secreted approximately 1 pmol*g
I*S-I, which was the detection limit of the assay. At this point 1 mM tolbutamide 
was added to the perifusion medium which did not affect the secretory rate of the 
islets. Subscquently, I mM dibutyryl cyclic AMP was also added to the perifu
sion medium, which in combination with the sulfonylurea increased the pulsatile 
(0.35 ± 0.10 osc/min) release of insulin to 102 ± 18 pmol*g'*s'. Conclusions: 
The amplitude but not the frequency of the insulin oscillations from the isolated 
islet was affected when metabolism was impaired by lowering the temperature. 
Whereas addition of sulfonylurea did not affect insulin release under these con
ditions, the combined addition of sulfonylurea and cAMP almost restored pulsa
tile insulin release to levels observed at normal temperature. 

507 
AUGMEND\TION OF BASAL AND STIMULAJED INSULIN SECRETION 

FROM RAT IS LETS BY THE GLUCOSE-INDUCED PRIMING EFFECT 

S. Fujimoto, H. Ishida', Y. Tsuura, E. Mukai, M. Kajikawa 

and y, Seino.Department of Metabolism and Clinical Nutrition, Kyoto 

University Faculty of Medicine, Kyoto; *ThirdDepartment of Internal 

Medicine, Kyorin University Faculty of Medicine, Tokyo, Japan 
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A previous short exposure to an elevated concentration of glucose augments 
the insulin secretory response of islets in response to a second stimulation 
with glucose or other insulinotropic agent. This enhancing effect, the priming 

effect of glucose was investigated Prior exposure to glucose (above 8,3 

rnmol/l) prowees enhancement not only of stimulated insulin secretion but 
also basal, both of which are induced dependent on glucose metabolism, 

because inclusion of 20 mmolll mannoheputulose with 16,7 mmolJl glucose 

during the priming period abolished the enhancement. \\\: also examined a late 

stage in the exocytotic process using electrically permeabilized islets, in which 

the intracellular Cal<- andATP concentration can be manipulated. Nonprimedor 

16,7 mmolll glucose-primed intact islets were electrically permeabilized and 

insul in secretion at various concentrations of Ca" and ATP was then 

examined, ATP ruse-dependently augmented insulin secretion at clamped 1000 

nmolll Ca" from both nonprimed and primed islets which indicates ATP level 

may affect Ca" efficacy of exocytotic process in these islets. But, 

interestingly, the enhancement of insulin secretion from already primed islets 

was observed at any clamped concentrations of Ca" andATP, especially in the 

presence of a low concentration (30 nmolll) of Ca" and in the absence of ATP, 

These results indicate that the priming effect was derived, at least in part, from 

direct enhancement of Ca" efficacy in the exocytotic process of insulin 

granules, in which augmentation of Ca"- and the ATP-independent component 

of insulin secretion may play an important role, In addition, this component 

might explain the enhancement of basal insul in secretion from intact islets by 

gl ucose-induced priming, 
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DO DIADENOSINE POLYPHOSPHATES PLAY AN OBLIGATORY 
ROLE IN GLUCOSE-STIMULATED INSULIN RELEASE? 
K. Louchami, A. Laghmich, S. Picton, H. Jijakli and W.J. Malaisse. 
Laboratory of Experimental Medicine, Brussels Free University, Brussels, 
Belgium. 
Aim: Intracellular diadenosine polyphosphates (APnA) were recently 
proposed as novel second messengers in nutrient-induced insulin release. 
Their accumulation in D-glucose-stimulated islets was reported to be 
prevented by NaP (SO ~molll), an inhibitor of inorganic pyrophosphatase. 
The effect of NaF upon the metabolic, biosynthetic, cationic and secretory 
responses to D-glucose was now investigated in isolated pancreatic islets. 
Methods: The outflow of 86Rb and 4'Ca from pre labelled perifused islets, the 
net uptake of 4'Ca, the oxidation ofD-[U-14C]glucose and utilization ofD-[5-
JH]glucose, the incorporation of L-[ 4-'H]phenylalanine into TCA
precipitable material and the release of insulin were measured in islets 
isolated from fed Wistar rats. Results: At concentrations up to 1.0 mmOIlI, 
NaP failed to affect adversely the metabolism ofD-glucose (16.7 mmolll) and 
its effect upon 86Rb and 4'Ca outflow, de novo biosynthesis of islet peptides 
and insulin release and only caused a modest inhibition of glucose-stimulated 
4'Ca net uptake. At a 5.0 mmolll concentration, however, NaF severely 
impaired the metabolism of D-glucose, as well as the biosynthetic and 
secretory responses to the hexose. Nevertheless, the glucose-induced 
inhibition of 86Rb outflow was only partially decreased at the high 
concentration of NaP (5.0 mmolll). Conclusions: Pending confirmation of 
the effect ofNaF (SO ~molll) on glucose-stimulated APnA net production, the 
present findings do not suggest an obligatory role of these diadenosine 
polyphosphates in the stimulus-secretion coupling for glucose-induced insulin 
release. 
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~-CELL OUABAIN-SENSITIVE 86Rb+ INFLUX (Na+/K+ PUMP): EFFCTS OF D
GLUCOSE, GLmENCLAMIDE OR DIAZOXIDE 
A. Elmi and J. Sehlin. Dept. of Histology and Cell BioI., Umea University, Sweden 

Aims: To study whether the Na+/K+ pump (ouabain-sensitive "Rb+ influx) is 
affected by D-glucose, glibenelamide or diazoxide. Materials and Methods: To 
estimate the activity of the Na+/K+ pump in intact collagenase-isolated B-cell-rich 
islets from ob/ob mice, 86Rb + influx was measured in the absence or presence of 1 
mM ouabain. Results: We have previously studied the activity of the Na+/K+ pump 
in intact B-cells. Those experiments showed that D-glucose (20 mM) significantly 
stimulated the ouabain-sensitive portion of 86Rb + influx by >60%, whereas the 
ouabain-resistant portion (including e.g. K+ channels) was inhibited. The present 
results showed that the stimulatory effect of glucose reached its approximate 
maximum at 5 mM glucose (P<0.OO5; n=14) and did not further increase up to 20 
mM sugar. Pretreatment (60 min) of islets with 20 mM glucose dramatically 
reduced the glucose-induced stimulation of the Na+/K+ pump (34% glucose-induced 
increase (P>0.05; n=lO) after 20 mM glucose pretreatment as compared with 74% 
glucose-induced increase (P<O.OOI; n=IO) after pretreatment in the absence of 
glucose; (P<O.OI; n= I 0) for the difference between 34% and 74%). Long-term 
pretreatment (180 min) of islets at 0 mM glucose, on the other hand, did not affect 
the level of glucose-induced stimulation of 86Rb+ influx during the subsequent 5-min 
incubation. Since previous results have suggested that sulphonylureas inhibit the 
activity of the islet Na+/K+ ATPase, we studied the effect of glibenelamide (0.1 to 10 
~) on the '6Rb+influx. Glibenelarnide stimulated the Na+/K+ pump in the same 
manner as glucose. The stimulatory effect was evident at 0.5 ~ (27% increase; 
P<0.05; n=6). Diazoxide (0.4 mM) inhibited the Na+/K+ pump by 38% (P<0.005; 
n=15). The stimulatory effect of glibenelamide was totally abolished by diazoxide. 
Conclusions: The results show that both nutrient and non-nutrient insulin 
secretagogues, which act by depolarising the B-cell membrane, also stimulate the 
ouabain-sensitive '"Rb+ influx. This suggests that those secretagogues activate the 
Na+/K+ pump, probably as part of the membrane repolarisation process. 
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PHOSPHOCREATINE AND ~ CELL FUNCTION 
P. Detimary, Y. Guiot, F.e. Jonkers, J. Rahier and J.C. Henquin. 
Unite d'Endocrinologie et Metabolisme and Unite d'Anatomie 
Pathologique, University of Louvain, Brussels. 

Changes in ~ cell energy state (eg the ATP/ADP ratio) are thought to 
be involved in the regulation of insulin secretion by glucose. Normal 
mouse islets were used to investigate the possible intervention of 
phosphocreatine (PCr) in this regulation. Immunocytochemistry 
showed that the brain isoform (CK-BB) of creatine kinase is abundant 

in ~ cells and apparently absent from non-~ islet cells and exocrine 
cells. The muscle isoform (CK-MM) was weakly detectable in all cell 
types. Overnight culture of the islets with a physiological or 
pharmacological concentration of creatine (0.1 and 2 mmol/l) did not 
influence basal (3 mmol/l glucose) ATP content or ATP/ADP ratio, but 
increased the per content from 6 to 11 and 40 % of A TP levels, 
respectively. When creatine-treated islets were stimulated by 15 
mmolll glucose, their PCr content increased more than 2-fold and their 
ATP/ADP ratio doubled (as in controls). Raising islet [Ca'+], by 
tolbutamide or high K+ similarly lowered the ATP/ADP ratio in control 
islets and in islets with a high PCr content. The latter also decreased in 
response to Ca'+. Glucose-induced [Ca'+]. changes had similar 
characteristics (phases, oscillations) and amplitude in control and 
creatine-treated islets. Insulin secretion was also unaffected. The 
results thus show that PCr levels are low in islet cells, even after 
culture with a physiological creatine concentration. Their pharm
acological increase does not efficiently buffer adenine nucleotides and 
does not alter events (secretion, [Ca'+]. oscillations) linked to adenine 
nucleotides changes. The parallelism of PCr and ATP/ADP changes 
induced by glucose and Ca'+ indicates that the observed adenine 

nucleotide changes likely occur in the cytoplasm of ~ cells. 
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CELL-CELL CONTACT AND INSULIN SECRETION IN MIN6 
PSEUDOISLETS 
A.C. Hauge-Evans, SJ. Persaud and P.M. Jones. King's College 
London, Carnpden Hill Road, Kensington, London, UK. 
Aims: The effect of cell-cell contact on insulin secretion was studied 
using MIN6 pseudoislets, three-dimensional cell aggregates, which 
develop when MIN6 cells are cultured on gelatin. Materials and 
Methods: Insulin secretion from late passage MIN6 monolayer cells (M) 
and pseudoislets (PI) was measured by RIA after 1 hour incubation. 
Results: While only a small change in secretion was observed in M in 
response to increasing concentrations of glucose (2 mM glucose (basal): 
100±13%; 7.5mM: 1 13±11, 10mM: 143±9; 15mM: 135±6; 20mM: 
l49±8, n=8; P<05 by ANOVA, mean±SEM) PI released insulin in a 
manner similar to primary islets (2mM glucose: l00±21; 7.5mM: 
213±19; 10mM: 377±20; l5mM: 436±21; 20mM: 4l8±1O, n=8, 
P<O.OOOI by ANOVA). Marked differences in insulin release were also 
seen in response to 10 mM KIC (M: 114±48, n=19; PI: 470±107, n=l1, 
P<0.05) and to a range of non-nutrients (20 mM KCl: M: 162±12% 
basal, n=6, PI: 382±84, n=4, P<0.05; 1001lM tolbutamide: M: 138±10% 
basal, n=l1; PI: 423±138, n=7; P<0.05; 10 IlM FSK: 115±7% of 
secretion at 20 mM glucose, n=9; PI: 354±39, n=12, P<O.OOI; 500 oM 
PMA: M: 1 13±12, n=9; PI: 445±50, n=12, P<O.OOI). Incubation in the 
presence ofheptanol (2.5 mM), a gap junctional blocker, reduced insulin 
release in PI (2 mM glucose: 57±7% of control, n=5; 20mM; 39±8, n=5, 
1001lM tolbutamide: 21±2, n=3) but not in M (2 mM glucose: 145±6 of 
control, 20 mM 139±6, 100 IlM tolbutamide: 100±8, n=8). Conclusion: 
These results suggest that close cell-cell contact within the pseudoislet 
improves the secretory responsiveness of MIN6 cells and that this may 
be due to gap junctional communication. Pseudoislets may therefore 
serve as an improved research model for the study of ~-cell function in 
general and cell-cell communication in particular. 
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Prolongation of islet survival by pefloxacin during storage under hypothermic 
conditions. 

M. Cybal. J. Drutyilska, J. Wierzchowska and Cz. W6jcikowski. Department of 
Endocrinology. Medical University, ul. Khniczna la, 80-402 Gdailsk, Poland 

The aim of the present study was to exam the effect of pefloxacin on secretory 
function of isolated pancreatic islets stored for 24 hours under hypothermic 
conditions. Materials and methods: Rat pancreatic islets were isolated by 
collagenase digestion. Experiments were performed on four groups of islets. Freshly 
prepared islets served as controls (group I). Group II consisted of islets stored in 
Hanks solution (HBSS). Group III included islets isolated from rats pre-treated with 
PFX given i. v. at the dose of 6 mg/kg bw 2 hours prior isolation and stored in HBSS. 
In group IV islets isolated from non-pre-treated donors were stored in HBSS 
supplemented with pefloxacin at the concentration of 40 ~g/ml. Islets from group II -
IV were stored at 4'C for 24 hours. Insulin release from islets was examined during 
ll1cubation. For the first 45 min incubation medium contained 3 mM glucose (basal 
release), then it was changed to a concentration of 20 mM glucose plus 1 ~M 
forskolin (sumulated release) for another 45 min followed by a return to the low 
glucose concentration. Results: Stimulated insulin secretion during incubation was 
analysed using the stimulation index (SI) defined as the ratio of stimulated to basal 
insulin release. Freshly prepared islets increased the rate of insulin secretion during 
stImulation (2.5±O.4 vs 13.2±2.4 ng/45 mIniislet: mean SI 5.3±O.5). After the 24-hour 
storage islets from group II did not increase the rate of insulin release under 
stimulatory conditions (2.6±O.8 vs 2.4±O.6 ng/45 min/islet). A significant response to 
20 mM glucose plus forskohn challenge was found for group III and IV (1.8±O.3 vs 
5.6±O.8 ng/45 ntinlislet: mean SI 3.6±O.9 and l.l±O.2 vs 2.6±O.3 ng/45 mIniislet: 
mean SI 3.3±O.6, respectively). Conclusions: The results of the present study suggest 
that pefloxacin lilnits pancreatic islet injury and prolongs islet survival during storage. 
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in Stimulation of Insulin Secretion 
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EFFECTS OF ALLOXAN ON MEMBRANE POTENTIAL, Ca2+-ACTIVITY AND 

MITOCHONDRIAL MEMBRANE POTENTIAL OF PANCREATIC B-CELLS 
C. Kramer and G. Drews, Pharmazeutisches Institut, D-72076 Ttibingen 

Aims: Alloxan which is used to induce diabetes chemic.lly impairs B-cell function 
probably via production of reactive oxygen species (ROS), including H202. However, 
the mechanism is still a matter of debate. Thus, we investigated the effects of alloxan 
on the membrane potential, intracellular calcium activity ([Ca2+];) and mitochondrial 
membrane potential ("''1'), Materials and methods: All experiments were 
performed with mouse pancreatic B-cells, The membrane potential was recorded with 
intracellular microelectrodes in intact islets, Measurements of [Ca2+]i and "''I' were 
made with large clusters of cells, loaded with the fluorescence dyes fura-2 and 
rhodamine 123, respectively. Results: 1 mM alloxan hardly affected the membrane 
potential (n=4), while 5 mM alloxan led to an irreversible hyperpolarization (n=5), 
which could only be counteracted by treatment with tolbutamide (n=6). However, the 
sensitivity of the cells to tolbutamide was reduced. To ensure that effects of 1 mM 
alloxan were not prevented by a glucose concentration of 15 mM, we added 1 mM 
alloxan in the presence of 3 mM glucose. Subsequent treatment with 15 mM glucose 
led to a normal depolarization with slightly reduced spike activity (n=6). Pretreatment 
with a high glucose concentration (45 mM) did not prevent the hyperpolarization of 
the membrane potential induced by 5 mM alloxan. [Caz+]i was first decreased by 5 
mM alloxan, however the decrease was followed by a sustained rise (n=6), "''I' was 
clearly depolarized by 5 mM alloxan (n=6). All these effects resemble those of H20Z 
reported earlier. Conclusions: The depolarization of "''I' indicates a decrease in ATP 
synthesis which probably leads to the observed hyperpolarization of the membrane 
potential. This hyperpolarization is supposed to lead to suppression of insulin 
secretion. The observed simIlarities between H202 and alloxan on membrane potential, 
[Caz+h and "''I' emphasize the view that alloxan indeed alters B-cell function by 
production of H20z. 
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EFFECTS OF GADOLINIUM ON ION CURRENTS AND INTRA-

CELLULAR CALCIUM OF MOUSE PANCREATIC B-CELLS 
P Krippeit-Drews and G Drews, Pharrnazeutisches Institut, D-72076 Ttibingen 

Aims: Transplantation of islets or insulin producing cells into the liver may 
induce the activation of Kupffer cells and thus a repulsion or destruction of the 
graft. Systemic application of gadolinium (Gd3+) can prevent the activation of 
Kupffer cells resulting in a longer survival of islet grafts. Since Gd3+ is an 
unspecific inhibitor of non-selective cation currents we tested Gd3+ for an 
effect on ion currents of mouse pancreatic B-cells which are involved in 
stimulus-secretion coupling. Materials and Methods: Ion currents were 
measured with single B-cells cultured up to 4 d, The holding-potential was -70 
mY; K+ ATP currents were determined by 10 mV depolarizing steps, voltage
dependent currents during steps to 0 mY, [Ca2+]j was measured by fura-2 
fluorescence, Results: Gd3+ (100 iJ.M) inhibited the K+ ATP current from 
206±22 pA under control conditions to 163±24 pA (n=8), In 6 out of these 
experiments a transient increase to 245±33 pA was observed first. Voltage
dependent K+ currents were also diminished by Gd3+, The current was 
705±126 pA (control) and was reduced to 246±57 pA (n=7) by Gd3+ (100 
iJ.M). Gd3+ also decreased the voltage-dependent L-type Ca2+ current even at 
low concentrations, Under control conditions the Ca2+ current amounted to 
-84±14 pA (n=8). It was reduced to -32±6 pA (n=8) and to virtually zero (-1±1 
pA, n=8) by 0,1 iJ.M and 1 iJ.M Gd3+, respectively. Consequently, Gd3+ (100 
iJ.M) also reduced [Ca2+]i measured at a stimulatory glucose concentration of 
15 mM to basal levels (n=4), Conclusions: The blockade of the Ca2+ currents 
by Gd3+ and the resulting decrease in [Ca2+]i undoubtedly lead to an 
inhibition in insulin secretion of pancreatic B-cells. Thus, the positive effect of 
Gd3+ on the survival rate of islet grafts may be counteracted by these 
mechanisms. 

515 
OXIDATIVE STRESS ALTERS MITOCHONDRIAL METABOLISM, 
CELLULAR Ca" POOLS AND INSULIN SECRETION, 
P. Maechler'. L. Jomol', and C.B, Wollheim', Div, of Clinical 
Biochemistry' and Respiratory Division', Dept. of Internal Medicine, 
University of Geneva, Switzerland, 

Aims: The mitochondria exert a key role in the control of nutrient 
induced insulin exocytosis and are also the main source of oxidants 
through generation of hydrogen peroxide (H,O,), which may impair p
cell signal transduction, Methods: The p-cell line INS-1 was exposed 
to 200~mo1/L H,O, for 10min before measuring several parameters 
including [Ca'1 and [ATP] in cells expressing the Ca"-sensitive 
photoprotein aequorin (organelle targeted) or luciferase, respectively. 
Results: Insulin secretion stimulated by glucose (12,8 vs. 2.8mmoI/L; 
3-fold; p<0.001) was abolished after exposure to H,O" which also 
resulted in elevated basal insulin release (2-fold; p<0.02). After the 
oxidative stress, glucose was no longer able to depolarize the cell 
membrane potential ("''1'), nor to increase cytosolic [Ca'l Both "''I' 
and rCa"~] responses were still observed with KCI despite augmented 
cytosolic rCa"~] appearing only approx, 10min after H,O, treatment. 
The mitochondrial "''I' of INS-1 cells was depolarized by the oxidative 
stress abolishing the hyperpolarizing action of glucose. These "''I' 
changes correlated with altered mitochondrial morphology, which was 
not preserved by the overexpression of the antiapoptotic protein Bcl-2. 
Mitochondrial [Ca'1 was increased by H,D, up to the ~molar range 
and no further augmentation was observed upon glucose addition, 
which normally raises this parameter. Cytosolic [ATPj, was markedly 
and rapidly reduced by H,O, treatment (-57%; p<0.001). These 
changes preceded the decrease in endoplasmic reticulum rCa"~] (lag 
time 47±4sec) which accounts for the subsequent elevation in 
cytosolic [Ca"j. Conclusions: The present results point to the 
mitochondria as the primary target for oxidative stress damage with 
consequences on cellular Ca" pools and the normal coupling of 
glucose metabolism to insulin secretion. 
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OSCILLATIONS IN INTRACELLULAR CALCIUM PROVOKE OSCILLA

TIONS IN THE MITOCHONDRIAL MEMBRANE POTENTIAL OF B-CELLS 
M. Diifer, G. Drews and P. Krippeit-Drews 

Phannazeutisches Institut, 0-72076 Tiibingen 

Aims: Oscillations in B-cell activity are a prerequisite for the normal pulsatile 
insulin secretion and are impaired in diabetes mellitus. These oscillations are 
thought to be owing to oscillations in metabolism, but the underlying mecha
nisms are unclear. This study wanted to further elucidate the role of mito
chondria in the oscillations. Methods: Cell membrane potential (MP) and 
K+ ATP currents were measured in the perforated-patch mode in mouse 
pancreatic B-cells. [Ca2+h was determined by the fura-2 technique and the 
mitochondrial membrane potential (Ll.'¥) by rhodaminel23 fluorescence. 
Results: Increasing the extracellular glucose concentration from O.S to IS mM 
led to the well-known biphasic change and eventually to oscillations in [Ca2+]i 
(n=16). The same manoeuvre first hyperpolarized Ll.'¥ (n=26) reflecting the 
increase in A TP production which underlies the initial drop in [Ca2+ li. As soon 
as [Ca2+1i increased this was followed by a depolarization of Ll.'¥ (n=21) and 
thereafter by synchronous oscillations in [Ca2+1i and Ll.'¥ (n=16). These 
oscillations were stopped by cyclosporin A (CsA, 2 ~M) an inhibitor of the 
permeability transition pore (PTP) (n=S). Consequently, CsA (2-S ~M) also 
inhibited glucose-induced electrical activity, however, without a hyper
polarization to the resting MP or an increase in K+ ATP current (n=4) as it was 
observed with mitochondrial uncouplers, e.g. NaN3 (n=3) or FCCP (n=4). The 
Ca2+-induced depolarization of Ll.'¥ was not owing to glucose metabolism, 
because it also occurred when the cells were treated with a high extracellular 
K+ concentration (30 mM) at a substimulatory glucose concentration (S mM) 
(n=4). Conclusions: The glucose-induced increase in [Ca2+h and Ca2+ uptake 
into the mitochondria may open the PTP thus depolarizing Ll. '¥ and decreasing 
A TP production. This mechanism is proposed to serve as a feedback loop in 
stimulus-secretion coupling, explaining oscillations in B-cell activity. 
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METHYL-PYRUVATE INITIATES INSULIN RELEASE BY A 

K+Afp- CHANNEL INDEPENDENT MECHANISM 

N. Lembert, H. C. loos, H.P.T. Ammon, and M. A Wahl. 

Department of Pharmacology, Institute of Pharmaceutical Sciences, 

University of Tiibingen, Auf der Morgenstelle 8, 0-72076 Tiibingen, 

Germany 

Aims: Mitochondria play an important, albeit unclear role in stimulus

secretion coupling of pancreatic Il-cells. Thus pyruvate, which is a pure 

mitochondrial substrate, does not induce insulin secretion whereas 

methyl-pyruvate (MP) is insulinogenic. This study aims at further 

elucidating this difference in the mode of their action. Methods: 

Electrical activity and insulin secretion in response to pyruvate and its 

methyl ester were compared. Results: In rodent islets pyruvate (20 mM) 

failed to stimulate insulin release and no effect on membrane potential 

was observed. However, MP significantly stimulated insulin secretion in 

the absence of glucose from 1.97±0.28 to 8.l3±1.06 ng mi" 60 min' 

(n=8-1O, p<0.05) and in the presence of3 mM glucose from 3.44±1.29 

to 15.34±5.49 ng mi" 60 min' (n=3-5, p<0.05). Insulin secretion was 

parallelled by membrane depolarisation showing continuous spiking 

activity. The sustained depolarisation level induced by 20 mM MP 

remained unaffected by the addition of the Ca'+ -channel antagonist 

isradipine (I ~M), however, spiking activity was completely suppressed. 

Azide (3 mM) hyperpolarised the Il-cell both in the presence of glucose 

(16 mM) or MP (20 mM). Membrane depolarisation induced by MP (20 

mM) was insensitive towards the addition of diazoxide (I 00 ~M) where

as glucose induced membrane depolarisation was suppressed. 

Conclusion: It is suggested that MP-induced membrane depolarisation 

and insulin release are independent of K ATP-channel activity. 
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SWITCH TO ANAEROBIC GLUCOSE METABOLISM BY ACCUMULAT
ED NADH IN THE O-CELL MODEL OF MITOCHONDRIAL DIABETES. 
M. Nodal,3, S. Yamashita I N. Takahashi l ,2, Y. Tsubamotol , K. Etol, H. Kasai2, 
G.W.G. Sharp3, T. Kadowaki l IDept. of Metabolic Diseases and 2Dept. of 
Physiology, University of Tokyo, Tokyo, Japan, and 3 Dept. of Molecular Medicine, 
Cornell University, Ithaca, NY, USA. 
Aim To elucidate the mechanism underlying diabetes caused by mitochondrial gene 
mutation, we created its model by applying low dose (0.4 Jlg/ml) ethidium bromide 
(EB) to a mouse pancreatic B cell line IlHC9 for 4-6 days. In this system, we 
reported that transcription of mitochondrial DNA, but not that of nuclear DNA, was 
time-dependently inhibited accompanied by suppression of glucose-stimulated insulin 
release. To fully understand the effect of the lowered transcription of mitochondrial 
DNA on glucose metabolism, we perfonued the following experiments. Methods 
Glucose oxidation and utilization were measured using [l4C(U)]- and [5-3H]-glucose, 
respectively. Lactate production was measured by lactate dehydrogenase method. 
Autofluorescence of NADH of monolayer-cultured cells was detenuined using 2 
photon-excited laser microscopy. Control experiments were done using cells cultured 
simultaneously without EB over the same duration. Statistical analyses were 
performed by Student's t test. Results [1] Glucose (22.2 mM) oxidation was 
severely decreased by EB treatment compared with the control cells (by 63% on day 
4 and by 78% on day 6; both p<O.OI). [2] By contrast, glucose (22.2 mM) 
utilization was only marginally affected (decreased by 8-16%). [3] Lactate production 
under 22.2 mM glucose was increased by 180% and 250% by EB on day 4 and 6, 
respectively (both p<O.OI). [4] Cellular NADH concentrations at 2.8 mM glucose 
were increased by 35% and 43% by EB on day 4 and 6, respectively (both p<O.Ol). 
Conclusions These data suggest that low expression of mitochondrial electron 
transfer system including NADH dehydrogenase due to suppressed mitochondrial 
DNA transcription causes NADH accumulation in the B cells, thereby halting TCA 
cycle and fascilitating anaerobic glucose metabolism. These biochemical features are 
well correlated to the clinical features of mitochondrial diabetes. 
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PMTOL ROLE OF LACTATE DEHYDROGENASE ACTMTY IN THE 
CONTROL OF MITOCHONDRIAL METABOLISM OF MlN6 j3-CELLS. 

E. K. Ainscow, C. Zhao and G. A. Rutter. Department of Biochemistry, School of 
Medical Sciences, University of Bristol, University Walk, Bristol, BS8 lTD, U.K. 

Aims: Low lactate dehydrogenase (LDH) activity is important for normal regulation 
by glucose of islet j3-cell insulin release. We have determined whether 
overexpression of the LDH-A isoform affects insulin secretion in single islet MIN6 
j3-cells by interfering with mitochondrial oxidative metabolism. 

Materials and Methods: MIN6 cells were co-microinjected with plasmids 
encoding LDH-A and enhanced green fluorescent protein (to identify injected cells), 
prior to measurements by confocal microscopy of NAD(P)H, using 
autofluorescence, or mitochondrial membrane potential (t.lf'm), using the 
fluoresecent potential-sensitive dye, tetra-methyl rhodamine ethyl ester (TMREE). 
Alternatively, cells were microinjected with firefly luciferase eDNA with or without 
LDH eDNA, and cytosolic [ATPl monitored through single cell luminescence 
changes. 

Results: In response to an increase in glucose concentration from 3 mM to 30 mM 
the following increases in the measured variables were observed: 

NAD(P)H t.lf'm cytosolic [ATP] 
fluorescence (340 nm) TMREE fluorescence bioluminescence 

Time 90s 360s 90s 360s 90s 360s 
Control 18 ± 5% 34 ± 9"10 11 ± 2% 41± 12% 4.4 ± 1.7% 7.6 ± 2.7% 
LDH-A 14 ± 3% 16 ± 5%* 9 ± 1% 21 ± 9"10* 4.3 ± 2.8% 0.5 ± 3.3%* 
(n = 3 preparations, * p<0.05, I-tailed t-test compared to control cells). 

Conclusions: Overexpression of LDH-A in MIN6 cells diminished glucose-induced 
increases in mitochondrial intermediates and cytosolic ATP. Intriguingly, the 
observed differences caused by LDH-A expression were more pronounced with 
regard to the second (>2oos) phase of metabolic stimulation than the initial 'burst'. 
These results may suggest that dysregulation of LDH genes could contribute to some 
forms of non-insulin dependent diabetes mellitus. 
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DEXAMETIIASONE-INDUCED CHANGES IN FAD-GLYCEROPHOSPHATE 
DEHYDROGENASE EXPRESSION IN lllJMAN PANCREATIC ISLETS. 
M.E.Fabregat, J.Fernandez-Alvarez, C.Franco and R. Gomis.Endocrinology and 
Diabetes Unit, Medical Department, IDIBAPS. Hospital Clinic, Barcelona, Spain. 
Several works have drawn attention to an unfavourable effect of corticosteroid 
hormones on the secretory activity of islet B-cells. The mitochondrial F AD
glycerophosphate dehydrogenase plays a key role in the process of glucose-induced 
insulin release from pancreatic islet j3-cells. Aim: To assess the effect of D-glucose 
(O-G) and dexamethasone (OX) upon mGDH mRNA and protein expression, 
mGDH activity, as well as, glucose-stimulated insulin release in human pancreatic 
islets. Methods: Human pancreatic islets were cultured for 63 hours at 2.8 or 
l6.7mM D-G and, as reqnired, 10nM-lOJ-LM DX. mGDH mRNA and protein levels 
were analysed by Northern and Western blot techniques respectively. Result.: 
Human pancreatic islets cultured for 63 hat 2.8mM D-G in the presence of 10nM-
0.1J-LM and 1.0-10J-LM DX caused a concentration-related decrease in the mGDH 
mRNA expression, averaging 102.4±S.3% ( n=4) and 7S.9±S.4% ( n=6; p<O.Ol) 
respectively of the paired control value found after culture in the absence of DX. At 
16.7mM D-G concentration, the incorporation of 10nM-O.IJ-LM and 1.0-1OJ-LM DX 
into the culture medium decreased such a percentage to respectively 88.0±3.S% 
(n=3) and 66.3±5.5% ( n=6;p<0.00S). DX ( 1.0 to 1OJ-LM ) also decreased the 
mGDH protein content in islets cultured in the presence of 2.8 or 16.7mM D-G. 
The values recorded after culture in the presence of 1.0 and 10J-LM DX averaged 
respectively 72.7±2.4 (n=6) and 2S.4±1.0 (n=6 in both cases) ofthe paired control 
measurement. Likewise, the catalytic activity of mGDH was decreased in a 
concentration-related manner by DX (lOnM to IJ.LM) in islets cultured at 16.7mM 
D-G. After exposing the islets to 10nM,0.1J-LM and 1.0J-LM ofDX, the enzymatic 
activity values averaged respectively 10S.3±l2.6, 7S.1±7.8 and S3.9±S.6% (n=3 in 
all cases; p<O.OS) of the paired control value. DX failed to affect significantly the 
activity of the enzyme in islets cultured at 2.8mM. The insulinotropic action of D
glucose was suppressed by DX. Conclusion: DX impairs the mGDH mRNA 
content, mGDH protein content and mGDH activity, as well as, glucose stimulated 
insulin release in human islets cultured for 63 h in the presence of DX. These 
effects are more pronounced in islets cultured at 16.7mM rather than 2.8mM D-G. 
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INCREASED NITRIC OXIDE LEVELS AND FIRST-PHASE 
INSULIN SECRETION ARE EARLY FEATURES OF DlET
INDUCED INSULIN RESISTANCE IN RATS, 
G. Valsecchi, LD. Monti, PM. Piatti, A. Caumo, S. Costa, EP. Sandoli, Vc. 
Phan, AE. Pontiroli and G. Pozza. Istituto Scientifico H. San Raffaele, Milan, 
Italy. 
Aim: To investigate whether a high-lipid and/or high-sucrose diets are able to 
increase nitric oxide levels (N02-/N03-) and first-phase insulin secretion. 
Materials and Methods: Rats were fed with different diets: control diet (CT), 
high-lipid diet (LIP) and high-sucrose plus lipid diet (SU) for 2 and 8 weeks. At the 
end of these periods, each rat underwent an IVGTT (0.3 g/Kg BW) and blood 
samples were withdrawn at -S, 2, 4, 6 and 8 minutes. Results: After 2 weeks 
FFA, triglyceride and nitric oxide levels were higher in LIP and SU diets than CT 
diet without significant differences between the two diets (p<O.OS). Fasting insulin 
levels were significantly increased in SU but not in LIP diet (p<O.OS) while first
phase insulin secretion was similarly increased in both diets (p<O.OS). After 8 
weeks, a progressive increase of retroperitoneal fat (5.7±O.5, 18.2±1.6 and 22.8±1.4 
g; p<O.OS), insulin (45.4±15.7, 114.4±17 and 172.8±62,l pmolll; p<0.05), 
glucose (68.7±1.9, 81.8±4.5 and 109.3±29.0 mg/dl; p<0.05), FFA (0.7±0.03, 
l.1±O.l and U±O.l mmoll1; p<O.05), triglyceride (52.6±5.6, 75.0±1O.0 and 
116.2±21.8 mg/dl; p<0.05), nitric oxide levels (2.8±0.4 , 5.7±O.2 and 8.5±O.8 
lJllloll1; p<0.05) and f11'St-phase insulin secretion (225.2±194.0, 371.1±136.6 and 
1092.7±257.0 pmolll x min; p<O.05) was found. Positive correlations were 
demonstrated between nitric oxide levels and fasting insulin (r=O.77I, p<O.OOO4) and 
frrst-phase insulin secretion (r=0.49, p<0.03). At multiple regression analysis frrst
phase insulin secretion was independently related to retroperitoneal fa~ fasting blood 
glucose, serum triglyceride and nitric oxide levels. Conclusions: SU diet and/or 
LIP diet induce a progressive state of insulin resistance and an early increment of 
nitric oxide levels. Furthermore, nitric oxide levels, among other indices of insulin 
resistance, independently correlates with the increased f11'St-phase insulin secretions. 
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521 
METABOLIC AND FUNCTIONAL STUDIES ON ISLETS ISOLATED FROM 
A NEW RAT MODEL OF TYPE 2 DIABETES 
M. Novelli', J. Fernandez-Alvarez', M.E. Fabregat', R. Gomis', P. Masiello'. 
, 1st. Patologia Generale, University of Pisa, Italy; , Endocrino!. Diab. Unit, 
Clinic Hospital, University of Barcelona, Spain. 
Aims: In order to further characterize the features of a new model of type 2 
diabetes obtained in adult rats given streptozotocin (STZ) plus nicotinamide 
(NA) , morphological, metabolic and functional studies were performed on 
islets isolated from diabetic rats. Materials and Methods: Four-six weeks 
after induction of diabetes (STZ 60 mg/kg i.v. given 15 min after i.p. 
injection of 280 mg/kg NA), morphometric analYSis was carried out on the 
whole pancreas. Islets were isolated by the collagenase method and used to 
assess functional capabilities in static incubations, glucose metabolism (by 
measurement of radiolabeled glucose usage and oxidation) and 
mitochondrial glycerophosphate dehydrogenase (mGDH) protein levels (by 
immunoblotting) and activity (hy a radioisotopic procedure). Results: With 
respect to control islets, in diabetic islets the following changes were 
observed: a 36% decrease in the number of p cells and no change in a 
cells; a decrease in both mGDH content (-77%) and activity (-60%); a slight 
reduction in glucose utilization and no change in global glucose oxidation. 
Insulin release stimulated by 16.7 mM glucose was decreased in diabetic 
islets (0.83 ± 0.04 vs. 1.28 ± 0.09 ng/isleUh in control islets, p < 0.01), as 
was that stimulated by 16.7 mM glucose plus 1 mM IBMX. However, the 
insulin responsiveness to other stimuli (8.3 mM glucose, 2-ketoisocaproate, 
D-glyceraldehyde) was unchanged. The inhibitor of malate-aspartate shuttle 
aminooxyacetate (5 rnM) reduced D-glyceraldehyde-stimulated insulin 
release more in diabetic than in control islets. Conclusions: In STZ plus NA
diabetic rats, a decrease in p cell mass occurs, as well as a marked 
reduction in the amount and activity of islet mGDH, the key enzyme of the 
glycerol phosphate NADH shuttle. From our functional studies, it appears 
that these alterations do not affect islet glucose metabolism and insulin 
responsiveness as much as it could be expected; in particular, mGDH 
deficiency results in secretory abnormalities only in the case of blockade of 
the other NADH shuttle system operative in islets. 

523 
CONSTITUTIVE NO SYNTHASE ACTIVITY CAN MODULATE INSULIN 
SECRETION IN THE INS-I CELL LINE. 
P. Masiello l

, A. Lajoix2, P. Beffl, S. Roux2, T. Chard"s2, M. Roye2, G. Ribes2 

and R. Gross2 1. 1st. Patologia Generale, Univ. Pisa, Italy; 2. UMR 9921 du 
CNRS, Univ. Montpellier I, France; 3. !MD, CNR, Pisa, Italy. 
Aints: Since the presence of a constitutively expressed nitric oxide synthase (eNOS) 
in pancreatic p cells is still a matter of controversy, the present work was aimed at 
investigating whether eNOS activity could exert a control in insulin secretion in the 
glucose-responsive cell line INS-I. Materials and Methods: Cultured INS-I cells (7 
x 105 cells per well) were incubated for I h in KRBlHepes buffer, containing 0.2% 
BSA and 2.8 mM glucose, to explore the insulin secretory effects of L-Arginine 
(the cNOS physiological substrate), L-N-co-Nitro-L-Arginine Methyl Ester (L
NAME, a competitive inhibitor of cNOS), as well as D-NAME and KCI to reveal 
possible non specific effects. All compounds were tested at increasing 
concentrations (0.67, 2, 5 and 10 mM), either alone or using different 
combinations. Results: All the four substances exerted stimulating effects at !O 
mM, which suggests involvement of a depolarizing component at this 
concentration. However, they acted differently at lower concentrations. L-NAME, 
the most effective at !O mM (insulin release was 19.5 ± 1.4 nglwellih versus 8.1 ± 
0.4 at 2.8 mM glucose alone, p<O.OI), was also able to stimulate insulin secretion 
at 2 and S mM (+ 27 and + 52% over basal values, respectively, p<O.05), which 
could not be found for KCl and D-NAME, thereby suggesting an inhibitory tone of 
cNOS on basal insulin secretion. In further support of the modulatory action of 
eNOS activity in INS-I cells, arginine, substrate of cNOS, was found to 
significantly decrease (-30% at 0.67 and 2 mM; -40% at S and 10 mM, p<0.05) 
not ouly the marked stimulating effect of L-NAME (10 mM), but also that of !O 
mM KCI (-15% at 0.67 mM, -28% at 2 mM, p<0.05). These functional data are 
strongly supported by immunocytochemical studies, performed by using a 
polycJonal antibody directed against rat neuronal eNOS, which showed the 
presence of this isoform of the enzyme in the INS-l cells. Conclusions: Taken 
together, our results demonstrate that a neuronal eNOS isoform is expressed in the 
INS-I cell line and may contribute to modulate insulin secretion. 
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524 
NITRIC OXIDE ACTS AS A DIFFUSIBLE SYNCHRONIZER OF 
PANCREATIC ~-CELLS 
B. Hellman, E.Grapengiesser and E. Gylfe. Department of Medical Cell 
Biology, Uppsala University, Sweden. 

Aims. Although gap junctional coupling is important for co
ordinating the activity of the pancreatic ~-cells, there is evidence for 
the involvement also of a diffusible factor. We have now investigated 
whether nitric oxide serves as a diffusible synchronizer of the ~-cells. 
Materials and Methods. The studies were performed with isolated 
mouse ~-cells cultured for 2-5 days before superfusion under the 
microscope. Digital imaging of the fura-2 fluorescence was used to 
simultaneously record cytoplasmic Ca2+ ([Ca2+];) transients of intra
cellular origin in ~-cells lacking direct contact. Such transients have 
been found to modulate ~-cell rhythmicity by activating a hyper
polarizing K + current. Results.The transients of [Ca2+]; were often 
synchronized in B-cells situated up 80 flm apart. The frequency of the 
transients increased by 50 % when the B-cells were exposed to 100 
flmolll of the NO donors sodium nitroprusside or hydroxylamine. 
Additions of gaseous NO to a final concentration of 0.1-10 flmolll was 
also effective in inducing synchronized transients similar to those 
normally appearing in B-cells. When introduced at a concentration of 1 
mmolll the NO donors suppressed the appearance of transients. Both 
an established scavenger of NO (500 flmolll oxyhemoglobin) and an 
inhibitor of its production (10 mmol/l NOl-nitro-L-arginine ester) 
reduced the number of [Ca2+] i transients. Conclusion. Although toxic 
for the ~-cells when produced in excessive amounts, gaseous NO fulfils 
the criteria for a molecule of islet origin acting as a diffusible 
synchronizer of the [Ca2+]; rhythmicity. 

526 
NITRIC OXIDE AND CARBON MONOXIDE - A NEW CLASS OF 
MESSENGER MOLECULES REGULATING INSULIN SECRETION. 
R. Henningsson, A. Salehi and I. Lundquist. Departtnent of Pharmacology, 
University of Lund, Lund, Sweden. 
Aims: Production of nitric oxide and carbon monoxide, througb the action of 
nitric oxide synthase (NOS) and berne oxygenase (HO), respectively, bas been 
detected in the islets of Langerbans. Tbe inducible isoform of NOS (iNOS) is 
induced by cytokines and migbt contribute to the development of type-I diabetes. 
HO activity, however, is proposed to protect against the development ofIDDM. In 
the present study we have detected and quantified NO and CO production within 
mouse islets of Langerbans concomitant with measuring its influence on insulin 
secretion. We bave also tried to explain how theses two gases exert their effects 
and bow their activities interfere. 
Methnds: Islet NO production was mesured by HPLC-technique and CO 
production was gascbromatograpbically determined. 
Results: Depending on the concentration used, exogenously applied NO gas had 
mainly inbibitory but, under certain conditions, stimulatory effects on insulin 
secretion, wbile CO sbowed only stimulatory effects. Tbe stimulatory, but not the 
inhibitory effects of NO on insulin secretion were extinguished after membrane 
depolarization. In contrast, the stimulatory effects of CO were not influenced by 
membrane depolarization, but were abolished in the presence of the guanylate 
cyclase inbibitor ODQ. Islet NO-production, was significantly inhibited both by 
CO itself and by its precursor bemin, wbile islet CO-production was increased by 
NO. Injection of lipopolysaccharide (LPS), known to generate islet cytokine 
production and induce the development of IDDM, increased both NO- and CO
production within the islets of Langerhans. Fasting, known to decrease insulin 
secretion, induced islet iNOS expression and increased NO-production, while 
CO-production was decreased. 
Conclusion: Both NO- and CO-production seem to be involved in many different 
pbysiological and pathopbysiological ("prediabetic") states in the islets of 
Langerbans. Our data speak in favour of NO as a negative modulator of insulin 
secretion, wbile HO-activity and CO-production seem to defend and protect the 
islets. 

525 
EXPRESSION OF A NEURONAL ISOFORM OF NITRIC OXIDE 
SYNTHASE IN RAT PANCREATIC B CELLS. 
A.D. Lajoix l , H. Reggi02, S. Peraldi-Roux l , T. Chardes l , P. Masiell03, G. 
Ribes l and R. Grossi. IUMR 9921 du CNRS; 2UMR 5539 du CNRS, 
Montpellier, France; 31st. Di Patologia Gene. Pisa, Italia. 

A number of functional studies point to a control of pancreatic B cell 
function by a constitutive Nitric Oxide Synthase (cNOS) activity; however 
the nature and intra-islet localization of the enzyme is still matter of debate. 
Aim: Our work was aimed at identifying I) the type of eNOS isoform 
involved and 2) its intra-islet cellular and sub-cellular localization. Material 
and methods: Molecular and biochemical approaches were applied to both 
isolated rat islets and the insulin secretory cell line INS I. Results: Using 
Reverse transcription-PCR with primers based on the sequence of the rat 
cerebellar NOS (nNOS) and the rat endothelial cNOS, we only amplified the 
550 bp fragment expected with the nNOS primers and sequencing revealed 
total homology with rat cerebellar NOS. The whole coding sequence was 
sequenced and revealed 5 allelic mutations in islets and an additional one in 
INS1 cells leading to 99.8% homology with rat cerebellar NOS. Only 3 of 
these mutations result into a change in amino acid sequence. The expression 
of the 160 kDa nNOS protein identical to the cerebellar extract was also 
demonstrated by Western Blot. Immunofluorescence studies using a 
polyclonal nNOS antibody showed that nNOS is expressed in islets B cells 
and INS 1 cells and appeared to be mainly co-localized in insulin secretory 
granules. This was confirmed by electron microscopy which also brought 
evidence for the presence of nNOS, albeit to a lesser extent, in 
mitochondria, golgi apparatus and nucleus of B cells. Conclnsion: We 
conclude that a neuronal isoform of cNOS is expressed in rat pancreatic islet 
B cells and the INS 1 cell line and appears to be mainly localized in 
secretory granules. 

527 
Expression of arginase isoforms in rat islets of Langerhans 
P. Stickingsl, S. Misu-y-l, H. RatcliffZ, S. M. Morris Jr., and J. 
M. Cunninghaml 'School of Pharmacy and Biomolecular 
Sciences, University of Brightort, UK; 2University of 
Pittsburgh, P A, USA. 

Aims: Arginase, an enzyme present in islets of Langer hans and 
the beta cell line RINm5F, can be induced in macrophages by 
various stimuli including the Th2-derived cytokines IL-4 and 
IL-IO. During insulitis, induction of increased flux of arginine 
substrate via arginase in beta cells could reduce production of 
cytotoxic NO. The aim of this study was to identifY the 
arginase isoforrns expressed in rat islets of Langerhans as a 
prelude to the investigation of arginase induction and 
regulation in rat and human islets. Materials and Methods: 
Islets were obtained by collagenase digestion of Wi star rat 
pancreata. Protein samples from sonicated islets were separated 
by SDS-P AGE and immunoblots prepared using chicken anti
rat arginase I, and anti-human arginase n as primary 
antibodies. Mouse liver (for arginase I) and mouse kidney (for 
arginase II) were used as reference tissues for the two distinct 
arginase isoforms. Results and Conclusions: Western blot 
results show that rat islets of Langer hans express both isoforms 
of arginase at levels comparable to those found in the mouse 
reference tissues. The identification of physiological and/or 
pharmacological inducers of the islet arginase isoforms may be 
of relevance to the control of NO generation and subsequent 
beta cell damage during insulitis. 



528 
TOTAL PARENTERAL NUTRITION IN RATS: ISLET NITRIC OXIDE 
PRODUCTION, CYCLIC NUCLEOTIDES AND INSULIN RELEASE. 
A Salehi, R Henningsson, M. Ekelund and L Lundquist. Department of 
Phannacology, University of Lund, Lund, Sweden. 
Aims: To elucidate the influence of long term elevation of plasma lipids on 
insulin and glucagon secretion in relation to the formation of nitric oxide (NO) 
and cyclic nudeotides in the pancreatic islets. 
Methods: Normal healthy rats were sUbjected to total parenteral nutrition 
(TPN) for 10 days. We then measured insulin and glucagon secretion as well 
as islet cAMP, cGMP accumulation and NO synthase (NOS) activity in 
response to different secretagogues. Hormones and cyclic nucleotides were 
determined by radioimmunoassay and NOS activity by HPLC technique. 
Results: Incubation of isolated islets from TPN rats showed an increased 
insulin secretion accompanied by an enhanced accumulation of cAMP and 
cGMP at basal glucose (1 mM). Glucagon secretion, however was decreased. 
Glucose-stimulated (16.7 mM) insulin secretion, and islet cAMP content of 
TPN rats were strongly suppressed, whereas islet cGMP as well as islet NO
production were markedly increased. TIlis increase in NO-production was 
largely derived from inducible NOS (iN OS) activity. Addition of glucagon
like peptide 1 (GLP-I) to control islets media at 16.7 mM glucose brought 
about a marked potentiation of insulin secretion and a 2-fold increase in islet 
cAMP accumulation, whereas it totally suppressed the glucose-stimulated 
cGMP elevation. These effects of GLP-I was much greater in the islets of 
TPN animals. Compared to controls the phosphodiesterase inhibitor IBMX 
induced a greater insulin secretory response from the TPN treated animals 
both in vitro and in vivo. 
Conclusions: The results show that long-term treatment with TPN brings 
about the expression of iNOS activity in the islets and a strong increase in 
NO-production, which might contribute to the impairment of glucose
stimulated insulin release. TIlis impairment is, at least partly, compensated for 
by a marked increase in the islet cyclic AMP secretory pathway. 

PS29 
Lipids and Islet Function 
530 
LIPOTOXICITY IN ISOLATED HUMAN ISLETS. 
R. Lupi, S. Del Guerra, F. Datta, L. Marselli, C. Santangelo, M. 
Carmellini, M. Realacci, F. Mosca, R. Navalesi, and P. Marchetti; Pisa 
and Rome - Italy 
Aims: Prolonged exposure of rodent islets to high concentrations of free 
fatty acids (FF A) causes alterations of insulin release (IR) and reduced 
islet cell survival (lipotoxicity). We evaluated the phenomenon of 
lipotoxicity in isolated human islets (HI). Materials and Methods: HI were 
prepared by collagenase digestion and denSity gradient punflcatJon from 
four pancreases, incubated either with or without 0.25, 0.5 or 1.0 FFA 
(oleate-to-palmitate, 2-to-l), up to 24h, and then acutely challenged with 
3.3 and 16.7 mM glucose (G), in sequence. Islet cell survival was 
evaluated by the MTT staining and/or the TUNEL technique. Bcl-2 (an 
antiapoptotic molecule) mRNA expression in the islets was assessed by 
RT-PCR. Results: IR (JlUlml) from control islets (Ctrl) was 181±85 
(mean±SD) and 408±207 respectively at 3.3 and 16.7 mM G (p<O.OI). 
Twentyfour hour exposure to 0.25 mM FFA caused a slight increase of 
IR at low glucose (240±42, NS vs Ctrl), and a slight decrease of IR at high 
glucose (310±66, NS vs Ctrl). Pre-culture with 0.5 mM FFA determined 
no major change of IR at 3.3 mM G (191±52, NS vs Ctrl), and a 
significant reduction of IR at 16.7 mM G (265±145, p<0.05 vs Ctrl). With 
1.0 mM FFA, IR decreased significantly in response to both low (123±68, 
p<O.OI vs Ctrl) and high (88±52, p < 0.001 vs Ctrl) glucose.With 1.0 mM 
FFA, after 4h incubation a significant increase of IR at 3.3 mM G 
(532±92, p<0.02 vs Ctrl) was observed, whereas after 12h the secretion of 
insulin was significantly decreased at both 3.3 and 16.7 mM G, with no 
further significant changes at 24h incubation. In the islets cultured for 
24h with 1.0 mM FFA, MTT staining and the TUNEL technique revealed 
a large amount of dead cells, and RT-PCR studies revealed a marked 
decrease of Bcl-2 mRNA expression. Conclusions: These results show that 
lipotoxicity occurs with isolated HI; the phenomenon can be observed 
with relatively low (0.5 mM) FFA concentration, and is fully manifest at 
higher (1.0 mM) FF A level; lipotoxicity in human islets is characterized 
by functional alterations (early increase of IR in response to low glucose, 
followed by a marked reduction of IR at both low and high glucose 
challenge), and citotoxicity. 

529 
THE EFFECT OF TNF-a. ON CELL GROWTH AND PLC-y 
EXPRESSION IN INSULIN-SECRETING I3-CELLS 
N.V.Ermakova, R.H.Paulssen, and J.Florholmen. Laboratory of 
Gastroenterology, Institute of Clinical Medicine, University of 
Troms6, Norway 
Tumor necrosis factor (TNF) inhibits insulin secretion and exhibits 
cytotoxic effects on insulin-secreting l3-cells. In this study, we have 
characterized the effects of TNF-a. on phospholipase C-y (PLC-y) 
expression in an insulin-secreting 13-cells line (I3-TC3). TNF-a. 
inhibited the cell growth of 13-TC3 in a time- and dose-dependent 
manner (0-600 U/ml). In parallel experiments, the insulin-secreting 
capacity of 13-TC3 cells was measured in the presence of 20mM 
glucose and 1 mM carbachol. Results showed an initial increase in the 
insulin-secreting capacity after 4 h treatment with TNF-a. Prolonged 
TNF-a treatment (up to 48 h) resulted in a decrease in the insulin
secreting capacity. A decrease in PLC-y expression was observed 
after prolonged treatment of 13-TC3 cells with TNF -a in combination 
with LiCl (IOmM). LiCl alone was essentially without effect. In 
addition to decreased expression levels of PLC-y, a translocation of 
the enzyme from the cytosol to the cell membrane of 13-TC3 cells was 
observed. These observations imply a dual mechanism for TNF-a on 
the regulation of insulin secretion in 13-cells. 

531 
EFFECTS OF FATTY ACIDS ON II-CELL SURVIVAL. 
Piro S,Patane G,Longo D,Squatrito S,Rabuazzo AM and Purrello F. 
Institute of Int. Medicine, Endocrinology and Metabolism, 
"Signorelli" Diabetes center, Ospedale Garibaldi, Catania, Italy 

Chronic exposure to elevated fatty acids (FA) levels induces 
a series of insulin secretory abnonnalities. Aim: To investigate 
whether FA also affect beta cell survival we cultured rat pancreatic 
islets for up to 7 days with or without 2 mM oleate/palmitate (2:1) 
and then measured apoptosis by detennining Annexin V binding. 
This protein has a strong affinity for phosphatidylserine, a 
phospholipid that during the early phase of apoptosis translocates 
from the inner face of the plasma membrane to the cell surface, 
where may bind to FITC-conjugated Annexin-V. ~: 44±7% of 
cells were in apoptosis in islets cultured 7 days with FA, but only 
18±3% in control islets (mean±SE,n=5,p<O.Ol). Necrotic cells, 
identified by propidium iodide, were similar in the two groups 
(5.5±0.2 and 4.2±O.4%, respectively). We also studied FA effect on 
B-cell replication in INS-l cells. 48 h after implantation cells were 
cultured in the presence or absence of 2 mM oleate/palmitate (2: 1) 
and the MTT test (an index of metabolically active cells) was 
performed 3,5 and 7 days later. Values were similar to control cells 
after 3 days, but were reduced by 25±2% and 52±2% after 5 and 7 
days, respectively (mean±SE,n=5, p<O.OI). 
Conclusions. These data indicate that chronic exposure to FA 
increases apoptosis in rat pancreatic islets, and inhibits 
proliferation in B-cell in pennanent culture (INS-l cells). These 
effects may contribute to the B-cell failure observed in type 2 
diabetic patients. 
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532 
PROFOUND ALTERATION IN PANCREATIC ISLET ALPHA 2 
ADRENOCEPTORS AFTER A 48 H TRIGLYCERIDE INFUSION IN 
RATS. 
L. Clement*, C. Magnan*, M. Vincent*, L. Penicaudt, F. 
Assimacopoulos-JeannetO, and A. Ktorza* , *Universite Paris 7, Paris, 
tUniversite Paul Sabatier, Toulouse, France, °Centre Medical 
Universitaire, Geneve, Suisse 

We previously showed that a 48h infusion of a triglyceride emulsion 
(Intralipid) in rats (IL rats) induced a 2.S fold increase in glucose
induced insulin secretion (GIlS) in vivo, partly due to a decrease in 
sympathetic nervous activity. Moreover, low concentrations of an alpha 
2 agonist oxymetazoline, which were ineffective in control rats 
dramatically reduced GIlS in IL rats. 
Aims: We investigated here the extent to which high GIlS resulting 
from low sympathetic nervous activity could be due to changes in alpha 
2 adrenoceptors on the pancreatic B-cell membrane. 
Materials and Methods: Normal Wistar rats were infused for 48h with a 
tri~lyceride emulsion, leading to a 3 fold increase in plasma free fatty 
aCIds. At the end of infusion pancreatic islets were isolated using 
collagenase digestion and Ficoll gradient. Islets from control and IL rats 
were sonicated and the homogenate was used for binding experiments 
wIth RX821002 as a radioactive alpha 2 specific ligand. Non specific 
binding was determined using epinephrine. 
Results: There was a sharp decrease in alpha 2 adrenoceptors number 
(Bmax: IL rats; 9.05 ± 1.23 fmol/mg of protein, n=3; C rats: 36.10 ± 
8.01 fmol/mg of protein, n=5, p<O.OS) and an increase in affinity (Kd 
= 0.23 ± 0.08 vs. 2.S1 ± 0,38 nM in control rats, p<O.OI). 
Conclusion: These data indicate that lipid infusion sharply alters the 
main characteristics of islet alpha 2 adrenoceptors, either directly or 
tndlrectly, vIa the decrease in the sympathetic tone. These changes may 
have consequences on the intracellular signaling leading to the control 
of insulin secretion. 

534 
THE INFLUENCE OF DIETS RICH IN SATURATED FATTY ACIDS 
DURING AND AFTER GESTATION: STUDIES ON ISOLATED RAT 
ISLETS. 
Rolfsen, SED, Gregersen S, Hermansen K. Department of Endocrinology and 
Metabolism, Aarbus University Hospital, Aarhus, Denmark. 
Restriction ofprotein and energy intake during gestation results in developmental 
defects in the endocrine pancreas and insulin resistance. It is not known whether 
saturated fatty acids given to mothers during the gestational period may be 
detrimental to the endocrine pancreas of the offspring. The aim was to test our 
hypothesis that a diet rich in saturated fat given during gestation andlor during 
the suckling period as well as the post-weaning period suppress the p cell 
responsiveness in the rat offspring. 
Design: Female Wistar rats were given isocaloric diets rich in carbohydrate (C, 
80E%) or fat (F, 58E%, mainly saturated fatty acids) before and during 
gestation. The F-generation was split into five subgroups: 1 and 2 continued on 
diet C or F in the suckling and weaning period until week 16. Group 3 with 
mothers on diet C continued on the C diet during the suckling period but changed 
to a F diet at weaning until week 16. Group 4 with mothers on diet F continued 
on diet F during the snckling period bnt changed to diet F at weaning until week 
16. For group 5 the offspring of mothers given a F diet was changed to C diet 
during suckling nntil week 16. The animals were 16 weeks old (n=8 per group). 
After isolation, islets were incubated overnight and then perifused. The animals 
had similar weight gains during the study period. The fasting p-insulin and p
triglyceride levels were higher in group 2 and 3 (p<0.05, respectively) whereas 
total cholesterol levels were similar. The basal insulin response to 2.0 mM glucose 
from perifused islets showed no differences between the five groups. The area 
under the iusnlin response curves (AUe) were similar in response to 11.1 and 25.0 
mM glucose. The total AUCs in response to 11.1 mM glucose and 100 nM GLP-l 
were not significantly different (group 1: 45±7, 2:40±6, 3: 37±5, 4: 37±4 and 5: 
30±5 nglml*20 min, respectively). In conclusion, saturated fat rich diet given 
during the gestational period does not alter the islet secretory responses from 
peri fused islets compared to carbohydrate rich diet or saturated fat rich diet 
given after weaning period. Whether the dietary manipulation influence the 
insulin sensitivity is nnder investigation. 

533 
METFORMIN PREVENTS 
PANCREA TICISLETS. 

LIPOTOXICITY IN RAT 

Patane G, Piro S, Longo D, Rabuazzo AM, Vigneri R and Purrello F. 
Institute of Int. Medicine, Endocrinology and Metabolism, 
"Signorelli" Diabetes center, Ospedale Garibaldi, Catania, Italy 

We cultured rat pancreatic islets for 48 h with or without FA 
(2 mM oleate/palmitate 2:1,) in the presence or absence of met form in 
(24 Ilg/ml), and then measured insulin release, glucose utilization 
(formation of 3H20 from (5-3H)-glucose) and glucose oxidation 
(formation of 14C02 from U-14C-glucose) at 1.4 and 16.7 mM 
glucose. Results. When compared to control islets, islets exposed to 
FA showed" an increased basal (l85±25 vs 28±5 pg/isletl90 min, 
n=7, p<O.OI) and a decreased glucose-induced insulin release (l58±32 
vs 646±80, p<O.OI). In islets cultured with FA and metformin both 
basal and glucose-induced insulin release were significantly improved 
(95±15 and 439±50, respectively, p>O.OI vs. islets cultured with FA 
alone). Both glucose utilization and oxidation were altered by FA: in 
particular, in respect to control islets, basal glucose utilization (at 
glucose 1.4 mM) was increased (33±1 vs. 19±2 pmollisletl2h n=4, 
p<O.05), and glucose oxidation at 16.7 mM glucose was decreased 
(46±2 vs 61±3 pmol/isletl90 min, n=4, p<O.05). These abnormalities 
were prevented by the addition of metformin (24 Ilg/ml): basal 
glucose utilization = 23±O.5 pmol/isletl2h; glucose oxidation at 16.7 
mM = 60±3 pmollisletl90 min, respectively. Glucose utilization and 
oxidation were unaffected by metformin in control islets. 
Conclusions. These data indicate that metformin prevents both 
glucose metabolism and glucose-induced insulin release abnormalities 
produced by FAin rat pancreatic islets. These effetcs may contribute 
to the therapeutic effects to this drug in type 2 diabetic patients. 

535 
DELAYED BETA-CELL DEVELOPMENT IN SECOND-GENERATION FETUSES 
FROM FEMALES SUBMITTED TO PERINATAL MALNUTRITION 
B. BLONDEAU, P. CZERNICHOW AND B. BREANT INSERM U 457 
Hospital Robert Debnl, Paris, F. ' , 
Aims: We have recently shown that malnutrition during the perinatal 
period impairs the adaptation of the endocrine pancreas to a subsequent 
pregnancy, with slight glucose intolerance and no increase of endocrine 
mass in late pregnancy. The aim of the present study is to investigate the 
impact of this inadaptation on the development of the endocrine 
pancreas in the second generation fetuses. Materials and methods: 
Female rats were malnourished during pregnancy and until the end of 
lactation and the F 1 female offspring, normally nourished after weaning, 
were mated at 8 months of age. Morphometrical measurements of insulin
positive cells were performed on pancreatic sections from E14 and E20 
F2 fetuses and compared to fetuses from age-matched control dams. 
Resnlts: Beta-cell mass was significantly decreased in E20 F2 fetuses 
(197±27 )lg, vs 281±40 )lg in control fetuses, p<O.Ol), as well as the 
number of islets/em' (6±0.S vs 7.4±0.4 in controls, p<O.Ol). In E14 
pancreatic rudiments, the number of cells positive for glucagon only was 
identical in both groups. The total number of cells immunopositive for 
insulin was similarly identical, but 80% of these cells were also positive for 
glucagon in F2 fetuses from females malnourished in the perinatal period, 
whereas it concerned only 60% of the insulin-positive cell population in 
control F2 fetuses. Conclusions: These results suggest that the 
inadaptation of the maternal endocrine pancreas to pregnancy due to 
early malnutrition, delays beta-cell maturation and development in the 
second generation. 
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IDENTIFICATION OF A MDT ATION IN TJIE AMYLIN PROMOTER GENE 
I. Rojasl• A. Novials', C. Francol, E. Ferruindez-Usacl, P. Crist6bal' and R. 
Gomisl. I Endocrinology and Diabetes Unit. IDffiAPS. Hospital Clinic; 'Fundaci6 
SardiI Farriol; 'Department of Obstetrics, Hospital Clinic, Barcelona, Spain. 

Islet amyloid polypeptide (lAPP) or arnylin is the main component of pancreatic 
islet amyloid found in most patients with type 2 diabetes. In man, its synthesis is 
controlled by a single gene located on chromosome 12, which contains three exons 
and two introns. Abnormalities of the lAPP gene may play a potential role in the 
pathogenesis of type 2 diabetes. A S20G mutation in the exon 3 of the lAPP gene 
has been reported in 4% of Japanese subjects with type 2 diabetes. Mutations in the 
promoter region of the lAPP gene could result in abnormal regulation or expression 
of this gene and, therelore, they also may playa role in type 2 diabetes. Aim: The 
aim of our study was to investigate the presence of mutations in the promoter 
region and in the exon 3 of the lAPP gene in Spanish subjects with type 2 diabetes. 
Patients ands Methods: We recrnited 150 unrelated type 2 diabetic patients and 
136 control subjects. Since gestational diabetes (GDM) can be considered a 
prediabetic state, we also screened 40 women with GDM and 36 pregnant controls. 
Mutations were searched by SSCP and then confirmed by direct sequencing. 
Results: We identified a heterozygous mutation in the lAPP promoter gene, 
consisting of a G to A substitution at position -132 from the cap-site of the gene in 
12 (8%) type 2 diabetic patients and in 7 (5%) control subjects (p=(J,3). The 
screening in pregnant women revealed the same G to A change in homozigosis in 
one woman with GDM, whose parents -both with type 2 DM- were heterozygous 
for the mutation. The screening in exon 3 did not detect the S20G mutation in any 
of the subjects studied. We ouly found a polymorphism at codon 31 (AAc/AAT) in 
one diabetic patient. Conclusions: We report the first mutation detected in the 
lAPP promoter gene, which was more common in diabetic patients than in control 
subjects, although it did not reach statistical significance. Functional studies are 
now in progress to evaluate the effect of this mutation on the promoter activity and 
to determine its role in lAPP gene transcription. On the other hand, our study 
suggests that lAPP gene mutations in exon 3 do not play a role in the pathogenesis 
of type 2 diabetes in Spanish population. 

538 
INSULIN AND ISLET AMYLOID POLYPEPTIDE' AMYLIN' FORM STABLE 
MOLECULAR COMPLEXES IN VITRO AFFECTING FIBRIL FORMATION 
A. Clarki, E.T.A.S. Jaikaran', P. Tito', C.V. Robinson', and P.E. Fraser', IDiabetes 
Research Laboratories, 'Centre for Molecular Science, Oxford, UK. 'Centre for 
Research in Neurodegenerative Diseases, Toronto, Canada 

Islet amyloid polypeptide (lAPP) is co-stored in j3-cells and co-secreted with 
insulin. In Type 2 diabetes, secreted lAPP aggregates to form islet amyloid deposits 
which have a role in the progressive deterioration of insulin secretion. The factors 
that promote conversion of soluble human lAPP (hIAPP) into insoluble amyloid 
fibrils are largely unknown; interaction ofIAPP with [3-cell granule components 
could influence fibrillogenesis. Aims: To examine molecular interactions between 
lAPP and insulin. Methods: Formation of complexes in mixtures of synthetic 
hlAPP and human insulin peptides was examined by Western blotting, circular 
dichroic spectroscopy (CD) and nanoflow electrospray interface mass spectroscopy 
(ESIMS). Results: Interaction between insulin and hIAPP was shown by 
immunoprecipitation from mixtures of hIAPP and insulin, gel electrophoresis and 
Western blotting with specfic antisera to lAPP or insulin. Mass analysis of 
peptides by ESIMS in an insulinlIAPP mixture (lOOuglml) incubated for up to 24h 
showed the expected masses of insulin monomers (5806.49+/-0.09Da) and hIAPP 
monmers (3902.88+/-0.4IDa) as well as a 1:1 complex of insulin and lAPP 
(9709.13+/-0.08Da). Mixtures of hIAPP and human insulin B chain demonstrated 
strong intermolecular interactions with formation of multimers of different ratios 
of hIAPP and B-chain. Incubation of hIAPP with insulin delayed conversion of 
hIAPP to fl-sheet conformation examined by CD;insulin and B-clmin inhibited the 
fonuation ofIAPP fibrils. Conclusions: hlAPP forms complexes with insulin 
which could stabilise lAPP in the insulin granule in vivo and influence the 
potential of lAPP to form extracellular amyloid fibrils in diabetes. 
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SYNTHETIC PRO-ISLET AMYLOID POLYPEPTIDE IS CLEA YED BY 
RECOMBINANT PROHORMONE CONYERTASES, PC2 AND PC3 IN VITRO. 
e.E. Higham, L.Lawrie*, K.I.J. Shennan*. N. Birch+, K.Docherty* and A. Clark. 
Dpt. of Human Anatomy and Genetics, Oxford, 'Dpt. Molecular and Cell Biology, 
Aberdeen. UK, 'Upt Biological Sciences, University of Aukland, New Zealand. 

Islet amyloid polypeptide (lAPP. amylin) is derived from a larger precursor, 
proIAPP, 67 amino acids in man. by proteolytic processing at the C- and N-tennini. 
Co-localisation of insulin and lAPP in [3-cell granules suggests that the 
prohonnone convertases PC2 and PO which are responsible for proinsulin 
processing are involved. Aims: To determine if human prolAPP is cleaved by PC2 
and PC3 in vitro. Methods; Human synthetic prolAPP produced by solid state 
synthesis or human recombinant proinsulin was incubated with recombinant pe2 
or PC3 for time periods up to 36h at 37'e. Reaction products were analysed by 
MALDI-TOF mass spectrometry and HPLe. Results: Incubation of pro insulin with 
mature PC2 (at pH5) or PC3 (at pH6) resulted in two products of 3305Da 
(equivalent to C-peptide-KR) and 6125 Da (insulin-RR). PC2 in 5mM calcium pH5 
cleaved prolAPP after 120m at the N-tenninal basic cleavage site prolAPP 11.12 

(products of 1323 and 6097Da) and subsequently at prolAPP 51.52 at the C
terminal. Mature PC3 ( 86kDa) incnbated with prolAPP at pH 6 resulted in 
products of 1868 and 5553Da from an initial cleavage at ProIAPP51 •52 . Later 
activity at the N-terminal site resulted in proIAPP 12.51 (equivalent to lAPP) and the 
N~tenninal fragment of 1323Da. The presence of tile intermediates was confirmed 
by HPLC. When both enzymes were present together. all products were identified 
in the incubation mixture. Incubation of proinsulin and prolAPP with PC3 did not 
result in any apparent competition for substrate Conclusions: These data suggest 
that proIAPP is processed sequentially in maturing j3-cell granules- by PC3 at the 
C-tenllinaljunction followed by PC2 at the N-terminal at a lower pH. In Type 2 
diabetes increased secretion of proinsulin could be accompanied by proiAPP. 

539 
AMYLOID FIBRILS ARE FORMED FROM PROISLET AMYLOID 
POLYPEPTIDE IN TRANSGENIC MOUSE INSULINOMA CELLS. 
I.' E.J.P.de Koning, 'J.S. Verbeek, Ie. Esapa, Is. Laube and IA. Clark. IDiabetes 
Research Laboratories, Radcliffe Infinnary, Oxford, UK, 'Department of 
Immunology, Utrecht University, The Netherlands. 

Islet amyloid is formed from islet amyloid polypeptide (lAPP) in type 2 diabetes 
and in transgenic mice expressing the gene for human lAPP (hIAPP); putative 
factors promoting fibril formation include aberrant processing and/or 
overproduction of proIAPP/IAPP. Aims: To examine the causative factors for 
fibril formation in mouse cells expressing the hlAPP gene. Methods: Mice 
expressing SV40 large T antigen linked to insulin gene promoter were cross bred 
with transgenic mice expressing hIAPP gene. Offspring carrying both transgenes 
were identified by Southem blotting and islet cell tumours removed from mice 
(aged 12-14 weeks). Tumour cells cultured in dishes and on filters were analysed 
for the presence of insulin, lAPP and fibrils by immunolabelling for light and 
electron microscopy (em). Insulin and lAPP secretion was determined by by RIA. 
Results: Transgenic mouse tumours consisted of well granulated j3-cells when 
visualised by em. Secretion from isolated cells cultured at 4.2mM glucose was 2388 
and 3084 pmoll1l24hours insulin or lAPP respectively and was not significantly 
increased by culture in 16mM glucose. Immunoreactivity for lAPP (IAPP-ir) was 
present in [3-cell granules and Iysosomes. Extracellular amyloid fibrils were were 
present at 7 days culture at IImM glucose and were IAPP-ir for human proIAPP 
peptides (antisera to IAPPI.,;, C-and N-terminal peptides of pro lAPP); fibrils were 
located between cells and at the margin of cell clusters. Fibrils formed between the 
cells and filter matrix suggesting inadequate clearance of secreted hIAPP. 
Intracellular fibrils which were proIAPP-ir were present in j3-cells undergoing 
apoptosis or necrosis. Conclusions; Incompletely processed pro lAPP and reduced 
peptide clearance could promote fibrillogenesis ofIAPP and contribute to 
intracellular amyloid formation in dying cells. 
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FAILURE OF AMYLIN TO DIRECTLY AFFECT GLUCAGON 
RELEASE. STUDY IN TIIE PERFUSED RAT PANCREAS. 
R.A. Silvestre, J. Rodriguez-Gallardo, E. Gutierrez, P. Garcia, E.M. Egido 
and J. Marco. Clinica Puerta de Hierro, Medical School, Aut6norna 
University, Madrid, Spain. 

Aims: Administration of pramlintide, a human arnylin analogue, has been 
shown to reduce postprandial hyperglycaemia in diabetic subjects. Besides 
slowing gastric emptying, pramlintide induces a reduction of plasma 
glucagon levels. To gain further insight into this aspect, we have exanrined 
the direct effect of rat arnylin on glucagon secretion in the rat pancreas. 
Materials and Methods: The stody was performed in the isolated perfused 
rat pancreas. Fed male Wistar rats were used as donors. Perfusate consisted 
of Krebs-Henseleit buffer supplemented with dextran (4%), albumin (0.5%) 
and glucose (3.2, 5.5 or II mM). Results: At 5.5 mmol/I glucose, infusion of 
I umol!l rat amylin did not modify either uostimulated glucagon output 
(Flo.50=1.08; n.s.) or the glucagon responses elicited by arginine (5 mM) 
(incremental area:2.2±0.4 vs. 2.3±0.7 ng!20 min in control experiments; 
p=0.9), and VIP (1 nM) (3.5±1 vs. 3.9±1.3 ng!20 min; in controls p=0.78). 
Amylin also failed to affect the glucagon response induced by lowering 
perfusate glucose concentration from II to 3.2 mM (4.5±OJ vs. 4.8±1 ng!20 
min in controls; p=O.8), and the glucagon suppression evoked by an increase 
in glucose from 3.2 to 7 mmolll (decremental area: 2.4±0.8 vs. 2.6±0.4 ng!20 
min in controls; p=0.7). Conclusions: In the perfused rat pancreas, infusion 
of arnylin, at a concentration one order of magnitode higher than that 
reported to exert insulinostatic activity, failed to modify glucagon release. 
Thus, the described reduction of circulating glucagon induced by amylin 
should be interpreted as an interference of this peptide with a humoral/neural 
stimulatory signal reaching the alpha-cell. 
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ISLET ADAPT A TION TO DEXAMETHASONE-INDUCED INSULIN 
RESISTANCE IN RATS: ROLE OF ISLET NERVES 
S. Karlsson, U. Myrsen-Axcrona, B. Ostlund, F. Sundler, B. Ahren, Dept. Med., Lund 
University, Malmo, Sweden 
Aims: The mechanism of hyperinsulinemia during corticosteroid induced insulin 
resistance is not known. We examined islets from dexamethasone (DEX)-treated rats 
with respect to insulin secretion and the possible contribution of islet nervs to the islet 
adaptation to insulin resistance. Materials and Methods: Islets (freshly isolated or 
cultured overnight) from control and DEX-treated (2mg/kg body wI., i.p. daily for 12 
days) Sprague-Dawley rats were used. Neural immunoreactivity for tyrosine 
hydroxylase (TH; marker for adrenergic nerves) or Vasoactive intestinal polypeptide 
(VIP; marker for cholinergic nerves) were determined in sections of isolated islets. 
Results: Plasma insulin levels were 653±\O5 pmolll after DEX compared to 183±49 
pmol/l in controls (P<0.004; n=14). Plasma glucose levels did not differ between 
groups (P<0.09). The insulin response to 8.3 mmolll glucose was increased 4-fold in 
freshly isolated perifused islets from DEX-treated rats compared to controls (l4±2.3 
vs. 3.2±1.4 pmol/islet per min after \0 min; P<O.OOI). Insulin content (8.8±1.7 vs. 
9.1±0.7 pmol/islet P=0.85) or the number of nerve terminals did not differ between 
DEX- and control islets. Incubation experiments revealed a marked left-ward shift 
(P<0.05) of the glucose dose-response curve in freshly isolated islets from DEX
treated rats with no difference at zero or 20 mmolll glucose (maximal stimulation; 
n=II-18). Overnight islet culture resulted in a diminished insulin response to glucose 
(8.3-20 mmol/l) in DEX compared to controls (227±40 vs. 465±71 pmol/islet per 60 
min at 20 mmolll glucose; P<0.006) and a 50% reduction in VIP- and TH
immunoreactive nerve terminals in both DEX and control islets compared to freshly 
isolated islets. Five-day islet culture with DEX (100 nM) did not affect the insulin 
response to a subsequent challenge with glucose (1.8-20 mmol/l) compared to 
controls. Conclusions: DEX-induced insulin resistance in rats leads to enhanced 
glucose-stimulated insulin secretion from isolated islets by a mechanism that is not a 
direct action of DE X on the islet B-cells but rather an indirect adaptive mechanism 
involving islet nerves. 

541 
APOLIPOPROTEIN E GENOTYPE IS NOT ASSOCIATED WITH ISLET 
AMYLOID AS ASSESSED BY DISEASE SEVERITY IN TYPE 2 DIABETES. 
D.S. Powell, H. Maksoud, A.T. Hattersley', S.B.P. Charge, D.R. Matthews, J.e. 
Levy, I.M. Stratton and A. Clark. Diabetes Research Laboratories, Radcliffe 
Infinllary, Oxford, *Dpl.ofMedicine, Royal Devon & Exeter Hospital, Exeter, UK 

Apolipoprotein E (ApoE) is a component of all forms of amyloid deposition, 
including cerebral and pancreatic islet amyloid and has been postulated to have a 
role in amyloid fibril formation. ApoE genotype is an important marker for 
Alzheimer's disease (AD); ApoE .4 allele confers the highest risk for early onset, 
degree of severity and amyloidosis in AD. ApoE genotype is not linked to Type 2 
diabetes but its relationship to islet amyloidosis is unkown. Aims: To examine the 
association of ApoE genotype with disease severity in diabetes clinic patients 
diagnosed >40y and with islet amyloid in post-mortem pancreas from diabetic 
subjects. Patients and Methods: Since more extensive islet amyloidosis is 
associated with severity of disease, two clinic patient groups were examined; severe 
diabetes (S) requiring insulin within 6y (n=166) and mild diabetes (M) on 
monotherapy and sub-maximal doses of sulphonylureas at lOy from diagnosis 
(n=142). Patients with known lipid dyscrasias were excluded. DNA extracted from 
clinic blood samples and from 101 non-diabetic subjects (C) was genotyped for 
ApoE. Results: There were no significant differences between allelic frequencies 
between the groups; .2, 0.06(S), O.IO(M), 0.07(C) (n=20,29,13 respectively); .3, 
0.85(S), O.77(M), 0.81(C) (n= 281,219,163 respectively); .4, 0.09(S), O.13(M), 
O.12(C) (n= 31,36,26 respectively) and there was no siguificant deviation from 
Hardy-Weinberg equilibrium. DNA extracted from wax embedded post-mortem 
pancreas from iO diabetic subjects, 7 with varying degrees of islet amyloid was 
genotyped for ApoE. Severe amyloid was present in 4/5 specimens of .3/4 
genotype, moderate amyloid in 214 of the .3/3 specimens and moderate deposits in 
the one .2/3 subject. Conclusions: ApoE genotype is unlikely to be related to 
severity of type 2 diabetes as assessed by therapy requirements. 

543 
INVOLVEMENT OF A GLYCINE RECEPTOR IN GLYCINE-INDUCED 
INSULIN RELEASE FROM PERFUSED RAT PANCREAS 
G. Bertrand, R. Puech and J. Bockaert. CNRS UPR 9023, Montpellier, 
France. 

Glycine acts as a neurotransmitter by activating strychnine-sensitive 

receptor chloride channels in the central nervous system. In the 

pancreas, the stimulatory action of glycine on insulin secretion is 

attributed to depolarisation of the membrane through its co-transport 

with Na+ but, recently, glycine receptors have been reported to be 

expressed in islets. This study was designed to investigate whether 

glycine receptors are involved in the insulin secretory action of the 

amino acid in the isolated perfused pancreas of the rat. In pancreata 

perfused with 8.3 mmolll glucose, glycine (1-30 mmol/I) induced a 

biphasic and concentration-dependent insulin response with a maximum 

peak of+1150% at 2 min. However, in the presence of the inhibitor of 

glycine transport sarcosine (10 mmol/I), glycine (0.3-10 mmol/I) 

provoked a concentration-dependent insulin response only in a peak 

shape with a maximum of +250% at 2 min (half-maximal response at 

2.5 ± 0.2 mmol/I). The stimulatory action of glycine (3mmol/l) was 

prevented by the glycine receptor antagonist strychnine (30 IImol/l) and 

reduced (inhibition of 60% at 2 min, p<O.OOI) after pretreament with 

the chloride uptake inhibitor bumetanide (10 IImol/I). In the presence of 

8.3 mmol/I glucose, the agonist of glycine receptors, f3-alanine (1-30 

mmol/I) also elicited a transient and concentration-dependent insulin 

response which was strychnine-sensitive. These results suggest that in 

addition to the uptake of glycine, a glycine receptor chloride channel is 

involved in the insulin secreting effect of the amino acid in the rat 

pancreas. 



544 
INHIBITION OF INSULIN RELEASE BY VIP AND L-DOPA 

S. Persson-Sj5gren and I.-B. Taljedal, Department of Integrative Biological 
Medicine, Section for Histology and Cell Biology, Umea University, SE-901 87 
Ume~Sweden 

Aims: Mouse islets decarboxylate L-DOPA, the resulting dopamine inhibiting 
insulin release. Some Il-cells express tyrosine hydroxylase (TH), an enzyme in 
the catecholamine biosynthesis pathway that converts tyrosine to L-DOPA. 
However, the role ofTH in islet cells is unclear. We have previously observed 
increased expression of TH in islets cultured with vasoactive intestinal 
polypeptide (VIP). The present study aimed at testing for inhibitory effects of 
VIP and L-DOPA on insulin release. Materials and Methods: BALB/c mouse 
islets, cultured for 4 days with or without 10 nM VIP, were pre incubated at 4 
mM glucose with or without 2 mM L-DOPA for 60 min, followed by 30 min at 
3 mM glucose alone. They were then incubated at 20 mM glucose with or 
without 2 mM L-DOPA. Insulin was radioimmunoassayed. Results: At 3 mM 
glucose, all islet groups which had first been exposed to VIP or L-DOPA 
showed a decreased basal insulin secretory response (VIP/Ctrl 0.1 0±0.02, CtrVL
DOPA 0.09±O.02, VIP/L-DOPA 0.10±0.02 ng insulinlh per ).lg dry weight; 
mean±SEM) as compared to controls (CtrllCtrl 0.13±0.03; ANOVA: P<0.03). 
When comparing islets cultured with and without VIP, those cultured with VIP 
showed a significantly lower insulin secretory response to 20 mM glucose 
(4.36±O.30) than islets not exposed to VIP (6.51±1.02, Fischer'S PLSD 
P<O.OOI). Preincubation with L-DOPA diminished the subsequent secretory 
response to 20 mM glucose, whether in the presence or absence of L-DOPA 
(I-test: P<O.OOI). Conclusions: Pretreatment with either VIP or L-DOPA 
inhibits the subsequent insulin release. As VIP enhances TH expression in islet 
cells, the secretory inhibition may reflect enhanced formation of endogenous 
L-DOPA and dopamine. 

546 
THE CYCLIC AMP SIGNALLING PATHWAY RESTRAINS ISLET CHOLECYSTOKININ
INDUCED PHOSPHOLIPASE A, ACTIVATION: A NOVEL MODULATORY REGULATION 
E. Simonsson, S. Karlsson and B. Ahren, Dept. of Me d., Lund Univ., Mahn5, Sweden 

Aim: Cholecystokinin (CCK) induces insulin secretion through stimulation of 
phospholipase C (PLC) and, as we recently have shown, Ca'+ -dependent and Ca'+
independent phospholipase A, (PLA,). Now, our aim was to characterise CCK
induced PLA, activation in pancreatic islets with regard to the possible existence of a 
cross-talk between CCK-induced PLA, stimulation and the cyclic AMP (cAMP)
protein kinase A (PKA) signalling pathway. Method: We measured efflux of 
radioactivity from normal rat islets incubated (5.6 mM glucose) in the presence of 
tritiated AA, which is a method koown to reflect PLA, activity. Results: The adenylate 
cyclase activator forskolin (l flM), the phosphodiesterase inhibitor IBMX (0.1 mM) 
and the cAMP analogue dbcAMP (I mM) reduced CCK-8 (the C-terminal octapeptide 
of CCK; 100 nM)-induced efflux of ['H1AA by 57±1O% (p>O.OOI), 61±18% 
(p~0.006) and 50±19% (p~0.025), respectively. In contrast, ['H]AA efflux induced by 
the cholinergic agonist carbachol (l00 flM), which also activates PLA" was 
unaffected by forskolin, IBMX and dbcAMP. To confirm that the interaction induced 
by the cAMP-PKA pathway involves PLA" we examined the impact of forskolin, 
IBMX and dbcAMP on ['H]AA efflux induced by the PLA, activator mellitin (2 
~g!ml), and found that the efflux was decreased by 33±1O% (p~0.008), 46±12% 
(p~O.OOI) and 46±10% (p~O.OOI), respectively. Furthermore, we found that the 
cAMP-PKA pathway-activating secretagogues glucagon-like peptide-l (GLP-I; 100 
nM), gastric inhibitory polypeptide (GIP; 100 nM) and vasoactive intestinal 
polypeptide (VIP; 100 nM) diminished CCK-8-induced ['H]AA efflux by 44±14% 
(p~0.009), 63±25% (p~0.025) and 60±19% (p~0.006), respectively. Conclusions: 
Our results show that the cAMP-PKA pathway has a restraining effect on PLA,
mediated islet action of CCK, indicating that the cAMP-PKA pathway exerts a dual 
modulatory impact on p-cell fimction. Furthermore, since this restraint is absent during 
carbachol-induced PLA, activation, our results also show that CCK and carbachol 
stimulate PLA, by different mechanisms, or activate different PLA, subtypes. 

545 
N-TERMINAL GLYCATION OF CCK-8 ABOLISHES 
ITS INSULINOTROPIC ACTION ON CLONAL B·CELLS 

Y.H.A. Abdel-Wahab, M.H. Mooney, F.P.M. D'Harte and P.R. 
Flatt. School of Biomedical Sciences, University of Ulster, 
Coleraine, Northern Ireland, UK. 

G!ycation of CCK-8 protects against aminopeptidase degradation and 
substantially enhances the potency of the peptide as an anorectic 
agent. Insulin-releasing activity of this novel analogue was evaluated 
using glycated CCK-8 prepared under hyperglycaemic reducing 
conditions and purified by RP-HPLC. Electrospray ionisation mass 
spectrometry and automated Edman degradation demonstrated that 
CCK-8 (1305.3 Da) was glycated specifically at the amino terminal 
Aspl residue. Effects of Aspl_glucitol CCK-8 and CCK-8 were 
examined using glucose-responsive clonal BRIN-BD!! cells. In acute 
(20 min) incubations, 10-10 moll! CCK-8 enhanced insulin release by 
1.2-1.5-fold at 5.6-11.1 mmolll glucose (P<O.OOI). The stimulatory 
effect induced by 10-10 moll! CCK-8 was decreased by 21% 
following glycation (P<O.OOI). At 5.6 mmoll! glucose, CCK-8 at 
concentrations ranging from 10-11 to 10-7 moll! induced a significant 
1.6-1.9 fold increase in insulin secretion (P<O.Ol). The effect of 
Aspl-glucitol CCK-8 over the entire range 10-11 to 10-7 moll! was 
decreased by 21-35% (P<O.OOI) compared with CCK-8, and its 
insulinotropic action was effectively abolished. Aspl_glucitol CCK-8 
at 10-8 moll! also completely blocked the stimulatory effects of 10-11 
to 10-8 molll CCK-8. These data indicate that substitution of a 
glucitol adduct at the amino-terminal Aspl residue increases in vivo 
satiating effects but effectively abolishes and/or antagonises the 
insulinotropic activity ofCCK-8. 
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Dissociation of cAMP generation and insulinotropic effects of 
PACAP38 in diabetic GK rat islets 

Samy M. Abdel-Halim, Suad Efendic, Bo Ahren 

Endocrine & Diabetes Unit, Department of Molecular Medicine, Karolinska 
Institutet, Stockholm, Sweden; and Department of Medicine, Lund 
University, MalmO, Sweden 

The impaired glucose-induced insulin release in isolated pancreatic islets of 
GK rat is restored through exaggerated forskolin-induced cAMP generation. 
Here we tested the effect of pituitary adenylate cyclase-activating polypetide 
(PACAP) which is generally suggested to exert its insulinotropic effects 
through stimUlation of adenylyl cyclase (AC) and cAMP generation. The 
effects of PACAP38 at 3.3 and 16.7 mM glucose were studied on concurrent 
insulin release and cAMP generation from islets isolated from normal and 
diabetic GK rats. As expected, insulin release was significantly decreased in 
GK islets in response to 3.3 mM (p<0.03 vs. controls) or 16.7 mM glucose 
(p<0.02 vs. controls). In normal islets, 100 nM PACAP did not increase 
insulin release at 3.3 mM glucose but significantly enhanced the responses 
at 16.7 mM glucose (p<0.008 with PACAP vs. without stimulation). PACAP, 
however, failed to enhance concurrent cAMP generation at either glucose 
concentration in normal islets. A contrasting picture was noted in GK islets, 
where PACAP stimulation failed to enhance insulin release at 3.3 or 16.7 
mM glucose while concurrently eliciting a -5 fold exaggerated cAMP 
generation at either glucose concentration from the diabetic islets (p<0.03 
with PACAP vs. basal values). This exaggerated cAMP generation in GK 
islets was induced with 10 or 100 nM PACAP. In conclusion, the 
insulinotropic effects of PACAP in normal islets were elicited in the absence 
of concurrent cAMP generation. By contrast PACAP induced exaggerated 
cAMP generation in GK islets that was not accompanied by insulin release. 
These findings are first evidence that exaggerated islet cAMP generation 
may not necessarily lead to induction of insulin release at least in diabetic 
rats. 
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MECHANISMS FOR GLUCOSE TOXICITY AND ITS PREVENTION BY 
AN INSULINOTROPIC PEPTIDE. 
K. Yanagida 1.2 T. Arima2 and T. Yadau Departments of Iphysiology 

and "2nd Int~al Medicin~, Faculty of Medicine, Kagoshima University, 
Kagoshima, Japan, 3Nat. Ins. Physiol. Sci., Okazaki, Japan 
Aims: Glucose toxicity in islet Il-cells is implicated in the pathogenesis of diabetes. 
However, the signalling routs of glucose that lead to toxicity are yet to be elueidated. 
The present study examined whether the metabolism of glucose, a KATP closure. an 
increase in cytosolic Ca" concentration ([Ca"],), or the glueosamine pathway is 
involved in the induction of glucose toxicity, and whether pituitary adenylate cyclase 
activating polypeptide (pACAP) prevents glucose toxicity. Material, and Methods: 
Isolated single Il-cells from Wistar rats were cultured in control (5.6 mM) and high 
glucose (22 mM) conditions. After culture for 3 days, glucose toxicity was assessed bJ 
metabolic, [Ca'>], and exocytotic responses to 8.3 mM glucose, as determined by 
NAD(P)H, fura-2 and quinacrine fluorescence measurements, respectively. Result: 
Percentage of Il-cells responding to 8.3 mM glucose with [Ca'>], increases (glucose 
response) was 82% in control and significantly reduced (40%) by culture with high 
glucose (p<O.OOOI). A KATP opener, diazoxide, added in culture increased the glucose 
response to 60%. A2aserine, an inhibitor of the rate-limiting enzyme of hexosamine 
pathway, also partly counteracted the glucose toxicity. Glucosamine and a KATP 

blocker, tolbutamide, mimicked high glucose in inducing toxicity. The impaired 
glucose response induced by high glucose (40%) and tolbutamide (35%), but not 
glueosamine, was significantly restored (70%, 78%) by the presence of 10" M 
PACAP-38 in the culture (p<0.05). Both NAD(P)H and quinacrine responses to 8.3 
mM glucose were markedly decreased by high glucose and restored by PACAP added 
in culture. Conclusions: Glucose toxicity in I3-cells is produced via closure of KATP 

and stimulation of glucosamine pathway. PACAP protects Il-cells against glucose 
toxicity by counteracting the pathway mediated by KATP closure and [Ca"], increase, 
but not the glucosamine pathway. 
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INSULIN IS EXPRESSED IN SUBMANDIBULAR SALIVARY GLAND 
FROM NORMAL AND DIABETIC RATS 
J.C Egea ' ; A.D. Lajoix ' ; C. Hirtz' ; R. Gross' ; G. Ribes' and D. Deville 
de Periere '. (' Lab. Physiology EA 2041 ; 'UMR-CNRS 9921 , Montpellier 
- France). 
The salivary glands of mammals appear to produce several biologically 
active peptides. We have previously reported the presence of an insulin-like 
immunoreactive (ILl) material in rat submandibular salivary gland (SSG). In 
addition, we also found that this ILl material was increased in SSG from 
streptozotocin (STZ) diabetic rats. Aim: In the present study, our aim was to 
search the presence of insulin mRNA in rat SSG and to compare its 
expression in normal and diabetic rats. Materials and Methods: For this 
purpose our experiments were performed on normal rats and STZ (66 mg/kg 
Lp.) diabetic rats. After SSG removal from these rats, total RNA isolation 
was followed by a reverse transcription (R T) using universal oligo( dT) 
primers. The cDNA obtained were specifically amplified by nested PCR 
using rat preproinsulin I and II primers. The nested PCR products were 
characterized by restriction enzyme digestion and they were also sequenced 
in both directions using the same primers as for nested PCR. Pancreas and 
muscle were used as control tissues. Results : In these conditions, we 
obtained for SSG, from both normal and diabetic rats, the expected 328 bp 
cDNA fragments corresponding to rat preproinsulin I and II coding 
sequences, which could be confirmed by direct sequencing. In addition, the 
signals of PCR products for preproinsulin I and II were found stronger for 
SSG from diabetic versus normal rats. Conclusion: Our data bring evidence 
I) that preproinsulin I and II are expressed in rat SSG and 2) suggest that the 
increased expression found for diabetic rat might afford to play a local 
compensatory role in response to the drastic insulin deficiency induced by 
STZ. 

550 
REGULATED PROINSULIN GENE EXPRESSION AND 
MATURE INSULIN SECRETION BY GH3 CELLS STABLY 
TRANSFECTED WITH A FURIN·CLEA V ABLE HUMAN 
PROINSULIN eDNA 

C. Meoni, F. Bertuzzi, A. E. Pontiroli, L. Falqui, C. Arcelloni, R. Paroni, 
L. Sala, F. Folli and A. M. Davalli. Istituto Scientifico San Raffaele, 
Milan, Italy 

Aims: To bioengineer regulated insulin secretion in pituitary cells. 
Materials and Methods: Prolactin- and growth hormone-secreting GH3 
cells were stably transfected with a furin-c1eavable human proinsulin 
eDNA linked to the PRL promoter. Three positive clones (Ins-GH3) 
were subcloned by limiting dilution and characterized with regard to 
regulated (pro)insulin-like release and proinsulin transgene expression. 
Results: Ins-GH3 clones were heterogeneous amongst them in 
quantitative terms of insulin production, but mature insulin secretion 
was obtained by all of them accounting for by 38-49% of total 
released (pro)insulin-like products. Insulin immunoreactivity had a 
granular cytoplasmatic pattern that colocalized with secretogranin 
(SGIl) immunoreactivity. Basal and stimulated insulin release differed 
in the three clones, in parallel with a different expression of the 
proinsulin transgene. Stimulation with forskolin (FSK) elicited 
increased insulin release by all clones, indicating that insulin was also 
targeted to the regulated secretory pathway of secretion. A significant 
secretory response to Pituitary Adenylate Cyclase Activating 
Polypeptide (PACAP) and to Tireotrophin Releasing Hormone (TRH) 
was also observed. FSK, PACAP, and TRH, also stimulated proinsulin 
transgene expression, and FSK in a dose-dependent fashion. GH3 
cells, transiently cotransfected with the luciferase reporter gene placed 
under the control of the PRL promoter and with the glucose 
insulinotrophic peptide (GIP)-Receptor eDNA, showed a dose
dependent induction of luciferase activity in response to GIP. 
Conclusions: these data support the hypothesis that incretin-regulated 
insulin gene expression, and possibly release, might be achieved in 
pituitary cells. 
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GENE EXPRESSION MEASUREMENTS IN HUMAN ISLETS OF 
LANGERHANS. 
R. Barry, N. C. Turner*, M. Tadayyon*, J. R. Arch* and I. C. Green. Dept. of 
Biochemistry, University of Sussex, Brighton & Dept. of Vascular Biology, 
SmithKline Beecham*, Harlow, Essex, UK. 
The restricted availability of human islets places limitations on the 
quantity of mRNA which can be extracted for use in gene expression 
studies (1,000 islets >0.5Ilg of mRNA). Aims: To evaluate the 
reproducibility of a semi-quantitative linear-PCR reaction, combined with 
a hybridisation technique, for measuring the relative expression of known 
genes from a limited quantity of islet mRNA. Materials and Methods: 
A set of 48 genes of interest were selected and cDNA fragments (200-
500bp) amplified by reverse transcriptase-PCR. The PCR products were 
purified and immobilised onto nylon membranes. A linear-PCR reaction 
using an oligo(dT) primer was applied in order to generate a complex 

[32PJ-labelled probe, from human islet mRNA «[DOng), equivalent to 
multiple single-stranded cDNA copies of the islet mRNA pool. Labelled 

[32PJ_PCR products were purified and used as probes in hybridisation 
reactions with immobilised cDNA fragments on nylon membranes. 
Results: Hybridisation images were analysed by PhosphorImager and 
evaluated in ImageQuant. The intensity of each gene was expressed 
relative to the housekeeping gene glyceraldehyde-3-phosphate 
dehydrogenase. The hybridisation intensities (arbitary values) measured 
for 48 genes were compared to quantify reproducibility. The coefficient 
of variation for gene expression for three human islet preparations was: 
<25% for 33 genes; 25-50% for 10 genes; 50-100% for 5 genes. 
Conclusions: A semi-quantitative technique is established which can be 
used to measure the relative expression of islet genes, and which requires 
a limited amount of mRNA to generate a probe. The technique has the 
potential to determine at least 2 fold changes in islet gene expression. 

553 
CHROMOSOMAL ALTERATIONS IN HUMAN ISLET CELL TUMORS 
E. Stumpf, Y. Aalto, T. Otonkoski, S. Knuutila, and L.C. Andersson 
Haartman Institute, P.O. Box 21, FIN-00014, University of Helsinki, Finland. 
Aims: Understanding of the malignant transformation of human islet cell tumors 
would be useful for the development of human beta cell lines. Here we have 
approached the problem through the analysis of chromosomal changes in human 
endocrine pancreatic tumors. Materials and methods: 25 paraffin-embedded 
tumors from 23 patients were studied. In immunohistochemical stainings, all rf 
the tumors showed positive staining for neuroendocrine markers and for insulin, 
glucagon, or somatostatin. High molecular weight DNA was extracted from the 
paraffin blocks. In some cases, the DNA had to be amplified by PCR. The 
comparative genomic hybridization (CGH) technique was used to evaluate DNA 
sequence copy number changes based on the simultaneous hybridization <:f 
differentially labelled tumor and normal DNA on nonnal chromosome metaphase 
spreads. Green to red fluorescence ratios were calculated, and a map of gains and 
losses through the entire genome was drawn. Results: DNA copy number changes 
were observed in 22 out of 25 tumors. The mean was 8.1 aberrations per tumor 
(range 1-15). The most recurrent change involved gains at chromosome 7 (in 68% 
of tumors). The minimal overlapping region of the gains was at 7ql1.2. Other 
frequent gains included chromosomes 19 (60%) and 14 (56%). Chromosome 20q 
was amplified in 48% of the cases with the minimal overlapping region <:f 
20qI1.1-13.1. The two most frequent losses were found at IIq21-22 in 32% and 
at Ilp13-15 in 24% of the cases. Conclusions: The amplified chromosomal 
regions contain several candidate genes which may be involved in islet cell 
tumorgenesis. The regions with most frequent losses are likely to contain tumor 
suppressor genes. 

552 
IN SEARCH OF DIABETOGENES BY DIFFERENTIAL DISPLAY OF 
MESSENGER RNA FROM HUMAN ISLETS OF LANGERHANS. 
F. Sutti, L. Perego, S. Baglioni, A. Otte, C. Socci, L. Aldrighetti, F. Bertuzzi, G. 
Pozza, A.E. Pontiroli, A.M. Davalli and F. Folli. H. S. Raffaele, Milan, Italy. 

Aims: Patients affected by type 2 diabetes mellitus exhibit peripheral insulin 
resistance and defective insulin secretion by pancreatic f3 cells. We decided to search 
for novel potential diabetogenes in islets of Langerhans from a diabetic patient who 
died of cerebral hemorrhage and was eligible for multiple organ donations. 
Materials and Methods: Total RNA was extracted from human pancreatic islets 
from I patient affected by Type 2 diabetes mellitus and 2 normal individuals. 3 
separated Differential Display experiments were performed by comparing mRNAs 
extracted from islets of a diabetic patient with mRNAs of normal islets. 
Results: By comparing mRNAs isolated from human islets of the diabetic patient 
with normal islets mRNAs, we found 22 DNA fragments that are differentially 
expressed which were identical or had high homology with sequences retrieved by 
NCBI BLAST search. By Southern blotting experiments we demonstrated that 12 of 
these genes weren't differentially expressed, 4 genes were overexpressed in diabetic 
islets and 6 were overexpressed in normal islets. 2 of the genes overexpressed in 
diabetic islets encoded for the exocrine enzymes elastase and lisophospholipase. The 
remaining two genes encoded for polylg receptor transmembrane secretory 
component and complement C3 component. The 6 genes overexpressed in Donnal 
islets were: mitochondrial coxIl, HMG-Y, human chromosome 16 BAC clone, 
HPH2, human Hexabrachion and prepro-alpha I collagen. Human polyhomeotic 
homolog 2 (HPH2) is a human homolog of a drosophila Polycomb-group (PeG) 
gene, whose precise function is at present unknown. In situ hybridization and 
immunocytochemistry experiments demonstrate that HPH2 is overexpressed in p
cells as compared with exocrine pancreas, and that it is not present in a-cells. HPH· 
2 expression is downregulated by 120 hours serum deprivation and upregulated by 
incubation with 22 mM glucose and 100 nM insulin for 48 hours in f3TC-3 cells, an 
insulin secreting cell line. 
Conclusions: Our data show that Differential Display can be applied to the study of 
gene expression in human islets of Langerhans and might be a powerful tool to 
detect novel genes involved in beta cell function and survival. 

554 
GENE TRANSFER TO PANCREATIC ISLETS MEDIATED BY A 
REPLICATION INCOMPETENT HSV-l 

C. Berra', L. Falqui*, R Furlan*, P Marchetti', A CoppelIi\ C TelIini', 
G Pozza* and C Bordignon* 
'Istituto Clinico Humanitas Milan, *Scientific Institute San Raffaele Milan, 
'Department of metabolic diseases University of Pisa. Italy 

Aims:To examine the feasibility of gene transfer to bovine islets, using a 
replication incompetente HSV-I vector encoding E.Coli-B-galactosidase 
(HSV-ILacZ vector) as a repoter gene, and the possible interaction with the 
endocrine function Material and methods: Bovine islets were isolated by 
enzymatic and mechanical digestion, and then purified by density gradient 
purification with Histopaque, and cultured in standard mediuffi+bovine serum 
and antibiotics. A plasmid containing the expression cassette for the murine 
B7.1 gene and the E Coli B-galactosidase gene has been constructed by 
conventional recombinant DNA techniques. Islets were infected with HSV
ILacZ vector at different virus-to-target cell ratios (MOl 3-5-10). Gene 
transfer was assessed by direct histochemical staining for B-galactosidase 
protein after 2,7,12 and 14 days. Uninfected islets were used as negative 
controls. Islets viability was assessed before and after transfection by 
morphology, optical microscopy, and by evaluation of insulin release during 
static incubation with normal and high glucose concentration 2 days after 
isolation and 2-7-14 days after infection. Results: Best infection rate was 
obtained at MOl 5. Infection rate was higher 2 days after infection (50-70% 
of the peripheral cells), at 7-12-14 days after infection the number of stained 
cells per islet was moderatly lower. B-galactosidase activity was not 
detectable in control islets. The morphology of the islets was not different 
between infected and non infected islets. The in-vitro response to different 
glucose stimuli of infected islets was super-imposable to control islets in all 
experimental time points. Conclnsion: HSV-I can efficently infect intact 
islets while preserving their cellular function and could allows insertion of 
relevant signals into non-dividing cells. 
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555 
DIFFERENTIAL EFFECT OF SECRETAGOGUES 

ON ADHESION RECEPTORS OF RAT ISLET B-CELLS 

D. Bosco, P. A Halban and D. G. Rouiller. Laboratoires de Recherche Louis Jeantet, 
Centre Medical Universitaire, CH-1211 Geneva 4, Switzerland. 

Cell-cell adhesion molecules (CAMs) and integrins are expressed at the surface of 
islet B-cells, and insulin secretagogues, including glucose and IBMX, increase cell
cell and cell-matrix adhesion. Aims: Determine whether secretagogues influence CAM 
and integrin expression on B-cells. Methods: Purified rat B-cells were incubated for 
20 h under increasing concentrations of glucose ± 0.5 mM IBMX, and examined by 
imrnunofluoresecence using antibodies against different CAMs and integrins. Results: 
C-CAM, a calcium-independent CAM, was expressed on 34.7 ± 6.3% B-cells at 5.6 
mM glucose, with no significant change at 16.7 mM glucose (26.0 ± 5.8%) with or 
without IBMX. At 2.8 mM glucose, only 7.2 % of B-cells showed a strong labeling for 
E-cadherin. This value increased to 21, 31 and 87% at 11.1, 22.2, and 22.2 mM 
glucose+IBMX, respectively. When compared to 2.8 mM glucose, flow cytometric 
analysis showed that the mean intensity of labeling for E-cadherin was increased by 42 
± 5, 49 ± 9 and 108 ± 14% in the presence of 11.1, 22.2 and 22.2 mM 
glucose+IBMX, respectively. Virtually all B-cells expressed the oj integrin subunit at 

their surface. Level of labeling was homogeneous between cells and was not modified 

by secrctagogues. However, expression of the a6 subunit (as a6p I) was 
heterogeneous, and labeling was increased by secretagogues. Thus, 2%, 32% and 69% 
of B-cells showed strong o:6-labeling when incubated with 5.6, 22.2. and 22.2 mM 

glucose+IBMX, respectively. When compared to 5.6 mM glucose, mean intensity of 
fluorescence labeling was increased by 15% and 84% in the presence of 22.2 mM 
glucose without or with IBMX, respectively. In addition, double immunofluorescence 
revealed that E-cadherin and a6{31 integrin were not systematically coexpressed at the 

surface of B-cells, regardless of culture conditions. Conclusions: These experiments 
suggest differential regulation of adhesive molecules at the surface of B-cells, and that 
E-cadherin and 0:6 integrin, but not C-CAM and 0:3 integrin, may playa role in the 
altered adhesive propenies of B-cells following exposure to secreragogues in vitro. 
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NEOFORMATION OF ENDOCRINE FROM DUCTAL CELLS IN HUMAN 
AUTOIMMUNE DIABETES. 
£. Anastasi, A. Bulotta, P. Marchetti, R. Navalesi, C. Tiberti, R. Gradini, F. Dotta 
and U. Di Mario. Dept. Clinical Sciences and Experimental Medicine University of 
Rome "La Sapienza "IDe pt. of Endocrinology and Metabolism, University of Pisa 
Italy. 
Aims. In this study we evaluated the existence of proliferation and differentiation 
of endocrine cells from ductal cells in pancreata obtained from two young type I 
diabetic patients. Subjects and methods. Case I was a 5-year-old white female 
who died because of ketoaeidotic coma 5 days after diagnosis. Case 2 was a 14-
year-old white type I diabetic female in whom insulin-dependent diabetes mellitus 
was diagnosed 8 months before a car accident that caused her death. Pancreata 
from normal subjects were included as controls. Pancreatic sections were 
immunostained for cytokeratin-19 (Ck-19), a speeific marker for human pancreatic 
ductal cells, and for insulin or glucagon using an indirect immunofluorescence 
technique and studied by laser confocal microscopy. In addition, in order to detect 
the possible presence of proliferative phenomena at islet or at ductal level, 
immunofluorescence detection of proliferating cellular nuclear antigen (PCNA) 
was perfonned employing a mouse anti-PCNA monoclonal antibody. Results. 
Immunostaining for glucagon revealed the presence of positive cells in pancreatic 
ducts from both Case I and Case 2 but not from controls. At confocal microscopy 
these cells revealed a double positivity when analyzed for both glucagon and Ck19, 
indicating' that these glucagon positive cells originated from the ductal epithelium. 
Insulin positive cells were not detected at ductal level either in diabetic or nonnal 
pancreatic section. In pancreatic ducts from diabetic patients, but not from controls, 
immunostaining for PCNA showed the presence of a number of positive cells; co
staining for glucagon was observed in some of these PCNA-positive cells. 
Conclusions. This study showed differentiation and proliferation phenomena of 
endocrine precursor cells in ductal epithelium both at onset and at 8 months after 
diagnosis, suggesting that such a process takes place both in the early and late 
stages of the disease but it is not successful in restoring beta-cell mass. The 
elucidation of the mechanisms involved in the regnlation of beta-cells regeneration 
may be of importance in developing preventive or therapeutic strategies aimed to 
restoring beta cell mass in the early stages of autoimmune attack. 

556 
ROSIGLITAZONE, BUT NOT METFORMlN OR GLmENCLAMIDE, IMPROVES 
GLYCAEMIC CONTROL AND INCREASES ISLET INSULIN CONTENT. C.ALister, 
G.B.T.Moore. V.Piercy, M.Newman, H.Chapman and S.ASmith. SmithKline 
Beecham, Harlow, Essex, U.K. 
Aims: To compare the effects of the PPARy agonist, rosiglitazone (RSG), 
metformin and glibenclamide (Glib.) on glycaemic control and pancreatic ~-cell 

insulin content in the C57BI/KsJ db/db diabetic mouse. Materials and Methods: 
C57BI/KsJ db/db diabetic mice were allocated into groups (n~7) and RSG, 
glibenclamide or metformin were dosed admixed in the diet. Blood glucose 
(mmol/I) was determined after 7 and 28 days of treatment, whilst pancreatic (nglmg 
of tissue) and plasma insulin (ng/ml) concentrations were determined at 28 days. A 
group of nonMdiabetic lean littermates was included for comparison. Data are 
presented as mean ± SO. Resnlts: After 7 days of treatment RSG significantly 
reduced blood glucose (p<O.OOI), compared to untreated db/db mice and after 28 
days blood glucose was similar to that of lean liltermates. Neither glibenclamide nor 
metformin improved glycaemic control; indeed at the end of the study 

Iibenclamide significantly worsened the hyperglycaemia (p<0.05). 
Day db/db RSG Glib. Metformin db/+ lean 

control 1.42 m£lkg 49.4 mg/kg 100 mg/kg control 
7 19.02±4.47 10.51+2.67 22.49+4.36 22.40+2.98 6.58±O.39 

28 21.08+7.50 7.55±2.49 29.46+4.37 25.93+4.26 6.19±1.67 
RSG and msuhn 

Conclusion: RSG reduced hyperglycaemia and preserved plasma and ~-cell insulin 
in the C57BIIKsJ db/db mouse, whereas neither metformin nor glibenclamide 
influenced insulin parameters. RSG may therefore have the potential to exert a 
durable ~-cell protective action in type 2 diabetes. 

558 
C-MET EXPRESSION DURING BETA CELL NEOGENESIS IN 
AUTOIMMUNE DIABETES. 
A. Bulotta, E. Anastasi, E. Di Cesare, E. Ponte, R. Liddi, C. Tiberti, F. Dotta, D. 
Taruscio, M. Falchi, S. Seiacchitano and U. Di Mario. University of Rome and 
Messina! Istituto Superiore Sanita' Italy. 
Aims. In this study we evaluated the expression o.f the hepatocyte growth factor 
(HGF) receptor c-met during beta cell neogenesis in two experimental models of 
autoimmune diabetes. Materials and methods: Non obese diabetic (NOD) female 
mice were killed at the following ages: 4-8 weeks, 20-25 weeks, 39-41 weeks and 
at diagnosis of diabetes (3 animals per group). In ten C57Bl6/J male mice, diabetes 
was induced by i.p. injection of low-dose streptozotocin (Id-STZ, 40 mglKg b/w for 
5 consecutive days). Five animals were killed at day 12 and at day 24 from the 
beginning of the STZ treatment. In order to detect ductal c-met positive cells and 
their differentiation potential in insulin producing cells, double immunofluorescent 
labeling for C-mel and CK20 or insulin was perfonned on 5fl1ll thick cryostat 
sections. Results. In NOD mice, the amount and the intensity of c-met positive 
ducts was higher in pancreata from diabetic and 39-41 week-old mice in 
comparison with other groups. In all animals but not in 4-8 week old mice, insulin 
positive ductal cells were detectable. In addition, in these animals most c-mel 
immunoreactive ductal cells were indeed double stained for insulin. Furthennore, 
pancreatic sections obtained from 39-41 week-old mice showed some small cell 
clusters double positive for c-met and insulin scattered in the exocrine parenchyma. 
In diabetic Id-STZ mice the amount and the intensity of c-met positive ducts was 
greater at day 24 than at day 12. Insulin positive ductal cells were detectable and 
most c-met immunoreactive ductal cells were indeed double stained with insulin. In 
nonnal mice, only a faint c-met staining in a small number of ductal but not insulin 
positive cells were observed. Conclusions. These results suggest a role of c-met 
receptors in ductal cell differentiation in insulin expressing cells in autoimmune 
diabetes. It would therefore be interesting to further explore the potentials of the 
HGF-c-met system in promoting beta cell neogenesis. The capacity to expand or 
mantain ~ cell mass using factors involved in this process could in fact represent a 
potential therapeutic approach for treatment of type I diabetes. 
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THE TYROSINE KINASE BSKlIYK EXPRESSED IN ISLET CELLS CAUSES 
DIFFERENTIATION IN RAT PHEOCHROMOCYTOMA PC12 CELLS. 
C. Anneren and M. Welsh. Dept. of Medical Cell Biology, Uppsala 
University, Box 571, Biomedicum, 571 23 Uppsala, Sweden. 

Bsk/lyk, a Src-family tyrosine kinase expressed in islet-cells was 
cloned from the mouse flTC-1 cell line. Two tyrosine residues in the 
C-terminal tail (Y497 and YS04) regulate Bsk activity and 
subcellular localisation. We have previously shown that RINmSF cells 
expressing constitutively active Bskllyk (Y497/S04F-mutated and 
YS04F-mutated Bskllyk) display a decreased growth rate compared to 
control cells. Aim..;. To investigate if Bskllyk expression affects 
hormone content in insulin producing RINmSF cells or neurite 
outgrowth in PC12 cells. Materials and Methods'RINmSF cells 
expressing wild-type and mutated Bskllyk were subjected to Northern 
blot analysis for insulin and glucagon. PC12 cells expressing wild
type and mutated Bsk/lyk were studied for their ability to 
differentiate (extend neurites). Results: RINmSF cells expressing 
Y497/S04F-mutated Bsk/lyk contained slightly less insulin mRNA 
compared to control cells and one RINmSF clone expressing large 
amounts of YS04F-mutated Bsk demonstrated elevated levels of 
glucagon mRNA. PC12 cells expressing wild type Bskllyk show a 
significantly larger fraction of cells with neurites (20%) compared 
to control cells (1-2%) (p<0.001, ANOVA). Addition of 20 ng/ml NGF 
for 24, 48 and 72 hours increased neurite outgrowth in both control 
cells and BSkllyk expressing cells. Transfection of PC12 cells with 
Y497/S04F-mutated Bskllyk resulted in clones of cells with long, 
branched neurites and flattened cell bodies. These cells ceased to grow 
and eventually died. Conclusions: Bskllyk causes differentiation of 
neuronal PC12 cells. Bskllyk also seems to playa role for regulating 
islet hormone production in RINmSF cells. 

561 
PANCREATIC POLYPEPTIDE GENE EXPRESSION IN AR42J CELLS 
IS DEPENDENT ON THE TRANSCRIPTION FACTOR Nkx2.2. 
J. Palgi and T. Otonkoski, Haartman Institute, University of Helsinki 
The clonal rat pancreatic acinar cell line AR42J has been reported to 
differentiate towards an endocrine phenotype, producing insulin and 
pancreatic polypeptide (PP), by treatment with growth factors, such as 
activin A and HGF. In our hands, growth factor treatment of the clone 
AR42J-B13 resulted in growth inhibition and morphological 
differentiation, but no insulin and PP gene transcripts could be detected. 
Aims: To find out which transcription factors are required for islet 
hormone expression in AR42J cells. Materials and Methods: mRNA 
expression in AR42J cells treated with activin A and HGF was 
investigated by Northern analysis. Transcription factor cDNAs were 
cloned under CMV promoter control and transfected separately and in 
combination. Hormone mRNA expression of the transfected cells were 
tested by RT-PCR. Results: mRNAs of the transcription factors Nkx6.! 
and Isl1 were not found in growth factor-treated or untreated cells. 
Furthermore, the expression of pdx I and Nkx2.2 was very low in 
comparison with INS-! and RINm5F rat insulinoma cell lines. cDNAs 
encoding the above mentioned transcription factors were transfected with 
and without activin A + HGF treatment. The synthesis of mRNAs for 
insulin, glucagon and somatostatin were not detectable after any 
transfections. However, reproducible expression of the PP gene was 
induced after transfection of Nkx2.2 cDNA. This was not dependent on 
the growth factor treatment. Conclusion: Overexpression of the 
transcription factor Nkx2.2, but not Nkx6.1, pdxl or Isl1, resulted in the 
induction ofPP expression. None of the transcription factors could induce 
insulin gene expression. 

560 
CHRONIC TREATMENT WITH GLUCAGON LIKE-PEPTIDE-l 
(GLP-l) INCREASES B-CELL MASS IN MILDLY DIABETIC 
RATS. 
C. BeTIlard, C. Ilic, V. Guilbert and A. Ktorza. CNRS ESA 7059, 
Universite Paris 7, Paris, France 

Aims: Glucagon like-peptide-l (GLP-l) improves glucose 
tolerance and partially restores glucose-induced insulin secretion 
both in humans with non-insulin-dependent diabetes (NIDDM) 
and in animal models of diabetes. We investigated whether the 
insulinotropic effect ofGLP-l may be related to an increase in the 
B-cell mass. Materials and Methods: we have infused non 
diabetic and diabetic rats with GLP-l (1.5 pmol/kg/min) during 7 
days using miniosmotic pumps. Controls were infused with saline 
under the same conditions. NIDDM was induced in adult rats 
(STZ rats) by a single Lv. injection of a low dose (35 mglkg) of 
streptozotocin. Results: STZ rats showed a 65% decrease of the 
B-cell mass. In STZ GLP-l infused rats, the B-cell mass, as 
measured by immunocytochemistry and stereological 
morphometry, was dramatically increased (4.2 ± 0.3, vs 2.0 ± 0.02 
mg/pancreas; p<0.05). The B-cell mass was slightly but not 
significantly increased in non diabetic rats treated with GLP-l 
(7.2 ± 0.3, vs 5.5 ± 0.5 mg/pancreas). In both groups, the 
proliferation of preexisting B-cells, as measured by BrdU 
incorporation, was unlikely responsible for this increase. On the 
contrary, the presence of endocrine cells within or budding from 
the pancreatic ductal epithelium suggests the activation of 
neogenesis of new endocrine cells. Conclusion: these data show 
that the GLP-l-induced increase in the insulin response to 
glucose may result, at least in part, from a trophic effect ofGLP-l 
on pancreatic islets via a stimulation of neogenic processes. 

562 
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IN VITRO EXPANSION OF NEONATAL PORCINE ISLET CELLS IS 
ASSOCIATED WITH ELEVATED EXPRESSION OF IDX-I AND NKX 2.2. 
G.S. Korbutt, G.R. Rayat, R.V. Rajotte, and T.J. Kieffer!. Surgical-Medical 
Research Institute and 'Department of Medicine, University of Alberta, 
Edmonton, Canada. 

Aims: Neonatal porcine islets (NPI) may become a potential source of 
insulin-producing tissue for transplantation. NPI which consist primarily of 55% 
pancreatic epithelial cells and 35% endocrine cells have the inherent capacity to 
proliferate and differentiate, thus malcing them an attractive model to study islet 
cell neogenesis. We have recently developed a method of enhancing maturation of 
NPI by nticroencapsulation and further culture in autologous serum. This 
procedure results in a more rapid correction of diabetes in NPI-transplanted SCID 
ntice. To examine the mechanism(s) responsible for this maturation process, we 
detennined whether microencapsulation and further culture of NPI increases the 
proportion of islet endocrine cells and their respective honnone contents. 

Materials and Methods: Nonmature NPI were microencapsulated with 
purified alginate, then cultured for 8 days in the presence of 10% autologous 
serum. 

Results: Initially, nonmature NPI consist of 29.0±2.9% and 17.8±2.6% 
insulin and glucagon-positive cells, respectively. After encapsulation and further 
culture, the proportion of insulin- and glucagon-positive cells increased 
significantly (p<0.05) to 42.8±2A% and 25.8±1.4%, respectively. When honnone 
content was exantined, there was a 5.6±OA-fold increase in insulin and l.5±O.2-
fold increase in glucagon. We then analyzed the encapsulated matured NPI for 
their expression of the homeodomain transcription factors IDX-l and NKX 2.2 by 
immunocytochentistry and Western blot. We found that IDX-l and NKX 2.2 
expression in encapsulated mature NPI was higher than nonmature NPI. 

Conclusion: These data demonstrate that nticroencapsulation and further in 
vitro culture of NPI results in an increased proportion of ~ cells and that an 
increased expression ofIDX-l and NKX 2.2 may contribute to this proliferative 
response. 
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563 
lAPP PROMOTES CELL PROLIFERATION IN THE FETAL ENDOCRINE 
PANCREAS 
Ella Karlsson and Stellan Sandler, Department of Medical Cell Biology, 
Uppsala University, Uppsala, Sweden 

lAPP is predominantly expressed together with insulin in pancreatic beta 
cells. The peptide is expressed early during embryogenesis, i. e. lAPP 
coexists with insulin on the 12th gestational day in the rodent fetal 
pancreas. Aims: In the present study, we aimed to elucidate lAPP's role in 
the proliferation of fetal pancreatic islet cells. Material and Methods: For 
this purpose, fetal islets were isolated from pregnant Sprague-Dawley rats 
on gestational day 21, using a collagenase digestion method. Islets were 
cultured in RPMI 1640 + 10% fetal calf serum (11.1 mM glucose) for 48 h, 
followed by a 24 h culture period in RPMI 1640 + 1 % fetal calf serum (5.6 mM 
glucose). The islets were then exposed to rIAPP (1-1000 nM) for 24 h. lAPP's 
effect on DNA synthesis (3H-thymidine incorporation), islet insulin content, 
islet insulin secretion, islet (pro)insulin synthesis, islet total protein 
synthesis and glucose oxidation was studied. Results: lAPP (1-1000 nM) 
significantly increased DNA synthesis in fetal islets (control: 3633.9 ± 661.8 
dpm/J.1g DNA x 6 h; 1000 nM lAPP: 5065.2 ± 624.0 dpm/J.1g DNA x 6 h; 100 nM 
lAPP: 4670.3 ± 758.5 dpm/J.1g DNA x 6 h; 10 nM: lAPP 5157.0 ± 768.9 dpm/J.1g 
DNA x 6 h vs 1 nM lAPP: 6346.5 ± 1535.2 dpm/J.1g DNA x 6 h, n=ll, P<0.05, 
Student's paired I-test). This effect was similar to that seen when 10% fetal 
calf serum was added. 1 nM of lAPP increased islet insulin content (192.9 ± 
33.1% of control, n=6, P<0.05). However, no effect could be seen by lAPP on 
islet (pro )insulin synthesis or total protein synthesis. After 24 h exposure to 
IAPPr there was a trend towards an increase in medium insulin concentration 
(1 nM lAPP: 140.1 ± 19.5 % of control, n=5). Islet glucose oxidation rate; 
stimulated by glucose, was not affected by lAPP (control: 9.1 ± 0.9 vs 10 nM 
lAPP: 10.5 ± 0.7, n=4). Conclusion: Our findings indicate a role for lAPP as a 
potential regulator of proliferation in fetal pancreatic islets. The data 
suggest that the proliferative effect by lAPP could partly be attributed to 
proliferation of beta cells. 

565 
MODULATION OF PLASMINOGEN ACTIVATOR ACTIVITY IN DEFECTIVE 
MIGRATION OF ISLET CELLS IN MICE LACKING EGF-RECEPTORS 
M.-A. Huotari, P.I. Mietlinen, I. Keski-Oja and T. Otonkoski, Haartman Institute, 
University of Helsinki 
Aims: During pancreatic morphogenesis the endocrine cells migrate away from the 
ductal epithelium through the extracellular matrix (ECM) to form mature islets. This 
process is disturbed in mice lacking EGF receptors (EGF-R-I-). In these mice the 
islet cells are mainly located in streak-like structures alongside pancreatic ducts. 
Proper islet morphogenesis requires appropriate balance of ECM-degrading 
proteinases. We have analyzed the expression of certain matrix metalloproteinases 
(gelatinases A and B), urokinase (uPa), tissue plasminogen activator (tPa) and 
plasminogen activator inhibitor type I (PAl-I) in EGF-R-I- pancreata and in wild
type (WT) littermates. Materials and Methods: Equal amounts of protein from 
conditioned medium of embryonic day 17.5 (EI7.5) and postnatal (PI) pancreata 
were analyzed for gelatinolytic activity by zymography. Activities of uPa, tPa and 
PAI-I were detected by caseinolysis-in-agarose and reverse zymography assays. 
Results: Gelatinolytic activity of 92 kD MMP-9/gelatinase B, and 72 kD inactive 
fonn of MMP-2/gelatinase A, were detected both in E17.5 and PI pancreata. The 
activated (66 kD) fonn of MMP-2 was detectable only at EI7.5. In EGF-R-I
pancreata there was a slight (26 %) reduction of MMP-9 as compared to WT. In the 
amounts of inactive 72 kDa MMP-2 no significant differences were detected. 
However, the amount of active (66kDa) MMP-2 was about 40% smaller in EGF-R-I
pancreata than in the WT. The amounts of both uPa and tPa were markedly higher in 
E17.5 as compared to PI pancreas. There were no apparent differences in the amounts 
of active uPa and tPa between EGF-R-I- pancreata and WT. Unexpectedly, the 
amount ofpAI-1 was markedly higher in EGF-R-I- pancreata both at E17.5 (2A-fold 
increase) and PI (2.7-fold). Conclusions: PAl-l binds and inhibits the activity of 
receptor-bound uPa and shortens its half-life. It may thus modulate uPa-dependent 
cell adhesion and migration. Migration defect seen in EGF-R-I- pancreatic islets may 
be a consequence of enhanced amount of PAI-I in the pericellular area. 

564 
EFFECT OF AMINO ACIDS ON B CELLS AND ENDOTIlELIAL CELLS PROLIFERATION 

AND IN VITRO r:N1ERACTION BETWEEN TIlE lWO CELL TYPES 
S.Boujendar, B.Reusens, J.J. Hoet and C.Remacle. Univ. Catholique de Louvain, B 
1348, Louvain-la-Neuve, Belgium. 

When a mother is fed a low protein (LP) diet 8% instead of 20% (C), fetal ~-cell 
proliferation capacity (PC) is reduced. Islets vascular density is also diminished. 
Fetal and maternal amino acids (aa) profile is disturbed and taurine (an indispensable 
aa for fetal development) is dramatically reduoed in fetal serum. Aims: This study 
was perfonned to investigate the effect of aa on endothelial cells (EC) and fetal ~ 
cells PC in vitro. Furthermore, we examined a possible EC/~-cell interaction. 
Materials and Methods: 1) ECV 304 (human umbilical endothelial cell line) 
and CR3 (rat cerebral endothelial cell line) were incubated and challenged by different 
concentrations of essential aa, non essential aa or taurine during 4 days. Cells were 
then collected for DNA analysis by fluometric assay. 2) Fetal LP or C islets were 
cultured during 6 days in RPMI and challenged by a mixture of essential aa. non 
essential aa or taurine during 2 days. Bromodeoxyuridine was added for the last 24 
hours of the culture. Islets were labelled with anti-BrDU and Ethidium Bromide; 
their PC measured with confocal laser scanning microscopy. 3) A model of 
coculture was worked out allowing a permanent exchange through a microporous 
membrane. After 2 days of coculture with EC or fibroblasts, LP or C islets PC was 
measured as described previously. Results: 1) aa supplementations failed in 
increasing the PC of EC, while taurine alone already at physiological concentrations 
(200-400 J.1M) had a marginal effect. 2) with 4 times the basal concentration of 
essential aa in the medium, LP fetal ~-cells PC increased to reach normal growth 
levels (l1.2±1.4% vs 4.8±0.5%). 2.5 mM taurine supplementation stimulates LP 
~-cells PC (8.7±O.6% vs 4.8±0.5%) as well as C ~-cells PC (I I.I±O.4% vs 
8.0±0.5%). 3) In coculture with EC. LP and C ~-cells PC is increased (l2.5±O.6 % 
vs 6.5±OA% and l4.7±O.8% vs 8.5±0.6% resp.). However, this mitogenic effect on 
LP and C ~-cells was also found with pancreatic fibroblasts in coculture. 
Conclusions: In vitro PC of fetal ~-cells can be stimulated specifically by some 
aa as well as by surrounding cells present in the islet in vivo such as EC and 
fibroblasts. Even after a LP diet during development, lower PC of B cells can be 
restored. 
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566 
REGULAR AND INSULIN-MODIFIED IVGTT PROVIDES SIMILAR 
C-PEPTIDE MINIMAL MODEL INDICES OF BETA CELL FUNCTION 
G. Toffolo, E. Breda, *G.Pacini, AK.S.Polonsky and C. Cobelli. Department of 
Electronics and Informatics, University of Padova, Italy; *LADSEB-CNR, 
Padova, Italy; 'Department of Medicine, The University of Chicago, Chicago, 
Illinois, USA. 
Aims: The C-peptide minimal model, originally proposed to assess beta-cell 
function during a standard IVGTT (SlVGTT), has been then also applied in 
studies employing insulin modified IVGTT (IMlVGTT). In order to investigate 
whether the use of different protocols may affect the assessment of insulin 
secretion, we compared the quantitative assessment of beta cell function provided 
by the model from SlVGTT and IMIVGTT performed in the same individuals. 
Subjects and Data Analysis: 14 normal subjects with various degree of glucose 
tolerance were studied twice, with SIVGTT and IMIVGTT. The minimal model 
was identified from plasma C-peptide and glucose concentration data to 
reconstruct,in each individual and for each protocol, the pattern of pancreatic 
insulin secretion and to estimate three sensitivity indices: «1>, (10'), «I>,(lO'min"') 
and «1>. (IO'min')which quantify the control exerted by glucose, respectively, on 
rt and 2~d phase insulin secretion and in the basal state. Results: Insulin secretion 
profiles showed similar patterns with the two tests, with a faster decline to basal 
in IMIVGTT. Indices were: «I>,=130±65 (Mean±SD), «I>,=6.9±2.3, «I>.=4A±1.4 in 
SlVGTT and «I>,=135±77, «I>,=6.6±2.5, «I>.=4.O±L4 in IMIVGTT. No significant 
difference in the mean of any of the indices and no bias as revealed by plotting the 
difference vs. mean of the individual values were present. These results indicate 
that the differences observed in the secretion profiles between the two tests are 
only due to the differences in the glucose concentration profiles, since the 
sensitivities to glucose of pancreatic secretion are virtually the same. 
Conclusions: Both SIVGTT and IMIVGTT provide the same C-peptide minimal 
model assessment of beta cell function. Since IMIVGTT is increasingly used to 
measure insulin sensitivity in clinical studies with the minimal model of glucose 
kinetics, these results show that a detailed quantitative assessment of beta ceIl 
function can be simultaneously obtained also for this test by using the C-peptide 
minimal modeL 

568 
INDOMETHACIN DECREASES INSULIN SECRETION 
IN TYPE 2 DIABETES MELLITUS 
A.M. Pereira Arias', I.A. Romijn'·2, E.P.M. Corssmit', M.T. Ackermans' ,G. Nijpels', 
E. Endert' and H.P. Sauerwein'. 'Department of Endocrinology and Metabolism, 
Academic Medical Center, PO Box 22700, 1100 DE Amsterdam, The Netherlands, 1 
Department of Endocrinology, Leiden University Medical Center, PO Box 9600, 
2300 RC Leiden, The Netherlands, and ' Institute for Research in Extramural 
Medicine, Vrije Universiteit Amsterdam, PO Box 7057, 1007 MB Amsterdam, The 
Netherlands. 
Aims: In healthy subjects, basal endogenous glucose production is partly regulated by 
paracrine intrahepatic factors. Administration of Indomethacin, a prostaglandin 
synthesis inhibitor, resulted in a transient stimulation of endogenous glucose 
production without changes in glucoregulatory hormone concentrations. It is 
unknown whether similar paracrine factors influence basal endogenous glucose 
production secretion in Type 2 Diabetes Mellitus. Materials and Methods: The 
effects of 150 mg indomethacin, a non-endocrine stimulator of glucose production in 
healthy adults, on endogenous glucose production were measured in a randomized 
placebo controlled study in patients with Type 2 Diabetes Mellitus (3 men and 3 
women, mean age 58.5 yrs and mean BMI 28.6 kg/m2). Glucose production was 
measured before and during 6 hours after administration of indomethacin/placebo, by 
primed, continuous infusion of [6,6-2H2]glucose. Results: after indomethacin, plasma 
glucose concentration and glucose production increased in all subjects by 14 % (from 
11.2 ± 1.7 to a maximum of 12.8 ± 1.7 mmoVL)(p<0.05» and 48 % (from 12.0 ± 1.7 
to a maximum of 17.8 ± 1.9 ~mollkg/min) (p<0.05), resp. In the control experiment, 
plasma glucose concentration and endogenous glucose production declined gradually 
in all subjects by 22 % (from IOJ ± 1.6 mmoVL to 8.0 ± 0.9 mmoVL) (p<0.05) and 
17 % (from 10.8 ± 1.4 to 9.0 ± 0.6 ~mollkg/min) (p<0.05), resp. The stimulation of 
glucose production coincided with inhibition of insulin secretion by 52 % within one 
hour after administration of indomethacin (from 78 ± II pmollL to a nadir of 38 ± 
pmollL) ( p<0.05). In the control experiment insulin secretion decreased gradually by 
18 % (from 88 ± 15 pmolll to 72 ± 17 pmollL) (p<0.05). Conclusions: indomethacin 
inhibits insulin secretion and stimulates endogenous glucose production through 
mechanisms that seem to be related to inhibition of prostaglandin synthesis. These 
results also indicate that drugs like indomethacin may impair glucoregulation in Type 
2 diabetes mellitus. 

567 
EVALUATION OF THE "GLP-I TEST" IN PATIENTS WITH TYPE 2 
DIABETES AND HEALTHY SUBJECTS. 
T.Vilsb",ll, M-RToft-Nielsen, T.Krarup, S.Madsbad, B.Dinesen and I.LHolst. 
Gento/te University Hospital. Copenhagen, Denmark 

Aim/Hypothesis. Il-cell secretory capacity is often evaluated with the glucagon 
test or a meal test. However, glucagon-like peptide-I(GLP-I) is the most 
insulinotropic hormone known, and the effect is preserved in patients with type 
II diabetes. M.etbmlU.. We compared i.v. bolus injections of 2.5, 5, 15 and 25 
nmol of GLP-I with glucagon (I mg i.v.) and a standard meal (2370kJ) in 6 
type II diabetic patients and 6 matched controls. ~. Peak insulin and C
peptide concentrations for the patients were similar after the meal, 2.5 nmol of 
GLP-I and glucagon. Methods 2 A further 6 patients and 6 controls were then 
included and, in addition, we performed a combined glucose+GLP-1 infusion, 
where plasma glucose was increased to 15 mmolll before injection of 2.5 nmol 
of GLP-1. ~. Peak insulin (and C-peptide) concentrations (patients): 
meal 277±42(2181±261); GLP-I 390±74(2144±254); glucagon 
329±50(1780±160); glucose+GLP-1 465±87(2384±299)pmolll; (controls): 
543±89(2873±210); 356±51(2001±130); 420±61(1995±99) and 
1412±l87(4391±416)pmoIlL Side effects (nausea) were less with GLP-I than 
with glucagon. Methods 3. 8 patients and 8 controls, responses to 
glucose+GLP-1 and to a 30 mmol/l hyperglycaemic clamp + 5g arginine were 
compared. ~ Peak insulin (and C-peptide) concentrations (patients): 
glucose+GLP-1 475±141(2295±379); arginine 816±268(3043±508)pmolll; 
(controls): 1403±308(4053±533) and 2384±452(6047±652)pmol/l. 
Conclusions' GLP-I (2.5 nmol~9f1g) elicits similar secretory responses to I mg 
glucagon (but fewer side effects) and a standard meaL Acute elevation of 
plasma glucose to 15 mmolll does not enhance the response further in the 
patients. The incremental response is similar to that elicited by arginine, but 
hyperglycaemic clamp had an additional effect. 

569 
ACUTE REDUCTION OF FA1TY ACIDS INCREASES INSULIN SECRETION IN 

TYPE-2 DIABETES. 

E.Qvigstad, LL.Mostad, K.Bjerve§ and V.Grill, Department of Endocrinology and 
§Department of Clinical Chemistry, Faculty of Medicine, Norwegian University of 
Science and Technology, Trondheim. 
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Aims: Glucose-stimulated insulin secretion (GSIS) is enhanced by an acute increase 
of non-esterified-fatty-acids (NEFA). however in vitro studies have demonstrated 
that prolonged elevation of NEFA has a negative effect on GSIS which is coupled to 
increased fatty acid oxidation. To test for NEFA effects in type-2 diabetes where 
basal NEFA values are increased, we measured GSIS in type-2 diabetics with 
hypertriglyceridemia (>2.2mmol/l) with or without reducing NEFA levels with the 
nicotinic acid derivative Acipimox. 
Materials and Methods: Type-2 diabetic patients (10 males, II females; age 55,9 ± 
2,4years, body weight 93,0 ± 3,3kg, f-bglc 10,6 ± 0,5mM, HbAlc 7,9 ± 0,3%,C
peptide I, 19± 0, IOnmol/l, triglycerides 4.6 ± 0,7mmol/l) underwent a hyperglycemic 
clamp (llmM, 120 minutes). During min 60-120 Intralipid (20%,lmUmin) and 
Heparin (OAUlkg/min) were co-infused with glucose. Sixty minutes before clamps 
patients ingested either placebo (basal) or 250mg acipimox. Tests were performed in 
randomized orders with an interval of 2-4 weeks. 
Results: Following Acipimox NEFA levels were decreased at min 0 by 48%, 
whereas infused glucose (a measure of insulin sensitivity) increased by 29% min 10-
59 (p<.OO3) and by 12% min 60-120 (p<.021).. .., 
Acipimox enhanced insulin secretion as i 30 

indicated in fig. and as insulin area min 1 C' 

60-120 by 250,7 ± 154,2 (p<.023). '5 ~ 

la Conclusions These results are consistent 
with long term elevated NEFA exerting a 
tonic negative influence on insulin 
secretion in type-2 diabetes patients. 
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570 
INSULIN SECRETION AND INSULIN RESISTANCE AFTER RENAL 

TRANSPLANT A TION 
J.H. Nam, H.C. Lee, c.w. Ahn, Y.D. Song, S.K. Lim, K.R. Kim and 
K.B. Huh. Department of Internal Medicine, Yonsei University College of 
Medicine, Seoul, Korea 
Aims: The prevalence of post-renal transplantation diabetes 
mellitus(PTDM) is known to be much higher than that of normal 
populations. The exact mechanism whether insulin resistance or insulin 
deficiency is predominant factor in PTDM is still unknown. The aim of 
our study is to investigate the pathogenesis and possible risk factors 
for PTDM in Korea. Materials and Methods: 75 g OGTT and plasma 
glucose disappearance rate([ritt: %!min) after iv injection of regular 
insulin(O.lU!kg) were performed in 81 patients participated 1 week 
before, and between 3 months and 12 months after transplantation. We 
checked the insulin(!) and the proinsulin. The changes of the fat and 
the muscle were determined by Bioimpedence method. Results: Impared 
glucose tolerance (IGT) after transplantation was developed in 44% and 
PTDM in 24%. Before transplantation, the basal and 2 hr post-load 
glucose level of IGT and PTDM patients was significantly higher than 
those of nOimal glucose tolerance(NGT) patients(p<O.05). The 
proinsulin/insulin ratio and insulin levels of 30 min after OGTT in IGT 
and PTDM group were significantly lower(p<0.05), and LlI/ LlG(3Qmin) 
were significantly lower than NGT group(p<O.05). After transplantation, 
the fat contents(%) of IGT and PTDM group were significantly higher 
and the muscle contents were significantly decreased in IGT and PTDM 
group after transplantation(p<0.05). The index of insulin sensitivity, kitt, 
was increased in all the groups, but more pronunced in NGT group 
after transplantation(p<O.OS). The sum of the insulin responding to 
OGTT was significantly lower in PTDM than in NGT(p<O.Oll. 
Conclusions: These results suggest that the glucose, proinsulin and 
insulin response to OGTT before transplantation may be the predictors 
of whether PTDM develop or not, and the defect of insulin secretion 
may be more important factors in PTDM than insulin resistance. 

572 
EX VIVO AND IN VITRO EFFECTS OF INSULIN AND C-PEPTIDE ON 
NaiK ATPase ACTIVITY IN RED BLOOD CELL MEMBRANES OF 
TYPE I DIABETIC PATIENTS. 
A.Djemli, P.Gallice, T.Coste, MFJannot, D.Dufayet, D.Raccah and P. 
Vague. Diabetes Laboratory, University Hospital Timone Marseille France. 
A decrease in NaiK ATPase activity is observed in several tissues of type I 
diabetic patients. It is supposed to playa role in the development of some 
long term complications. Insulin infusions may restore this enzyme 
activity in red blood cell (RBC) , and arguments have been developped for 
a similar role of C-peptide. Aims: the aim of this study was to determine 
whether insulin acts directly on the RBC's enzyme, and to evaluate the 
effect of C-peptide. Materiels and Methods: 35 C-peptide negative type 
I diabetic patients were studied (blood glucose 207±20mg/dl, HbAlc 
8.9±0.4%,means±SEM). Blood samples were obtained in the morning 
before breakfast and injection of insulin, RBC were resuspended in their 
own plasma and incubated in presence or absence of insulin (50uU/ml) or 
C-peptide (6nM). The enzymatic activity was assessed by 2 techniques: I) 
On intact red cells, heat production by the enzyme-induced hydrolysis of 
ATP was measured inside a thermostated microcalorimeter at 37°C (ex 
vivo study). 2) After incubation at 3rC, RBC membranes were isolated 
and Na/K ATPase activity assessed by measurement of inorganic 
phosphate released at saturating concentrations of all substrates (in vitro 
study) .. Results: Ex vivo, NaIK ATPase activity which was lower in type 
I diabetic patients than in control subjects (l2±O.05 vs 16±0.07 mWll 
RBC) was significantly increased by insulin (l2±O.5 vs 15±O.9, p=O.013, 
n=23) but not by C-peptide (l2±O.7 vs 13±O.9 n=12). In vitro, insulin and 
C-peptide increased significantly NaiK ATPase activity (338±27 and 
356±35 respectively vs 262±24 nM Pi.mg protein-l.h- l, p=O.OI, n=12). 
Conclusions: these results demonstrate a direct effect of insulin on 
RBC's NaiK ATPase with a restoration of this activity in type I diabetic 
patients. The stimulating effect of C-peptide observed in vitro on RBC's 
Na/K ATPase supports the hypothesis for a physiological role of C
peptide. 

571 
PROINSULIN SECRETION INCREASES AS BLOOD GLUCOSE 
CONTROL DETERIORATES BUT IS NOT INFLUENCED BY OBESITY 

M. Kume, M. Hiramatsu, J. TaIriguchi, Y. Saito, Y. Kawasaki, M. Kanazawa, 
Y. Notoya and T. Hayashi The 3rd Department of Interna! Medicine, 

Tokyo Jiedica! University, ,Vishi-shinjuku 6-7-1, Shinjuku-ku, Tokyo, Japan 

Aims: We evaluated the relationship between proinsulin (PI) and body fat 
distribution or blood glucose control of patients "ith type 2 diabetes. Methods 
: The present study included 70 patients with type 2 diabetes not receiving 

insulin injection, 42 men and 28 women aged 56.1 on the average. The 
following parameters were determined in each patient : fasting blood glucose 
(FBG), HbAlc, fasting immunoreactive insulin (IRI : EIA), fasting PI (PI : 
RIA), molar PIlI ratio (PIlI), body mass index (BMI), body fat ratio (BFR), 
visceral fat area (V), subcutaneous fat area (S), and VIS ratio (VIS). BFR was 
culeulated by dividing the fat weight by body weight. V and S values were 
calculated from CT images of the cross section of the umbilicus, Speannall's 
correlation coefficient and Scheffe's test (ANOV A) were used for statistical 
analyses, Results: IRI was significantly correlated with BMI (t=0.46, p<O.OOI), 
BFR (t=047, p<O.OOI) and S (t=0.32, p<O.OI) but not with FBG or HbAk PI 
was significantly correlated with BMI (t=0.24, p=0.02), BFR (t=0.42, p<O.OOI), 
and V (t=0,25, p=0.04), as well as FBG (t=0.30, p<O.OI) and HbAlc (t=0.30, 
p<O,OI). PIlI was significantly correlated with FBG (t=0.37, p<O.OOI) and 
HbAle (t=0.49, p<O.OOI) but not with BMI, BFR, V, S or VIS, PI increased 
significantly in patients with FBG ;C; 9.0 (mmoI!L) compared to those with 
FBG<7.0. PIlI was comparable in patients with FBG<7.0 and those with 7.0 :;;; 
FBG<9.0 but increased significantly in patients with FBG ;C; 9.0 compared to 
the other two groups. However, FDG showed no effect on IRI. PIlI increased 
with increases in HbAlc, and increases were particularly marked in patients 
with HbAle ;C; 10% Conclusion: PI secretion increased with increases in BMI. 
body fat ratio, and Y However, this increase was due to increased secretion of 
IRI, and PI secretion relative to IRI secretion (PIlI) was not related with obesity 
or the body fat distribution. On the otl,er hand, PI and PIlI levels increased with 
increases in FBG and HbAlc levels. The PIlI ratio increased markedly in 
patients with FBG;C; 9.0 mmollL and those with HbAle;C; 10%. These 
findings suggest that poor blood glucose control loads the function of {3 cells 
and that obesity and the body fat distribution are not related to PI secretion. 

573 
MAGNESIUM SEQUESTRATION IN RED BLOOD CELLS AS A 
MECHANISM OF HYPOMAGNESEMIA IN DIABETIC PATIENTS 
S. Sattar, R.c. Basak, Z. Hasan, A.K. Azad Khan and L. Ali. Research 
Division, BIRDEM, 122, Kazi Nazrullslam Avenue, Dhaka - 1000 

Aims: Hypomagnesemia is implicated in the etiopathogenesis of diabetes mellitus 
and its complications, both as a cause and consequence. However, the mechanism 
of hypomagnesemia in diabetes is not yet clearly understood. We have tested the 
hypothesis that red cell sequestration, induced by hyperglycemia, is a major cause of 
hypomagnesemia in diabetes and it is alleviated by insulin therapy, Subjects and 
methods: Twenty-three untreated (age in yrs: 25:!;4; BMI: 20.23§ 15, M!SD) and 32 
insulin-treated (age in yrs: 22:!;4 and BMI: 19,62;3.12) diabetic subjects were studied 
for their blood glucose, serum Mg and red cell Mg values, RBCs were washed thrice 
with 300 mM ice-cold sucrose solution to get rid of extracellular magnesium and then 
homogenized using 1% tritonX100, The Mg content in the homogenized cells was 
measured by an enzymetic-colorimetric method. Protein content of the cells was 
measured by a detergent compatible kit using spectophotometric technique. Glucose 
was measured by Glucose-oxidase method. Results: The Untreated diabetic patients 
had considerably higher degree of fasting hyperglycemia compared to the Treated 
group ( mmolll, M!SD, 14.93:t6.B7 in Untreated vs 9.63:!:.., 427), however the two 
groups showed almost similar postprandial glycemic values after 2 hrs of oral glucose 
load (mmolll, M!SD, 24.082:5.97 vs 22.842:8.06). Serum magnesium (mmolll, M!SD) 
was higher in the Untreated group (0.96:tO.12) compared to the Treated group 
(0.92:tO.10) but it did not differ statistically, RBC magnesium (f1mollmg of protein, 
M2;SD) in the Untreated group (0, 11:!;4.97) was significantly higher compared to the 
Treated group (0.05:tO.001). Serum to RBC Mg ratio (mmoll f1mol Mg per mg RBC 
total protein) in the Treated group (12.802;2.75) was significantly higher compared to 
the Untreated group (9.875:!;4.92, t= -2.80, p=0,007). Conclusions: a) 
Hyperglycemia causes sequestration of Mg in the red blood cells and b) treatment 
with insulin seems to release some Mg from red blood cells and thus improve the 
homeostasis in the patients. 
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574 
GLUTATIDONE DEPLETION INIDBITS IL-lj3-INDUCED 
NO PRODUCTION BY REDUCING iNOS GENE EXPRESSION 
M.A. Nikulina, A.E. Karlsen, 'M.l. Darville, 'D.L. Eizirik and T. Man
drup-Poulsen 
Steno Diabetes Center, Gentofte, Denmark and 'Diabetes Research Cen
ter, Vrije Universiteit, Brussels, Belgium 
Interleukin-Ij3 (IL-Ij3) may be an important mediator of pancreatic 13 cell 
destruction in insulin-dependent diabetes mellitus. Cytokine-induced 
formation of free oxygen and nitric oxide radicals has been implicated in 
IL-I j3-induced cytotoxicity. Glutathione (GSH) participates in the anti
oxidant defense system. In this study we investigated the influence of 
GSH depletion on IL-Ij3-induced NO production in rat islets, purified rat 
13 cells and RINm5F cells. In purified rat 13 cells preincubation with L
buthionine-S,R-sulfoximine (BSO), an inhibitor of the key enzyme in 
GSH synthesis, dose-dependently decreased cytokine-stimulated nitrite 
release with a maximal effect at I mM of BSO (36 %). An inhibitor of 
glutathione reductase 1,3-bis(2-chloroethyl)-I-nitrosourea (BCNU) sup
pressed IL-I j3-mediated nitrite production in isolated rat islets by 34 % at 
0.5 mM of BCNU. The thiol depletor diethyl maleate (DEM) dose
dependently decreased cytokine-induced nitrite formation in isolated rat 
islets and completely blocked it at 50 J.1M of DEM. One mM of BSO in
hibited IL-Ij3-induced nitrite release and iNOS gene promoter activity in 
RINm5F cells (26 % and 17 %, respectively) and iNOS mRNA expres
sion in isolated rat islets (53 %). We conclude that GSH regulates IL-Ij3-
induced NO production in rat islets, purified 13 cells and insulinoma cells 
by modulation of iNOS gene expression and that other reductants than 
GSH take part in this process. 

576 
THE ROLE FOR INTERFERON REGULATORY FACTOR-l (IRF-l) IN 
CYTOK!NE-INDUCED MURINE ~-CELL mRNA EXPRESSION AND DEATH 

D. Pavlovic I, M.-C. Chen l, C. A. Gysemans2
, C. Mathieu', and DL Eizirikl. 

'Diabetes Research Center, Vrije Universiteit Brussel, Brussels, and 2Laboratory for 
Experimental Medicine and Endocrinology, Katholieke Universiteit Leuven, 
Leuven. Belgium. 

Aims: Combination of cytokines induce nitric oxide (NO) production and cell 
death in islet cells. These events are preceded by increased expression of the 
transcription factor IRF-l. We presently utilized an IRF-l knockout mouse (IRF-l· 
I.) to investigate the role for IRF-l in cytokine-induced islet- and ~-cell gene 
expression and cell death. Materials and Methods: Pancreatic islets or FACS
purified ~-cells were isolated from wild type (wt) or IRF- rl. mice. These cells were 
exposed for different time points to IL-l~ (50 U/ml), IFN-y (1000 U/ml) andlor 
TNF-a (1000 UlmI) before being harvested for determination of viability (by 
nuclear dyes) and mRNA expression (by RT-PCR with specific primers). 
Results: Following a 24 h exposure to IL-l~ or IL-l~ + IFN-y pancreatic islets 
isolated from IRF-l·l. mice presented a 30-50 % reduction in medium nitrite 
accumulation and inducible NO-synthase (iNOS) expression (p<0.0 1 vs wt cell, 
n=7-8) and better preserved insulin mRNA expression. Interestingly, both wt and 
IRF-I·I. purified ~-cells failed to produce NO in response to IL-I ~ alone, but 
presented a similar increase in nitrite accumulation and iNOS expression following 
exposure to IL-l~ + IFN-y. The basal expression of MHC class I mRNA was 
lower in IRF-l·l. islet cells (30% reduction; P<0.05 vs wt cells, n=7), but there 
was a similar 2-4 fold-increase in MHC expression in islet cells from both strains 
following cytokine exposure. Treatment of whole islets for 3 days with IL-l~ + 
IFN-y induced significantly more islet cell death in wt than in IRF-rl. mice 
(respectively 85 ± 3 % vs 31 ± 4 % dead cells; P<O.OOI; n=4). On the other hand, 
prolonged exposure (3-9 days) of FACS-purified ~-cells to the same cytokines, or 
combination of 3 cytokines, lead to a similar increase in cell death in both IRF-l·l. 
and wt islets. Conclusions: IRF-l contributes for cytokine-induced islet iNOS 
expression and cell death. These effects are absent in purified ~-cells, suggesting 
that IRF-l may mediate its effects on whole islets via activation of non-endocrine 
cells (e.g. macrophages and ductal cells) present in these preparations. 

575 
IL-18 mRNA, BUT NOT IL-18 RECEPTOR mRNA, IS CONSTITUTIVELY 
EXPRESSED IN ISLET BETA-CELLS. 
TP Hong, NA Andersen, AE Karlsen, AJ Puren, G Fantuzzi, CA Dinarello and T 
Mandrup-Poulsen, Steno Diabetes Center, Gentofte, Denmark, and University of 
Colorado Health Sciences Center, CO, USA 

It has been demonstrated that interleukin-18 (IL-lS) mRNA is expressed in islets 
of NOD mice during early stages of insulitis and that systemic treatment of NOD 
mice with IL-18 suppresses diabetes development. Aims: To investigate whether 
there is any effect of IL-18 or whether IL-IS modulate IL-l~ effect on islet 
function, and whether IL-18 and its receptor (IL-ISR) are expressed in isolated 
islet beta-cells. Materials and Methods: Insulin release and nitrite production 
from isolated islets of newborn Wistar rats were measured after incubation with or 
without cytokines. RT -PCR was used to quantitate mRNA expression of IL-18 and 
IL-18R~, also called accessory protein-like (AcPL). Results: There were no 
significant effects of rmIL-lS (0.625, 1.25,2.5,5,10 nM) alone on accumulated or 
glucose-challenged insulin release or nitrite production after 24 h. 15 pglml of 
rhIL-l~ as well as rrIFN-y (200 U/ml)+rhTNF-a (250 U/ml) significantly 
increased nitrite production and inhibited both accumulated and glucose
challenged insulin release. However, rmIL-18 failed to modulate the above effects 
caused by IL-l~ or IFN-y+TNF-a. Although IL-12 can induce IL-18R expression 
in T lymphocytes, 24-h rmlL-12 preincubation failed to prime islets for effects of 
10 nM of rmIL-18 (also rrIL-lS) itself or in synergy with rhIL-l~ on insulin 
release and nitrite production. RT-PCR showed that IL-18 mRNA expression was 
found in RIN cells and in isolated islets. Further, the IL-ISR signaling component 
IL-18R~ mRNA was expressed only in rat mononuclear cells (positive control) 
and not in RIN cells even after exposure to IL-l~ orland IFN-y+TNF-a. 
Conclusions: IL-18R is not expressed constitutively or after pro-inflammatory 
cytokine exposure in rat islet beta-cells. The physiological activity and 
pathological role of IL-18 originating from islet beta-cells deserves further 
investigation. 

577 
MOLECULAR CHARACTERIZATION OF I3-CELl MATURATION AND CYTOKINE IN
DUCED ~-CELL TOXICITY. 
K. Nielsen" T Sparre" S. Fey', P.M. Larsen', J. Nerup' & A.E. Karlsen'. 'Steno Diabetes 
Center, Gentofte and 'Center of Proteom Analysis, Odense, Denmark. 
Background: During ontogeny of the pancreas, all four endocrine phenotypes in the islets 
of langerhans (a, ~, I) and PP cells) develop from the same stem cells. Cytokines, in 
particular interleukin-1~ (IL-1~), are specifically toxic to l3-cells in the islets of Langer
hans, in part through induction of free radicals, e.g. nitric oxide. In previous analyses of 
isolated rat islets exposed to cytokines, we have by 2D-gel electrophoresis and mass 
spectrometry (MS) identHied 105 out of 2000 proteins which reproducibly changed ex
pression levels in response to IL-l~. In recent studies using a pluripotent endocrine in vi
tro cultured cell-system, the MSL-cells, which dependent on culture conditions may pres
ent as either a glucagon (NHI-glu) or insulin (NHI-ins) expressing phenotype, we have 
demonstrated that the maturation into the ~-cell phenotype is associated with an in
creased sensitivity to the toxic effects of IL -1 ~ as well as an acquired sensitivity to the ~
cell toxin streptozotocin. Aim: Using the two maturation stages of the MSL-cells to identify 
proteins/protein modifications associated with l3-cell maturation, and establish their po
tential involvement in cytokine mediated ~-cell destruction. Results: The MSL-cell system 
has been analyzed by 2D-gel electrophoresis and until now the basic part (pi 6.5-10.5) of 
the gels containing most of the regulatory proteins has been analyzed. When comparing 
the two phenotypes 53 of 652 protein-spots showed an altered expression level (p<O.Ol, 
n=4), of these 12 spots was completely suppressed in the NHI-ins phenotype. Cytokine 
exposure of the ~-cell phenotype resulted in altered expression level of 26 spots, out of 
641 detectable, and for the NHI-glu phenotype 31 out of 655 was altered. Of these 4 
spots were altered after cytokine exposure in both phenotype, and 6 were also a~ered 
during maturation. Conclusion: We have iden@ed a specific set of protein-spots altered 
during ~-cell maturation as well as in response to cytokines. MS identification of the pro
teins behind these spots and further characterization may yield important information to 
novel strategies towards intervention, prevention andior islet transplantation in IDDM. 
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578 
EFFECTS OF MELATONIN ON STREPTOZOTOCIN AND INTERLEUKIN
I ~ (IL-I~) INDUCED ~-CELL DAMAGE. 
A. K. Andersson and S. Sandler, Department of Medical Cell Biology, 
Uppsala University, Uppsala, Sweden. 
Exposure of rodent pancreatic islets to IL-I ~ or streptozotocin (STZ) 
suppresses f3-cell function. Activation of inducible nitric oxide synthase 
(iNOS) and subsequent nitric oxide (NO) formation is suggested to mediate 
IL-I ~ induced ~-cell impairment. DNA alkylation leading to extensive DNA 
repair and depletion of intracellular NAD may mediate STZ toxicity. The 
neurohormone melatonin has been suggested both to protect against 
development of autoimmune diabetes in NOD mice and to counteract STZ 
induced diabetes complications in the rat. Recently, melatonin was suggested 
to inhibit NO formation by affecting iNOS promotor activity in macrophages. 
Aims: To investigate if melatonin affects IL-I~ or STZ induced damage on 
rat islets in vitro. Materials and Methods: Pancreatic islets were isolated 
from Sprague-Dawley rats and cultured for 6-7 days. For IL-I~ experiments, 
islets were preincubated with melatonin (100 11M to I mM) for 30 min, then 
exposed to IL-I ~ (25 U/ml) for 48 h in culture. NO formation was analysed as 
nitrite accumulation into medium, Insulin secretion into medium was 
measured and islet mitocondrial function was analysed by measuring glucose 
oxidation rates. For STZ experiments, islets were preincubated with 
melatonin (10 11M to I mM) for 30 min and then exposed to STZ (0.5 mM) 
for 30 minutes. After culture in fresh medium for 18 h islet mitochondrial 
function was measured as above. Results: Melatonin at 1 mM significantly 
protected against STZ induced inhibition of mitochondrial function (control 
319 ± 27 pmol glucosellO islets; STZ lOS ± 39 pmol glucosellO islets vs 
STZ+lmM melatonin 263 ± 60 pmol glucosellO islets, n=5, P<O.OI, 
ANOV A). However, melatonin did not protect against IL-I ~ induced NO 
formation and had no effect on impaired glucose oxidation rates or decreased 
insulin secreation. Conclusion: Melatonin does not protect islets against IL-
1 ~ induced impairment, but may protect versus STZ induced ~-cell damage. 

580 
POSSIBLE DIRECT PROTECTIVE EFFECT OF Th2 AND Th3 CYTOKIN'ES 
ON Thl CYTOKINE-INDUCED FUNCTIONAL DAMAGE OF ISOLATED 
HUMAN ISLETS. 
L. Marselli, F. Dotta, R. Lupi, C. Santangelo, S. Del Guerra, M. Realacci, M. 
Carmellini, R. Navalesi, and P. Marchetti; Pisa and Rome - Italy 
Aims: In-vivo studies in rodents have suggested that Th2 and Th3 cytokines can 
be effective in reducing Thl cytokine-induced islet damage. In the present report 
we evaluated whether Th2 (IL-4 plus IL-10) and Th3 (TGF-I beta) cytokines may 
counteract the functional derangements induced by Thl cytokines (IL-lbeta plus 
IFN-gamma plus TNF-alpha) in isolated human islets in-vitro. Materials and 
Methods: Human islets were prepared by collagenase digestion and density gradient 
purification from four pancreases, and incubated for 12 hours either with or 
without IL-lbeta (50 U/ml), plus IFN-gamma (1,000 U/ml), plus TNF-alpha 
(1,000 U/ml). At the end of incubation the islets were sequentially challenged with 
3.3 and 16.7 mM glucose. Islet cell survival was assessed by MTT staining and/or 
the TUNEL technique. Islet expression of mRNA encoding for the Bcl-2 protein 
was assessed by RT-PCR. Results: In the absence of cytokines (control islets, 
Ctrl), insulin rel~ase (IR, IlVlml) was 87±52 (mean±SD) at 3.3 mM glucose, and 
217±102 at 16.7 mM glucose (p<0.QJ vs 3.3 mM glucose). The islets pre
incubated with Thl cytokines showed a slight increase of IR at 3.3 mM glucose 
(129±109, NS vs Ctrl) and a significant decrease of IR at 16.7 mM glucose 
(109±lll, p<0.05 vs Ctrl), thus confInning the functional damage induced by 
Thl cytokines on isolated human islets. The addition of IL-4 (500 U/ml) plus IL-
10 (lOOU/ml) in the medium during the incubation period caused no major change 
of IR at 3.3 mM glucose (l32±57, NS vs Ctrl), and restored IR in response to 
16.7 mM glucose (220±31, NS vs Ctrl). Similar effects were observed with the 
addition ofTGF-lbeta (5 ng/ml): in this case, IR was 132±86 (NS vs Ctrl) at 3.3 
mM glucose, and 195±1l1 (NS vs Ctrl) at 16.7 mM glucose. No major difference 
in islet cell survival or Bcl-2 mRNA expression was observed under the different 
incubation conditions. Conclusions' These results suggest that Th2 and Th3 
cytokines may have a direct protective effect on the insulin secretory function of 
human islets exposed to Thl cytokines. 

579 
ENDOGENOUS AND CHEMICALLY-GENERA TED NITRIC 
OXIDE ALTERS PROTEIN EXPRESSION IN RAT ISLETS 
'N. E. John, 'H. U. Andersen, 's. J. Fey, 'P. Mose Larsen, 'J. Nerup, 'I. C. 
Green and 'T. Mandrup-Poulsen, 'Universities of Sussex and Brighton, UK; 
'Steno Diabetes Center, Gentofte and 'Center for Proteome Analysis, Odense, 
Denmark 
Interleukin-lp (IL-1P) treatment of neonatal rat islets for 24h induces 
changes in the expression of 105 out of 2,200 detectable proteins as 
determined by two-dimensional (2D) gel electrophoresis. Nitric oxide 
(NO) has been implicated as a mediator of IL-l P effects in insulin
containing cell lines and rat islets. Aims: To a) determine the 
involvement of NO in IL-lp-induced alterations in protein expression, 
and b) investigate the effects of chemically-generated NO on protein 
expression by 2D gel electrophoresis of neonatal rat islet samples. 
Methods: Precultured rat islets were exposed to l50pg/ml IL-I P for 
24h in the absence of nitric oxide formation or to the NO donor S
nitrosofjlutathione (GSNO). Islet proteins were then labelled for 4h 
with [ SJmethionine and separated by 2D gel electrophoresis. 
Computer-based analysis of the gels was performed using the BioImage 
program. Results: Of the 105 proteins affected by IL-IP, 4 were found 
to have significantly altered protein expression when nitric oxide 
production was inhibited (p<O.OI). Three of these were positively 
identified by mass spectrometry as heat shock protein 70, protein 
disulphide isomerase and glyceraldehyde-3-phosphate dehydrogenase. 
Computer-based analysis of gels from GSNO-exposed islets revealed 
alterations in the expression of20 of a total of 1,600 detectable proteins 
compared to untreated islets (p<O.OI). Conclusion: The majority ofIL
I p-induced protein expression changes are NO-independent. Nitric 
oxide, when applied exogenously for 24h, alters the subsequent 
expression of a relatively small number of proteins. 

581 
ll-CELL SURFACE MOLECULE EXPRESSION IS MODULATED BY A 
THIAZOLIDINEDIONE 
U. Fischer* and A. Dunger, Gerhardt Katsch Institute of Diabetes Karlsburg, 
*Inselldinik Heringsdorf, Germany 

Besides improving insulin sensitivity in type 2-diabetes, thiazolidinediones have been 
suggested to exert an anti-inflammatory action in pancreatic islets. - Therefore, in an 
invitro study, potential effects of troglitazone (TGZ) were explored on the expression 
of cell surface molecules on ll-cells. 500 islets prepared from 2 week-old rats 
(collagenase technique) were, after 4-days-preculture, exposed for 24 h to ILI-Jl (20 
Ulml) to upregulate MHC class I (OXI8) and adhesion molecule (ICAM-I) 
expression. In a separate group, the islets were additionally treated with TGZ (10 
1!Ml; control islets were cultured with DMSO, the solvent of TGZ. ll-cell expression 
of OXI8 and ICAM-I was measured by flow cytometry following double 
immunostaining of the islet cells with monoclonal antibodies against ll-cells and the 
respective surface antigen. Also, insulin secretion was measured during and after in 
vitro treatments. - Results: Exposure of the islets to IL 1-11 caused an increase of 
OXI8- and of ICAM-I positive ll-cells (controls vs. ILI-ll: 21.16 ± 1.91 vs. 62.41 ± 
2.75 % for OX 18, and 5.45 ± 0.57 vs. 60.67 ± 1.56 % for ICAM-I, p<0.01); also, 
glucose-stimulated insulin secretion was reduced by 40 % (p<O.OI). The latter effect 
was correlated to an elevated islet nitrite production. Neither TGZ alone nor the 
solvent, DMSO, did significantly alter the expression of surface molecules or the 
secretion of insulin. TGZ did, however, reduce the IL I-ll-induced expression of OXI8 
by 16% (p<O.05), and that ofICAM-I by 54 % (p<O.OI) when applied simultaneously 
with ILI-ll. Also, TGZ completely prevented ILI-ll induced nitrite generation by the 
islets cells, but did not counteract the impainnent of glucose-stimulated insulin 
secretion. In addition, the ILlll-induced expression of both OXI8 and ICAM-I 
seemed to depend upon ambient glucose concentration in that the expression was 
lower at a glucose level of 5.5 as compared to 11.1 mmol!l. The expression of MHC 
class II (OX6) was not influenced by any of the procedures described.- Conclusion: 
IL III induces functional damage of ll-cells which cannot be prevented by co-culture 
with TGZ as such. TGZ may reduce the IL Ill-induced expression of Jl-cell surface 
molecules indicating potential immune-modulating properties of the drug. Finally, 
less active ll-cells appear to be less susceptible to damage by cytokines which may 
infIueuce the potential protective effect of TGZ. 



582 
BETA CELLS CONTRIBUTE TO THEIR OWN DEMISE: THE ROLE 
OF IL-18 IN TYPE I DIABETES. 
S. Frigerio*, T. Ghayurt, G.A. Hollander*, and U. Zumsteg*; 
*University Children's Hospital, 4005 Basel, Switzerland; tBASF 
Bioresearch Corporation, Worcester, Massachusetts 01605-4314, USA. 
Pro-inflammatory cytokines (e.g. IL-I~, IFNy and TNFu) and toxic free 
radicals playa major role early in the pathogenesis of type 1 diabetes. 
The recently characterized interleukin 18 induces IFNy production in T
cells and, therefore, amplifies the inflammatory response. Here we 
demonstrate that the exposure of wild type mouse islets of Langerhans 
or of a ~-cell line (NIT-I) to a combination of IL-I~ (l5U/mI), IFNy 
(80U/ml) and TNFu (IOU/mI) induces the transcription of IL-18 specific 
mRNA. To demonstrate function, a bioassay was performed to detect 
IL-18 mediated secretion: supernatant from islets and NIT-I cells, 
respectively, exposed to pro-inflammaroty cytokines significantly 
induce IFNy production by T-cells. Since inter1eukin-l~ converting 
enyme (ICE) is responsible for the processing of pro-IL-18 to 
functionally mature IL-18 both islets and NIT -I cells were preincubated 
with the specific ICE inhibitor Z-VAD-FMK. This treatment resulted in 
the blocking of IL-I8 processing and subsequently in the lack of IFNy 
induction. Analysis of islets and NIT-I cells exposed for 24 hours to 
different concentrations of IL-18 did not change insulin release, nitric 
oxide production and FaslFasL epression, suggesting that ~-ce1ls might 
not be responsive to IL-I8. RT-PCR analysis for the expression of IL-
18 receptor underscores this contention. We therefore hypothesise that 
the production of IL-18 by ~-cells exposed to pro-inflammatory 
cytokines enhances the Thl production of IFNy and thus contributes to 
the specific destruction of ~-cells. 

PS36 
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584 
INVESTIGATION OF THE SUSCEPTIBILITY OF DYNABEAD 
IMMUNOPURIFIED B-CELLS TO CYTOKINES 
V. Hadjivassiliou 1, A.M. Dunger2, M.H.L. Green3 and I.e. Green1,3 
1 University of Sussex, Brighton, U.K., 21nstitut fOr Diabetes, Karlsburg, 
Germany and 3University of Brighton, Brighton, U.K. 
Aim: To investigate the susceptibility of rat B-cells versus mixed islet 
cells to DNA damage following cytokine exposure. Methods: Adult 
rat islets were treated for 48h with 3 cytokines (interleukin-l B 
I OOpM, tumour necrosis factor-a 1 OOpM and interferon-'Y 2U/ml) then 
dispersed into single cells using Accutase™. Cells were incubated 
with a B-cell-specific cell surface antibody, an IgG, for 30min. 
Dynabeads M450, coated with sheep anti-mouse IgG (O.5-1xl07 
beads/ml), were added to antibody-treated cells for 20min on ice. 
The Dynabead-coated cells were separated from the suspension by 
placing the tube in a Dynal MPC magnet. The comet assay was used 
to detect DNA damage in the Band non-B cell populations. Results: 
The number of B-cells in the Dynabead-coated population was up to 
six times higher than in the non-Dynabead-coated cells, as 
determined by measuring the insulin content and cell number of each 
cell population. A mixed rat islet cell population showed significant 
DNA damage after cytokine exposure as indicated by an increase in 
comet length (Jim) from 23.4±O.B to 44.3±3.5 N=4, p=O.001. The 
Dynabead-separated B-cells showed significant DNA damage after 
cytokine treatment, from 24.4±1.1 (N=5) for control to 43.7±2.7 
(N=5) p<O.001. However the non-B-cells showed similar DNA 
damage, comet length from 22.B±O.6 (N=5) to 46.2±3.6 (N=5) 
p<O.001. Conclusions: Rat islet B-cells can be positively selected 
from a mixed cell population using immunomagnetic beads. Both B
cells and non-B-cells show equal susceptibility to DNA damage 
induced by a combination of cytokines. 
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583 
PANCREATIC AUTOIMMUNITY IN PATIENTS WI11l PRIMARY 
HEMOCHROMATOSIS. 
Pinach S, Monge L, Grassi G, Pasquero P*, Ruiu GO, Dall'Omo A§ and Carta Q. 
UOA Diabetologia , °Laboratorio Baldi e Riberi and §UOA Immunologia dei 
Trapianti - ASO S.Giovanni Battista di Torino; *Medicina lntemall - ASO 
S.Luigi Gonzaga di Orbassano-Torino-ltaly. 
Primary hemochromatosis and hemochromatosis secondary to transfusions, as in 
thalassemia major have common the damaging effects cansed by iron deposition in 
tissues. High incidenoe of diabetes is also observed in primary hemochromatosis. 
We have previously reported that a high frequency of islet cell antibodies (lCA) is 
detected in individuals with thalassemia major. The oxidizing activity of iron has 
been hypothesized to playa role in inducing the autoimmune me~hanisms that give 
rise to diabetes. Aims: the aim of this work is to see if autoimmuuity directed 
against pancreatic islet is detectable in diseases due to a primary defect of iron 
metabolism. Materials and Methods: 15 individuals (13 males, 2 females; average 
age 50.9±14 years) with primary hemochromatosis, of whom nine had diabetes, 
were analysed by indirect immunofluorescence for the presence of ICA, anti
glutamic acid decarboxylase antibodies (GADA) and anti-insulin antibodies, and by 
evaluation of hasal serum C-peptide by radioimmunological assay. Results: three 
subjects, all diabetic, were ICA positive (20.0%); C-peptide was undetectable in one 
of the three cases aud in only one case there was an association between anti
insulin antibodies in a patient previously treated with insulin. All patients were 
negative for GADA. Extra-insular fluorescence was detected in 8 cases (53,33%) 
consistent with exocrine tissue damage due to iron deposition and consequent 
induction of autoimmune reponse against aspecific antigeng of extra-insular 
pancreatic tissue. Conclusions: the finding of rCA positivi1y, with a higher 
frequency than expected, within diabetic population affected by primary 
hemochromatosis together with the presence of features suggestive of type 1 
diabetes in one the patients highlights the possible role of autoimmuuity directed 
against pancreatic islet in the aetiology of these forms of diabetes. This finding 
strengthens the hypothesis that iron may play a crucial role in triggering 
autoimmune manifestations in both primary and secondary hemocromatosis. 

585 
MECHANISM OF COXSACKIE VIRUS INDUCED DAMAGE IN HUMAN 
BETA CELLS 
S. Rasilainen, M. Roivainen, P. Ylipaasto, L. Bouwens, D.L. Eizirik, T. Hovi and 
T. Otonkoski. Haartman Institute, University of Helsinki, The National Public 
Health Institute, Finland and Diabetes Research Center, Vrije Universiteit Brussel. 
Aims: Enteroviruses may be involved in the pathogenesis of IDDM, either through 
direct B-cell infection or as triggers of autoimmunity. In the present study ew 
investigated the patterns of infection in human I3-cells by several coxsackie 
viruses. Materials and Methods: Isolated adult human islets (56% beta cells) 
were infected with prototype strains of coxsackie B (CBV) 3, 4 and 5, as well as 
coxackie A9 (CAV-9). Insulin release was measured by perifusion. Mechanisms of 
cell death were studied by cell viability staining, electron microscopy and in situ 
DNA end-labelling (TUNEL). Involvement of nitric oxide was studied by 
measuring medium nitrite and iNOS mRNA expression in the infected cells. 
Results: All viruses replicated well in human B-cells, but only CBV's caused cell 
death. One week after infection, the insulin response to glucose or glucose plus 
theophylline was most severely impaired by the CBV-5 infection. CBV-3 and -4 
also caused significant functional impairment, while CAV-9 infected cells 
responded like uninfected controls. After 2 days of infection, 36% of CBV-5 
infected cells had undergone morphological changes characteristic of pyknosis, i.e. 
highly distorted nuclei with condensed but intact chromatin. Both mitochondria 
and plasma membrane were intact in these cells. Control cells showed well 
preserved morphology. One week after infection the majority of cells showed 
characteristics of secondary necrosis. 2 days after infection DNA fragmentation 
was found in 5.9±1.l% of CBV-5 infected B-cell nuclei (2.I±O.3% in controls, 
p<O.OI). CAV-9 infection did not induce DNA-fragmentation. Medium nitrite and 
iNOS mRNA levels were not significantly upregulated by the CBV infection. 
Conclusions: Infection of human beta cells with coxsackie B viruses causes 
functional impairment and cell death characterized by nuclear pyknosis. Apoptosis 
appears to playa minor role during a productive CBV-infection. 
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586 
INCREASED BETA CELL APOPTOSIS IN SYNGENEICALLY 
TRANSPLANTED ISLETS EXPOSED TO CHRONIC IIYPERGLYCAEMIA 

M.Biarnes, M.Raurell, Y.Nacher, J.Soler and E.Montanya. Laboratory of Diabetes 
and Endocrine Unit. CSUB-H.Bellvitge. Barcelona. 

Aim: to determine whether apoptosis is involved in the reduction of beta cell mass 
observed in singeneically transplanted (Tx) islets exposed to chronic 
hyperglycaemia. Materials and Methods: six groups of streptozotocin diabetic 
C57B1J6 mice were Tx with 100 syngeneic islets, an insufficient beta cell mass to 
achieve normoglycaernia. Groups 1 (n~6), 2 (n~5) and 3 (n~6) remained 
hyperglycaemic throughout the study. Groups 4 (n~7), 5 (n~6) and 6 (n~5) were 
kept normoglycaemic with insulin treatment from day 7 before Tx to day 10 after 
Tx, and remained normoglycaemic when insulin was removed. Grafts were 
harvested 3 (groups I and 4), 10 (groups 2 and 5) and 30 (groups 3 and 6) days after 
Tx. Apoptosis was determined by TUNEL technique and expressed as percentage of 
positive beta cells. Beta cell mass was measured by point counting morphometry. 
Results: beta cell apoptosis was increased on day three after Tx (group I: 0.40 ± 
0.05 %, group 4: 0.38 ± 0.05 %) compared to apoptosis in pancreas of control 
animals (0.08 ± 0.03%, p<0.005). Beta cell apoptosis remained increased 30 days 
after Tx in hyperglycaemic mice (group 3: 0.38 ± 0.06%) compared to 
normoglycaemic mice (group 6: 0.12 ± 0.03%, p<0.005). Beta cell necrosis was 
high on day three (group I: 29.0%, group 4: 31.5%), but it was ahnost undetectable 
on day 10 and 30. Thirty days after Tx beta cell mass was reduced in 
hyperglycaemic mice (group 3: 0.039 ± 0.008 mg) compared to the mitially Tx mass 
(0.121 ± 0.010 mg, p<0.0005). In contrast, in normoglycaemic mice it was similar to 
the initially Tx mass (group 6: 0.105 ± 0.010 mg). Conclusions: beta cell apoptosis 
was increased in the first days after syngeneic islet Tx both in hyperglycaemic and 
normoglycaemic groups, but beta cell necrosis was the main contributor to beta cell 
death. Beta cell apoptosis remained increased 30 days after Tx in hyperglycaemic 
animals, suggesting that apoptosis is involved in the reduction of Tx beta cell mass 
in Tx islets exposed to chronic hyperglycaemia. 

588 
THE EFFECT OF KINASE INHIBITORS ON APOPTOSIS INDUCED 
BY SODIUM FLUORIDE IN RINm5F CELLS. 
I. Elliott, I.H.B. Scarpello and N.G. Morgan, School of Life Sciences, Keele 
University, Staffs, ST5 5BG. 
Aims: It has been demonstrated previously that NaF induces apoptosis of 
RINm5F cells and that pretreatment with pertussis toxin (Ptx) results in an 
enhancement of this response. Thus, G-proteins have been implicated in the 
control of apoptosis. As Ptx sensitive G-proteins can regulate protein 
phosphorylation by modulating the activity of kinases and phophatases, the 
effect of tyrosine and serine/threonine kinase inhibitors on NaF and Ptx 
reponses was investigated. Methods: RINm5F cells were treated with NaF 
(5mM); Ptx (0.2ug/mI) and inhibitors and the extent of cell death quantified 
by trypan blue staining. Apoptosis was confirmed by DNA electrophoresis 
and acridine orange staining. Results: Treatment with 25uM genistein 
resulted in a significant reduction in NaF induced cell death (Control: 
2l68±280 dead cellslml Genistein: 3409±360 NaF: 1082i±666 NaF plus 
genistein: 7663±840 p<0.05). Ptx enhanced NaF induced cell death (NaF 
plus Ptx l6l43±1846 p<0.05) and this effect was abolished by genistein 
(NaFlPtxlgenistein: 7529±858 p<O.OI). Herbimycin A, a structurally 
unrelated tyrosine kinase inhibitor, also prevented the Ptx mediated 
enhancement of NaF induced cell death. At high concentrations (IOOuM) 
genistein alone induced apoptosis of RINm5F cells. However, this was 
probably mediated by inhibition of topoisomerase II as it could be blocked by 
pretreatment with ciprofloxacin, which competitively binds to, but does not 
inhibit, topoisomerase II. As Ptx also results in an increase in intracellular 
cAMP and activation of protein kinase A, the effect of Rp-cAMP-S, an 
inhibitor of protein kinase A, was investigated. Rp-cAMP-S decreased cell 
death in response to N aF alone but did not abolish the enhancement caused 
by Ptx. Conclusion: These results suggest that changes in both 
serine/threonine and tyrosine phosphorylation can regulate apoptosis in the 13-
cells. 

587 
EFFECTS OF GROWTH HORMONE AND PROLACTIN ON 
APOPTOTIC DEATH OF INS-l CELLS 
N. Sekine, K. Takahashi, T. Ishikawa, T. Okazaki, and T. Fujita. 
Department of Internal Medicine, University of Tokyo, Tokyo, Japan. 
Aims: Growth hormone (GH) and its related peptide prolactin (PRL) are 
well-known stimulatory peptides on gromh and the function of 
pancreatic j3-cells. In this study, we investigated effects of these 
hormones on apoptotic death of insulin-secreting cells using a rat 
insulinoma cell line INS-I. Materials and Methods: Apoptosis of INS
I cells was induced either by serum deprivation or by treatment with the 
combination of 100 U/ml Interferon-y (IFN-y) and 50 ng/ml tumor 
necrosis factor-a (TNF-a). The DNA fragmentation induced during 
apoptotic cell death was evaluated by the measurement of mono- and 
oligonucleosomes using an ELISA kit. Electrophoretic mobility shift 
assay was performed to detect the DNA binding of cytokine-activated 
transcription factors. Protein tyrosine phosphorylation was examined by 
immunoblotting and the expression of NO synthase (iNOS) by northern 
blotting. Results: Addition of GH or PRL decreased the amounts of 
oligonucleosomes during the incubation of INS-l cells in a serum-free 
medium as well as those with the cytokines. The iNOS expression induced 
by the cytokines was also decreased by GH. GH reduced both tyrosine 
phosphorylation and the DNA-binding of STAT! activated by IFN-y, 
whereas the TNF-a-induced NF-K8 binding was unaffected. The 
production of NO was, however, unlikely to be involved as the major 
mechanism, because its inhibition by Nm-nitroyarginine failed to 
prevent the cytokine-induced apoptosis. Conclusions: GH and PRL 
could prevent the apoptotic death of insulin-secreting cells. The 
inhibition of IFN-y-activated STAT I activation may be involved in the 
protection from the cytokine-induced apoptosis by these hormones, 
although that of iNOS induction does not appear to playa major role. 

589 
INVESTIGATION OF THE EFFECTS OF HUMAN SERA FROM NEWLY 
DIAGNOSED DIABETIC PATIENTS ON CEll VIABIliTY AND DEATH 
S.Conroy 1 ,Y.Hodjivassiliou2 ,P. Byrne1 ,P.Newsholme 1 andl. C. Green2 ,3 

1 University College Dublin, 2Universities of Sussex and Brighton, U.K. 
~-cell destruction in vivo is the result of a sustained attack by cellular 
ond soluble factors of the immune system. Apoptosis is at least partly 
responsible for ~-cell death in vivo. However, the type of ~-cell death 
provoked by serum soluble factors in vitro is still open to speculation. 
Aim: To determine whether serum from newly diagnosed diabetic 
subjects caused DNA damage or cell deoth by apoptosis in vitro. 
Methods: Human Jurkat T cells and human islet single cells were 
cultured with sera from at least seven control and seven diabetic 
subjects. Cell membrane integrity, DNA strand breakage and 
chromatin condensation were recorded using cytochemical staining 
and single cell gel electrophoresis. Results: DNA damage induced 
by human sera (10% for 48h) was significantly dependent on Jurkat 
cell density in culture but was not significantly different in cells 
treated with diabetic (DM) sera versus control sera. The percentage 
of Jurkat cells which were intact and non-apoptotic was slightly but 
signficantly reduced by DM sera from 96.3±0.6% to 93.3±0.9% 
(P<0.04; N= 11). Corresponding values in cytokine or etoposide 
treated Jurkat cells were 83.7% and 75.2% respectively. Apoptosis 
and necrosis levels were 1.0±0.2 and 2.1 ±0.4 after culture in 
control sera; 1.9±0.4 and 3.1 ±0.9 in DM sera; B.5±2.4 and 
3.9±1.8 in cytokine-treated Jurkat cells in the same experiments. 
However, DM sera (10%, 4Bh) increased cell death by necrosis in 
human islet single cells from 14 to 39% (cytokine to 16%) without 
significant apoptosis (P<0.05; N=3). Conclusion: Sera from DM 
subjects caused a significant increase in cell death in vitra in Jurkat T 
cells and in human islet cells. 

RINm5F RINm5F RINm5F 

RINm5F 

University, 



590 
COMPARISON OF APOPTOSIS DETERMINA nON METHODS 
M. Harrison', N. E. John' and I.C. Greenl, '.2. , Biochem. Dept., U. of Sussex, 2 

Pbarm. & Biomol. Sci., U. of Brighton, Sussex, U.K. 
Results obtained using different apoptosis determination methods are 
dependent on factors such as treatment time, tissue culture medium 
additions, cell type, attachment and density. Aim To compare three 
different apoptosis determination techniques in vitro using a human T-cell 
line (Jurkat) and primary tissue (neonatal rat islets of Langerhans). 
Methods Jurkat cells were treated with a combination of interleukin
IB(lOOpM), interferon-y (200U/ml) and tumour necrosis factor-a(lOOpM-
48h) or etoposide (10J.1M-18h) to induce apoptosis. Rat islets were also 
treated with cytokines. Cell suspensions were divided into three fractions 
for apoptosis determination: two fractions were placed on separate slides 
for 'live' fluorescent microscopic analysis by acridine orange or Hoechst 
33342/propidium iodide (HPI) staining.The third fraction was fixed and 
placed on slides for 3'OH end labeling using the ApopTagTM kit. Results 
For Jurkat control cells ApopTagTM gave percentage apoptosis levels of 
6.6±0.1, rising to 16.8±1.5 after cytokine treatment and 27.6±0.9 following 
etoposide treatment (p<0.05, N=6). Corresponding values for acridine 
determination were 4, 8.8 and 22.9 and by HPI were 1.7,13 and 22.5. In 
rat islet cells, control levels ofapoptosis were 2.8±O.7, 2.l±0.6 and 1.5±0.5 
(ApopTagTM, acridine, HPI). Following cytokine treatment, increases in 
apoptosis rates varied irrespective of methodology. Conclusions 
ApopTagTM generally detected higher levels of apoptosis than either HPI 
or acridine. There is good correlation between results from the different 
methodologies especially at higher apoptosis levels. Where apoptosis rates 
are low, results by all of these methods are variable. 

592 
DIFFERENTIAL ROLE OF GLUT2 GLUCOSE TRANSPORTER IN THE 
SELECTIVE ~-CELL TOXICITY OF ALLOXAN AND STREPTOZOTOCIN 

M. Elsner, B. Guldbakke, M. Tiedge, S. Lenzen, Institute of Clinical 
Biochemistry, Hannover Medical School, D-30623 Hannover, Germany 

Aims: The diabetogenic agents alloxan and streptozotocin are widely used in ex
perimental diabetes research due to their specific ~-cell toxicity. Both molecules 
exhibit a marked structural similarity to glucose. Thus the hexose binding struc
tures glucokinase and the GLUT2 glucose transporter are potential targets or a 
crucial transporter of the toxins. It was the aim of this study to investigate the spe
cific function of the GLUT2 glucose transporter for the toxicity of alloxan and 
streptozotocin. Methods: The GLUT2 glucose transporter was stably overex
pressed in the insulinoma cell line RINm5F. After exposure to alloxan or strepto
zotocin cell viability was measured by the MTT assay. The function of the GLUT! 
and the GLUT2 glucose transporter isoforms was quantified by 3-0MG uptake 
kinetics. GLUT2 expression was determined by Northern and Western blot analy
ses. Results: RINm5F control cells, which showed a very low expression level of 
the GLUT2 glucose transporter compared to normal ~-cells, were resistant to al
loxan and streptozotocin. Through overexpression of the GLUT2 glucose trans
porter RINm5F cells became sensitive to alloxan and streptozotocin with IC" val
ues of 10 mM and 1.4 mM, respectively (p < 0.01). Glucose provided a significant 
protection of RINm5F-GLUT2 cells against the toxicity of alloxan but not against 
streptozotocin. Alloxan (15 mM) selectively inhibited the GLUT2 transport func
tion of RINm5F-GLUT2 cells by more than 50 % (p < 0.01). The expression level 
of the GLUT2 glucose transporter protein was neither affected by exposure to al
loxan nor to streptozotocin. Conclusion: The GLUT2 glucose transporter is of 
differential importance for the selective B-cell toxicity of alloxan and streptozoto
cin. While the sensitivity of RINm5F-GLUT2 cells to streptozotocin can be ex
plained by an increased transport capacity for this toxin, the GLUT2 transporter 
protein itself seems to be a target structure for the toxicity of alloxan. 

591 
APOPTOSIS AND THE PROTECTIVE EFFECT OF CALCIDM CHANNEL 
BLOCKERS ON THE NEWBORN STZ-DIABETIC RATS THYMUS 

A 159 

F.Kaya, B.8iisleyici and M.Oztiirk. University of Istanbul Cerrahpap 
Faculty of Medicine, Medical Biology Department, Istanbul, TURKEY 

Aims: StIeptozotocin (STZ) causes an evident atrophy on the thymus and 
increases intracellular calcium. The increased intracellular calcium stimulates 
apoptosis. In this study we aimed to investigate the apoptosis on tymus 
tissues of STZ-diabetic newborn rats and the effect of calcium channel 
blockers (CCB) on the apoptosis by using in situ DNA end labelling and 
DNA ladder methods showing DNA fragmentation. 
Material and Methods: On the second day of the birth 100 mglkg STZ was 
given i.p. to the first two FUPs of the newborn Wistar rats. 1" group was 
STZ diabetic. To the 2' group , starting from I2Ih week, 5mglkglday 
isradipine (i.p) was given for 6 weeks. To the 3" group, same dose 
isradipine was given on the 2n

' day than STZ was given on the 3" day of the 
birth. The 4" group was nondiabetic and treated 5mglkg!day isradipine at the 
same period. The 51h group was the control. We were used the dexametasone 
treated rats for the positive apoptosis control group. The thymus tissue 
samples were fixed in 10 % neutral buffered formalin and embedded in 
paraffin then applied in situ DNA end labelling method for detection of 
apoptotic celis. The DNAs were isolated from fresh thymus tissues and DNA 
ladder method was applied on gel electrophoresis for DNA fragmentation. 
Results:According to the results of DNA fragmentation and the 
dexametasone treated group (15±5.1) as positive control, more labelled 
apoptotic cells were observed in thymus of isradipine (I4.5±7.0), STZ 
(9.5±2.8) and STZ+isradipine treated groups (7.4±J.9) when compared with 
the other groups (control;5.0±1.8, isradipine + STZ; 6.2±2.0). 
Conclusions: Our data show that isradipine as a CCB has a protective effect 
on apoptosis in the newborn STZ- diabetic rat thymus. 

593 
THE INFLUENCE OF LOW DOSE CHRONIC RADIATION ON 
GLUCOSE TOLERANCE IN RATS 
N.Karpenko, G.Brizgalova and M.Alesina, Chernobyl Scientific Centre, 
Ukraine 
The aim of study was the investigation of the development of the glucose 
tolerance disturbance in rats under natural conditions of Chernobyl Exclusion 
Zone. Materials and methods. 3 groups of 3 month-old Wistar male rats 
were exposed to radiation by incorporated radionuclides (in the main 137+ 134CS 
and '"Sr from contaminated food and water) and external y-background in 
hutches (40-60 1lRfh) during 12 months. The 4-th group of rats was the 
control one, which was obtained clean forage and water. y-Background was 
12-151lRfh in their hutches. After 1,5 months the total absorbed doses (TAD) 
in 3 groups were 0.2, 0.7 and 7.3 cGy and after 12 months - 1.7, 5.0 and 50.8 
cGy. Blood glucose levels were tested by glucose-oxidaze method during 
GTT (2 g glucose on kg, i.p.) in the above periods. Results. The rats with 
TAD 7.3 cOy during 1,5 months showed higher fasting glucose levels (5,9 ± 
0,4 vs 3,7±O,2 in control group, p<0.01) and «plane» glycaemic pattern. 
Irradiation in TAD 0.2 and 0.7 cGy did not change of glucose tolerance in 
rats. After prolonged irradiation (12 months) there were no differences in 
fasting glucose levels between experimental and control groups. However 
TAD 50.8 cGy provoked the disturbance of glucose tolerance: glycemia did 
not retom to basal level at 120 min after glucose load (4.8 ± 0.4 vs 3.5±O.4 
mmolll, p<0.05) and integral glycemia level over GTT were 23.9 ± 2.9 vs 
17.7 ± 0.3 mmolll in control group (p<0.05). We conclude that highest 
radiation load induces the glucose tolerance modification in both periods of 
investigation, however glucose tolerance disturbance in rats after long-term 
radiation exposure is obviously. 
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Beta-Cell Function 
594 
REDt:CED B-CELL COMPENSATION TO THE INSULIN RESISTANCE 
OF AGING: IMPACT ON PROINSULIN AND INSULIN LEVELS. 
ME Roder, RS. Schwartz', R Prigeon and S.E. Kahn. 
Divis;ons of A1etabollsm, Endocrinology and Nutrition, and *Gerontology and 
Geriatric Medicine, Department of Medicine, Veterans Affairs Puget Sound Health 
Care S}'stem, *Harhorvi,!w Aledical Center, and University a/Washington 
Seallle, Washingtun, 1,'S,1 
Aging and Type 2 diahetes mellitus are both associated with insulin resistance and 
rcJuccd B-cell functIOn. In Type 2 diabetes this reduction in B-cell function is 
associated with an increase in the proportion ofinununoreactive insulin (IRI) 
c()ll1pri~eJ ofproinsulm (PI; increased PIIIRl ratio). 
Tt) dett,nnine whether the alteration in B-cell function and insulin sensitivity of aging 
i, associated with an increased PI/IRI, we studied 27 healthy older (age: 67±lyr, 
mean±sem) and 22 younger (28±1 yr) subjects with comparable degree of body 
adiposity (EM!: 27. 9±0.6 vs. 26.3± 1.0 kg/m'). PI was measured by a RIA 
recogmzing both intact PI and its conversion intennediates. The insulin sensitivity 
index (S,) was quantified using Bergman's minimal model and B-cell function was 
measured as the acute response to glucose (AJRglucose) and as the acute response to 
arginine at maximal glycemic potentiation (AIRmax). Measures ofB-cell function 
wa..., also adjusted for Sj based on the known hyperbolic relationship between these 
two vanables (S, x AIRglucose and S, x AIRmax). 
Older and younger subjects had similar fasting glucose (5.4±0.1 vs. 5.2±0.1 
mmolll), IRI (82±8 vs 76±9 pmolll), PI (S.8±O.S vs. 1O.6±2.0 pmolll) and PIIlRl 
(l2.4±!.2 vs. 13 9±1.6%)(all p~NS). This was despite a 50% reduction of insulin 
sensiti\ity (S,: 1 96±O 21 vs. 3.8S±OJ8 x 10-' min"/pmolll, p<O.OOI) and in B-cell 
[unctwa (S, x AIRglucose: 0.72±O.13 vs. 1.70±0.15 x 10" min-I, p<O.OOI; S, x 
AIRmax: 3.53±O.S2 VS. 6 SI±0.70 x 10-' min-I, p<O.OOI) in the older subjects. 
In conclusion the aging-associated reduction in B-cell function does not include 
di~proportiOnate proin~ulinernia. Thus, the normal aging process and Type 2 
d18betes appear to be distinct entities Fasting levels of insulin and its precursors as 
illdicaturs of ins'--llm re:-;}stflilce in aging may not be comparable with indices in 
younger subjects. 

596 
LACK OF PRIMING EFFECT OF PULSATILE VERSUS CONTINUOUS 

INSULIN ON INSULIN SENSITMTY IN MAN 
CH Courtney, AB Atkinson, C Ennis, B Sheridan and PM Bell Sir George E 

Clark Metabolic Unit, Royal Victoria Hospital, Belfast, N Ireland 
Aims: Insulin is secreted in man in regular pulses every 8 to 13 minutes. 

Disordered pulsation has been demonstrated in several insulin resistant states. It is 
not clear whether this represents a primary beta cell defect contributing to insulin 
resistance or is a consequence of insulin resistance. Basal or near basal insulin by 
pulsatile infusion augments hypoglycaemic effect and improves insulin mediated 
glucose uptake compared with insulin by continuous infusion, No study has 
examined if nonnal basal insulin pulsatility is required to preserve subsequent 
insulin sensitivity during hyperinsulinaemia. We studied the effect of pulsatile or 
continuous insulin at basal levels overnight on a subsequent hyperinsulinaemic 
euglycaemic clamp. Materials and Methods: We studied 8 nonnal male 
volunteers (mean age 21.3 years, range 18-33) on 2 occasions each, administering 
SA mU kg-' h-' of insulin by continuous infusion for 8h or in pulses of 2 mins 
every 13 mins for 8h. Endogenous insulin secretion was inhibited by octreotide at 
OA3 f!g kg-l h-l (plasma C peptide levels < 1.0 gil within 2h of commencing the 
octreotide infusion), Glucagon was replaced by a continuous infusion at basal 
levels (30 ng kg-' h-l), After discontinuing overnight insulin peripheral insulin 
action was assessed by a hyperinsulinaemic euglycaemic clamp (I mU kg-' h-l). 
Results: Insulin pulsation was confIrmed by measurement of plasma insulin just 
prior to and 3 minutes after each pulse. Plasma glucose measured hourly 
throughout the night showed a trend for lower glucose on the pulsatile night but 
was not signifIcantly different. There was no difference in glucose infusion rates in 
the fmal 30 mins of the euglycaemic clamp between the pulsatile and continuous 
infusion. Conclusion: Pulsatile compared with continuous insulin administration 
has no signifIcant priming effect on subsequent peripheral insulin mediated 
glucose uptake. 

595 
BETA CELL FUNCTION IN TIIE CONTEXT OF INSULIN SENSmVITY IN 
OBESE PATIENTS 
A. Kendereski, D. Mid", M. Sumarac, Dj. Macut, S. Zorie, M. Colic, G. Cvijovie 
and P. Gligorovic. Institute of Endocrinology, University Clinical Center, 
Belgrade, Yugoslavia 
It is known that obese persons are insulin resistan~ what can contribute to the 
development of impaired glucose tolerance or insulin-nondependent diabetes 
mellitus. Nonna! glucose homeostasis is maintained as long as insulin secretion 
compensatory increases, accordingly beta-cell function should be assessed in the 
context of peripheral insulin sensitivity (so called "disposition index"). Aim: Aim 
of our study was to evaluate insulin sensitivity, acute insulin response to glucose 
and disposition index in obese patients. Materials and methods: Ten obese 
patients (6 female, 4 male; age: 28.16+/-1.3 yr; BMI: 31.29+/-1.15 kglm2

) 

were studied. Control group was age and sex matched, but not obese (5 female, 5 
male; 30+/-1.28 yr; BMI: 25.12+/-1.0l kg/m\ Both obese patients and control 
group had normal glucose tolerance during OGIT. Insulin sensitivity was 
estimated by MINMOD method (RBergman) of frequently sampled IVGIT 
(FSIG1). Acute insulin response to glucose (AIHa) was calculated as tlIe mean 
increment above basal of insulin values measured at 2-10 min during FSIGT (0.3 
g/kg i.v. as 50% glucose) and disposition index as the product of AIHa and insulin 
sensitivity. Results: Decreased insulin sensitivity was found in the tested patients 
compared to the control group (1.97+1-0.3 x 10-' vs. 4.81+/-0,7 X 10-' 
min/mUll, p < 0.01). No significant difference was found in acute insulin 
response (68.35+/-20.12 vs 56.22+/-19.05 mUll, p> 0.05) between obese patients 
and non-obese control group. However, disposition index was significantly 
decreased in obese persons in comparison to non-obese control group (136.32+/-
14.5 x 10" vs. 265.34+1-10.36 x 10 -, , P < 0.01). Conclusion: In conclusion, 
acute insulin response though nonnal was not adequate for the degree of insulin 
resistance in the tested obese patients. Assessment of insulin secretion in the 
context of insulin sensitivity early demonstrated defect in beta-cell function that 
could not be detected if only insulin secretion was measured. 

597 
A MECHANISM FOR INSULIN RESISTANCE IN PREGNANCY? A STUDY 

OF INSULIN KINETICS. 
M Jolly, R Amin, I Godsland, R Horvoka*, V Anyaoku, N Lawrence. D Johnston 
and S Robinson. Sectim of Metabolic Medicine, bnperial College School of Medicine, 
St Mary's Campus, Lmdoo. City University, London', 

The mechanisms of insulin resistance in pregnancy are poorly understood, Marked 
differences in peak plasma insulin concentration (lp) after insulin modification of a 
frequently sampled intravenous glucose-tolerance-test (glucose 0.3g/kg) were 
observed in a study investigating mechanisms of fetal nutrition, Aim: To 
investigate whether the differences in insulin distribution volume or elimination 
rate (ki) between subjects were the cause of the different Ip, Materials and 
Methods: Twenty-seven women at 34 weeks gestation were studied, The apparent 
volume of distribution (Vd) and ki were quantified by fitting the regression line to 
the log of the insulin concentrations and deriving Vd from the insulin dose 
(0,02Ulkg) and the insulin concentration extrapolated to time zero and ki from the 
slope of the regression line. Specific insulin was assayed using an ELISA, The 
Ciba program was used to derive Si using the minimal model and the Homeostasis 
Model Assessment programme was used to derive %S. Results: The median 
(IQR) Si ~ 8,7 (6.6 -19.5) (l/(min.pmolll)) xl0-', %S ~ 141.6 (91.7 -207.7) %, ki 
~ -0.059(-0.082 - -0.052) min-I, clearance ~ 43.7 (2,7 - 6A) lImin and Vd ~ 59.3 
(43,5 - 106,1) L There were significant correlations between Vd and In Si r=O,73 
(p<O,OOOJ), Vd and %8 r=0,48, p=0,01, ki and In 8i r=0.44, p=O,02, ki and In %S 
r=0.66, p<O.OOOI, clearance and in Si r=0,79, p<0,0001, and clearance and In %S 
r=0,67, p<0.0001. Conclusions: These data demonstrate that In Si and In %S oc 
Vd, ki and clearance over a range of 8i and %S, We hypothesise that the 
correlatim of insulin kinetics with insulin mediated glucose disposal is due to 
impaired insulin stimulated endothelium mediated vasodilatation and reduced 
trans-endothelial transport of insulin, This may have implications for our 
understanding of the mechanisms of peripheral insulin resistance in pregnancy. 



598 
INSULIN RESISTANCE IS THE PREDOMINANT FEATURE IN NORMOGLYCAEMIC 
WOMEN WITH PREVIOUS GESTATIONAL DIABETES 

E. Kousta, N.J. Lawrence, A. Penny, B. Millauer, H. Mulnier, D.G. Johnston, S. 
Robinson, and M.1. McCarthy. Section of Endocrinology, Imperial College School of 
Medicine at St Mary's, London W2 1 PG, UK 

Aims: Women with previous gestational diabetes (GDM) are at high risk of type 2 
diabetes in later life. Clinical investigation of such women should allow early defects in 
the evolution of type 2 diabetes to be defined. Materials and methods: We studied a 
total of 89 normoglycaemic European women, 39 with a history of previous GDM and 
50 control women (matched for age, parity and time since delivery) who had had 
normal pregnancies. Estimates of i3-ce1l function ('loB) and insulin sensitivity ('loS) 
were derived from fasting glucose and insulin measures using the HOMA algorithm. In 
a subgroup of 20 GDM and 23 control women, insulin sensitivity (S,), glucose 
effectiveness (S9) and insulin secretion were estimated by minimal modelling of an 
insulin-modified intravenous glucose tolerance test (lVGTD. Results: Compared to 
controls, GDM women displayed marked insulin resistance as evidenced by: lower 
HOMA%S (median (lOR), 23(18-47) vs 95(62-167)%, P<0.0001), higher fasting insulin 
(206(96-267) vs 48(28-76)pmol/l, P<0.0001), hypertriglyceridaemia (1.1(0.8-1.3) vs 
0.8(0.6-1.1) mmolfl, P=0.02), increased WHR ((mean±SD) 0.81±0.07 vs 0.77±0.06, 
P=0.01) and, in the IVGTT group, lower S, (0.7(0.3-1.0) vs 1.4(1.2-2.0)10J\lmin/pmoUl, 
P=O.001) and reduced NEFA suppression (19 min: 292±133 vs 212±110 flmolfl, 
P=0.03). Meanwhile, i3-cell function was maintained as shown by: higher HOMA%B 
(238(141-349) vs 99(70-137)%, P<0.0001), similar proinsulin:insulin ratios (0.04(0.03-
0.08) vs 0.05(0.02-0.12), P=0.7) and incremental 1s' phase insulin (2-10 mins) 
(967(418-2340) vs 1005(423-1458) pmol/Vh, P=0.2). BMI and fasting leptin levels were 
similar in the 2 groups. Conclusions: Insulin resistance is the dominant metabolic 
feature in normoglycaemic European women with previous GDM. Preservation of 13-
cell function allows these women to maintain normoglycaemia despite this marked 
insulin insensitivity. 

600 
EFFECTS OF AZELAIC, SEBACIC AND DODECANOIC ACIDS ON 
INSULIN RELEASE 
G. Mingrone and W.J. Malaisse. Instituto de Clinica Medica, Universitit 
Cattolica del Sacro Cuore, Roma, Italy and Laboratory of Experimental 
Medicine, Brussels Free University, Brussels, Belgium 
Aims: The utilization of medium-chain dicarboxylic acids, such as azelaic, 
sebacic and dodecanoic acids, as alternative fuel substrate in parenteral 
nutrition was recently proposed. In the present study, the effects of these 
water-soluble nutrients and one of their esters on glucose-stimulated insulin 
release were investigated in rat pancreatic islets. Materials and methods: 
For measuring insulin release, groups of 8 islets each isolated from fed Wistar 
rats were incubated for 90 min at 37°C in the presence of D-glucose (7.0 or 
11.1 mmolll) and, as required, azelaic acid (10.0 mmol/l), sebacic acid (10.0 
mmolll), dodecanoic acid (l0 mmol/l) or glycerol-I,2,3-tris(dodecanoate) (4.0 
mmolll). Control experiments indicated that the dicarboxylic acids failed to 
interfere with the immunoassay of insulin. Glycerol-l,2,3-tris(dodecanoate), 
however, increased 125I_insulin binding to guinea pig anti-insulin antibodies, 
without affecting the blank value (no antibody) or the partial neutralization of 
the antibodies by secreted insulin. Results: At 7.0 mmolll D-glucose, both 
azelaic and sebacid acid augmented significantly insulin output. On the 
contrary, dodecanoic acid and glycerol-l,2,3-tris(dodecanoate) decreased 
glucose-stimulated insulin output. Essentially comparable results were 
recorded in islets incubated at a higher concentration of D-glucose (I 1.l 
mmol/l). Conclusions: The present results extend to insulin-producing cells 
the knowledge that medium-chain dicarboxylic acids, such as azelaic and 
sebacid acids, might be regarded as useful energy substrates. Such was 
apparently not the case, however, in islet cells exposed to dodecanoic acid 
and its triglyceride ester. These findings are obviously relevant to the use of 
these alternative nutrients in clinical situations such as decompensated 
diabetes mellitus. 
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STRESS COMBINED WITH GESTATIONAL DIABETES INDUCES 
GLUCOSE TOLERANCE AND LIPID PEROXIDATION DISTUR
BANCES IN RATS SECOND GENERATION FEMALE OFFSPRING 
N. Krasova, V. Poltorack, L. Sergienko and G. Brizgalova. Ukrainian in
stitute of Endocrine Diseases Pharmacotherapy, Kharkiv, Ukraine 
Aim: To evaluate the vertical transmission of materna! social stress (MSS) 
against the background of gestational diabetes (GD )-induced glucose into
lerance in the first generation female offspring (F I) to the second generation 
female offspring (F2) and to characterise the oxidation parameters in the 
above. Materials and Methods: For MSS creation Wistar rats were trans
ferred daily from one rats association to another within 2nd - Sth day of preg
nancy and GD was rendered by STZ injection (45 mglkg, i.p.) on the sec
ond day of pregnancy (n=S). Lp. GTT (3g giucoselkg; 0, 30, 60 and 120 
min) was perfonned in the female offspring FI (n=IO), F2 (n=16) and in 
controls (n=25) at 45 and 90 days of age. Diene conjugates (DC), malonic 
dialdehide (MDA), reduced glutathione (GSH) levels and catalase activity 
(CA) in liver were determined spectrophotometrica!ly in the same age. Re
sults: The impainnent of glucose tolerance (GT) was shown in FI before 
mating as compared to controls (p<0.05). It was revealed significant GT 
decrease in F 2 at 45 days of age (integral glycemia over i.p. GTT: 30.0±0.S 
vs 24.2±2.0 mrnolll in controls, p<O.OI) and at 90 days of age (integral gly
cemia over i.p. GTT: 31.5±2.4 vs 25.9±1.5 mrnolll in controls, p<0.05). 
Liver DC and MDA levels were increased in F2 at 90 days of age (DC: 
106.3±S.6 vs 80.4±9.3 lJ.IIIol/g in controls, p<0.05; MDA: 403.3±45.8 vs 
84.4±2.7 lJ.IIIol/g in controls, p<O.OOI), whereas CA did not change and 
GSH levels were decreased by 30 % (p<0.01) only in F2 at 45 days of age. 
Conclusion: Maternal social stress against the background of gestational 
diabetes induced glucose tolerance impainnent in F2 female rats offspring 
beginning from the puberty and strengthened lipid peroxidation at the sex
maturity period. 
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601 
INFLUENCE OF NUTRITIONAL STATUS ON THE PATHWAYS OF 
GLUCOSE DISPOSAL DURING AN OGTT IN NORMAL SUBJECTS 
L. Plat and E.O. Balasse. Laboratory of Experimental Medicine, University 
of Brussels, Brussels, Belgium. 
Aims: To assess the influence of nutritional status on the fate of oral glucose 
in normal subjects. Materials and Methods: Six normal subjects were 
submitted to three 5-h OGGTs performed in random order after an overnight 
fast (ONF), a 4-day fast and an overnight i.v. glucose infusion (4 mg/kg.min 
for Ilh, discontinued 2h before the OGTT) to simulate a "fed" state. The 75 
g glucose were labelled with 3_3H_ and U-14C-glucose to measure glycolysis 
(,H20 production), glycogen synthesis (uptake - glycolysis), glucose 
oxidation (ox) ( l4C02 output) and nonox glycolysis, in combination with 
indirect calorimetry. Results: After the ONF, oral glucose disposal over 5h 
was as follows: uptake: 70±1g; glycolysis: 40±2g; glycogen synthesis: 
30±2g; ox: 17±lg and nonox glycolysis: 23±lg. Total carbohydrate (CHO) 
ox (indirect calorimetry) averaged 37±3g. None of the dietary manipulations 
affected glucose uptake. Compared with the ONF, the 4-day fast inhibited 
glycolysis (-24±3 %; P<O.OOI) in relation to a 41±6% (P<O.OOI) decrease in 
ox and stimulated but not significantly glycogen synthesis (+22±10%; NS). 
Total CHO ox decreased by 87±3% (P<O.OOI) and net CHO balance (uptake
CHO ox) increased by 94±13% (P<O.OOI). In contrast, prior "feeding" 
stimulated glycolysis (+2l±5%; P<O.OI) but not glucose ox and inhibited 
glycogen synthesis (-33±3 %; P<O.OOI). CHO ox increased by 41±8% 
(P<0.005) and net CHO balance was reduced by 50±8% (P<0.005). 
Conclnsions: The nutritional status influences the metabolic fate of an oral 
glucose load including its rate of conversion to glycogen. However, because 
the absolute changes in total CHO balance are far greater than those in 
glycogen synthesis, it is suggested that the net storage of oral glucose is 
mainly regulated by the rate of glycogen oxidation. 

603 
MECHANISMS BY WHICH HYPERGL YCAEMIA VS HYPERINSULI
NAEMIA STIMULATE GLUCOSE STORAGE IN FASTED SUBJECTS 
F. Folry, L. Plat and E.O. Balasse. Laboratory of Experimental Medicine, 
University of Brussels, Brussels, Belgium. 
Aims: It is known that prior fasting stimulates glucose storage on refeeding. 
This study aims at determining whether hyperglycaemia vs hyperinsulinaemia 
exert this effect by identical mechanisms. Materials and Methods: Two 
groups (I and II) of 7 normal volunteers were fasted for 4 days and clamped 
for 4h at a glucose level of 155 ± 15 mg/dl and an insulin level of \06 ± 5 
flU/ml under somatostatin infusion in group I and at 86 ± 3 mg/dl and 2800 ± 
\00 flU/ml in group II. Constant infusion of 3_3H and U-14C-glucose allowed 
to measure glucose uptake (Rd), glycolysis ('H20 production), glycogen 
synthesis by the direct pathway (Rd - glycolysis), glucose oxidation (ox) 
(

l4C02 output), nonox glycolysis (glycolysis - ox) and nonox glucose disposal 
(NOGD) (Rd - ox). The latter includes both the direct and indirect pathways 
of glycogen storage. Results: Similar Rds were obtained in groups I and II 
(305 ± 17 vs 281 ± 24 mg/m'.min; NS) during the last h of the clamps. 
Pathways of disposal, expressed in % of Rd were the following. Glycolysis: 
32 ± 2 vs 43 ± 2 (P < 0.005); glycogen synthesis: 68 ± 2 vs 57 ± 2 (P < 
0.005); ox: 21 ± I vs 20 ± I (NS); nonox glycolysis: 12 ± I vs 24 ± 12 (P < 
0.005) and NOGD : 79 ± I vs 80 ± I (NS). The steady state lactate levels 
which correlated strongly with nonox glycolysis (r = 0.85; P<O.OOI) were 
lower in group I vs II (1.32 ± 0.06 vs 1.79 ± 0.12 mM; P < 0.005). Energy 
expenditure (indirect calorimetry) averaged 869 ± 22 vs 958 ± 23 kcal/m'.24h 
(P < 0.02). Conclusions: At similar Rds, hyperglycaemia and 
hyperinsulinaemia lead to identical overall glycogen synthesis in fasted 
subjects but hyperglycaemia is associated with a higher ratio of direct/indirect 
pathway and with a lower energy cost of storage. 

602 
CHANGES IN BLOOD INSULIN LEVEL DURING ORAL LIPID LOAD AND OGn IN OBESE AND 

NON-GBESE WOMEN WITH POLYCYSTIC OVARY SYNDROME. 

T.Zykova\ T.Jeusseu', A. Strelkoval
, S.Zykova' and E.Tipisoval

. Arkhangelsk 
State Medical Academy, Russia, University ofTromsoe, Norway. 
The polycystic ovary syndrome (PCOS) is known to be associated with several 
metabolic abnormalities among which an insulin resistance is of particular interest. 
The aim: of the present study was to estimate the insulin response to the oral lipid 
or carbohydrate load (during OLTT and OGTT respectively) in obese and non-obese 
women with PCOS in comparison with that in healthy women. Materials and 
Methods: All the data are expressed as mean±S.E.M. Four groups were studied: 1 
non-obese women without PCOS, n=17, age 22,12iO,58 y.o., BMI=20,5IiO,32 
kg/m', WHR=0,69iO,01, they had regular ovulatory cycles; 2. obese women without 
PCOS, n=6, age 22,83±2,46 y.o., BMI=29,10±2,42 kg/m', WHR=0,76iO,40, all the 
women had ovulatory cycles;.:l. non-obese women with PCOS, n=13, age 22,3IiO,94 
y.o., BMI=20,17iO,56 kg/m', WHR=0,69iO,01; '[ obese women with PCOS, n=9, 
age 25,ll±l,77 y.o., BMI=33,32±2,35 kg/m', WHR=0,79iO,26. All the subjects 
underwent a standard glucose tolerance test (OGTT) on day 9 of a menstrual cycle 
and an oral lipid tolerance test (OL TT) with the lipid load of sour cream (20% fat) 
in a dose 130 g/2 m' of body square) on day 20-22 of a menstrual cycle. Statistical 
analysis was performed using Student's t-test. Results: Serum insulin levels during 
OLTT at 0, 3, 9 and 24 hours respectively: Group I: 7,49iO,55, 12,15±1,54, 
6,3liO,49, 5,03iO,40 flU/l; Group 2: 12,84±4,45, 19,27±8,66, 8,57±1,58, 
1l,60±5,59; Group 3: 6,49iO,56, 8,77iO,84, 5,88iO,64, 4,70±O,40; Group 4: 
9,41±3,03, 12,38±3,13, 7,l7±1,75, 8,77±2,39 flU/l. Serum insulin levels during 
OGTT at 0, 30, 60 and 120 min respectively: Group I: 6,85iO,59, 41,47±4,63, 
36,8l±6,69, l7,84±4,4l flU/l; Group 2: l6,25±6,63, 102,49±33,16, 82,56±26,50, 
53,69±31,67 flU/I; Group 3: 6,03iO,90, 46,78±6,21, 40,53±6,73, 23,48±3,67; Group 
'[: 13,25±4,09, 57,85±15,44, 67,63±l5,88, 54,26±l6,67 flU/I. Conclusion: there is 
no significant difference in the levels of insulin during both OGTT and OL TT 
between obese and non-obese women with PCOS. 

604 
BODY MASS INDEX AND BASAL TRlACYLGL YCEROL CONCENTRA
TIONS INFLUENCE GLUCOSE EFFECTIVENESS IN ADULT MEN 

A.N. WijenaikeG, P. W Watth, R. TJungG, C.Bolton-Smitha and MJ.Rennieb. 
aNinewelis Hospital and Medical School, Dundee, Scotland and bDepartment 
of Anatomy and Physiology, University of Dundee, Dundee, Scotland 

Aims: 
To explore relationships between glucose and lipid metabolism; specifically 
those between fasting concentrations of non-esterified fatty acids (NEFA), 
triacylglycerol (TAG) and indices of glucose disposal i.e. insulin sensitivity 
(S*I) and glucose effectiveness (S*G). 

Materials and Methods: 
14 healthy non-obese men aged 38.5±4.1 y of body mass index (BMI) 25±2 
kg.m·' with normal fasting plasma glucose (5.27 ± 0.30 mmoLl") were studied. 
Fasting concentrations of NEFA and TAG were measured. All subjects 
underwent a stable-label IVGTT in the fasting state. Indices of S*I and S*G 
were obtained using the MINMOD computer program. 

Results: 
Fasting NEFA concentrations averaged 279 ± 31(SE) mmoLt'. Fasting TAG 
concentrations were 1.16±0.39(SE) mmoLl". S*G was 0.01l1±0.0009 min-'; 
S*I was 6,44±L21(SE), 10'.min·'/flUml·'. Basal TAG concentrations showed a 
significant inverse correlation with S*G (r=-0.73,p=O.OOI) but not with S*I 
(r=-0.30, p=0.31). BMI also correlated inversely with S*G (r=-0.62, p=O.02) 
but not with S*I (r=-0,44, p=0.11). NEFA concentrations showed no significant 
relationships. 

Conclusions: 
The data suggests that the influence of triacylglycerol and BMI on glucose 
disposal may be mediated by glucose effectiveness rather than insulin 
sensitivity . 



605 
SPLANCHNIC GLUCOSE UPTAKE FOLLOWING ORAL 

GLUCOSE ADMINISTRATION IN TYPE-l DIABETES 

B. LUDVIK, A KAUTZKY-WILLER, TH. AIGMUELLER; W. WALDHAEUSL, 

R PRAGER, Vienna, Austria 

Aims: Splanchnic glucose uptake (SGU) is a major determinant of postprandial 

glycemia and thus glucose control in patients with diabetes. While SGU is decreased 

in Type-2 diabetes, there is considerable uncertainty whether SGU is altered iu Type-

1 diabetes. We therefore intended to study SGU in patients with Type-l diabetes 

compared to healthy controls. Methods: To this end a recently developed and 

validated non invasive method (OG-CLAMP) detennining glucose disposal and SGU 

by combining a hyperinsnlinemic (120 mU/m'/min) euglycemic clamp and an oral 

glucose load (75 gms.) was employed during steady-state of glucose disposal. Six 

patients with Type- I diabetes (0, all male, age 34.<3 (x±SEM) years, BM! 25±2.2 

kg/m', HbAlc 7.8±0.8%) and matched, healthy controls (C) underwent such 00-

CLAMP after an overnight fast. Resnlts: Glucose disposal rate was 1O.l±0.5 

mg/kg/min in C, and 9.7±I.O in 0 (p=0.7, C vs. D), the time requiredforresorption 

of the glucose load was 13l±5 min in C, and l47±7 min in 0 (p=O.I, C vs. D). 

SGU was not different between C (13.4±3.l %) and 0 (8.5±2.4%, p--{l.25). 

Conclusion: Unlike in Type-2 diabetes, splanchnic glucose uptake is not altered 

in insulin sensitive euglycemic patients with Type-l diabetes. These.rmdings argue 

against an influence of protracted prior hyperglycemia on the amount of orally 

administered glucose taken up by the liver. 

607 
COUNTERREGULATORY RESPONSES TO HYPOGLYCEMIA IN PATIENTS 
WITH GLUCOKINASE GENE MUTATIONS (MODY2). 
E. Guenat, J. Philippe, E. Jequier and L. Tappy. Institut de Physiologie (Lausarme) 
et Division d'Endocrinologie (Geneve), Suisse. 

Ai!m: glucokinase gene is expressed not only in pancreatic ~ cells, but also in 
pancreatic '" cells, in liver and some neuroendocrine cells in the central nervous 
system. A decreased glUCOkinase activity in the latter cell types may be expected to 
cause increased glucose production and a higher threshold for the counterregulatory 
responses to hypoglycemia ~: counterregulatory hormones secretion and 
glucose production (6,6 'H-glucose) were monitored during progressive 
hypoglycemia (hyperinsulinemic clamp at ca 2.4 pmollkglmin insulin and decreasing 
plasma glucose concentrations from basal values to 3.3 mmolll by steps of 0.6 
mmoIll) in 7 MODY2 patients with characterized glucokinase gene mutations and 13 
healthy controls. ~: counterregulatory hormones concentrations, insulin 
sensitivity, and insulin-induced suppression of glucose production at basal glucose 
concentrations were identical in MODY2 patients and healthy controls, but the 
curves linking glycemia to glucose production and to glucagon concentrations were 
switched to the right in MODY2 patients. The glycemic thresholds of MODY2 
patients for glucose production (5.0±0.4 mmo1l1) and for glucagon stimulation 
(4.5±O.4 mmolll) were increased compared to healthy subjects (3.9±O.1 for glucose 
production and 3.7±O.1 for glucagon, p<0.02 in both cases). Conclusions: these data 
indicate that counterregulatory responses aimed at increasing plasma glucose 
concentration are activated at a higher plasma glucose concentration in MODY2 
patients. This may be secondary to decreased glucokinase activity in both a) central 
nervous cells and pancreatic '" cells, leading to enhanced sensitivity of 
counterregulatory hormones secretion to hypoglycemia, and b) liver cells, leading to 
an autoregulation of glucose production set at a higher level of glycemia. These 
consequences of decreased glucokinase activity outside pancreatic ~ cells are likely 
to contribute to the pathogenesis of hyperglycemia in MODY2 patients. 
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ANOMERIC SPECIFICITY OF HUMAN B-CELL GLUCOKINASE: 
MODULATION BY ITS REGULATORY PROTEIN 
P. Courtois, F. Bource, A. Sener and W.J. Malaisse. Laboratory of 
Experimental Medicine, Brussels Free University, Brussels, Belgium 
Aims: The role of glucokinase in the anomeric specificity of D-glucose
stimulated insulin release remains controversial. This issue was reinves
tigated using recombinant human liver and B-cell glucokinase. Methods: In 
the absence of its regulatory protein, the anomeric specificity of glucokinase 
was examined over 10 min incubation at 20-22°C in the presence of 1.0 
mmol/I ATP and 2.5 to 50 mmolll a- or B-D-glucose, mixed with a tracer 
amount of the corresponding D_[U_14C]glucose anomer. The influence of the 
regulatory protein was examined in experiments conducted over 6 min 
incubation at 30°C, the concentration of the regulatory protein being selected 
to decrease the reaction velocity by about half at low concentrations of 0-
glucose and in the presence of 0.2 mmolll D-fructose 6-phosphate. Results: 
Liver glucokinase displayed a lower maximal velocity, Hill number and 
apparent Km with a- than B-D-glucose. As a result of these differences, the 
reaction velocity was significantly higher with a- than B-D-glucose up to 10 
mmol/1. Islet glucokinase also displayed a lower maximal velocity and 
apparent Km for a- than B-D-glucose, but no obvious difference in Hill 
number. The reaction velocity failed to be significantly higher with a- than B
D-glucose even at low hexose concentrations. The anomeric specificity of 
islet glucokinase was little affected by its regulatory protein. The residual 
reaction velocity, when expressed relative to the paired control value (no 
regulatory protein), averaged in the case of B-D-glucose 95.9 ± 4.9 % of the 
paired value found with a-D-glucose. Likewise, in the case of liver 
glucokinase, such a percentage averaged 93.1 ± 5.9 %. Conclusions: These 
findings support the view that, at close-to-physiological concentrations of 0-
glucose, the a-anomeric preference of insulin release cannot be fully 
accounted for by the intrinsic properties of B-cell glucokinase. 

608 
Effect of Long-term Dietary Protein Intake on Glucose Metabolism in Man 

Santosa Benny2,.Thomas Linnl,2, Dietrich Gronemeyer3, 
S~tke Aygen4, N~cole Scholzl, and Martin Busch3. 

I Division of Diabetes and Metabolism, Medical Clinic 3, Giessen 
2 Clinical Research Unit, Medical Clinic 3, Giessen 
3 Departtnent of Radiology and MicroTherapy. University WittenlHerdecke 
4 Institute of Clinical Chemistty, University WittenlHerdecke 

Abstract 
A meal rich in protein stimulates insulin secretion, since it is required for 
postprandial amino acid disposition. As long-term effects of dietary protein on 
insulin secretory capacity and glucose metabolism are still unknown our study 
focussed on this aspect Subjects with constant protein intake of 1.87 ± 0.26 g 
kg-! day-! (1.25 - 2.41), narned high protein (HP) group, and with 0.74 ± 0.08 
(0.57 - 0.80), normal protein (NP) group, were identified by a food questionnaire 
and were matched (n=9) according to sex, age, and calorie intake. They 
underwent an intravenous glucose tolerance test and a euglycemic 
hyperinsulinemic clamp with infusion of [6,6-2H]-glucose combined with 
calorimetty. To estimate net gluconeogenesis the usual diet was enriched by U
[13C]-glucose for one week, and breath and plasma were sampled on a daily 
basis. Glucose-stimulated insulin secretion was increased in the HP group (516 ± 
45 pmo1l1 vs. 305 ± 32, lPO.012) due to reduced glucose threshold of the 
endocrine ~-cells (76 ± 9 mgldl vs. 89 ± 5, p=0.031). Hepatic glucose output was 
elevated by 12% (p=0.009) at 40 pmo1l1 plasma insulin in the HP group, but not 
at higher insulin levels, while overall glucose disposal was reduced. Fasting 
plasma glucagon was 34% increased in the HP group (p=O.038). Plasma I3C
glucose enrichment increased when the l3C-enriched diet was started and 
reached a plateau after four days. In NP subjects plasma U-[13C]-enrichment 
represented 51.5 ± 2.9% of the enrichment of hepatic glycogen. Fractional 
gluconeogenesis was increased by 40% (p=0.044) in individuals on a high 
protein diet. We conclude, that a high protein diet is accompanied by increased 
stimulation of glucagon and insulin within the endocrine pancreas associated 
with high glycogen turnover and gluconeogenesis. 
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CHANGES IN WHOLE BODY PROTEIN METABOLISM 

DURING HYPOTHYROIDISM. INTERACTION WITH INSULIN 
L Tauveron, C. Rochon, C. Dejax, P. Benoit, P. Capitan, G. Bayle, J. Prugnaud, A. 
Fabricio, C. Champredon, P. Tbieblot and J. Grizard. Service d'Endocrinologie, 
CHU de Clermont-Ferrand, B.P.· 69, 63003 Clermont-Ferrand cedex (LT., C.R., 
A.F., P.T.); Unite d'Etude du Metabolisme Azote, INRA de Clermont-Ferrand, 
63122 Ceyrat (C.R., P.C., G.B., J.P., C.C., J.G.);centre Jean Perrin 63000 
Clermont-Ferrand (C.D.); Centre Hospitalier 03000 Moulins (P.B.), France 
Aims :We have investigated the effect of hypothyroidism and insulin 
on protein metabolism in humans. Materials and methods: Six 
hypothyroid patients were studied in a postabsorptive state before 
and after 5 months of regular treatment for hypothyroidism (153 ± 17 
I-Ig /day of L-thyroxine). The effect of insulin was assessed under 
hyperinsulinemic euglycemic and eukaliemic conditions. Insulin was 
infused for 140 min at 6.3 ± 0.2 mnol.kg-1min· l

. An amino acid 
infusion was used to blunt insulin-induced hypoaminoacidemia. 
Whole body protein turnover was measured using L-[I-13C] leucine. 
Results: When compared to L-T4 induced euthyroidism, 
hypothyroidism induced a significant decrease (P< 0.05) in leucine 
endogenous appearance rate (a reflection of proteolysis; 1.03 ± 0.11 
vs 1.37 ± 0.06), oxidation (0.18 ± 0.002 vs 0.25 ± 0.03) and 
nonoxidative disposal (a reflection of protein synthesis; 1.07 ± 0.12 
vs 1.36 ± 0.04). Insulin lowered proteolysis during both the 
euthyroid and hypothyroid states. Hypothyroidism impaired insulin's 
antiproteolytic effects, when expressed in absolute terms or relative 
to insulinemia. Conclusion: The weak effect of insulin during 
hypothyroidism is of pathophysiologic interest since it contrasts with 
an enhanced effect of insulin on protein breakdown observed in 
hyperthyroidism. 
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610 
PRANDIAL GLUCOSE EFFECTIVENESS AND GLUCONEOGENESIS IN INSULIN 
RESISTANT RELATIVES OF PATIENTS WITH TYPE 2 DIABETES MELLITUS. 
M.F. Nielsen, B. Nyholm, V. Chandramouli, W.e. Schumann, B.R. Landau, A. 
Caumo, C. Cobelli, R.A. Rizza and O. Schmitz. Medical Department M, Aarhus 
Kommunehospital, Aarhus, Denmark; Rochester, MN; Cleveland, OR; Milan 
and Padova, Italy 
Impaired insulin sensitivity is widely recognized in healthy relatives of type 2 
diabetic individuals. In contrast, glucose effectiveness (GE) has been reported 
increased, normal or decreased employing the minimal model. In addition, 
aspects of endogenous glucose handling are not well characterized in these 
potential prediabetic subjects. To explore gluconeogenesis (Gn) and GE in 
further detail, the latter when applying a more physiological approach, 23 
insulin resistant first-degree relatives (R) (M-value; P<0.05) and 10 matched 
controls (C) were examined using a combined somatostatin/insulin infusion 
(0.17 vs 0.14 mU/kg/min, R vs C) to maintain insulin concentration at basal 
level and a hot-ginf infusion to reproduce a prandial plasma glucose profile. 
Using this novel approach, the resulting glycemic profile is a direct measure of 
GE. Fasting rates of Gn measured using the 'H,O technique (7 .6±0. 7 vs 6.7±OA 
mmollkg/min; P=0.29) and endogenous glucose production (EGP) (13 .5±0.5 vs. 
13A±0.3 mmollkg/min; P=0.84) did not differ between groups though fasting 
insulin tended to be elevated in R (28±4 vs. 41±1 pM; P=0.08). Following 
glucose infusion, the integrated area above basal of the glycemic profile 
(P=0.87) and the rate of suppression ofEGP (P=0.27) were comparable. Cold 
(Sg) (2.61±0.25 vs. 2.59±0.17 mllkg/min; P=0.94) and hot (Sg*) (l.32±O.l6 
vs.l.50±O.13 mllkg/min; P=OA4) estimates ofGE were similar in C and R, with 
Sg and Sg* denoting glucose effect on both glucose production and disposal and 
on glucose disposal only, respectively. In conclusion, fasting Gn and the ability 
of glucose to facilitate its own uptake and suppress its own production is normal 
in insulin resistant relatives of type 2 diabetic subjects. 

611 
DIETARY CARBOHYDRATE CONTENT MODULATES POSTABSORPTIVE 
GLUCOSE PRODUCTION BY MODULATION OF GLYCOGENOLYSIS 
P.H.L.T. Bisschopl, M.T. Ackermans i

, E. Endertl , H.P. Sauerwein1 and J.A. 
Romijn2 'Dept. of Endocrinology and Metabolism, Academic Medical Center, PO 
Box 22700, 1100 DE Amsterdam and 'Dept. of Endocrinology, Leiden University 
Medical Center, PO Box 9600, 2300 RC Leiden, The Netherlands 
Aims: Dietary carbohydrate content modulates postabsorptive glucose production. 
To investigate whether this effect is attributed to changes in postabsorptive 
glycogenolysis, we measured postabsorptive glucose production and 
gluconeogenesis in five healthy males (age 28-55) after II days of either high or 
intermediate-carbohydrate feeding. Materials and Methods: Both diets were 
eucaloric and administered in balanced assignment with an inter-diet interval of 6-
8 weeks. The high carbohydrate diet contained 15 % protein, 85 % carbohydrate 
and 0 % fat (energy equivalents), intermediate carbohydrate diet 15 %,44 % and 
41 %, respectively. Postabsorptive glucose production was measured by infusion 
of 'H,-glucose, gluconeogenesis by ingestion of 'H,O. Results: High 
carbohydrate diet increased postabsorptive glucose production by -14% (2.34 ± 
0.12 vs. 2.06 ± 0.08 mg/kg/min; p<0.05). Although this was associated with a 
decreased fractional contribution of gluconeogenesis to glucose production of -12 
% (42 ± I vs. 48 ± I %; P < 0.05), the absolute rate of gluconeogenesis did not 
change (0.99 ± 0.06 vs. 1.00 ± 0.04 mg/kg/min; NS). High carbohydrate feeding 
increased the absolute rate of glycogenolysis by - 38% (1.38 ± 0.09 vs. 1.00 ± 
0.04 mglkg/min; p < 0.05). Fasting plasma glucose, insulin, glucagon, cortisol and 
catecholamines were not different between both diets. Conclusions: We conclude 
that, in healthy males, eucaloric high-carbohydrate feeding increases 
postabsorptive glucose production by enhanced glycogenolysis and not by 
modulation of gluconeogenesis. 



612 
EVIDENCE FOR INCREASED GL YCOGENOL YSIS AND 
GLUCONEOGENESIS IN TYPE I DIABETES MELLITUS. 
A.Mitrakou, e.Meyer, A.Tolias, D.Platanisiotis, L.Vlachos, l.Gerich and 
S.A.Raptis. 2ND Dept Int. Medicine,Research Unit and Diabetes Center Athens 
University. Greece. 
Aims: Renal glucose release is increased in type 1 diabetes. To detennine whether 
this could be accounted for by increased gluconeogenesis, net balance of major 
gluconeogenic precursors across the kidney was measured in insulin withdrawn 
patients with type I diabetes before and after insulin infusion. 
Materials and Methods: Net renal glucose, lactate, glutamine alanine and glycerol 
balance was measured in 7 type I patients before (B) and after insulin infusion (I) 
(0.8 mU/kglmin) in order to achieve near-normoglycentia and 10 nondiabetic 
subjects(ND). Systemic and renal release and uptake of glucose were determined 
with 'H glucose.Renal plasma flow was detennined by the p-aminohippuric acid 
clearance technique. Overall renal net glucose, lactate and glutantine balance was 
calculated as RBF x (arterial concentration-renal vein concentration) 
Results. Diabetic subjects were markedly hyperglycentic (fasting plasma glucose 
15.8±0.9 vs 4.4±0.1 mM in ND,p<O.OOI) and had increased overall rates of 
systemic glucose release (1344±98 vs 932±29 flmoUmin in ND,p<O.OOI) Renal 
glucose release was increased more than two-fold in the diabetic subjects(419±49 
vs 204±9 flIDoUmin in ND,p<O.OOI). Net renal uptake of major gluconeogenic 
precursors (lactate 189±20 vs 336±36 flmoUmin p<O.OI,glycerol 30±4 vs 52±8 
flmo/min p<0.05,and glutamine 34±6 vs 48±6 flIDoUmin NS.) was greater in 
diabetic subjects, but net renal precursor uptake could account for only 65% of the 
glucose release in diabetic subjects. Renal net uptake of lactate (I :279±39 vs 
B:336±36flIDoUmin p<0.05, glycerol 1:14±3vs B:52±8f1IDoUmin p<O.OOOI and 
glutamine I:26±5 vs B: 48±6flIDol/min p<0.05) decreased significantly after insulin 
infusion. 
Conclusions. Since renal uptake of gluconeogenic precursors albeit increased, 
caMot account for the increased glucose release, there may be increased renal 
glycogenolysis in type I diabetes. 

614 
PARTIAL INHIBITION OF NITRIC OXIDE SYNTHESIS IN VIVO DOES 
NOT INHIBIT BASAL GLUCOSE PRODUCTION IN MAN. 
F. Sprangers, W.T. lellema, C.E. Lopuhali, E. Ender!, M.T. Ackermans, 1.1. 
van Lieshout, 1.S. van der Zee, 1.A. Romijn, and H. P. Sauerwein. Dept. of 
Endocrinology and Metabolism, Dept. of Pulmonology, Dept. of 
Cardiovascular Research, Academic Medical Center, room GS-205, P.O. Box 
22660, 1100 DD, Amsterdam, The Netherlands. 
Basal glucose production decreases linearly by 10-20% in healthy humans for 
unknown reasons during short-term fasting. This decrease may be explained by 
paracrine interaction between Kupffercells and hepatocytes. In vitro, nitric oxide 
(NO) inhibits differential pathways of hepatic glucose metabolism but the role of 
NO on glucose production has not been studied in vivo in humans. Aims: To 
study the influence of NO synthesis inhibition with L-NMMA (NG-Monomethyl
L-arginine) on basal glucose production. Materials and methods: 6 healthy men 
were studied during 14-22 hrs fasting in a saline-controlled crossover study. 
Glucose production was measured with [6,6-'H,]-glucose, NO output was 
measured in exhaled air with a chemiluminescence analyzer, and hemodynamic 
parameters were assessed using a Finapres model. Data were analyzed using 
SAS analysis of repeated measurements. Results: L-NMMA infusion caused a 
40-50% reduction of NO output (t = 0 h to t = 5 h: L-NMMA: 72 ± S.I to 36.S ± 
3.9 nUminlm', control: 73.3 ± 6.9 to 72.7 ± 3.6 nllminlm') (\p0.03 L-NMMA vs 
control) induced a -22% rise in total peripheral resistance and a -14% decrease 
in cardiac output, but did not affect the -20% decrease in glucose production (L
NMMA: 13.5 ± 0.9 to II ± 0.9 )lmoVkglmin (p<0.0001), control: 12.S ± O.S to 

10.6 ± 0.9 JlIl1ol/kglmin (p<O.OOOI)). Plasma glucose, lactate, alanine and FFA 
concentrations did not differ between the groups. Glucoregulatory hormone 
concentrations were the same in both groups except for adrenaline that was lower 
during L-NMMA infusion. Conclusions: This study shows that a 40-50% 
inhibition of NO synthesis does not influence glucose production in vivo in 
humans, whereas NO influences glucose metabolism in vitro. Therefore, NO is 
not a major direct or indirect modulator of postabsorptive glucose production in 

healthy subjects. 

613 
Contribution of Gluconeogenesis to Glucose Production in Mild Type 2 Diabetics. 
Wajngot A., Chandramouli V., Schumann W.e., Efendic S., and Landau B.R. 
Department of Endocrinology and Diabetology, Karolinska Hospital, Stockholm, 
Sweden and Department of Medicine, Case Western Reserve University, 
Cleveland, Ohio, USA. 
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Attempts to quantitate gluconeogenesis(GNG) in diabetics have yielded different 
results. Glucose production is generally accepted to be increased, but recently 
reported normal or near normal in mild diabetics measured by labeled glucose 
kinetics with a prime adjusted to plasma glucose concentration. We measured GNG 
by the new 'H,O method and production (Ra) by infusing (6,6'H)glucose with the 
adjusted prime in 6 mild type 2 diabetics and 5 controls. Oral antidiabetic agents 
were withdrawn one week and insulin one day before study. Subjects ingested 
dinner, 14 kcaVkg body weight at 5-6 PM and then fasted. 'H,O was ingested at II 
PM and 2 AM. (6,6'H)Glucose was infused from 8 AM to 4 PM. Ratio of'H at 
carbon 5/2 of blood glucose, equated to % GNG, was determined at intervals 
between 9 AM and 4 PM. Plasma glucose concentration in controls at 8 AM was 5.2 
± 0.1 mM and declined to 4.9 ± 0.1 at 4 PM. In diabetics 9.6 ± 0.9 mM at 8 AM 
declining to 7.5 ± 0.9 at 4 PM 

GNG(%) Ra 

(flmol/kg/min) 
TIME 19AM IlIAM112.30 I 2PM'T 4PM llAMT 4PM 

Control I 55+3 I 62±2 I 62±2 I 60±1 I 68±2 9.8+.5 I 8.6+.5 
Diabetes I 63±3 I 69+3 I 71+3 I 73±3 I 74+4 10.6+.5 I 7.7+.5 

Glucose production was no different in diabetics and controls. At each time % 
GNG was higher, on average 8 %, in the diabetics. In mild type 2 diabetics after 
an overnight fast there is a small increase in the contribution of GNG to glucose 
production. 

615 
ENDOGENOUS GLUCOSE PRODUCTION FROM SMALL 
INTESTINE IN INSULINOPENIA STATES IN RATS. 
G. MITHIEUX, M. CROSET, C. ZITOUN and I.M. HlJROT, INSERM U. 449, 
Faculte de Medecine Laennec, Lyon, France. 

We have recently shown that the gene and activity of glucose-6 phosphatase, the 
enzyme which catalyzes the release of glucose into the blood, are expressed in the rat 
small intestine, and are induced by fasting and diabetes. Aims : We tested the 
hypothesis that the increase in the Glc6Pase activity may reflect a gluconeogenic 
function of the small intestine. Materials and methods : Using arteriovenous 
balance measurements combined with a tIacer technique, intestinal glucose uptake 
(IGU) and release (IGR) have heen simultaneously partitionned. Rats were perfused 
with [3-'HJglucose for 90 min and blood was taken simultaneously in carotide and 
superior mesenteric vein (after ligation of inferior mesenteric veine) for 
measurements of concentrations and isotopic enrichments (IE) of glucose. Results : 
After 48 h fasting, the IE of glucose was lower (by 4.6±OA %) in mesenteric vs. 
arteria1 blood (Mean±SEM, n=8, p<O.OOl.From this dilution and the intestinal 
blood flow (6.5±1.6 ml.min-" cerium microsphere method), the calculated IGR was 
8.6±1.4 llIDol.kg'.min-' for a total endogenous glucose production (EGP) of 
41.3±1.9 )lmol.kg·'.min-' (Mean±SEM, n=8). In postabsorptive streptozotocin 
diabetic rats, the IE of glucose were also lower (by 1.3±O.4 %) in mesenteric vein 
than in artery (Mean±SEM, n=12, p<0.0l). Taken into account the high blood flow 
(12.3±1.6 ml.min-'), the IGR was 21.3±7.9 )lmol.kg-'.min-'. This IGR being high 
enough to compensate for the IGU, the glycemia were equilibrated on either side of 
the intestine (30.3±1.3 vs. 30.6±1.2 mM, artery vs. vein). After peripheral 
perfusion of [14Cl-glutamine or ["C)-glycerol, the IE of glucose were significantly 
higher in vein than in artery, showing that 14C or "c from these precursors have 
been incorporated into glucose synthesized by small intestine. In contrast, alanine 
and lactate were not precursors of glucose in small intestine. Conclusion: These 
results show that the small intestine contributes to EGP in insulinopenia states in 
rats, and that the main precursors of glucose are glutamine and glycerol. 
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616 
REGULATION OF GLUCONEOGENIC ENZYMES IN SMALL INTESTINE IN 
FASTED AND DIABETIC RATS. 
F. RAJAS, M. CROSET, C. ZITOUN, S. MONTANO and G. MITIIIEUX. 
INSERM U. 449, Faculte Laennec, Rue G. Paradin, 69372 Lyon cedex 08, France. 
We have previously shown that the small intestine contributes to endogenous 
glucose production in insulinopenia states in rats (companion abstract). The main 
gluconeogenic substrates utilized by this organ are glutantine and to a lesser extent, 
glycerol. In contrast, alanine and lactate, the main substrates of gluconeogenesis in 
the liver, are not utilized in small intestine. Aims: To explain these in vivo results, 
we studied the regulation of expression of the gluconeogenic enzymes, 
phosphoenolpyruvate carboxy kinase (pEPCK) and pyruvate carboxylase (PC), in rat 
small intestine during fasting and diabetes. Materials and Methods: We analyzed 
PEPCK mRNA by RT-PCR and northern blot, and PEPCK and PC activities in 
duodenum (DUO), jejunum (JEJ) and ileum (ILE), of fed, streptozotocin-diabetic, 
and 48h-fasted rats. Results: The mRNA and activity of PEPCK were expressed in 
DUO, JEJ, and ILE in adult rats. The PEPCK mRNA abundance was increased by 
30 times in the DUO, by 15 times in the JEJ and by 3 times in the ILE in 
streptozotocin-diabetic rats. It was normalized upon insulin treatment for 10h. In 
fasted rats, the mRNA abundance was increased by 17 times in the DUO and JEJ 
and by 3 times in ILE. It was normalized in both tissues upon refeeding for 7h. 
PEPCK activity was also increased by 3 to 5 times in diabetic and fasted rats in 
DUO and JEJ but not in ILE. In contrast, the PC activity was decreased by about 5 
times in the JEJ of fasted and diabetic rats whilst it was increased in the liver of the 
same rats. Conclusions: The marked increases in glucose-6 phosphatase 
(previously reported) and PEPCK gene expression (present study) may account for 
the induction of gluconeogenesis from glycerol and glutamine in small intestine in 
insulinopenia states. The dramatic decrease in PC activity in small intestine in the 
same situation allows us to explain why alanine and lactate are not utilized for small 
intestine gluconeogenesis, PC being an obligatory step for the conversion of these 
both subtrates to glucose. 

618 
DIFFERENTIAL EXPRESSION PATTERNS OF THE "LIVER" AND 
"BRAIN" ISOFORMS OF G-6-P TRANSLOCASE TI. 
I.D. Wadden and N.D. Watson. 
Cardiovascular, Metabolism & Musculoskeletal Research Department, 
ZENECA Pharmaceuticals, Mereside, AlderJey Park, Macclesfield, 
Cheshire. SKlO 4TG U.K. 
Aims: Synthetic derivatives of chlorogenic acid have previously been 
demonstrated to be potent inhibitors of the hepatic but not islet glucose-
6-phoshate translocase T 1. The aim of this work was to determine if 
this apparent selectivity could be explained by the existence of a novel 
pancreatic isoform of TI. Materials and Methods: A Clonetech 
multiple human tissue blot was probed with a cDNA's representing the 
66bp "brain" isoform insert and with a probe which would detect both 
the "brain" and "liver" isoforms. Additionally TI was amplified from 
pancreatic cDNA by PCR using primers described previously for both 
isoforms. Results: Analysis of the Northern blot on a BioRad GS-S2S 
Molecular Imager System reveal that several tissues including heart, 
liver and skeletal muscle display both the 1.29Kbp and the 1.36kbp 
isoforms. When probed with the TI cDNA the pancreas lane displayed 
3 major bands and 2 minor bands, however no bands were evident 
when the same lane was probed with the "brain" specific insert. In 
addition repeated attempts to PCR the pancreatic Tl from different 
cDNAs resulted only in bands of 1.29Kbp. When sequenced these 
bands were all identical to the previously published liver isoform. 
Conclusions: Our results suggest that the predominant isoform of TI 
expressed in human pancreas is identical to the 1.29Kbp "liver" 
isoform. The selectivity of synthetic derivatives of chlorogenic acid for 
hepatic over islet TI cannot readily be explained by differential 
expression. 

617 
METABOLISM OF I3C-LABELLED GLYCEROL-I,2,3-TRIS(METHYL
SUCCINATE) INRATHEPATOCYTES 
R. Willern, L. Ladri"re, I. Verbruggen, G. Grue-S0rensen, F. Bjorkling and 
W.J. Malaisse. High Resolution NMR Centre and Laboratory of 
Experimental Medicine, Brussels Free Universities, Brussels, Belgium and 
Leo Pharmaceutical Products, Ballerup, Denmark 
Aims: Glycerol-I,2,3-tris(rnethylsuccinate) is currently considered as a 
potential insulinotropic agent in the treatment of NIDDM and nutrient in 
transplantation procedure. Its metabolism was now investigated in 
hepatocytes from both control and GK rats. Methods: Hepatocytes prepared 
from overnight fasted normal or GK rats were incubated for 120 min in the 
presence of 2.5 ruM [1,3-13Clglycerol-I,2,3-tris(methylsuccinate) or glycerol-
1,2-3-tris(methyl[2,3-13Clsuccinate). The identification and quantification of 
l3C-enriched metabolites was achieved by a recently developed method for 
the deconvolution of NMR spectra with multiplet structures and constraints. 
Results: In control rats, [1,3-J3Clglycerol-l,2,3-tris(methylsuccinate) was 
fully recovered in 13C-Iabelled glycerol, lactic acid and glucose. The hexose 
was symmetrically labelled, being mainly enriched with I3C on both C1 and 
C3 andlor C6 and C4• In the hepatocytes exposed to glycerol-l,2,3-
tris(methyl[2,3Y Clsuccinate), the recovery of [2,3- i3Clsuccinate, [2,3-
BClfumarate and either double- or single-labelled malate, lactate, alanine and 
glucose accounted for about half the initial BC content of the ester. The 
majority of the glucose molecules were now labelled in both C1 and C, or C6 

and C5, with a preferential labelling of C6-C5 relative to C1-C" the paired 
C6/C 1 and C51C, ratios averaging 1.33 ± 0.04. Comparable results were 
obtained in GK rats. Conclusions: These findings reveal that glycerol-l ,2,3-
tris(methylsuccinate) is efficiently metabolized in hepatocytes. . They 
reinforce the concept that the asymmetry of glucose IlC-labelling by triose 
phosphates generated from Krebs cycle intermediates is modulated by the 
availability of glycerol-derived triose phosphates. 

619 
MAPPING FRUCTOSE METABOLISM IN THE RAT LIVER 
S.P.Burns, H.C.Murphy, R.A.Iles and R.D.Cohen, St Bartholomew's and 
the Royal London School of Medicine and Dentistry, London El lBB, UK. 
Aims: Fructose is converted in the liver to glucose and lactate and is also 
oxidised. We mapped fructose metabolic pathways using a new technique 
of in situ mapping of hepatic metabolism Materials and methods: Livers 
from 48 hour starved rats were perfused with 1.5 ruM lactate. Retrograde 
digitonin perfusion was used to destroy varying fractions of the lobular 
volume in different livers, and substrate and metabolite balance and cell pH 
(PHi) measured in antegrade perfusions before and during fructose (5 ruM) 
infusion. Plots of residual function or pHi e1p-NMR) were made against 
the fraction of remaining viable liver and transformed to provide point-by
point estimates of function along the radius of the lobule. Results: Almost 
all fructose uptake took place in the periportal 50% of the lobular volume. 
45% of fructose thus taken up was converted to glucose. Periportal glucose 
output was doubled during fructose infusion. Both before and during 
fructose, glucose output fell progressively in a periportal ~ perivenous 
direction until it reached zero at 40% along the radius measured from the 
periportal end. At more perivenous points, uptake of glucose synthesized 
periportally progressively increased. Periportal lactate uptake ceased 35% 
and 20% along the radius before and during fructose, when overall uptake 
was suppressed by 80%. In contrast, at more perivenous sites the lactate 
.Q\ltjlill seen before fructose was increased 5-fold by fructose. All metabolite 
changes during fructose were highly significant (P<0.001). There was only 
a minor fall (0.05 unit) in pHi in the most periportal cells during fructose, 
but this fan became progressively (p<0.02) more pronounced (up to -0.3 
unit) in more perivenous locations, corresponding to the location of 
increased lactate production. Conclusions: Hepatic metabolism of fructose 
takes place predominantly periportally. Lactate output during fructose 
infusion is mainly due to perivenous glycolysis of glucose produced from 
fructose periportally, rather than dirW conversion of fructose to lactate. 
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CREATINE SUPPLEMENTATION AND GLUCOSE METABOLISM 
K. Rooney, V. Swan, J. Phuyal, J. Millar, J. Bryson, G Denyer, l. Caterson 
and C. Thompson, Human Nutrition Unit, Sydney University, Australia. 
Aims: Studies in vitro show that creatine stimulates insulin secretion and that 
insulin stimulates muscle creatine uptake. Oral creatine (20g/day) in humans 
enhances muscle performance and metabolic recovery from exercise by 
increasing muscle creatine levels and hence substrate for rapid A TP 
regeneration. Hyperinsulinaemia following chronic creatine ingestion may 
lead to an insulin resistant state. The aim of this study was to establish the 
effect on glucose homeostasis and glycogen metabolism of chronic creatine 
feeding of rats. Materials and Methods: 3 groups of 4 rats were fed chow 
with 0 (CON), 1% or 2% (of diet weight) creatine for 8 weeks (~IO-20g 
creatine/day in humans). Plasma glucose and insulin, both fasting and after 
an oral glucose load (3g/kg), muscle creatine and glycogen content and 
glycogen phosphorylase (GP) and synthase (GS) activities were measured. 
Results: Insulin response to oral glucose was increased in the 2% cfthe 1% 
(p<O.02, ANOV A) and CON groups (p<0.03) while plasma glucose was not 
different between the groups before or after the oral glucose load. 
Table CON 1% 2% 
Fasting insulin (pM) 158 ±I 5 293±60* 429±75* 
Creatine (~mollg wet wt) 17.6±I.7 22.2±2.1 24.6±0.3* 
Glycogen (~molglu/g wet wt) 16.6±1.4 13.5±O.7 25.2±1.6* 
GP activity (U/g wet wt) 56.5±3.6 50.3±9.3 70.1±11.8 
GS activity (U/g wet wt) I.78±O.8 1.93±OA 1.60±0.3 
(Mean±SD); *P<O.OI, cfCON 
Conclusions: This study shows that chronic creatine feeding produces 
hyperinsulinaemia and creatine accumulation. There were increased muscle 
glycogen stores despite no change in the activities of GS or GP. 
Hyperinsulinaemia following oral glucose suggests creatine can cause insulin 
resistance. 

622 
IN SAUDI ARABIANS TOO, INSULIN RESISTANCE 
PREDATES DIABETES 
A. Alzaid and S. Sobki. Riyadh Armed Forces Hospital, 

Riyadh, Saudi Arabia. 

As Saudi Arabia grapples with the growing problem of NIDDM, 
virtually nothing is known about the aetiology of the disease in 

the native population. In particular, whether defects in insulin 

action and/or secretion predispose to NIDDM remains 

unexplored. To address this, we measured indices of insulin 

sensitivity (%S) and l3-cell function (%B) using homeostasis 

model assessment (HOMA) in two groups of young non-diabetic 

men: one with family history of diabetes (prediabetic, PD, 

n=60), the other without (control, CT, n=38). The two groups 

(PD vs. CT) were matched (p>0.1) for age (28.6±0.9 vs. 

30.0±0.8yrs), BMI (24.6±0.7 vs. 26.0±0.5 kg.m-2), and W/H ratio 

(0.88±0.01 vs. 0.87 ±0.01). Fasting insulin concentrations were 

higher in PD group (72±5 vs. 59±5 pM, p<0.05). HOMA 

analysis for %S revealed more than 20% reduction in insulin 

sensitivity in the PD group (76±5 vs. 94±8, p<0.05), implying a 

significant state of insulin resistance. By contrast, l3-cell function 

was not compromised in PD subjects in whom %B was actually 

higher than that of CT group (l07±4 vs. 97±6, p=O.04), thus 

indicating an adaptive response by l3-cell in the face of diminished 

insulin sensitivity. We therefore, conclude that insulin resistance, 

not l3-cell dysfunction is the predominant precursor of the 

Arabian brand of NIDDM. 
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621 
THE ACTIVITY OF GLYCOGEN SYNTHASE (GS) OF CULTURED HUMAN 
SKELETAL MUSCLE CELLS IS PROFOUNDLY AFFECTED BY INSULIN. 

M.Gaster*' ;Aa.Handberg', HD.Schf0der* and RBeck-Nielsen'. Dept. ofPathology*, 
Dept. of Endocrinology', Odense University Hospital, Odense, Denmark. 

Insulin-stimulated glucose uptake is mainly directed into skeletal muscle. Glycogen 
synthesis is the major pathway of glucose disposal in skeletal muscle, and this is 
regulated by the insulin-sensitive glycogen synthase (GS). Our aims were to clarifY I) 
whether cultured human skeletal muscle cells expresses an insulin-sensitive GS and 2) 
whether insulin affects the allosteric regulation of GS by glucose 6 phosphate (G 6 P), 
and 3) whether insulin affects the affmity ofGS for UDP glucose in these cells. Human 
satellite cell cultures (HSCC) were established from skeletal muscle biopsies from 
healthy volunteers. HSCC were, after cell fusion, exposed for 4 days to the following 
media conditions: A) basal medium (5 mM glucose, 25 pM insulin), B) high-insulin 
medium (5 mM glucose, I flM insulin) and C) high glucose-insulin medium (20 mM 
glucose, I flM insulin). Cell extracts of the cultures grown under conditions A, B, or 
C were obtained after a Ih exposure to acute basal( I) or high-insulin(+J) media. 
Preliminary results (n~5, mean +/ SEM) are gi·ven in Table. We found that GS in 
HSCC is insulin-sensitive when precultured in basal medium, and insulin-insensitive 
when precultured in media containing high insulin concentrations. Acute insulin 
stimulation increases FVO.I and decreases AO.5 and KmO.1 in cells precultured in basal 
medium (A). In cells cultured under hyperinsulinaemic conditions these changes were 
abolished (B, and C). Thus, GS action is profoundly affected by "long-term" exposure 
to high insulin concentrations in HSCC. These results demonstrate that the regulation 
of GS in our cultures of fused human satellite cells is in line with the results from in 
vivo studies of human skeletal muscle. Thus, our HSCC system seems suitable for 
studies of the GS regulation in cultures obtained from NIDDM patients. 

FVo,-I FVIl1+1 ~15-1 ~)s+I Kroo!-I K111n,+ 1 

A) 0.13±0.01 0.21 ±O.03- 0.64&08 0.44±0.10" 0.51&02 0.37&03-
B) 0.16&01 0.16&02 0.72&12 0.72&08 0.50&02 0.48,0.01 
C) 0.13&02 0.15,0.02 0.78&15 0.67&13 0.54&15 0.43&05 

*P<0.05. "P<O.I 

623 
MUSCLE GLUCOSE METABOLISM DURING ACUTE HYPERGLYCAEMIA AND 
"NORMOINSULINAEMIA" IN RELATIVES OF TYPE 2 DIABETIC PATIENTS 
J.E. Henriksen, K. Levin, P. Thye-R0IU\, F. Alford, M. Christopher. O. Hother-Nielsen 
and H. Beck-Ntelsen, Diabetes Research Centre. Odense University Hospital, Denmark 

Aims: Glucose mediated glucose disposal may be increased in relatives of Type 2 
diabetic patients which could be mediated by an increase in glycogen synthase activity 
by hyperglycaemia. Thus, we investigated intramuscular glucose metabolic pathways 
during normoinsulinaemic, eu- and hyperglycaemic clamps. Materials: Fifteen 
relatives and IS age (29.1 vs 32.1 yr), sex and BM! (27.2 vs 26.6 kg/m') matched 
control subjects. Methods: Infusion of somatostatin, glucagon, growth hormone and 
insulin (0.25 mU/kg/min) for 5 hours. Hyperglycemia was induced the last 2 hours. 
Muscle biopsies were taken during the eu- and hyperglycaemic periods. Results: 
During euglycemia ( -6 mM) and "normoinsulinaemia" (-75 pmolll), intramuscular 
G.{)-P (median (quartiles), 0.66 (0.50-1.26) vs 0.45 (0.31-0.60) mmol/kg dry weight. 
p<0.05) and lactate (4.13 (3.47-5.34) vs 2.99 (2.54-3.88) mmoln intracellular water. 
p<O.OI) concentrations were increased in the relatives compared to the control 
subjects. However, no differences existed in intramuscular glucose concentration (0.58 
(0.47-0.97) vs 0.91 (0.20-1.25) mmolll intracellular water, NS) or in glycogen 
synthase activities (FV01G_O_P: 0.37 (0.35-0.41) vs 0.39 (0.31-0.44) %, NS). During 
hyperglycemia ( - 12 mM) and unchanged plasma insulin concentration, intramuscular 
glucose concentrations increased, as compared to euglycaemia, in both relative and 
control subjects (1.69 (1.21-2.34) vs 1.58 (0.87-2.09) mmolll intracellular water, NS). 
However, no difference now existed in the muscle G-6-P concentrations (0.74 (0.52-
1.04) vs 0.63 (0.37-0.91) mmol/kg. NS) whereas the small increases in lactate 
concentrations were still significant (3.94 (3.67-4.78) vs 3.45 (3.03-3.84) mmolll 
intracellular water, p<0.05). No changes were observed in either groups with regard 
to glycogen synthase activity at hyperglycaemia (0.36 (0.32-0.42) vs 0.36 (0.29-0.40) 
%, NS). Hypothesis: In relatives of Type 2 diabetic patients, during euglucaemia and 
low insulin, a post membrane block in glucose metabolism exist with a preferential 
challenging of glucose into glycolysis (lactate formation). During hyperglycemia, the 
partitioning of glucose processing into glycolysis and glycogen synthesis is similar in 
both groups. 
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624 
INSULIN-INDEPENDENT MECHANISMS CONTRIBUTE LARGELY 
TO GLUCOSE DISPOSAL IN MICE 
G.Pacini' and B.Ahren', 'LADSEB-CNR, Padua, Italy and 'Dept. Medicine, 
Lund University, Malmo, Sweden 
Aim. Evaluate the relative importance of insulin dependent and insulin 
independent mechanisms for glucose disappearance. Methods. Glucose 
(lg/kg) was injected iv to anesthetized NMRI mice and 7 samples were 
taken over 50 min for analysis of insulin and glucose with the minimal 
model of glucose disappearance. Insulin secretion was the area under the 50 
min curve of suprabasal plasma insulin (AUC, min nmolll), glucose disposal 
the slope of the glucose disappearance during 20 min (Ko, %/min); insulin 
dependent glucose disposal was the insulin sensitivity index (S,) and insulin 
independent glucose disposal the glucose effectiveness (SG)' The effect of 
insulin was expressed as the "disposition index" (DI=AUC x SIlo In separate 
experimental series, circulating insulin was either raised endogenously by 
giving peptides GLP-I (10 nmol/kg) or PACAP27 (1.3 nmol/kg), or exo
genously by insulin (0.5 or I U/kg), or inhibited by diazoxide (I mmol/kg), 
all together with glucose. Results. KG was 2.59±0.07 in 190 controls 
(AUC=17±1), raised to 4.53±0.25 and 4.41±0.33 (p<O.OOOI) by high 
endogenous (n=51, AUC=68±6) or exogenous (n=52, AUC=41±4) insulin 
and reduced to 0.49±0.09 (p<O.OOO I) in low insulin condition (n= 12, 
AUC=0.4±0.8). KG was linearly related to SG and DI according to 
KG=aSG+~DI. Parameters a and ~ were calculated with multiple regression 
to allow estimation of the relative contribution of SG versus DI to KG' 
SG contributed to KG by 65% (controls), 28% (high endogenous insulin), 
17% (high exogenous insulin) and -100% (low insulin), respectively. 
Conclusion. Insulin independent mechanisms account for approximately 
two thirds of glucose disappearance in normal mice. This large contribution 
makes it important to establish its molecular mechanism, which may offer 
new targets for treatment of impaired glucose tolerance. 

626 
NO EFFECT OF LITHIUM ON GLUCOSE HOMEOSTASIS IN 
OBESE RATS WITH INCREASED MUSCLE GLYCOGEN. 
S.Neschen, B.Brunmair, M.Roden, W.Waldhiiusl, C.Fiirnsinn 
Dept.Med.IlI, Div.Endocrinol.Metab., Univ.Vienna, Austria 
Aims: Chronic oral treatment with lithium has been shown to improve the 
metabolic state of partially pancreatectomized insulin-deficient rats in 
association with a normaliz.ation of muscle glycogen content. The present 
study investigates the effects of lithium in severely insulin resistant obese rats 
known to exhibit higher than normal tissue glycogen content. Materials and 
Methods: In genetically obese Zucker rats (fa/fa), admixture of 0.3 gil 
Li2C03 to drinking water for 3 weeks resulted in an uptake of approximately 
8.4 mg/kgld, what is equivalent to the lower range of therapeutic lithium doses 
used for the treatment of affective disorders in man. Results: In contrast to the 
insulin-deficient rat model, lithium treatment in obese Zucker rats remained 
without an effect on basal glycemia (control vs. lithium, mg/dl: 136±4 vS. 
138±1O; ns), basal insulinemia (IlU/ml: l18±17 vS. llO±lO; ns), or glucose 
infusion rate during euglycemic-hyperinsulinemic clamping (M-value, 
mg/kg/min: 16.3±1.7 vS. l6.5±2.0; ns). Although lithium is known to be a 
potent stimulator of the key enzyme glycogen synthase, glycogen content of 
various tissues was not affected either (J.lffiol glucosyl units/g: liver, 80.7±S.9 
vS. 61.6±1O.2; ga~trocnemius muscle, 20.7±1.7 vs. 21.6±O.9; soleus muscle, 
12.l±1.2 vS. l3.S±1.l; ns each). Conclusions: Our results demonstrate failure 
of lithium to ameliorate derangement of glucose homeostasis in obese Zucker 
rats. Lithium is therefore effective in partially pancreatectomized rats with 
decreased tissue glycogen content, but ineffective in obese Zucker rats with 
increased tissue glycogen content, and hence, the beneficial effect of lithium 
correlates with prevailing tissue glycogen content. The antidiabetic potential 
of the glycogen synthase activator lithium in deranged glucose metabolism 
may therefore depend on the respective state of tissue glycogen stores. 

625 
METABOLIC RESPONSE TO ANISOOSMOLARITY OF RAT SKELETAL 
MUSCLE IN VITRO. 
F.Gras, B.Brunmair, S.Neschen, M.Roden, W.Waldhausl, C.Fiimsinn 
Dept.Med.m, Div.Endocrino1.Mctab., Univ.Vienna, Austria 
Aims: In cultured rat myotubes, exposure to hypoosmotic medium triggers glycogen 
synthesis, while hyperosmotic medium elicits inhibition of glycogenesis, what led 
others to hypothesize a role for cell volume changes in the physiologic regulation of 
muscle glycogen storage. The present study examined the effects of anisoosmotic 
exposure on isolated rat soleus muscle. Materials and Methods: The incubation 
medium contained different concentrations of sucrose (hypoosmotic, 0 or 65mM; 
isoosmotic, 130mM; hyperosmotic, 260mM) and 0.05mM glucose, and allowed for 
an experimental procedure exactly as used in the myotube study. Results: As 
compared to what has been reported for myotubes, native muscle specimens delivered 
opposite results, because in rat soleus muscle the rates of glycogen synthesis were 
decreased by hypoosmolarity and increased by hyperosmolarity (runol glucose into 
glycogen/gJh: hvpoosmotic, OmM sucrose, 34±3, 65mM sucrose, 33±4; isoosmotic, 
65±8; hypcrosmotic, 150±11; p<O.OI each vS. isoosmotic). Further experiments used 
another medium with a physiologic glucose concentration of 5.5mM, and with the 
osmotic state varied by mannitol addition (hypo-, isa-, and hyperosmotic at 0, 70, and 
120mM mannitol, respectively). Inhibition of glycogenesis by hypoosmotic exposure 
was also seen (~ol glucose into glycogen/gJh: hvpoosmotic, OmM sucrose, 0.98± 
0.19; isoosmotic, 1.72±0.14; p<0.05), while hyperosmotic exposure failed to affect 
glycogen synthesis (hyperosmotic, 1.87±0.23). Furthennore, the observed changes in 
glycogen synthesis were accompanied by parallel changes in glucose transport and 
glycolytic flux. Conclusions: Our fmdings indicate that the responses to an 
anisoosmotic environment observed in native rat soleus muscle are in opposition to 
what has been described for cultured rat myotubes. The results tlierefore fail to 
support the hypothesis that cell swelling is a physiologically relevant stimulator of 
muscle glycogen synthesis and underline that caution must be applied concluding 
from myotube cultures to native skeletal muscle. 

627 
DIABETIC RAT SKELETAL MUSCLE IS CHARACTERIZED BY DECREASED 
LACTATE TRANSPORT. 
G. Py, K. Lambert, E. Raynaud and I.Mercier. Laboratoire de Physi%gie des 
Interactions, CHU Arnaud de Villeneuve, Montpellier, France. 
Impaired lactate metabolism in insulin deficient diabetic rat models as well as in 
human NIDDM is now well established. On the other hand considerable evidence for 
a lactate/proton carrier system has been demonstrated in a variety of tissue including 
skeletal muscle. We hypothetized that diabetic skeletal muscle was characterized by 
altered lactate exchanges and increased oxidative stress. Aim. The aim of the study 
was to investigate wether streptozotocin (STZ)-induced diabetes resulted in altered 
lactate exchanges using the rat muscle sarcolemmal vesicles model. Materials and 
methods. Eight Wistar male rats rendered diabetic by streptozetocin injection (65 
mg!kg, i.p.) was age-matched to a control group. The initial rate of lactate uptake 
was measured at various external lactate concentrations in zero-trans conditions. 
Oxidative stress was assessed by measurement of glutathione peroxidase (Opx) 
activity and malonedialdehyde (MDA) concentration in red gastrocnemius (RG). 
Results. Fifteen days after diabetes onset, rats had higher blood and muscle lactate 
concentrations compared with nonnal rats (2.53 ± 0.17 vs 1.76 ± 0.09 mmol/l and 
26.69 ± 1.61 vs 21.86 ± 1.21 mmol/kg w.w for STZ-diabetic and control groups, 
respectively; P < 0.05). STZ-induced diabetes decreased initial rate of total lactate 
influx at external lactate concentrations from 1 to 100 mmolll (P < 0.05). This 
decrease in lactate transport was associated with increasing free radical production, 
as indicated by the increase Gpx activity (84.7 ± 15.01 vs 48.03 ± 3.13 J.lmol.min· 
'.mg-' protein) and MDA concentration (100.3 ± 13.5 vs 64.3 ± 8.7 nmo1. g"w.w) in 
RO. Conclusions. We concluded that STZ-induced diabetes decreased total lactate 
transport activity in rat sarcolemmal vesicles, suggesting that the regulation of lactate 
transport is not only dependent on muscle activity, but also on lactate levels. We 
propose that the mechanisms underlying the decreased lactate transport may playa 
role in muscle insulin resistance. 
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GLUCOSE TRANSPORTER 4 (GLUT-4) EXPRESSION IN HUMAN MUSCLE 
FIBRES WITH AGE 

Aa.Handberg*, M.Gaster''', P.Poulsen*, H.D.Schreder" and H.Beck-Nielsen*. Dept. 
of Endocrinology*' Dept. of Pathology", Odense University Hospital, Odense, 
Denmark. 

Studies of glucose disposal in young and elderly men at various glucose concentra
tions and at fixed hyperinsulinaemia show decreased maximum glucose uptake rates 
(vmax) in the older subjects suggesting that increasing age is followed by a decreased 
glucose-transporter expression. Our aim was to compare the distribution pattern of 
GLUT -4 in slow vs. fast fibres in sections of skeletal muscle biopsies from healthy 
fasting volunteers (n=16) at the age of 29 and 64 years, respectively. GLUT-4 
immunoreactivity was visualized by an immunoperoxidase reaction, and the fibre 
type by an immunophosphatase reaction, and the sections were analysed by 
stereology. Only GLUT-4 immunoreactivity sites associated with the plasma 
membrane were counted. The fibre type area in each field was estimated by point 
counting. The expression ofGLUT-4 in the two fibre types was estimated by dividing 
the number ofGLUT-4 immunoreactive sites in each fibre type by its area. GLUT 4 
expression in slow fibres was 3.21 (2.953.70) in young vs. 2.91(2.32 3.23) in older 
subjects (mean, range, p<0.04, Mann Whitney test). In fast fibres, GLUT-4 
expression was 2.84(2.62 3.13) in young vs. 2.10(1.89 2.34) in the older subjects 
(mean, range, p<0.002, Mann Whitney test). For both study groups, the GLUT-4 
expression in slow fibres was higher when compared to fast fibres (p<0.007). Thus, 
by measuring GLUT-4 immunoreactivity in individual fibres in sections of human 
skeletal muscle biopsies, we were able to demonstrate that GLUT-4 is more 
abundantly expressed in slow compared to fast fibres, both in young and elderly 
individuals. Furthermore, compared with young individuals, older subjects displayed 
a 25% reduction of GLUT-4 expression in fast fibres, but only a slight decrease in 
GLUT-4 expression in slow fibres. These results could partly explain both the inter
individual and the age-related variations found in insulin-stimulated glucose upt~ke 
inman. 

630 
ASSOCIATION BETWEEN GLUT4-CONTAINING VESICLES AND 
PROTEIN PHOSPHATASE-l IN ISOLATED RAT ADIPOCYTES_ 
K. Tsuchihashi, Y. Sumida, H. Fujimoto, M. Nakamura, E. Miyata, M. Furuta, 
A. Katsuki, K. Ito, R. Sasaki, Y. Hori , Y. Yano, Y. Adachi. Third Department of 
Internal Medicine, Mie University, Tsu, Mie 514-0001, Japan. 
Aim s: The molecular mechanism of insulin-induced glucose transport is uncle"" 
GLUT4 translocation from the intracellular pool to the cell membrane may play an 
important role in this process. Previous studies have shown that phosphorylation 
and dephosphorylation of GLUT4 may be involved in insuIin-induced GLUT4 
translocation, and that protein serinelthreonine phosphatase-l (PP-l) may regulate 
this process in response to intracellular signal from insulin receptot However, there 
is no report regarding the association of PP-l with GLUT4 and its localiztion in 
intracellular vesicles. In this study, we investigated whether PP-l was present in 
GLUT4-containing intracellular vesicles (GTV), and whether the distribution of PP-l 
was altered by insulin in the plasma membrane (PM) and low density microsomes 
(LDM). Materials and Methods: Adipocytes from Sprague-Dawley rats were 
isolated by collagenase method and incubated with or without insulin. After 
homogenization, PM and LDM were purified by centrifugation method. GTV was 
purified from PM and LDM samples by immunoprecipitation using anti-GLUT4 
anflbody. PP-l in the GTV samples was detected by \\estern blot analysis using 
anflbody against PP-l catalytic subunit. Recombinant PP-l was used as a positive 
control. To confirm the presence of GTV, \\estern blot analysis of these samples 
was performed using anti-vesicle-associated membrane protein (VAMP) anflbody. 
Results: When \\estern blot analysis of the GTV purified from PM, LDM, and 
Cytosol was performed using anti-PP-l antibody; a 39 kDa band was seen at the 
same level of the electrophoresed positive control. However, insulin did not change 
the quantity of PP-l in PM and LDM. Next, to study the localization of PP-l in 
GTV, we solubilized the samples with C12E, during the purification of GTV from 
PM and LDM by immunoprecipitation using anti-GLUT4 anflbody. In the absence 
of C12E" VAMP and PP-l were detected in the immunoadsorbed samples. However, 
in the presence of C12E" only PP-l was detected in the immunoadsorbed samples, 
VAMP being detected in the supernatants. Conclusion: These data suggest that 
PP-l is present in GTV, where it is closely associated with GLUT4. Further studies 
are needed to examine the functional effect of insulin on this GLUT4-associated PP-
1. 

629 
GLUCOSE TRANSPORTER I (GLUT-I) EXPRESSION IN HUMAN SKELETAL 
MUSCLE IS LOST AT BIRTH 

H.D.Schwder*, M. Gaster", Aa.Handberg' andH.Beck-Nielsen'. Dept. ofPathology*, 
Dept. of Endocrinology', Odense University Hospital, Odense, Denmark. 

The presence of the glucose transporter I GLUT-I in human muscle cells has been a 
matter of debate. Verification of GLUT-l expression in subcellular fractions of human 
muscle has beenharnpered by contamination of erythrocyte membranes, which contain 
very high levels of GLUT-I. In crude membrane fractions ofrat skeletal muscle, it has 
been shown that about 40% of the GLUT-I content originates from muscle fibres and 
the remaining from intramuscular perineurial sheaths (PNS). The aim of this study was 
to investigate the GLUT-I immunoreactivity in sections of human skeletal muscle in 
order to clarify whether human skeletal muscle expresses GLUT-I. Samples of human 
skeletal muscle were obtained from foetuses of gestational weeks 18, 24, and 40, and 
from healthy adults. GLUT -I immunoreactivity was visualized by an enhanced 
immunocytochemical reaction. Muscle fibres at gestational weeks 18 and 24 all 
displayed GLUT-\ immunoreactivity. At gestation week 40 and in adult muscle, we 
only found GLUT-I immunoreactivity in the sarcolemma in apposition to vessels. 
While this perivascular staining was general in the gestational week 40 muscle, the 
staining appeared only sporadically in the adult muscle. In all sections of human 
muscle, GLUT -1 immunoreactivity was intense in vessels, erythrocytes, and PNS. 
Our results show that GLUT-I expression in human muscle is nearly lost at birth and 
persists only in apposition to vessels at the plasma membrane of muscle fibres. 
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631 
HIGH GLUCOSE ALTERS GLUT4 EXPRESSION AND FUNCTION IN 
PRIMARY CULTURED RAT ADIPOCYTES. 
J. Lauritz and J.W. Eriksson, Department of Medicine, Umea University, Sweden 

Aims: Previously it has been shown that cbronic exposure to high glucose con
centrations in combination with hyperinsuiinemia can induce insulin resistance and 
produce an impairment in both basal and insulin-stimulated glucose transport rates 
in adipocytes. We studied the impact of glucose and insulin, respectively. on the 
development of insulin resistance through possible alterations in glucose transport 
activity and GLUT4 expression in primary cultured rat adipocytes. Materials and 
methods: Isolated adipocytes were obtained by collagenase treatment of epididymal 
fat from Sprague-Dawley rats. The cells were cultured in DMEM containing 5, 10, 
15 or 25 mM D-glucose in the presences or absence of insulin (10' flU/ml). After 
incubation for 24 h the cells were washed in glucose- and insulin-free medium and 
l'C-D-glucose uptake were assessed during Ih in the presence of different insulin 
concentrations. Total cellular membranes were assessed by immunoblotting for 
GLUT4 content. Results: Long-term incubation with glucose alone clearly produced 
a dose-dependent decrease (30-40%) in both basal and insulin-stimulated glucose 
uptake rates. Surprisingly, GLUT4 content in total cellular membranes was clearly 
increased (maximally by -IOfold) in a dose-dependent manner as a result of glucose 
treatment. The addition of insulin during the 24h incubation produced a marked 
decrease in GLUT4 content, but only when the ambient glucose concentration was 
high (15 and 25 mM). A parallel reduction (30-40%) in glucose uptake (both basal 
and acutely insulin-stimulated) was seen following long-term insulin exposure. 
Conclusion: Long-term exposure to high glucose can induce cellular insulin 
resistance with respect to insulin stimulation of glucose transport, despite an 
upregulation of GLUT4 content. Thus glucose toxicity may involve an altered 
functional activity of GLUT4. In contrast, insulin-induced insulin resistance may be 
explained by an impairment of GLUT4 expression. 
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632 
DEXAMETHASONE DECREASES GLUTl AND GLUT4 
CONTENT IN PRIMARY CULTURED RAT ADIPOCYTES 
l. Buren and l.W. Eriksson, Department of Medicine, Umea 
University, Sweden 

Aims: Insulin resistance is a well-known effect of glucocorticoid 
excess. The underlying mechanisms are, however, unknown. The aim 
of this in vitro study was to investigate the cellular effects of 
glucocorticoids on glucose transport and glucose transporter proteins 1 
and 4 (GLUTl and GLUT4) in primary cultured rat adipocytes. 
Materials and methods: Rat adipocytes from epididymal fat pads 
were isolated by collagenase treatment and cultured for 24h with 
different glucose concentrations (5 and IS mM) and the glucocorticoid 
dexamethasone (0.3 J.!M). After washing, glucose uptake was measured 
during one hour using 14C-U-D-glucose. GLUT4 and GLUTl content 
in total cellular membranes were estimated by immunoblotting. 
Results: The presence of dexamethasone markedly decreased both 
basal (by 40-55 %, p<O.Ol) and insulin stimulated (by 35-40 %, p< 
0.01) glucose uptake compared to control cells. Total membrane
associated GLUTl and GLUT4 was decreased in dexamethasone 
treated cells by 35-60 % compared to control cells. These effects were 
independent of the glucose concentration in the culture medium. 
Conclusions: These results suggest that dexamethasone decreases 
both basal and insulin stimulated glucose uptake in rat adipocytes. This 
may be due to a direct effect of dexamethasone on GLUTl and GLUT4 
expression causing a depletion of the total number of glucose trans
porters. These alterations may be important in the development of 
glucocorticoid-induced insulin resistance. 

634 
EFFECT OF GLP-l ON GLUCOSE TRANSPORTER GENE 
EXPRESSION IN DIABETIC STATES 
A. Redondo, J. Puente, F. Clemente, N. Gonzalez, 1. Valverde, 
M.L.Villanueva-Pefiacarrillo. Fundaci6n Jimenez Diaz, Madrid, Spain 

Aims: GLP-I(7-36) amide (GLP-I) is insulinotropic, has antidiabetic effects, 
and is insulinomimetic upon glucose metabolism in extrapancreatic tissues. 
The in vivo modulating effect of GLP-I on glucose transporter proteins in rat 
liver, skeletal muscle and adipose tissue in streptozotocin-induced non-insulin 
(STZ-NID) and insulin-dependent (STZ-ID) diabetic models -in which the 
peptide maintains its insulinomimetic properties-, has been reported. Here, we 
have studied the action of GLP-! and insulin, on glucose transporter gene 
expression in rat liver and skeletal muscle from normal, STZ-NID and STZ
ID rats. Methods: Rats were treated (3 days) -through an osmotic pump- with 
saline solution, GLP-I (0.4 nmoVkglh) or insulin (450 mUlkg/h); Glut-2 and 
Glut-4 mRNAs were analysed in liver and gastrocnemius muscle, 
respectively, by Northern blot. Results: liver Glut-2 mRNA was augmented 
in STZ-NID (240±36 % normal saline-treated, n=5, p<0.05), and its levels 
were normalized by GLP-I treatment (93±32 %, n=6; p<0.05 vs untreated 
STZ-NID) and, in a lower extent, by insulin (l27±43 %, n=6); no difference 
in the gene expression between STZ-ID and normal controls was observed, 
and neither GLP-I nor insulin treatment modified its value. Muscle Glut-4 
mRNA was reduced in STZ-NID rats (42±5 % normal saline-treated, n=5, 
p<O.OOI), and GLP-I treatment, as insulin, normalized its levels (79±13 %, 
n=6; p<0.05 vs untreated STZ-NID); STZ-ID rats showed normal gene 
expression values which were reduced by GLP-! (70±17 %, n=6; p<O.O! vs 
untreated STZ-ID), but not by insulin. In normal rats, GLP-! did not alter the 
glucose transporter gene expression in these tissues. Conclusion: GLP-I has 
a role in the control of Glut-2 and Glut-4 mRNAs, either at the transcription 
level, or over their stability or degradation, in diabetic states. 

633 
DIAZOXIDE INCREASES GLUT2 IN THE PLASMA MEMBRANE 
OF RAT BETA-CELLS. 
LJ Zhao, z-e Li, M Kullin and FA Karlsson. Department of Medicine, 
Institute of Medical Sciences, University Hospital, Uppsala, Sweden. 
Aim: The glucose transporter-2 (GLUT2) is of key importance for glu
cose stimulation of insulin secretion in normal rat beta-cells. Expression 
of the Glut2 protein is influenced by glucose but other, not yet identified, 
mechanisms are also thought to be involved. We examined diazoxide, a 
potassium channel opener inhibiting insulin secretion, and its short-term 
effect on GlutZ in isolated rat islets. 
Materials and Methods: Islets, isolated by handpicking following col
lagenase digestion of pancreata of Sprague Dawley rats, were cultured in 
RPM! medium containing 10% fetal calf serum. The islets were then 
transferred to serum free media with 5 mM glucose for 1 hour with and 
without 0.3 mM diazoxide, washed and examined. Separate sets of islets 
were cultured for another hour at II mM glucose before examination. 
The islets were fixed in Bouin's solution and stained for insulin and 
Glut2 with specific antibodies and evaluated by confocal microscopy. 
Results: Cultures transferred from 5 to 11 mM glucose showed a higher 
proportion of the GlutZ protein in the cytoplasm. The absolute amount of 
stainable Glut2 did not differ between the two conditions. The islets 
exposed to diazoxide had a larger, very ,predominant, proportion of the 
GlutZ protein localized to the plasma membrane. This phenomenon was 
apparent in the cultures exposed to 5 or II mM glucose and most pro
nounced in the 5 mM glucose cultures. 
Conclusions: The results suggest that in the rat beta-cell the glucose 
transporter-2 resides both in the plasma membrane and in the interior of 
the cell. In short-term experiments, diazoxide causes a shift and increases 
the amount present in the plasma membrane. Glucose, on the other hand, 
promotes a cytoplasmic location of the tranporter, a process likely to be 
ATP dependent. 
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DIFFERENT METABOLIC RESPONSE OF ADIPOSE TISSUE AND SKELETAL MUSCLE TO 

INSULIN IN VIVO 

E. Moberg, P. Arner, E. HagstrCm-Toft and J. Bolinder. 
Department of Medicine, Huddinge Hospital, Stockholm, Sweden 
Aims: Recent data suggest that insulin regulates lipolysis and lactate metabolism 
in both muscle and adipose tissue. We therefore compared insulin induced 
antilipolysis and lactate production in human adipose tissue and skeletal muscle 
using a high range of insulin concentrations. 
Material and Methods: The absolute concentrations of glycerol (lipolysis 
index) and lactate were studied with microdialysis of adipose tissue and skeletal 
muscle in nine nonnal-weight volunteers. Each subject was studied twice during 
euglycaemic, hyperinsulinaemic clamp at 0, O.IS, 0.30, 2.0 and 4.0 mUlkglmin 
of insulin. The tissue blood flow was measured by the '33Xe washout method. 
Results: Baseline glycerol levels in plasma, adipose tissue and muscle were 
42.4±6.S, 170.8±10.S and 83.3±7.9 lUTIolll, respectively (p=O.OOOI, ANOVA). 
During insulin infusion, glycerol levels were gradually reduced by 47-SS% in 
adipose tisssue and by 35-45% in muscle, the difference between the tissues 
being significant at each insulin dose (p=O.02-D.004). Basal lactate levels were 
O.S±O.O, 1.2±O.1 and 2.7±O.2 mmolll in plasma, adipose tissue and muscle, 
respectively (p=O.OOOI). During insulin infusion, lactate levels increased 
gradually by 14-294% in adipose tissue and by 10-143% in muscle, the 
difference between the tissues being significant at the three highest insulin doses 
(P=O.OS-D.0009). In neither tissue did the tissue blood flow change during the 
experiment. 
Conclusions: In nonnal subjects, adipose tissue is much more reactive to insulin 
than skeletal muscle concerning inhibition of lipolysis and stimulation of lactate 
production indicating that adipose tissue is a major target for insulin action on 
lipid as well as glucose metabolism. 

637 
MUSCLE GLUCOSE UPTAKE IS EFFECTIVELY ACTIVATED BY 
ISCHEMIA IN NIDDM SUBJECTS. 
M. Niklasson, A. Holmling, M. Sjlistrand, L. Strindberg and P. Lonnroth. Dept. of 
Heart and Lung Diseases, The Wallenberg Laboratory, Dept. ofIntemal Medicine, 
The Lundberg Laboratory for Diabetes Research, Sahlgrenska University Hospital, 
GNeborg, Sweden. 

Aims: To evaluate the function of the Wortmannin insensitive pathway for 
activation of muscle glucose uptake in NIDDM. Materials and methods: The 
ability of ischemia to stimulate muscle glucose uptake was investigated in 9 
NIDDM patients and 9 healthy control subjects (f-glucose; 9.4±0.8 vs. S.I±O.I 
mmollL, p<O.OO I and f-insulin; 8.1±2.6 vs. 4.5±0.7mUIL, p<O.OS NIDDM and 
controls respectively), matched for sex, age and BMI. Arterial plasma and 
interstitial (measured by subcutaneous and muscle microdialysis) concentrations of 
glucose and lactate were recorded in fore~ann at basal and during ischemia and 
post-ischemia. Results: During ischemia, muscle interstitital glucose concentration 
decreased significantly from 7.7±0.6 to S.4±O.4 (p<O.OI) and from 4.4±0.3 to 
3.6±0.3 mmoVL (p<O.OS) in NIDDM and controls respectively. The arterial
interstitial (A-I) glucose difference was 1.7±0.6 and 0.7±0.3 mmollL at basal and 
increased significantly to 3.S±O.7 (p<0.01) and 1.4±0.3 mmollL (p<O.OS) during 
ischemia in each group, respectively. Interstitial lactate raised significantly during 
ischemia in both groups, from 0.8±0.1 to 1.l±0.1 (p<O.05) and from 0.5±0.1 to 
O.9±0.2 mmollL (p<O.OS) respectively. A-I glucose concentration difference was 
abolished in post ischemia and regained after· - IS min whereas high interstitial 
lactate levels remained elevated throughout the study. Subcutaneous interstitial 
glucose concentration remained unchanged during ischemia and post-ischemia in 
both groups, whereas interstitial lactate concentration increased during ischemia 
from 1.4±0.2 to 2.0±0.2 (p<0.05) and from 1.l±0.1 to 1.8±0.3 mmollL (p<O.OS) in 
NIDDM and controls, respectively. Plasma glucose and lactate were unchanged in 
both groups during the study period. Conclusions: The results show that muscle 
but not fat cell glucose uptake is readily activated by ischemia in insulin resistant 
NIDDM subjects, suggesting the effective activation of a pathway alternative to 
that of the insulin signal in muscle cells. 

636 
INSULIN SIGNALLING TO METABOLIC EVENTS IS IMPAIRED IN 
SKELETAL MUSCLE FROM PEOPLE WIlli NIDDM 

M. Bjornholm, A.Krook, D.Galuska, M. Myers Jr., J.R. Zierath and H. Wallberg
Henriksson, Clinical Physiology, Karolinska Institute, Stockholm, Sweden 
Aims: Skeletal muscle insulin resistance is a characteristic feature of NIDDM. 
The aim of this study was to characterise insulin signalling pathways in skeletal 
muscle from NIDDM subjects. Methods: 12 NIDDM and 17 control subjects 
participated in the study. Subjects were matched for age (S7.3±1.8 vs. S6.1±l.J), 
BMI (27.5±1.0 vs. 25.9±0.5), percent body fat (23.4±2.0 vs.24.3±1.2) and 
physical fitness (29.S±1.S vs.31.5±1.3) for NIDDM vs. controls respectively. 
Whole body glucose utilisation, assessed by the hyperinsulinaemic-euglycaemic 
clamp procedure, was markedly decreased in NIDDM compared to controls (M 
value equal to 27.8±4.0 vs. 40.6±3.3 rnmol glucoselkglminute, p=O.02). Insulin
signalling events were detennined in isolated skeletal muscle from NIDDM and 
control subjects incubated in the presence of 0.6, 2.4, or 120 nM insulin. Results: 
Despite marked whole-body insulin resistance, insulin-induced tyrosine 
phosphorylation of the insulin receptor ~-subunit was similar between NIDDM 
and controls. Furthermore, insulin-stimulated glycogen synthase activity and 
phosphorylation of Map kinase and was similar between the groups. In contrast, 
IRS-I tyrosine phosphorylation was markedly reduced in NIDDM subjects, 
especially at high insulin concentrations (40% of control levels at 120 nM, 
p=O.OS). Furthermore, antiphospho-tyrosine associated PB kinase was also 
impaired in skeletal muscle from NIDDM compared to controls, achieving SI % 
and SS% of control activity at 2.4 and 120 nM insulin (P=O.I and 0.003 
respectively). These post receptor defects were associated with impaired insulin
stimulated glucose transport in NIDDM muscle at all insulin levels tested. 
Importantly, protein expression of the insulin receptor, IRSI, IRS2, Map kinase, 
or glycogen synthase were similar between NIDDM and controls. Conclusions: 
Insulin signalling pathways are differentially impaired in skeletal muscle from 
lean NIDDM subjects, such that IRS 1 phosphorylation, PB kinase activity and 
glucose transport are severely impaired, while insulin receptor tyrosine 
phosphorylation and further signal transduction to Map kinase and activation of 
glycogen synthase is unaffected. Thus, impaired insulin-signal transduction in 
skeletal muscle from lean NIDDM subjects appears to be related to functional 
defect( s) rather than a result of aberrant protein expression. 
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LOCAL INFLUENCE OF INSULIN INFUSION ON TISSUE GLUCOSE 
CONCENTRATION 

'F. Sternberg, 'S.Hebeda, 2W.Kratzer, 'MI.Salgado, 'U.Hoss, 'B.Kalatz, 
'S.Lohmann and ,.2R.Fussgiinger. 'fustitute of Diabetes Technology at the 
University of Ulm, UIm, Gennany; 2Deparonent of Internal Medicine I, 
University of Ulm, UIm, Gennany 

Tissue glucose (TG) monitoring could become in the near future a diagnostic 
tool to regulate the insulin delivery in diabetic patients. However, insulin 
may locally influence the TG concentration and, when infused at the site 
where glucose is monitored, this may lead to errors in the TG monitoring. 
Aim: We designed a study to investigate the local influence of insulin 
infusion on TG concentration. Methods: A total of 15 experiments were 
perfonned in healthy volunteers (Sw:7m; age: 24.9±3.3 years; BMI: 23.5±3.1 
kg/mZ). Three microdialysis probes were inserted in the abdominal s.c. tissue. 
All 3 probes were perfused with phosphate buffered saline at a constant flow 
rate (0.3 flVrnin) throughout the whole experiment (t = 6h). Dialysates were 
collected on 30 min fractions. Two infusion catheters were implanted next to 
2 microdialysis probes (distance between probes and catheter: 0.7±OJ em, 
distance measured by ultrasound). One catheter was used to infuse human 
regular insulin 1 IU/h and a 3 IU bolus, while the other was used to infuse 
NaCI 0.9% saline (same volume as insulin volume was infused). The glucose 
concentration of the dialysates was measured at the end of each experiment 
Results: No statistically significant difference (p=0.18) was obtained between 
the correlation of the glucose concentration influenced by the saline infusion 
and the control (r=0.91±0.09) and the correlation of the glucose concentration 
influenced by insulin and the control (r=0.S7±0.14). Conclusions: According 
to these data we may conclude that insulin infusion does not locally affect the 
TG concentration. 
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INTERDEPENDENCE OF MECHANISMS OF INSULIN-INDUCED 
CORONARY VESSELS DILATATION 
A.I.Khom.k. A.P.NcschCIet. and I.V.Ooochar. Institute of Endocrinology 
&: Metabolism, Vyshgorodsta 69, Kiev, Ukraine. 
We have previously shown that insnlin induce dilatatioo of coronary arteries 
(CA) in dogs and that the effect is independent from changes in heart 
functioo and myocardial metabolism. Aim of this study was to examine 
interdependence of possible mechanisms of insulin aoo on CA in vivo. 
Materials IUld Methods: Experiments were ped'ormed on 25 dogs under 
chloralose anaesthesia (40-1OOmWkg, i.v.). Catheterization and cx1IacorporaI 
programmed autoperfusion oflcft CA, catheterization of heart and continu
ous dJainagc of coronary sinus (CS) wen: used. Myocardial uptake (MU) of 
substrates were determined by cak:ulatioo of coronary arteriovenous 
difference (CAVD). Results: l.v. injection or intracoronary infusioo of 
insulin (0.1-1.0 IUlkg or 0.01 IU/min, resp.) caused dosc-depcndent stepwise 
dilatation of CA. At the nadir of hypoglycaania 00 30th min after injection 
of high dose of insulin (1.0 IUIkg) CA perfusion pressure, left vcntricular 
dP/dt and arterial blood pressure decreased (by 12.0 = 1.0%, 15.5= 3.3% 
and 11.6 = 3.1%, resp.) and CS blood 02 saturation increased (by 15.5 = 
4.3%). CAVD by glucose increased from 0.41 = 0.05 to 0.69 = 0.08 mmolll 
and byNEFAdecreased from 020=0.06 to 0.08 =0.02 mmo1l1. Changes of 
lactate and pyruvate MU were un significant Correction of hypoglycaemia 
by i.v. glucose infusion did not abolish insulin-induced CA dilatation. 
Insulin-induced CA vasodi1atation was inhtbited by CA infusion of NOS 
blocker NQ)-nitro-L-arginine methyl ester (1.0 mgimin), or by guanilyl 
cyclase blocker methylcne blue (5 mgimin), or intracoronary injection of 
N&+,K+ATPase blocker ouabaine (25-100 ~ or i.v. injectioo of atropine 
(0.5 mglkg) indcpendently.Condudolll: We suggest that insulin makes use 
of all above mcntioned mechanisms as csscntia1 steps in the vasodilatatory 
signal transduction. However a possibility remains that the different 
mechanisms use common part ofvasodilatatory reservc. 
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ACUTE EFFECTS OF INSULIN ON SERUM SOLUBLE ADHESION 
MOLECULES AND PLASMA HOMOCYSTEINE LEVELS 
Y. NAGAI. H. YAMASHITA, T. TAKAMURA and K. KOBAYASHI. First Dep. 
of Internal Medicine, School of Medicine, Kanazawa University. Ishikawa, Japan 
Aims: Hyperinsulinemia is well known to induce the atherosclerosis. Adhesion 
molecules on endothelial cells play an important role in the development of 
atherosclerosis, and serum levels of soluble type of adhesion molecules increase in 
patients with atherosclerosis. Hyperhomocysteinemia has been also recognized as 
one of coronary risk factors. But there are few reports on the relationship between 
hyperinsulinemia and serum soluble adhesion molecules or plasma homocysteine 
levels. Thus, we investigated whether acute hyperinsulinemia changes serum 
soluble adhesion molecules or plasma homocysteine levels. Methods: We 
measured serum levels of sVCAM-I, sICAM-I and sE-selectin and plasma 
homocysteine levels in fasting and during a hyperinsulinemic euglycemic clamp in 
nine healthy men (26.7±3.I(mean±SD) years; BMI, 22.4±2.2 kg/m 2) without 
hypertension, glucose intolerance, or hyperlipidemia. The clamp study was 
performed as follows: each subject was connected with the artificial pancreas 
(Nikkiso STG-22) and received a constant infusion of insulin (Novolin R) for two 
successive 90·minute period at rates of O.S and 3.0 mu/kg/min, respectively. 
Serum levels of soluble adhesion molecules were measured by ELISA, and plasma 
homocysteine levels by HPLC. Results: During the clamp study, serum insulin 
levels increased from 38.4±24.0 pmoln at baseline to 234.6 ±7S.6 pmo1!1 and 
1464.0±214.2 pmoln at 90 min and 180 min, respectively. Plasma homocysteine 
levels decreased 11.9 ± I.S nmol/ml to 10.3 ± 1.4 nmol/ml (p<O.OS) and 9.5 ± 1.4 
nmol/ml (p<O.OI), respectively. However, serum levels of soluble adhesion 
molecules were essentially unchanged. Conclusions: Acute hyperinsulinemia 
induced the reduction of plasma homocysteine levels, but did not influence the 
levels of circulating adhesion molecules in healthy men. The significance of this 
phenomenon remains unclear. Further investigation will be needed to clarify the 
effects of acute hyperinsulinemia on plasma levels of homocysteine and circulating 
adhesion molecules in patients with mUltiple metabolic abnonnalities. 
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ACUTE INSULIN ADMINISTRATION INCREASES LDL 

CHOLESTEROL OXIDATIVE STRESS IN VIVO 
A. Quinones-Galvan, A.M Sironi, L. Cominacini, S. Baldi, S. Frascerra, and E. 
Ferrannini. Metabolism Unit of the CNR Institute of Clinical Physiology, and 
Dept of Internal Medicine, Pisa, Italy 
Aim: Type 2 diabetes, essential hypertension and dyslipidaemia are conditions cf 
enhanced oxidative stress and atherosclerosis. We tested whether any relationship 
exists between insulin resistance and oxidative stress in humans. Materials and 
~: In 23 healthy volunteers, we measured vitamin E content of LDL
cholesterol (LDL-CH), vulnerability to oxidation of the circulating LDL-CH 
particle (measured as the lag-phase of in vitro copper-sulphate-induced oxidation), 
and malondialdehyde (MDA) production following in vitro challenge of LDL with 
human umbilical vein endothelial cells (HUVEC), at baseline, after two hours cf 
saline infusion, and after two hours of euglycaemic hyperinsulinaemia (7 
pmol·min·l.kg·] insulin clamp).~: Vitamin E contents of LDL-CH were 
6.78±0.06 and 6.77±0.06 mg/mg at baseline and atrer saline, respectively. After 2 
hours of euglycaemic (S mM) hyperinsulinaemia (400 pM), vitamin E in LDL-CH 
decreased to 6.64±0.06 mg/mg (·4%, p<0.04). LDL-CH oxidative lag-phase 
decreased from basal values of 108±3 and 107±3 min (baseline and saline) to 
10 1±3 min following insulin (·7%, p<O.OOO I). Cell-mediated MDA 
concentrations were 4.96±0.11 and 4.98±0.1 0 nM at baseline and following saline, 
respectively; and rose to S.28±0.1O (+6%, p~0.0006) following insulin. The 
insulin· induced reduction in oxidative lag-phase was directly related to the insulin
induced decrement of vitamin E content ofLDL (r ~0.55, p<O.OI). At baseline, 
LDL-CH oxidative lag·phase was directly related to both systolic and diastolic 
blood pressure values (F0.42,p<0.OS for both). The shortening of lag·phase after 
insulin infusion was higher in patients with higher baseline serum triglyceride 
concentrations. None of the in vitro oxidation parameters was related to insulin 
sensitivity, as detennined by the clamp. ~: Acute, physiological 
hyperinsulinaemia depletes LDL vitamin E content, and enhances both copper
induced and cell mediated LDL-CH oxidation in vitro independently of insulin 
sensitivity. Thus, insulin per se may be a pro·oxidant in vivo in humans. 
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INSULIN AND LEPTIN ACTIVATE STAT6 IN FAO HEPATOMA CELL 
LINE 
I Szanto and CR Kahn Joslin Diabetes Center, One Joslin Place, Boston, MA 
02215 
Aims: Upon insulin binding the insulin receptor triggers a cascade of 
phosphorylation events that lead to changes in the expression of specific genes. 
Leptin belongs to the family of cytokine receptors, acting mainly through the 
JAKI Stat signaling pathway. There are increasing number of evidence showing 
crosstalk between insulin and cytokine pathways. To investigate the possible 
interactions between the insulin and JAKI Stat pathway we evaluated insulin 
action on Stat proteins in Fao hepatoma cells, a well differentiated, highly 
insulin responsive cell line that express both the short and long fonns of leptin 
receptor. Materials and methods: Fao rat hepatoma cells were starved and 
stimulated with 100nM insulin or 60nM leptin. Tyrosine phosphorylated Stat 
proteins were detected by immunoprecipitation and immunoblotting with 
antiphosphotyrosine antibody. Nuclear translocation was measured by detecting 
Stat6 in the cytoplasmic and nuclear Iysates. DNA binding capacity was 
measured by gel shift assay. Results: Insulin induced tyrosine phosphorylation 
and concomitant nuclear translocation of Stat6 (IL·4Stat) at S to 10 minutes of 
incubation. The nuclear Stat6 content increased by 150-200% and persisted till 
30 minutes of stimulation. This effect was also accompanied by a rapid 10-
ISfold increase in the DNA binding ability of Stat6, peaking at 10minutes and 
rapidly decreasing to basal level by 30 minutes. Insulin had no effect on other 
Stat proteins. Leptin also caused comparable nuclear translocation of Stat6 while 
had no detectable effect on Stat3. The kinase(s) involved in Stat6 activation are 
yet to be clarified but preliminary data suggest JAK2 to play a role in it. 
Conclusion: In summary our observations suggest a common nuclear effector 
molecule, Stat6, for insulin and leptin in liver which could play a role in 
alterations in gene expressions and metabolic processes observed in obesity and 
other insulin resistant states. 
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INTERACTIONS OF a-LIPOIC ACID AND y-LINOLENIC ACID ON 
INSULIN ACTION IN INSULIN-RESISTANT RAT MUSCLE. 
J. A. Peth, T. R. Kinnick, E. B. Youngblood, H. J. Tritschler, and E. J. 
Henriksen. The University of Arizona, Tucson, AZ, 85721-0093 
U.S.A., and ASTA Medica, 60314 Frankfurt, Germany. 
Aims: We assessed the individual and interactive effects of a-lipoic 
acid (ALA, an antioxidant) and the n-6 essential fatty acid y-linolenic 
acid (GLA, a prostaglandin precursor) on insulin action in the insulin
resistant obese Zucker rat. Materials and Methods: ALA, GLA, and 
a unique conjugate consisting of equimolar parts of ALA and GLA 
(ALA-GLA) were given daily for 14 days at 30 mglkg body weight. 
Results: Plasma insulin was reduced 21 % (p<0.05) by ALA, 7% (non
significant (NS» by GLA, and 28% by ALA-GLA. Plasma free fatty 
acids were reduced 18% by ALA, only 4% (NS) by GLA, and again to 
the greatest degree (27%) by ALA-GLA. Individually, ALA and GLA 
both caused significant improvements (decreases of 23% and 25%) in 
the glucose-insulin index (product of glucose and insulin areas under 
the curve during an oral glucose tolerance test, and an indirect index of 
peripheral insulin action). ALA-GLA elicited the greatest reduction in 
the glucose-insulin index (38%). These improvements in whole body 
insulin action were likely mediated by enhanced skeletal muscle 
glucose transport, as insulin-stimulated (2 mVlml) 2-deoxyglucose 
uptake in the isolated epitrochlearis and soleus muscles were increased 
by 31-41%, 20-35%, and 57-63% in the ALA, GLA, and ALA-GLA 
groups, respectively. Conclusions: These results indicate that the 
unique conjugate of the antioxidant ALA and the n-6 essential fatty 
acid GLA elicits significant improvements in whole body and skeletal 
muscle insulin action on glucose disposal in the insulin-resistant obese 
Zucker rat. The action of this ALA-GLA conjugate appears to be due 
to the additive effects of its individual components on these variables. 
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INHIBITION OF PERIPHERAL INSULIN REMOVAL IMPROVES SENSITIVITY 
TO INSULIN: DOSE RESPONSE STUDIES WITH METFORMIN. 
S. Pye, Z. Zhang, N. Wiernsperger and J. Radziuk, Ottawa Hospital and University 
of Ottawa, Ottawa, Canada and Lipha s.a., Lyon, France. 
Aims: Metfonnin has been suggested to have effects on peripheral insulin action. The 
mechanisms are not yet clear. These studies were therefore designed to assess the 
interaction between metfonnin and insulin in peripheral tissues by perfusing rat 
hindquarters with a sub-clinical insulin dose and metfonnin at several concentrations. 
Materials and Methods: Hindquarters from 24h-fasted rats were perfused (recirculating, 
11.5ml/min) for 120min with oxygenated human erythrocytes in buffer, containing 
5.6mmoVL glucose. The following groups (n=5 each) were studied: (i) control (no 
additions) (ii) insulin alone infused at a rate to reach -15OpmollL (iii) insulin at the same 
infusion rate as in (ii) + 2uglm1 metformin, (iv) + 10uglm1 metformin and (v) + 90ug/ml 
metformin in the perfusate medium. Glucose was infused at variable rates to maintain 
basal glycemia. Glucose uptake and insulin extraction by the hindquarter were 
detennined from differences of glucose and insulin concentrations between inflows and 
outflows. Results: Total glucose uptake was (i) 46±3mg (ii) 50±lmg (iii) 63±2mg* (iv) 
74±lmg* and (v) 8ll±lmg* (*, p<0.05 vs control) and insulin concentrations increased 
in parallel: (i) 0 (ii) 17±l (iii) 20±2 (iv) 22±1 and (v) 27±2 (shown as insulin area muoll-
120min) (r=0.7, p<0.05), secondary to a decreased insulin extraction: (ii) 8.6±0.9% (iii) 
6.7±O.9% (iv) 6.5±0.1%* (v) 4.8±O.4% (p<0.05 vs (ii». Metformin alone, at low doses, 
did not have any effect on hindquarter glucose uptake. Conclusions: These data indicate 
that metfonnin at therapeutic concentrations can'influence peripheral insulin action by 
reducing insulin removal by muscle. Since glucose uptake increases, it is suggested that 
the decreased insulin extraction causes a rise in its interstitial levels. Alterations in 
peripheral insulin extraction, although not necessarily systemically detectable in vivo, 
may therefore contribute to the local determination of insulin action, and thus to systemic 
insulin sensitivity. 
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644 
NOVEL DNA REGULATORY REGIONS FOR SYNERGISTIC INDUCTION OF 
FATTY ACID SYNTHASE GENE BY INSULIN AND GLUCOCORTICOIDS 
D. Ga!lperikova*, C. Rufo, M. Teran-Garcia, M.T. Nakamura and S.D. Clarke; 
Program of Nutritional Science, University of Texas at Austin, USA, *Institute of 
Experimental Endocrinology, Slovak Academy of Science, Bratislava, Slovakia 
Aims: Dyslipidaemia associated with insulin resistance might involve also a defect 
in fatty acid biosynthesis. The fatty acid synthase (FAS) is regulated at the 
transcriptional level by nutrients and hormones. It has been found that insulin and 
glucocorticoids induce synergistically FAS gene transcription. However, the DNA 
regulatory sequences have not been identified as yet. The objective of the study was 
to examine the S'-flanking region (up to -16000 bp) of the FAS gene for new DNA 
regulatory sequences responsible for synergistic response of the gene to insulin and 
glucocorticoids. Methods: The regulatory sequences were first identified in rat liver 
and spleen using the in vivo DNase I hypersensitivity approach, and than in vitro 
functionally characterized using primary hepatocytes transfected with different 
DNA fragments (from -9700 to +65 bp) linked to the chloramphenicol 
acetyltransferase reporter vector. Results: 48 h of fasting followed by refeeding of 
rats were used as physiological stimuli to change plasma insulin and glucocorticoids 
levels. Two novel hypersenstivity (HSS) sites have been detected between ·8650 
and -8550 bp (HSS I) and between - 7200 and -7100 bp (HSS 2) in rat liver but not 
in spleen. 6 h refeeding of fasted animals increased the intensity of HSS 2 by 
twofold (48 h fasting: 9.4±2.5 A.U.; 48 h fasting + 6 h refeeding: 21.2±4.8 A.U, 
larbitrary units/; p<O.OI). On the other hand, the intensity of HSS I site did not 
change. The in vitro functional characterization localized a synergistic response to 
insulin and dexamethasone in the -7382/-4605 bp fragment ligated to the proximal 
promotor (I+D: 12.7±3.2; I: 4.6±0.7; D: 3.5±0.7; fmollmin/J.lg; p<O.OI). Deletion of 
HSS 2 region from the fragment yielded a loss of the synergistic induction of the 
FAS gene. However, the HSS 2 alone (the DNA fragment -7382/-6970 bp) linked to 
the promotor was not sufficient for the full induction of FAS gene. Conclusion: a) 
two new tissue specific DNA regulatory regions have been identified on the FAS 
gene; b) for synergistic induction of FAS gene transcription by insulin and 
glucocorticoids the distal regulatory sequences between· 7382 and -4605 bp are 
required c) which has been confirmed under both in vivo and in vitro conditions. 

646 
MECHANISM OF ATIENUA TION OF BASAL ENDOGENOUS GLUCOSE 
PRODUCTION BY METFORMIN IN HIGH-FAT FED RATS. 
L. GUIGNOT and G. MITHIEUX, INSERM U. 449, Facultt! de Medecine Laennec 
Lyon, France. 

Aims : To understand the molecular mechanism of action of metformin on 
endogenous glucose production (EGP) in insulin resistance states, we assessed EGP 
(basal and insulin clamp) and liver metabolites and enzymes in rats fed a high-fat diet 
for 6 weeks, supplemented (HFM) or not (HF) with metformin at a human 
therapeutic dose (SO mg/kg/day) for the last week. Results: Basal EGP (detennined 
by [3-'H]glucose dilution after 3 h of saline perfusion in postabsorptive anesthetized 
rats) was lower in HFM than in HF rats (4I±O.8 vs S2±2 I1mo/kg/min, 
meanS±SEM, n=S, p<0.01). Plasma insulin was high (refering to normal rats under 
similar conditions) but not different (234±24 vs 278±S8 pmol/L) in HFM vs HF 
rats. Plasma glucagon, glucose, TG and FFA were not different in both groups. The 
hepatic contents in glucose-6 phosphate (118±12 vs 38±8 nmoVg wet liver, p<0.01) 
and in glycogen (l9.6±4 vs 3.8±2.S mg/g, p<0.01) were higher in HFM than in HF 
rats. This was not due to glycogen synthase a, glycogen phosphorylase a, or gluco
kinase activities, which were not different in both groups. This might be due to the 
attenuation of glucose-6 phosphatase (Glc6Pase) activity in HFM rats with regards 
to HF rats (7.9±OA vs 10.3±0.9 I1mOVmin/g liver, p<O.OS). The latter was likely 
due to a posttranslational effect since the amount of Glc6Pase protein (western blot) 
was not different in both groups. Upon insulin perfusion (480 pmol/h) with 
maintenance of glycemia, EGP was decreased (weakly, refering to normal rats under 
the same conditions) to the same levels in both groups (29±9 and 31±2 
Jl.Illol/kg/min in HFM and HF rats, respectively, p<O.OS and 0.01 vs respective 
saline perfused controls. Conclusion: These data strongly suggest that: I) a major 
action of metformin in insulin resistant HF rats involves a decrease in EGP, which 
might be dependent on an attenuation in the liver Glc6Pase activity ; 2) metformin 
action is allowed to take place at basal rather than at elevated insulin levels. 
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MUSCLE PROTEIN KINASE B PHOSPHORYLATION IS RESTORED 
WHEN FAT-INDUCED INSULIN RESISTANCE IS REVERSED 
K.5. Bell, M. Lim-Fraser, G. Cooney and E.W. Kraegen Garvan Institute, 
Sydney, Australia 
Chronic high-fat feeding in rats causes insulin resistance, impairing insulin
stimulated glucose uptake in skeletal muscle. However, this insulin 
resistance can be readily reversed by a single, high-glucose, low-fat meal. 
Protein kinase B (PKB) is phosphorylated and activated by PI3-kinase in 
response to insulin and has a putative role in glucose transport and glycogen 
syntheSiS. Aim: To compare the degree of muscle PKB phosphorylation in 
control chow fed (C), high-fat fed (HF-F) and high-fat fed rats given a 
single high-glucose meal (HF-G). Materials and Methods: Immunoreactive 
PKB phosphorylation (5er473) was determined under basal and 
euglycaemic-hyperinsulinaemic clamp (O.25U /kg/h) conditions, and 3min 
after a lU iv bolus of insulin. Results: High-fat feeding significantly 
reduced muscle glucose uptake (Rg'), but this was restored after a single 
high-glucose meal. Basal PKB phosphorylation was unaltered with high
fat feeding but was increased after a single high-glucose meal. Insulin
stimulated clamp PKB phosphorylation was decreased by 33% in HF-F rats 
and restored in HF-G. PKB phosphorylation was stimulated 100-fold over 
basal in rats given insulin intravenously, but no difference was observed 
among groups. 

Muscle Rg' PKB Phosphorylation (0.0. units) 
!J.II1ol.100 g ·'.min·' Basal Clamp lU Insulin 

C 20.1±2.5 2.O±O.9 13.6±1.2 2S0±70 
HF-F 12.9±1.0** 3.HO.5 7.9±0.S* 32000 
HF-G 25.4±3.2ft 5.3±1.2* 13.7±1.St 290±50 
means ± SE (n=4-6). ANOVA *p<O.05, ~p<O.OI vs C, tp<O.05, ttp<O.OI vs HF-F 
Conclusions: Although the responsiveness of muscle PKB phosphorylation to 
a maximal insulin bolus is unaltered, under physiological (100mU /1) clamp 
insulin conditions PKB phosphorylation is reduced in insulin resistant high 
fat fed rats. Both clamp insulin-mediated muscle glucose uptake and PKB 
phosphorylation can be restored by a single overnight high glucose, low fat 
meal. These data support the importance of PKB phosphorylation in in vivo 
insulin signalling. 
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FEEDING INCREASES INSUUN ACTION BY A HEPATIC 
PARASYMPATHETIC NEUROHUMORAL MECHANISM 
S. Takayama 1.21, D.J. Legare 1), M.P. Macedo 1,3), W.W. Lautt 1) 

1) Department of Pharmacology and Therapeutics, Faculty of Medicine, 
University of Manitoba, WInnipeg, Canada 2) Diabetes Center, Tokyo 
Women's Medical College, Tokyo, Japan 3) Institute of Health Sciences, 
Quinta da Granja, Monte da Caparica, Portugal 
AIM: The response to insulin has been proposed to depend upon a 
hepatic parasympathetic nerve (HPN) reflex release of a hormone 
that sensitizes skeletal muscle to insulin. Hepatic denervation or 
atropine results in insulin resistance. In previous studies, rats were 
fed ad-lib but the duration since feeding was unknown. We tested 
the hypothesis that rats in the postprandial period have a HPN
dependent component of insulin action and that fasting reduces this 
component and results in reduced insulin action. METHODS: The 
fasted group was tested without refeeding; the fed group was given 
food for I hr. and tested immediately thereafter or for specific times 
after the feeding period (6, 12 and IS hr.). Insulin sensitivity was 
tested using the rapid insulin sensitivity test (RIST) with the RIST 
index being the amount of glucose infused over 30 min following 50 
mU/kg insulin using a euglycemic clamp, RESULTS: The fed rats 
had a control RIST index of 224±IS mglkg which was reduced to 
77±19 after atropine (lmglkg, i.v.). Control RIST index decreased 
with duration of fast (p<0.005). The post-atropine index was similar 
in all groups, HPN-dependent insulin action decreased with duration 
offast (p<0.005). CONCLUSION: Fasting leads to reduced insulin 
sensitivity. Feeding leads to increased sensitivity dependent on the 
time since feeding with the increase due to the HPN-dependent 
component of insulin action. 
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THE INFLUENCE OF DIETS RICH IN SATURATED FATTY ACIDS 
DURING AND AFTER GESTATION ON INSULIN SENSITIVITY IN 
UNANAESTHETIZED RATS 
Gregersen S, Rolfsen, SED, Hermansen K Department of Endocrinology and 
Metabolism, Aarhus University Hospital, Aarhus, Denmark. 
Diets rich in saturated fatty acids induces insulin resistance. Restriction of protein 
or energy intake during gestation or early life has also been linked to 
developmental defects in the endocrine pancreas as well as insulin resistance. It 
is not known whether saturated fatty acids given to mothers during the gestational 
period may he detrimental to glucose metabolism of the offspring. The question 
raised is important in the light of the massive consumption of saturated fat in the 
developed countries. An animal study was designed to answer this question. 
Female Wistar rats were given isocaloric diets rich in carbohydrate (C, SOE%) 
or fat (F, 58E%, mainly saturated fatty acids) during gestation. The F-generation 
was split into five subgroups: 1 and 2 continued on diet C or F in the suckling and 
weaning period until week 16. Group 3 with mothers on diet C continucd on the 
C diet during the suckling period but changed to a F diet at weaning until week 
16. Group 4 with mothers on diet F continued on diet F during the suckling period 
but changed to diet F at weaning until week 16. For group 5 the offspring of 
mothers given a F diet was changed to C diet during suckling until week 16. 
Hyperinsulinemic euglycemic clamps were performed in conscious, unrestrained 
rats to determine the insulin sensitivity (n=9-12 Iler group). The steady state p
glucose levels during the clamps were not different between groups, however the 
steady state insulin levels were higher in group J (p<O.05) and tended to be highe~ 
in group 2 as well. The glucose infusion rate (mg/kg/min) was lowered to the same 
extent in both groups receiving diet F (group 2 and 3) (24.7±2.0 and 22.0±1.9, 
respectively) whereas the other groups were similar (1: 32.2±2.3, 4: 27.9±1. 7 and 
5: 26.9±1.6). The rate of glucose disappearance (using HC-glucose) (Rd: 
mg/kg/min) were in group 1: 30.4±3.0, 2: 25.1±1.6, 3: 24.0±1.8, 4: 29.5±2.7 and 
5: 25.2±1.5. No significant differences in the calculated hepatic glucose output 
was detected. In conclusion, dietary fatty acids given during gestation andlor the 
suckling period does not seem to have deleterious effects on the insulin sensitivity 
later in life. Tbe well known effect of dietary saturated fatty acids on lowering of 
whole bod)' insulin sensitivity is confirmed. 

650 
BETA-CELL MASS AND PORTAL VENOUS DRAINAGE OF THE PANCREAS 
ARE INDEPENDENT DETERMINANTS OF GLUCOSE TOLERANCE. 
B.Bradley. P. Barron, J. Davies. S. Pye and J. Radziuk. Ottawa Hospital and the 

University of Ottawa, Ottawa, Canada 
Aims: Either peripheral entry of insulin or a decrease in B-cell mass alone, can decrease 
glucose tolerance. On the other hand, ifhyperinsulinemia secondary to bypassing the first 
pass uptake of glucose by the liver, induces insulin insensitivity, then hemipanc
reatectomy (H) could ameliorate the insensitivity following diversion. The interaction 
of H and the peripheral diversion of pancreatic veins on systemic and hepatic insulin 
sensitivity in the context of an intravenous glucose infusion was therefore studied. 
Materials and Methods: Four groups of dogs were used: (i) D - pancreatic venous 
drainage diverted from the portal vein to the inferior vena cava (n=6) (ii) S - sham 
operation with reanastomosis of the veins to the portal vein.(n=6) (iii) H - with resection 
of the tail of the pancreas (n=7) (iv) RD - both resection and diversion (n=ll). Following 
recovery from surgery, each animal was fasted for 18h and underwent an infusion of 
glucose at IOmg/kg-min. A concurrent infusion of C'C-l]glucose was used to measure 
the glucose output rate (HGO) and its metabolic clearance rate (MCR.}.lnsulin sensitivity 
SI was quantitated as the ratio of MeR" to circulating insulin. Results: An improvement 
in glucose tolerance in D and deterioration in H was demonstrated, with mean glycemia 
of 134±6 157±7, 190±17 and 174±7mg/dl in D,S,H and HD respectively. Mean insulin 
levels were the same in S and H (32±9 and 30±8 uU/ml) and in D and HD (55±7 and 
50±6 uu/ml). With very similar MCR, (-7ml1kg-min), SI fell from O.38±O.13 and 
O.32±O.08 for S and H to 0.17±O.03 for both D and RD. RGO was suppressed by 
71±8% and 71±13% for D and S and by only 44±14% and 47±6% for H and RD. 
Conclusions: These data demonstrate independent effects of Hand D on the impainnent 
of suppression ofHGO and the decrease in SI' with D decreasing SI independently of H, 
and H lowering the suppression of HGO, independently of D. The latter is not 
compensated by the peripheral hyperinsulinemia in RD and thus glucose tolerance 
deteriorates after hemipancreatectomy, regardless of pancreatic vein drainage. 
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INSULIN ENHANCES GLUCOSE DISPOSAL DURING 
INTRAVENOUS GLUCOSE TOLERANCE TESTS IN THE RAT. 
M. Ader and J.M. Richey, University of Southern California, Los 
Angeles, CA. 

Normalization of glucose during the intravenous glucose tolerance test 
(IVGTT) depends, in humans and dogs, in large part on the actions of 
secreted insulin to stimulate glucose disposal (act) and suppress 
endogenous glucose production (EGP). Rats, by contrast, exhibit rapid 
glucose dynamics during the IVGTT, and may be less dependent on 
insulin for maintaining glucose tolerance. To assess the importance of 

insulin in the rodent model, we performed IVGTTs in conscious rats (353 
±14 g) during somatostatin (SRIF, 6 !lg/min per kg; n=6) or saline (n=lO) 
infusion from 1=-60 to 180 min. At time 0, cold glucose (0.3 g/kg), into 
which 3)H.glucose (20 !lCi/kg) was added, was injected intravenously. 
Tracer and glucose dynamics (representing act and the combined actions 
on act and EGP, respectively) were quantified as the time to attain 50% of 
peak value (ty,). SRIF abolished basal insulin « detectable limit of RIA), 
and inhibited dynamic insulin response by 70% (acute insulin response 

from 2 to 11 min; 148±58 vs. 513±130 !lU/ml; p=O.025). Despite 
injection of identical tracer bolus (p=0.96), dynamics of labeled glucose 
were retarded 50% during SRIF (ty,: 18.6±1.6 vs. 12.5±1.l min; p=O.OII). 
Cold glucose dynamics also tended to be slower during IVGTTs with 
SRIF (I 5. l±3.3 vs. 1O.7±1.0 min), although this trend was not significant 
(p=0.25). Glucose tolerance was also markedly reduced (59%) when 
insulin was suppressed (KG: 1.74±0.19 vs. 4.33±0.38 min· l ; p=O.OOOI). 
These data indicate that glucose disposal in rats is sensitive to insulin 
during rapid dynamics of the IVGTT. Thus, both insulin sensitivity and 
glucose effectiveness (reflecting actions of glucose per se on disposal and 
glucose production) may be quantified in the conscious rat model. 
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TNF·a IS ASSOCIATED WITH IMPAIRED INSULIN·SIGNAL TRANSDUCTION 
FOLLOWING MUSCLE DAMAGE IN HUMAN SKELETAL MUSCLE. 
L.F. del Aguila, R.K. Krishnan, P.A. Farrell, J. Ulbrecht, P.H. Correll, J.R. Zierath, 
and J.P. Kirwan. Noll Laboratory, Penn State University, USA and Department of 
Clinical Physiology, Karolinska Hospital, Stockholm, Sweden. 

The physiological stress associated with muscle damage results in whole body 
insulin resistance and an acute phase immune response, leading to mononuclear cell 
release of cytokines, such as tumor necrosis factor (TNF)-a, interleukin (IL)-6, and 
IL· I. Aims: This study was conducted to determine the mechanisms of impaired 
insulin action, and whether cytokines playa role in the development of insulin 
resistance following muscle damage. Materials and Methods: To measure insulin
signal transduction, needle muscle biopsies were performed at baseline (BASE) and 
at I h during hyperinsulinemic (40 mU.kg·l.min· l) euglycemic (S.O mM) clamps in 8 
young (age 24±1 yr.) healthy sedentary (VO'mu 49.7±2.4 ml.kg·l.min· l) males 
without exercise (CTRL) and 24 h following eccentric exercise·induced muscle 
damage (ECC). In addition, venous blood samples were obtained before and 24 h 
following ECC to determine in vitro endotoxin·induced mononuclear cell (MNC) 
secretion of TNF·a, IL·6 and IL-1. Results: Glucose disposal rates (GDR) were 
lower (P<O.OS) in the ECC compared to CTRL (3.9±0.7 vs 4.8±0.9 ml.kg·l.min· I

). 

Insulin-stimulated IRS-I tyrosine phosphorylation and Akt serine phosphorylation 
were lower (P<O.OS) following ECC compared to CTRL (S.8± 1.0 vs 3.2± 1.3 and 
2S.0±S.9 vs 8.7±1.3 fold increase above BASE, respectively). Insulin·stimulated 
PI3-kinase activity and Akt activity were also lower (P<O.OS) in the ECC trial 
(4.4± 1.4 vs 2.9±1.3 and I.S±O.1 vs 1.2±0.1 fold increase above BASE, respectively). 
TNF-a production, but not IL-6 or IL-I, was increased (P<O.OS) 24 h following 
muscle damage (I.I±O.3 vs 2.6±O.9 ng.mr l; pre-exercise vs. 24 h post-exercise). 
Furthermore, increases in TNF-a production were positively related to decreases in 
insulin-stimulated PI3-kinase activity (r=0.77, P=0.04). Conclusions: Therefore, the 
physiological stress associated with muscle damage impairs insulin-signal 
transduction, presumably leading to decreased insulin-mediated whole body glucose 
uptake. Furthermore, elevated production of TNF-a may be associated with 
downregulation of the insulin signaling pathway following muscle damage. 

(Supported by NIH grant R29 AGI2834) 

652 
DIABETOGENIC ASSOCIATION OF IRS·1 Gly972->Arg AND IRS·2 
Gly1057->Asp VARIANTS IN POLYCYSTIC OVARY SYNDROME AND 
OBESITY. 

F. Grigorescu, S. Ait EI Mkadem, C. Lautier, F. Macari, E. Renard, I. 
Mechaly, J.F. Brun, G. Cros and J. Bringer. IURC, Montpellier, France 

Insulin resistance is a prominent feature of polycystic ovary syndrome 
(PCOS) and obesity. Alms: To understand how genetic defects in insulin 
action trigger glucose intolerance and N lD D M we investigated 
polymorphisms in insulin receptor, IRS-l and IRS-2 genes in women with 
PCOS (n=41) or obesity (n=38). Methods. Polymorphisms were detennined 
by gene sequencing on an ABI373A automatic sequencer and by screening 
with Sma! and BanI for G1y972 .... Arg of IRS-I and G1yl057 .... Asp of IRS-2. 
Results. Glucose intolerant PCOS (BMI=32.3±I.2) or obese patients 
(BMI=45.3±I.4) displayed 57 and 16% acanthosis nigricans compared to 
29% in normal tolerant PCOS, but none have receptor mutations. All 
glucose·intolerant PCOS displayed G1y1057 .... Asp variant ofIRS·2 (86%) or 
double-mutations in IRS·2 and IRS-I (14%). By contrast, 41 % of normal 
glucose tolerant PCOS had none of IRS variants and displayed only 38% 
Gly1057 .... Asp of IRS-2, 17% double-mutations and 2.9% G1y972 .... Arg of 
IRS-I. Compared to non-mutated PCOS, Gly972 .... Arg of IRS·I and 
G1yl057 .... Asp of IRS·2 induced 2- (p<O.0002) and 3-fold (p<O.003) 
increase in HOMA index in affected patients. Double-mutated PCOS patients 
had higher fasting and 2-h insulin levels during OGTT and were the most 
insulin resistant in both normal glucose tolerant (HOMA=5.1±O.3) or 
intolerant (HOMA=26.1) patients. Normal glucose tolerant obese had no IRS 
mutations in 46% and displayed 38.4, 7.6, and 7.6% mutations in IRS·2, 
IRS-I and double-mutations, respectively. Strikingly 75% of glucose 
intolerant obese possess IRS-2 Gly1057 .... Asp or double-mutations IRSI/2 
associated with higher fasting insulin (17 )lU/ml, p<O.OOOI) and 2h insulin 
and glucose levels. Conclusion. These data indicated that allelic variants of 
IRS-2 in combination with IRS-I are better correlated to glucose intolerance 
rather than simply to insulin resistance, and thus, may be used as predictive 
diabetogenic marlcers. 
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TNF-a AND CELL-PERMEABLE CERAMIDE STIMULATE LIPOLYSIS IN 
3T3-L1 ADIPOCYTES BY DOWNREGULATION OF PDE3B 
J. Mei, T. Rahn-Landstrom, D. Brindleyl, V. Manganiello' and E. Degerman, Dept 
of Cell and Molecular Biology, Section for Molecular Signalling, Lund University, 
Sweden; 'Dept of Biochemistry, University of Alberta, Canada;' Pulmonary-Critical 
Care Medicine Branch, NHLBI, NIH Bethesda, USA 
Lipolysis is regulated by the cAMP/protein kinase A cascade. Phosphodiesterase 3B 
plays a key role in determining the cAMP levels and thereby lipolysis in adipocytes; 
insulin-mediated stimulation of PDE3B results in lowering of cAMP/protein kinase 
A and inhibition of lipolysis. Increased adipocyte lipolysis by TNF-a promotes 
insulin resistance possibly through stimulation of free fatty acids, but the mechanim 
is not completely understood. TNF-a activates sphingomyelinase leading to 
production of ceramides. Ceramides mimic some effects of TNF-a on inhibiting 
insulin signaling. Aim.;, In this study, we hypothesized that the mechanism of TNF-
0; and ceramide-induced lipolysis might involve PDE3B. Material and Methods' 3T3-
L1 adipocytes were treated with C,-ceramide and TNF-a. Lipolysis and PDE3B 
activity, protein and mRNA were measured. Results: C,-ceramide increased adipocyte 
lipolysis (S.S±0.9 ~mol/mg protein/24h vs.1.8±0.2 in controls, p<O.OOI). 
Ceramide-induced lipolysis occured at 6h after treatment of cells and was significantly 
increased after 12h of incubation (P<O.OI). Pretreatment of cells with C,-ceramide 
and TNF-o; blocked the ability of insulin to inhibit isoproterenol-induced lipolysis. 
Traglitazone (an antidiabetic agent of TZDs family) reduced ceramide-stimulated 
lipolysis by 90%, consistent with previously reported effects of TZD on TNF-a
induced lipolysis. Both C,-ceramide and TNF-o; decreased PDE3B activity by 50%, 
which was accompanied by a reduction of PDE3B protein and mRNA expression. C,
ceramide resulted in elevation of cAMP levels by 20% (p>O.05). TNF-a increased 
protein kinase A activity by 75% (p<O.OOI). These data suggest that downregulation 
of PDE3B may contribute, at least in part, to the stimulation of lipolysis by 
ceramide and TNF·a in adipocytes. In addition, PD980S9, Wortmannin and AG-490 
(inhibitors of MAP kinase, PI-3 kinase and JAK-2 kinase) had no effect on ceramide
induced lipolysis and downregulation of PDE3B, thus suggesting that the effect of 
ceramides is independent of MAP kinase, PI-3 kinase and JAK kinase. Conclusion: 
Our study could provide a new insight into the mechanisms of insulin resistance. 
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PREVALENCE OF INSULIN RESISTANCE IN RELATION TO 
AGE IN PSAMMOMYS OBESUS, A MODEL OF NUTRITONALLY 
INDUCED TYPE 2 DIABETES 
E. Ziv, E. Shafrir, R. Kalman, S. Galer and H. Bar-On, Diabetes 
Research Unit, Hadassah University Hospital, Jerusalem, Israel 

Psammomys ohesus (desert gerbil, nicknamed "sand rat") was placed 
ou a high energy (HE) diet at a young (8-20 wk) and old (38-45 wk) 
age. The young Psammomys progressed to severe insulin resistance, 
followed by pronounced hyperglycaemia and hyperinsulinaemia but 
the HE diet was non-diabetogenic at the high age. When young 
Psammomys received s.c. implants, releasing 2u/24 h insulin, there 
was no hypoglycaemia, fall in serum FFA or decline in hepatic 
phosphoenolpyruvate carboxykinase (PEPCK) activity despite serum 
insulin level of -360 mull. However, in the aged Psammomys the 
exogenous hyperinsulinaemia considerably reduced within 5 h the 
serum glucose and FFA and suppressed the hepatic PEPCK. 
Euglycaemic-hyperinsulinaemic clamp revealed that the hasal hepatic 
glucose production (HGP) was low in the aged Psammomys and was 
shut down (from 5.6±0.6 to 0.2±0.1 mg/min.kg) at the clamp insulin 
level of 280 mull. In contrast, in the young Psammomys HGP was 
reduced by 64% only (from 10.9±0.8 to 3.9±0.5 mg/min.kg). The 
effect of clamp insulin on total glucose transport was similar in the 
young and the old. Thus, HGP rather than the peripheral glucose 
underutilization was the main contrihutor to hyperglycaemia in the 
young and the hepatic insulin resistance became attenuated with age. 
Human implications: Prevalence of type 2 diabetes in Western society 
generally increases with age, whereas in high risk populations 
emerging from food scarcity into nutritional affluence, the diabetes 
prevalence tapers off with age. Therefore, the nutritionally induced 
diabetes in Psammomys obesus represents an appropriate model for 
the differing pattern of age related prevalence of diabetes. 

657 
ADDITIVE STIMULATORY EFFECT ON INSULIN AND LEPTIN GLUCOSE 
TRANSPORT IN ISOLATED RAT HEARTS. 

M. Haap, W. Renn, B. Houdali, E. Maerker, A. Volk, H.U. Haring and K. Rett; 
Medizinische Klinik, Abtl. IV, University TUbingen, Germany 
We have preveously shown in C2Cl2 myotubes, that ieptin at low physiological 
concentrations (Ing/ml) is able to stimulate glucose transport and glycogen synthesis through 
JAK-2-, IRS-2- dependent stimulation ofPI3-kinase. Since other investigators were not able 
to find a direct effect of ieptin in various skeletal muscle preparations, we hypothesised that 
such a teptin effect might be important only in muscle requiring constant glucose supply 
independant of insulin such as heart or diaphrama. We therefore studied the effect of leptin 
and insulin on glucose transport in isolated hearts from male Wistar rats perfused in a 
constant pressure Langendorffpreparation with simultaneous measurement of hemodynamic 
function. Glucose transport was assessed in tracer washout experiments using the non
metabolizable glucose analog'H-3- O-methyl-glucose (3-0-MG) and the non-transportable 
tracer 14C-D-Mannitol in equimolar concentrations. For quantitative interpretation of tracer 
kinetics a simplified 3-compartiment mathematical model was used with extracellular space 
(vascular-space) as first, intracellular space as second and the perfusion-buffer as third 
compartiment. Hearts were perfused with insulin (lO·'M), Leptin (I ng/ml) or the 
combination of both hormones at concentrations which did not affect coronary flow. 

n~ 10 glucose transport increase (%) mannitol transport increase (%) 
each group (""min·') treatment (k"min·') treatment 

vs control vs control 

controls 0.23 ---- 0.23 ----

insulin 0.49 116' 0.23 2 

leptin 0.29 28 0.20 -10 

ins.+lept. 0.54 142' 0.23 I 
• p<0.05 vs controls 

These data suggest that leptin at physiological concentrations exerts a partial insulin like 
effect on glucose transport. The effect seems to be additive to insulin implicating a 
different mechanism in stimulating glucose uptake. Leptin might contribute to insulin 
independent basal glucose supply of the myocardium. 

656 
THE PREVALENCE AND NATURE OF GLUCOSE 
INTOLERANCE IN KIDNEY TRANSPLANT RECIPIENTS 
L. Gero, K. Foldes, J. Janssen, J. Jaray and F. Perner. First 
Department of Medicine and Department of Surgery and 
Transplantation, Semmelweis University, Budapest, Hungary 

Aim: the prevalence and nature of glucose intolerance was studied in 
370 kidney transplant recipients. Among these patients 85 were 
known to have overt diabetes, and in 70 of them diabetes developed 
posttransplant. Materials and Methods: in the other 285 patients -
having normal fasting plasma glucose at regular controls and no signs 
of diabetes - a 75 g oGT was performed. ICA and C-peptide was also 
measured from fasting blood samples. Results: based on the 2-h 
glucose values (WHO criteria) IGT was diagnosed in 80 (28.1%) and 
diabetes in 29 patients (10.2%). A fasting plasma glucose> 6.1 mMIL 
(ADA 1997) occured only in 13 patients of the IGT and 9 of the 
diabetic group. ICA was undetectable in each case. Mean fasting C
peptide level was 4,02±2,67 ng/ml in the diabetic group and 
5,32±2,80 ng/ml in 22 non-diabetic transplanted patients, both 
exceeding significantly (p<O.OOI) that of 24 healthy control subjects 
(l,50±0,45 ng/ml). Conclusions: posttransplant disturbances in 
glucose metabolism are more frequent than have been suggested by 
literature data. However, in the majority of cases only "isolated 
postchallenge hyperglycemia" was found. Fasting plasma glucose is 
of little diagnostic value in posttransplant glucose intolerance. This 
condition is characterized by insulin resistance as evidenced by 
elevated C-peptide levels. 

658 
ACE INHIBITION AND GLUCOSE TRANSPORT IN INSULIN-RESIS
TANT RAT MUSCLE: ROLES OF BRADYKININ AND NITRIC OXIDE. 
E.J. Henriksen, S. Jacob, T.R. Kinnick, E.B. Youngblood, M.B. 
Schmit, and G.l. Dietze. The University of Arizona, Tucson, AZ, 
U.S.A., and Max-Grundig-Klinik, Biihlerhohe, Gennany. 
Aims: We have shown previously that acute in vivo administration of 
the angiotensin converting enzyme (ACE) inhibitor captopril enhances 
insulin-stimulated glucose transport activity in isolated skeletal muscle 
of the insulin-resistant obese Zucker rat. The present study was 
designed to assess whether this effect is mediated by increased action 
of the nonapeptide bradykinin (BK), by decrease action of angiotensin 
II (ATII), or by both factors. Materials and Methods: Obese Zucker 
rats (8-9 wk old) were treated over 2 hr with either captopril (50 mg/kg 
p.o.), BK (200 ~g/kg Lp.), or the ATII receptor (AT! SUbtype) 
antagonist eprosartan (20 mglkg p.o.). Results: Captopril treatment 
enhanced in vitro insulin-stimulated (2 mU/ml) 2-deoxyglucose uptake 
in the epitrochlearis muscle by 22% (251 ± 7 pmollmg/20 min vs. 205 
± 9, p<0.05), while BK treatment enhanced this variable by 18% (249 
± 15 vs. 215 ± 7, p<0.05). Eprosartan administration did not signifi
cantly modify insulin action. The BK-mediated increase in insulin 
action on skeletal muscle glucose transport was completely abolished 
by pre-treatment with either the specific BK-B2 receptor antagonist 
HOE 140 (200 ~glkg Lp.) or the nitric oxide synthase inhibitor, Nro
nitro-L-arginine methyl ester (L-NAME, 50 mglkg Lp.). Conclusions: 
Collectively, these results indicate that the modulation of insulin action 
on skeletal muscle glucose transport activity by BK likely underlies 
the metabolic effects of ACE inhibitors in the insulin-resistant obese 
Zucker rat. Moreover, this modulation of insulin action by BK is 
likely mediated through BK-B2 receptors and also by an increase in 
nitric oxide production and/or action in skeletal muscle tissue. 
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DEHYDROEPIANDROSTERONE EXERTS DISTINCT REGULATORY EFFECTS 
ON THE GLUCOSE TRANSPORT SYSTEM IN FAT AND MUSCLE CELLS. 
F. Giorgino, S. Perrini, A. Natalicchio, C. Montrone, O. de Robertis, G. De Pergola, 
and R. Giorgino. Istituto di Clinica, Medica, Endocrinologia e Malattie Metaboliche, 
University of Bari School of Medicine, Bari, Italy. 
Plasma dehydroepiandrosterone (DHEA) levels correlate with whole-body insulin 
sensitivity in humans. and DHEA administration ameliorates insulin resistance in 
experimental obesity and diabetes. However, the direct effects of DHEA on glucose 
uptake by specific cell types have not been investigated. Aims of this study were to 
compare DHEA effects on glucose transport in adipocytes and skeletal muscle cells 
and to define the mechanisms ofDHEA regulation. Results. DHEA (1-100 J.lM for 2 h) 
induced a dose-dependent increase in 2-deoxyglucose transport in 3T3-LI adipocytes 
(up to 240% of control, P<0.05), and this was associated with increased plasma 
membrane levels of GLUT I and GLUT4 transporters (respectively 200% and 180% of 
control, P<0.05). Similar results were obtained also in isolated human adipocytes. 
Glucose transport stimulation by DHEA was not affected by pre-treatment of 
adipocytes with the PI 3-kinase inhibitors wortmannin (200 nM) and L Y294OO2 (50 
~M), that blocked transport stimulation by insulin. By contrast, DHEA effects on 
GLUTlI4 translocation and glucose transport were abrogated in the presence of 20 J.lM 
GFI09203X, a generall'rotein kinase C (PKC) inhibitor, and 50 nM G66976, a 
selective inhibitor of Ca'+-dependent PKC isoforms. Insulin stimulation of transporter 
translocation and glucose transport was partially inhibited by GFI09203X (by 50%, 
P<0.05) and not changed by G66976. In L6 myocytes, DHEA induced a 2.5-fold 
increase in plasma membrane GLUT I and GLUT4, as in 3T3-LI adipocytes, and this 
effect was also inhibited by GFI09203X. Surprisingly, in spite of increased cell
surface transporters, 3-0-methylglucose and 2-deoxyglucose transport rates were 
markedly decreased in DHEA-treated L6 myocytes (45% and 15% of control, P<0.05). 
A similar decrease was also observed in isolated mouse soleus muscle incubated with 
DHEA in vitro (28% of control, P<0.05). The ability of DHEA to decrease glucose 
transport in skeletal muscle cells was preserved in the presence of inhibitors of PI 3-
kinase, PKC, pp70S6 kinase, or MAP kinase. Conclusions. DHEA promotes GLUT I 
and GLUT4 translocation to the cell surface in both adipocytes and myocytes via Ca'+ 
dependent PKC isoforms and, thus, utilizes a signaling pathway distinct from insulin. 
The DHEA-mediated increase in cell-surface transporters results in enhanced glucose 
transport rates in adipocytes. but not in myocytes because DHEA appears to suppress 
transporter catalytic activity in this cell type via a novel signaling mechanism. 

661 
fHOSPHOPROTEIN IlNRICHED IN QIABETES (PED) AND RA,S 
ASSOCIATED WITH QIABETES (RAD) ARE OVEREXPRESSED 
IN FIBROBLASTS (F) FROM A PATIENT WITH A SYNDROME 
OF SEVERE INSULIN RESISTANCE ASSOCIATED WITH 
DEFECTIVE INSULIN-STIMULATED GLUCOSE TRANSPORT. 
C.Kausch, G.Condorelli, M. Stumvoll, F. Beguinot, H.-U.Haring, and 
S.Matthaei, Tiibingen, Germany; Naples, Italy 

Aims: It has recently been shown that protein and gene expression of 
PEDIPEA-15, a PKC-substrate, is increased by -65% in F derived 
from patients with type 2 diabetes. Furthermore transfection of 
PEDIPEA-15 in L6 muscle cells inhibited insulin-stimulated glucose 
transport (ISGT) (EMBO J.14:3858,(1998)). To extend these 
investigations, the aim of the current study was to determine 
PEDIPEA-15 expression in F derived from a patient with severe 
insulin resistance associated with defective ISGT. In addition, the 
expression of RAD, a member of the Ras-related small GTPases, 
whose role in the mole-cular pathogenesis of decreased ISGT in type 
2 diabetes is controversial, was also detemined. 
Methods and results: When compared to nondiabetic controls and 
patients with type 2 diabetes PEDIPEA-15 protein expression was 
increased by 332% (p<0.01) and 72% (p<0.05) respectively. Cytosolic 
RAD protein expression was not statistically different in controls and 
type 2 diabetics. In contrast, in F from the insulin resistant patient, 
RAD expression was increased by 275% when compared to both 
controls and patients with type 2 diabetes. 
Conclusion: In F derived from a patient with severe insulin 
resistance associated with defective ISGT, both PEDIPEA-15 and 
RAD proteins were markedly increased when compared to controls as 
well as type 2 diabetic individuals, emphasizing the role of these 
proteins and the PKC-signalling pathway in the molecular 
pathogenesis of defective ISGT. 
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PROTEIN-TYROSINE-PHOSPHATSE 1D IS PHOSPHORYLATED 
BY PROTEIN KINASE C ISOFORMS n, [31 AND [32. 
V. Strack, M. Kellerer and H.U. Haring, Med. K1inik, IV Dept. Eberhard
Karls-University Tiibingen, Germany. 

Aim: Serine kinases like protein kinase c (PKC) and protein tyrosine 
phosphatases (PTP) are potential modulators of the insulin signalling chain 
and might play a role in the induction of cellular insulin resistance. It is 
speculated that insulin receptor (IR) and IRS-I inhibition by PKC involve 
PTP activation. A serine phosphorylation of PTP-IC by PKC was observed 
while nothing is known about the interaction of PKC with the ubiquitously 
expressed PTP-ID. The aim of the present study was to investigate the 
interaction of PKC-isoforms with the PTPases I C/ID with particular respect 
to the involvement of IRIIRS-l. Methods: HEK293 cells were cotransfected 
with PKC isoforms (n, [31, [32, y, 0, E, 1;, e, 11, t), PTP-IC or ID, IR and IRS
I. Cells were incubated with or without insulin (IOOnM, 5 min), TPA 
(lOOnM, 30 min) or with the PKC inhibitor bisindolylmaleimide (BIM, 
200nM, 60 min) and immunoblots were detected with anti-PY or respective 
proteins. PTP-activity was measured in a pNPP dephosphorylation assay. 
Results: We could show a defined TPA induced mobility shift ofPTP-1D in 
PKC n, [31, or [32 cotransfections which is not obtained with the kinase 
inactive forms of PKC [31 and [32. The effect could be completely blocked 
with the PKC inhibitor BIM. We observed that this shift does not occur with 
other PKC isoforms or PTP-l C and that it is not dependent on IR or IRS-I 
overexpression. First activity studies revealed no differences in PTP-ID 
activity with or without TPA preincubation. Additionally the inactive mutant 
of PTP-1D altered the phosphorylation pattern. Conclusions: The data 
suggest an interaction between PTP-ID and PKC n, [31, or [32. It remains 
unclear which phosphorylation sites are responsible for the mobility shift. 
Consequences for cellular localization and PKC dependent IR and IRS-I 
phosphorylation are currently investigated. 
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662 
MUSCLE FIBRE-TYPE SPECIFICITY 
TRANSDUCTION 

IN INSULIN SIGNAL 

X.M. Song, A. Krook, H. Wallberg-Henriksson and J.R. Zierath. Clinical 
Physiology, Karolinska Institute, Stockholm, Sweden. 
Aims: Skeletal muscle fibres are classified into distinct categories: type I (slow
twitch-oxidative), type IIa (fast-twitch-oxidative-glycolytic) and type lIb (fast
twitch-glycolytic). We determined the muscle fibre-type specific response of 
intracellular signalling proteins including the insulin receptor, IRS-I, PI 3-kinase 
and Akt kinase to insulin. Methods Epitrochlearis (EPI; 15% type I, 20% type IIa 
and 65% type lIb), soleus (84-16-0%) and extensor digitorum longns (EDL; 3-
57-40%) muscles were obtained from Wistar rats and incubated in the absence or 
presence of 120 nmolfl insulin (3-40 min). Results: Peak IR tyrosine 
phosphorylation was reached after 6 (soleus) and 20 (EPI and EDL) min insulin 
exposure, with sustained activity throughout the remaining insulin exposure (40-
min). Insulin increased IRS-I tyrosine phosphorylation and phospho-tyrosine
associated PI 3-kinase activity to a maximal level after 6-10 min, with a 
subsequent down-regulation after 10-20 min. Insulin-stimulated Akt kinase 
phosphorylation peaked at 20 ntin and was sustained throughout the insulin 
exposure. Soleus muscle demonstrated the greatest insulin response for all 
signalling intermediates tested. Immunoblot analysis of IRS-I, p85a subunit of 
PI 3-kinase, and Akt revealed these proteins were expressed to a greater extent in 
oxidative (soleus) versus glycolytic muscle (EPI and EDL).Conclusions: Insulin
signal-transduction is greatest in skeletal muscle composed primarily of oxidative 
fibres. Increased expression of key proteins in the insulin-signalling cascade 
appear to account for fibre-type specific differences in insulin-stimulated glucose 
uptake and metabolism in skeletal muscle. Increasing the oxidative capacity of 
skeletal muscle may be one therapeutic strategy to overcome defective insulin
signal-transduction in insulin resistant skeletal muscle. 

664 
EFFECTS OF MUSCLE CONTRACTIONS ON GLUCOSE METABOLISM 
AND ACTIVATION OF THE MAP KINASE CASCADE 
A. Krook, X.l. Jiang, J.W. Ryder, D.R. Alessi and 1.R. Zierath., Clinical 
Physiology, Karolinska Institute, Stockhohn, Sweden and MRC Protein 
Phosphorylation Unit, University of Dundee, Scotland 
Aims: Signalling cascades leading to glucose transport and the Map kinase 
signalling pathways are known to be activated in response to muscle contraction. 
Our aim was to determine the extent to which contraction activates glucose 
metabolism and MAP kinase cascades in skeletal muscle. Methods: Rat 
epitrochlearis muscles were excised from W istar rats and forced to contract by in 
vitro electrical stimulation. Two different electrical stimulation protocols (Stim I: 
I contraction!2 sec and Stim 2: I contraction! min) were used for a total of 10 
min. Results: Basal glucose transport (O.93±0.06 flmollmllh) was increased 6-
fold (p<O-O I) with stimulation (5.86±0.63 or 4.63±0.31 flmollmllh for Stim I and 
Stim 2, respectively). Insulin (120 nM) led to a similar increase in glucose 
transport (6.43±0.99 flmollmllh). Glycogen content (24.6±1.2 mmollg wet wt) 
was markedly reduced by 70% (p<O.OI) after each Stim protocol (9.4±0.4 vs. 
9.1±1.4 mmollg wet wt for Stiml vs. Stim 2), with no change after insulin 
exposure. Electrically induced contraction led to a 3 or 2- fold increase in p42/44 
Map kinase phosphorylation for Stim I or Stim 2 respectively (p<0.05). Stim I 
and Stim 2 increased p38 phosphorylation 40 and 80 fold respectively, with 
insulin stimulation showing no effect. Both stimulation protocols resulted in 4-
fold activation of mitogen and stress activated protein kinase (MSK) I and 2 
(p<0.05). Conclusions: Muscle contraction directly activates intracellular 
kinases. Activation of these kinases has been linked to cell proliferation and 
differentiation. MAP kinase activated signalling cascades may link muscle 
contractions to alterations in gene expression. 

663 
EFFECTS OF EXERCISE-TRAINING ON INSULIN-SIGNALLING IN 
SKELETAL MUSCLE 

J.R. Zierath, A.V. Chibalin, 1.W. Ryder, X.M. Song, A. Krook, and H. Wallberg
Henriksson, Clinical Physiology, Karolinska Institute, Stockhohn, Sweden. 

Aims: Level of physical activity is linked to improved glucose homeostasis. We 
determined whether exercise-training alters insulin-signalling in skeletal muscle. 
Methods Female Wistar rats performed two 3-hour swim bouts, for I or 5 days. 
Epitrochlearis muscle were excised 16 hours after the last exercise bout, and 
incubated +/- insulin (120 nM). Results: Insulin-stimulated glucose transport was 
30 and 50% higher after I and 5 day training (P<0.05). Insulin-stimulated 
receptor tyrosine phosphorylation was not increased until 5-day training (2-fold; 
P<0.05). Protein expression of GLUT 4 and insulin receptor increased 2-fold 
after I-day, with no further change after 5-day training. IRS-I protein content 
decreased 50% after 5-day training (P<0.05). In contrast, insulin-stimulated IRS
I tyrosine phosphorylation and IRS-I associated PI 3-kinase activity increased 
2.5-fold and 3.5 after I and 5-day training respectively. IRS-2 protein content 
increased 2.6-fold after I-day (P<0.05), and normalised to sedentary levels after 
5-day training. Basal and insulin-stimulated IRS-2 associated PI 3-kinase activity 
increased 2.8-fold (P<0.05) and 9-fold (P<0.05) respectively, after I-day and 
normalised to sedentary levels after 5-day training. Insulin-stimulated Akt 
phosphorylation increased 5-fold after 5-day training (P<0.05), whereas MAP 
Kinase phosphorylation was not altered by training Conclusions: Collectively, 
these proteins undergo dynamic regulation in response to exercise. Thus, exercise 
training may be an effective strategy to overcome reduced insulin-signaling in 
skeletal muscle from Type 2 diabetic patients. 

665 
NEW HUMAN INSULIN ANALOGS: CHARACTERISTICS OF INSULIN 
SIGNALLING IN COMPARISON TO ASP(BIO) AND REGULAR INSULIN 
A.M. Hennige, M. Kellerer, V. Strack, E. Metzinger, G. Seipke* and 
H.U. Haring; Abteilung IV, Medizinische Klinik und Poliklinik, 
Tiibingen, Germany; *Hoechst AG, Frankfurt am Main, Germany. 
Aim: Amino acid exchange of insulin is a useful strategy to create new 
insulin analogs with improved phannacokinetic properties. On the other 
hand mutations of the insulin gene have the potential to induce altered 
metabolic and mitogenic effects like the insulin analog Asp(B I 0) which is 
known to have increased mitogenic activity. The aim of the study was to 
compare HMR I I 53-Lys(B3),Iie(B28); HMR 1964-Lys(B3),Glu(B29) and 
HMR 1423-G1y(A21),His(B31),His(B32) with normal human insulin and 
the analog Asp(BIO). Methods: We have analyzed receptor binding, 
insulin-induced receptor auto- and dephosphorylation as well as 
phosphorylation of the insulin receptor substrate in rat-I fibroblasts 
overexpressing the human insulin receptor isoform B (HIR B). Results: In 
HIR B expressing cells, insulin and its new analogs showed no significant 
differences in receptor association and dissociation while clearly different 
association kinetics were observed with Asp(B I 0). All insulins induced 
rapid autophosphorylation of the insulin receptor reaching a maximum after 
10 min of stimulation with 10-9 M insulin. Asp(B I O)insulin induced a 
prolonged phosphorylation and dephosphorylation state of the 95kDa 
receptor l3-subunit and the IRS-proteins. With respect to [3H]thymidine 
incorporation into DNA, the new analogs had similar effects as normal 
human insulin, while Asp(B I O)insulin showed increased [3H]thymidine 
incorporation. Conclusions: The analogs HMR I I 53-Lys(B3),Iie(B28); 
HMR 1964-Lys(B3),Glu(B29) and HMR 1423-Gly(A21),His(B31), 
His(B32) show the same binding and signalling characteristics compared to 
normal human insulin and might be useful tools for the treatment of 
diabetes. 



666 
GROWTH PROMOTING ACTNITY OF INSULIN ASPART AND OTHER 
INSULIN ANALOGUES 
T. Triib-, A. Hey, A.R. Smensen, L. Schaffer, K. Drejer and P. Kurtzhals, 
-University Hospital, Sternwartstr. 14, CH-8091 Zurich, Switzerland, and Novo 
Nordisk A/S, Novo Aile, DK-2880 Bagsvaerd, Denmark 
Aim: Insulin binding to the insulin receptor mediates both metabolic and mito
genic effects of the hormone. At supra-physiological insulin concentrations, in
sulin can also promote cell-growth via the IGF -I receptor to which insulin binds 
with low affInity. We have exanrined the IGF-I receptor affmity and mitogenic 
potential of the novel rapid-acting insulin analogue insulin aspart (B28Asp) in 
comparison to that of human insulin (HI) and reference insulin analogues. 
Methods: HepG2 cells or solubilised human IGF-I receptors were used in bind
ing experiments. Mitogenicity studies were done using human mammary cancer 
fibroblasts (MCF-7 cells; end-point:% cells in S-phase) or BIO human osteosar
coma cells (end-point: 'H-thymidine incorporation). Results are presented with 
95% c-i. or as mean±SE. ~ Insulin aspart and HI both showed more than 
1000-fold lower affmity than IGF-I for solubilised IGF-I receptors. The IGF-I 
receptor affmity of insulin aspart was determined to 68.8% (62.1-76.2%) relative 
to HI (=100%) using HepG2 cells. In comparison, insulin XIO (BIOAsp) binds 
with 4-fold greater affinity to the IGF-I receptor, and the IGF-I receptor affInity 
(HepG2 cells) of insulin lispro (B28Lys, B29Pro) was determined to 141.5% 
(130.6-153.4%) in accordance with literature data. The mitogenic potency of in
sulin aspart was similar to that ofH! (=1.0) in both MCF-7 cells: 1.2 (0.9-1.6) 
and in BIO cells: 0.58±0.22. In comparison the mitogenic potential (BIO cells) 
of insulin lispro was 0.66±0.21, and that of insulin XIO was more than 10-fold 
greater. The equivalent mitogenic potential of insulin aspart and HI is in agree
ment with previous results in non-human cells (CHO-KI and rat aortic smooth 
muscle cells). Conclusion: IGF-I receptor affinity and insulin receptor dissocia
tion rate have recently been discussed in relation to mitogenic and tumourigenic 
potential of insulin analogues. Insulin aspart has previously been shown to be 
equivalent to H! in dissociating from the insulin receptor. As shown herein, the 
IGF-I receptor affInity and mitogenic potential of insulin aspart are also equiva
lent to that ofH!, supporting that the non-IGF-llike amino acid substitution 
B28Asp is safe. 

668 
INSULIN-INDUCED ACTIVATION OF JNK IS 
REGULATED BY SHP-2 
K. Fukunaga, T. Matozaki. T. Noguchi, T. Yamao, T. Takada, 
F. Ochi, H. Takeda, K. Inagaki. T.Hosoka and M. Kasuga. 
Kusunoki-cho, Chuo-ku, Kobe 650, Japan 
Aims: SHP-2. a protein tyrosine phosphatase with two SRC 
homology 2 domains, is believed to participate in signal relay 
downstream of insulin receptor. SHP-2 also plays an important 
role in control of cytoskeltal architecture. Recent studies suggest 
that insulin activates c-Jl'''! NH2-termillal kinase (JNK) which 
activation requires intact cell structure. Therefore we have 
investigated whether SHp·2 regulates insulin-stimulated JNK 
activation. 
Material and Methods: We established Rat-I fibroblasts 

overexpressing human insulin receptors (Rat-I-IR) and Rat-I
IR that overexpresses a dominant-negative mutant SHP-2 (Rat
I-IR SHP-2C/S). The insulin effect on JNK activation was 
examined in these cells. 
Results: In this rePOlt, "e show that insulin treatment induced 
a time-dependent activatio" of .INK in Rat-I-IR while this was 
markedly reduced in mutant cells. In contrast, JNK activation by 
anisomycin, solbitol and UV treatment was not reduced in 
mutant cells. PI-3-kinase inhibition by wOltmannin completely 
blocked insulin activation of JNK. Dissembly of the actin 
filaments by cytochalasin D reduced insulin-stimulated JNK 
activation in Rat-I-IR, but partially recovered the ability of 
insulin to stimulate JNK in mutant cells, suggesting that actin 
filament network plays an essential role in SHP-2 regulation of 
insulin-stimulated JNK activation pathway. 
Conclusions: Our n~sllits demonstrate that SHP-2 may 
modulate the action of insulin on JNK via cell structure 
regulation. 

667 
INSULIN RECEPTOR TYROSINE KINASE ACTIVATION BY INSULIN 
ASPART AND INSULIN ANALOGUES WITH A WIDE RANGE OF 
RECEPTOR BINDING AFFINITIES 
P. Kurtzhals, L. Scharfer, K. Drejer and B.F. Hansen, Novo Nordisk AlS, Novo 
Aile, DK-2880 Bagsvaerd, Denmark 
Aims: Activation of the insulin receptor tyrosine kinase (IRTK) is essential for 
IIUIIl¥ if not all of the biological effects of insulin. However, no studies have 
attempted to systematically study structure-function relationships for activa
tion of the IR TK. We have exanrined the correlation between insulin receptor 
binding and activation for a variety of insulin analogues. More comprehensive 
studies were done to examine the insulin receptor binding and activation prop
erties of insulin aspart (B28Asp), a novel rapid acting insulin analogue. Meth
ods: HepG2 cells or solubilised human insulin receptors were used for receptor 
binding experiments. IRTK activation was determined using receptors partly 
purified from rat skeletal muscle or using CHO-hIR cells. l2p incorporation 
into poly-Glu-Tyr was used as end-point. Results are presented with 95% c.L 
or as mean±SE. Results· Insulin receptor affmities ranged from 7.5% to 687% 
(HepG2 cells) and potencies forIRTK activation ranged from 16% to 681% 
(rat IRTK) relative to human insulin (HI = 100%). There was a strong linear 
correlation (r=0.95, n=21) between receptor binding and activation, supporting 
the notion that IRTK activation is closely linked to receptor binding. Relative 
insulin receptor binding affinities for insulin aspart were 92±6% using solubi
lised receptors and 92% (82.0-103.7%) using HepG2 cells. Insulin aspart acti
vated both the rat (100±19%) and human (l07±32%) IRTK with equivalent 
potency as H! (=100%). In comparison, insulin XIO (BIOAsp) was 2-7 fold 
more potent in binding and activating the insulin receptor in the applied mod
els and insulin lispro (B28Lys, B29Pro) showed an insulin receptor affmity 
(HepG2 cells) of 101.7% (96.6-107.1%) and a potency for human IRTK acti
vation (CHO-hIR cells) of 82±24%. Conclusion' The results indicate that in
sulin aspart is equivalent to human insulin in binding and activating the insulin 
receptor, and that IRTK activation is strongly correlated to insulin receptor oc
cupancy for insulin analogues with a wide range of receptor affmities. 

669 
Indinavir decreases insulin-stimulated insulin receptor substrate-l 
phosphorylation in human Hep G2 cells 
M. SchUtt, M. Meier, M. Drenckhan, M. Meyer, S. P. Aries and H. H. 
Klein. Medizinische Klinik I, Universitiitsklinik LUbeck, Gennany 

Aims: Patients receiving human immunodeficiency virus type I protease
inhibitors (PI) are at risk to develop diabetes or impaired glucose 
tolerance, most probably due to an induction of insulin resistance by the 
PI. To explore the mechanism by which PI might effect insulin action we 
investigated whether treatment wiih the PI indinavir (gift from Merck & 
Co) alters insulin signaling. Materials and Methods: Hep G2 cells were 
first incubated in the presence or absence of indinavir (100 flmol/l) for 48 
hours, then exposed to ° (-I) or 100 (+1) nmolll insulin for 75s and rapidly 
frozen. Frozen cells were soluhilized, IRS-I immunoprecipitated and 
Western blots perfonned with anti-IRS-lor anti-phosphotyrosine 
antibody. The amount of IRS-I phosphorylation and IRS-l protein were 
analyzed by densitometry and results expressed as densitometric units 
(DU). Results: The insulin effect on IRS-I phosphorylation was lower in 
cells with indinavir incubation (-I: 0,06±0,03; +1: 1,51±0,1O DU) than in 
cells without prior indinavir incubation (-I: 0,08±0,04; +1: 2,35±0,15 DU; 
p '" 0,05). This indinavir effect was not explained by an alteration in the 
amount of IRS-I protein (-I: 0,67±0,29; +1: 1,22±0,13 DU, and -I: 
0,81±0,14; +1: 1,29±0,15 DU in cells pretreated wiih and without 
indinavir, respectively). Indinavir had also no effect on cell number or cell 
viability as evaluated by trypan blue exclusion and cell counting. 
Conclusions: Our results indicate that decreased insulin-stimulated IRS-I 
phosphorylation might cause or contribute to the metabolic effects of PI
treatment. 
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670 
SIGNALING OF AN EPIDERMAL GROWTH FACTOR-INSULIN RECEPTOR 

CHIMERA WITH Y1l58F MUTATED REGULATORY LOOP 
D. Telting'), G.C.M. van der Zon'), J. Dorrestijn, J. A. Maassen') I)Dept. olMoleeular Cell 

Biology, Leiden University, Wassenaarseweg 72, 2333 AL Leiden, The Netherlands 

Aim: the insulin receptor (IR) is a member of the tyrosine kinase receptor family. The IR 

induces mitogenic as well as pronotmced metabolic responses (i.e. anti-lipolytic action, 

glucose uptake and glycogen synthesis). The mechanisms much give rise to the diversity 

in signaling are largely unknown. Phosphorylated tyrosines within the cytoplasmic portion 

of the IR are involved in the binding of a variety of substrate proteins, at least partially 

leading to the pleiotropic signaling. Yl158 within the regulatory loop of the IR is involved 

in the specific binding of the phosphotyrosine-specific phosphatase 1D (SHP2). Y1158, in 

combination with Y1l62 and Yl163 of the IR regulatory loop are important for binding 

and phosphorylation of insulin-receptor-substrate-2 (lRS2). The aim of the study was to 

determine the molecular basis of the diversity in signaling. Material and Methods: the 

intracellular region of the EGFR was exchanged with the IR counterpart, creating a 

chimeric receptor (EIR). Tyrosine phosphorylation sites of the IR regulatory loop within 

the chimera were exchanged for fenylalanine residues. Chimeric receptors were expressed 

in 3T3-Ll pre-adipocytes, much do not show metabolic responses upon EGF stimulation. 

After EGF stimulation, receptor specific signaling was examined by measurement of 

insulin-specific responses (Le. IRS-112 phosphorylation, glucose uptake and glycogen 

synthesis). Results: we found that, upon EGF stimulation, the chimera EIR stimulates 

glycogen synthesis with a dose response relation comparable to the wt-IR. A chimeric 

,receptor with exchanged Y1l58 (EIR-YI158F) gives rise to a bell shaped curve of 

'glycogen synthesis. Glycogen synthesis collapses at hormone concentrations over 10" M. 

At low hormone concentrations (l0'1O M EGF) the glycogen synthesis is normal and 

comparable with wt-IR and EIR. The chimera EIR-YI158F shows an impaired 

phosphorylation of IRS-l and IRS-2. Conclusion: the results suggest that Yl158 in the 

regulatory loop of the insulin receptor is important for a correct phosphorylation of IRS 

proteins, and a nonnal induction of metabolic responses. 

PS46 
Thiazolidinediones 
671 
ARE TilE EFFECTS OF TIlIAZOLIDINEDIONES ON ISOLATED RAT 
MUSCLE INDEPENDENT Of' GENE TRANSCRIPTION? 
C.Ftimsinn, B.Brunmair, S.Neschen, F.Gras, M.Roden, W.Waldhausl 
Dept.Med.III, Div.Endocrinol.Metab., Univ.Vienna, Austria 
Aims: Thiazolidinediones (TZD) are believed to exert their antidiabetic effects via 
modulation of gene transcription and protein synthesis as induced by agonistic 
interaction with nuclear peroxisome proliferator-activated receptor-y (PPARy). The 
present study examines whether the same mechanism of action underlies TZD
induced inhibition of COZ production from pahnitate in isolated rat muscle. Materials 
and Methods: Freshly isolated rat soleus muscle strips from Sprague-Dawley rats 
were incubated in the presence of the TZD compounds troglitazone or rosiglitazone, 
or in the presence of the retinoid X receptor (RXR) agonist LG-100.268. C02 
production from palmitate was measured under insulin-stimulated conditions. 
Results: Exposure to 20 ~ troglitazone significantly inhibited C02 production from 
pahnitate within 90 min (nmol palmitate into C02/gih: control, IZ4±8 vs troglitazone 
56±4, p<O.OOOI). lbe conversion of palmitate to C02 was also inhibited by 24 h 
exposure to 5 ~M of each employed compound (nmol palmitate into COZ/gih: 
control, 95±5, vs troglitazone, 33±3, vs rosiglitazone, 74±7, vs LG-IOO.268, 6Z±5; p 
vs control <0.005 each), whereby the superior efficacy oftroglitazone vs rosiglitazone 
contrasts with the compounds' respective antidiabetic potentials as well as with their 
potentials to activate PPARy-dependent gene transcription (rosiglitazone> 
troglitazone). Conclusions: The efficacy of both, TZDs and LG-IOO.Z68, hints at 
inhibition of C02 release from pahnitate via PPARylRXR hybrid receptors. On the 
other hand, rapid occurence of the response and the relative superiority of troglitazone 
over rosiglitazone suggest that direct TZD action in vitro is independent of PPARy 
IRXR induced modulal1on of gene transcription rates. We conclude that the direct 
effects of TZD on muscle fuel metabolism in vitro are mediated via a previously 
unknown, transcription-independent pathway that is sensitive to PPARy agonists as 
well as to RXR agonists. 

672 
INIIIBfnON OF RAT SKELETAL MUSCLE FUEL OXIDA nON BY 
TIlIAZOLIDINEDIONES IN VITRO, 
B.Brunmair, S.Neschcn, F.Gras, M.Roden, W.Waldbiiusl, C.Fiimsinn 
Dept.Mcd.lII, Div.l,ndocrinol.Metab., Univ.Vienna, Austria 
Aims: 'Ibe study examines the direct effects of insulin sensitizing thiazolidinediones 
(TZD) on skeletal muscle, the quantitatively most important insulin target tissue. 
Materials and Methods: Freshly isolated rat soleus muscle strips from Sprague
Dawley rats were incubated for 24h in the presence of 5~ TZD, and parameters of 
basal or 100nM insulin stimulated fuel metabolism were measured. Results: As 
compared to controls, the TZD troglitazone markedly inhibited the rates of C02 
production from glucose and pahnitate (nmol glucose into C02/gih: basal, 1256±90 
vs. 6ZI±38, p<O.OOI; insulin stimulated, 1461±753 vs. 753±80, p<O.OOOI; nmol 
palmitate into C02/gfh: basal, 80±8 vs. Z4±2., p<O.OOOI; insulin stimulated, 75±5 vs. 
20±2, p<O.OOOI). Inhibition of oxidative substrate utilization was associated with 
reduced rates of glycogen synthesis presumably caused by enhanced glucose 
requirements for anaerobic glycolysis (~ol glucose into glycogen/gih: basal, 1.40± 
0.11 vs. 0.87±0.IO, p<O.OOOI; insulin stimulated, 2.00±0.26 vs. LOZ±0.13., p<O.OOI; 
I'mollactate releasedigfh: basal, lZ.6±0.7 vs. 39.3±4.4, p<O.OOOI; insulin stimulated, 
17.3±LO vs. 49.2±2.7, p<O.OOOI). The same effects were found in insulin resistant 
muscle from genetically obese Zucker (fa/fa) rats (insulin stimulated: nmol glucose 
into C02/gih, 541±103 vs. 182±19, p<0.02; nmol palmitate into COZ/gih: 15.7±LZ 
vs. 8.l±LO, p<0.002). Furthermore, inhibition of fuel oxidation was not specific for 
troglitazone, because it also occurred in response to other TZD compounds (control 
vs. BM13.1258 vs. BMI5.2054, insulin stimulated: nmol glucose into C02/gih: 1613 
±146 vs. 601±49 vs. 848±74; nmol palmitate into COZ/gih: 89±7 vs. 43±5 vs. 4Z±4; 
p<O.OOI each vs. control). Conclusions: TZD directly inhibit fuel oxidation in 
isolated rat skeletal muscle independent of insulin stimulation and of prevailing 
insulin resistance. The clinical relevance of such previously unknown direct TZD 
action on skeletal muscle awaits to become clarified. 



673 
ROSIGLITAZONE PLUS ~3-ADRENOCEPTOR AGONIST TREATMENT NORMALISES 

GLYCAEMIA IN DIABETIC C57BUKsJ db/db MICE 

H. Chapman, J.e. Clapham, J.e. Holder, G.B.T. Moore, V. Piercy, S.A. Smith, K.M. 
Tomlinson, and e.A. Lister, SmithKline Beecham, Harlow, Essex, U.K. 
Aims: To mvestigate the combined effects of the PPARy agonist rosiglitazone 
(RSG) and the ~3-adrenoceptor agonist BRL-35135 (BRL) on long-term glycaemic 
control in db/db mice. Materials and Methods: Female C57BI/KsJ diabetic db/db 
and nondiabetic dbl+ mice were grouped according to non-fasting blood glucose 
levels at 9 weeks of age. Treated animals received either a sub-maximaBy effective 
dose of RSG (30 umollkg diet) or BRL (10 umollkg diet) as monotherapy or both 
doses combined. Results: 

Non-fasting blood glucose concentration (mmolll) after 78 days 0 treatment 
(Group size Control db/db db/db db/db Control 
was 9 or 10) db/db +RSG +BRL +RSG&BRL db/+ 

mean 28.7 9.0 13.0 7,6 6.5 
95% con limits 24.3-33.8 7.7-10,7 11.0-15.3 6.4-9.0 5.5-7.8 

In db/db mICe, both RSG and BRL as monotherapy slgmficantly reduced blood 
glucose concentrations compared to the untreated diabetic controls (P<O.OOl). In 
combination the two agents produced an additional glucose-lowering effect such that 
the blood glucose was reduced to levels measured in lean untreated dbl+ control 
animals (P>0.2). Combination treatment also significantly reduced terminal non
fasting plasma triglyceride concentration by 34% (control db/db: 1.35 (I.16-I.S8) 
mmol/l vs. RSG&BRL db/db: 0.89 (0.76-1.04) mmol/I, P<O.OOI) and non-esterified 
fatty acid concentration by 48% (control db/db 1.64 (1.37-1.96) mmol/I vs. 
RSG&BRL db/db: 0.86 (0.72-1.03) mmol/l, P< 0.001) (geometric mean (9S% CL), 
n~8). Conclusions: Both RSG and BRL alone were effective at establishing long
term glycaemic control in the diabetic mouse, and in combination they achieved 
complete normalization of blood glucose concentrations and lowered plasma lipids. 
These findings suggest that the complementary actions of RSG and a ~3-

adrenoceptor agonist may provide novel benefits in the treatment of type 2 diabetes. 

675 
DARGLITAZONE-INDUCED BODY WEIGHT GAIN IN THE OBESE ZUCKER 
RAT: ROLES OF FOOD INTAKE AND MELANOCORTIN-4 SATIETY 
RECEPTOR. 
S. M. Jacinto, J. Harrold', B. Ljung, A. KjeUstedt, P. Thal6n, P. Widdowson*, G. 
Williams' and N. Oakes. Preclinical Research, Astra Hiissle, Sweden and 
*Department of Medicine, University of Liverpool, UK. 
ThiazOlidinediones, effective in the treatment of type 2 diabetes, have Significant body 
weight gain effects in insulin-resistant animal models. Aims: To determine 
involvement of changes in food intake versus energy expenditure in darglitazone
induced body weight gain in obese ZUcker rats. To elucidate the role of satiety 
signalling via the central melanocortin-4 receptor (MC4-R) in this effect. ~ 
and Methods' Male obese ZUcker rats, treated with darglitazone (1.3~mollkg.day). 
were either freely fed or food restricted (by pair feeding to freely fed obese controls). 
Food intake, body weight and body composition were monitored. After a 3 week 
treatment period, MC4-R levels in brain slices were assessed by quantitative 
autoradiography using 70pM [12sl]NDP-MSH. ~ At the end of 3 weeks, 
darglitazone treatment markedly lowered plasma insulin (by 86%, P<O.OS) and 
triglycerides (by 82%, P<O.OS) from pretreatment values. Comparable reductions 
were seen in the food-restricted treated animals. There were no differences in plasma 
leptin levels, between the three groups of these hypedeptinaemic animals. 
DargIitazone-treatment increased food intake by 31 % (P<O.OS) mainly by altering the 
diurnal feeding pattern and produced significant increase in body weight gain (by 
77%, P<O.OS) due to a selective increase in fat body mass. In food-restricted animals, 
there was no darglitazone-induced increase in weight gain or fat mass, demonstrating 
that altered metabolic efficiency does not significantly contribute to the weight gain 
effect. MC4-R levels in the hypothalamic arcuate and ventromedial nuclei were 
Significantly decreased in the freely-fed. darglitazone-treated group (by 20% in both 
areas as compared to controls, P<O.OS). The opposite changes were observed in the 
same brain regions of food-restricted darglitazone-treated group (20% and 37% 
increase respectively, P<O.OS). Conclusions: The marked body weight gain effect of 
darglitazone in obese Zucker rats can be totally accounted for by the increased food 
intake. In these rats with an impaired leptin signalling system. the observed large 
regionally selective changes in MC4 receptor levels were most likely mediated via 
leptin-independent mechanisms. 

674 
INSULIN-SENSITISING ACTION OF ROSIGLITAZONE IS 
ENHANCED BY FOOD RESTRICTION 
L. Pickavance, R. Buckingham· and J. Wilding, Department Of Medicine, 
University Of Liverpool, Liverpool, UK and 'SmithK1ine Beecham, Harlow, 
u.K. 
Aims: We investigated if food restriction would potentiate the insu1in
sensitising effect of high dose rosiglitazone (RSG) in dietary obese (DIO) rats 
and studied mechanisms of associated weight gain. Materials and Methods: 
Obesity was induced in male rats by feeding a palatable diet for 10 wks. 
(S7S±10 vs S36±7 g in chow-fed controls; p<0.01). RSG (30 mg/kg p.o. daily) 
or vehicle were given for 14 days. Half of the RSG-treated group were pair-fed 
to ad lib-fed DIO controls. Results: Food intake was increased by RSG in ad 
lib-fed DIO rats (S098±209 vs 6861±132 kJ; p<O.OOOI). RSG normalised 
insulin sensitivity in DIO rats (llOMA: chow controls, 3.9±0.3; DIO, 6.7±0.7; 
RSG-treated ad lib DIO, 4.2±0.5; both p<O.OI), and was further improVed by 
calorie restriction (2.9±0.4; p<O.OS vs RSG-treated ad lib DIO). Plasma free 
fatty acids (FFA) were higher in DIO control rats (1.3±O.2 vs 0.8±O.1 mmolll, 
p<O.OOI), lower after RSG (O.17±O.03mmolll, p<O.OI), but not further reduced 
by food restriction (0.23±O.04 mmol/l). Weight gain was greater in DIO rats 
than in controls (34±2 vs 24±2 g) and was stilI greater after RSG (74±7g, 
p<O.OOI), even when animals were calorie restricted (49±Sg, p<O.OOl). Adipose 
tissue leptin mRNA and plasma leptin were increased in DIO rats (7.8±O.S vs 
4.S±O.4 ng/nIl; p<O.OOOI), and fell with RSG administration (7.I±O.6 ng/nIl; 
p=0.05) and calorie restriction (5.8 ± O.Sng/nIl, p<O.OS). Hypothalamic 
neuropeptide Y (NPY) mRNA expression, however, was unchanged, even 
when combined with pair-feeding, suggesting that increased food intake with 
high dose RSG treatment is not mediated by NPY. Conclusion: Combination of 
food restriction with RSG improves insulin sensitivity more than RSG alone in 
DIO rats, and this effect is independent of a fall in FF As. 

676 
EFFECf OF DEHYDROEPIANDROSTERONE ON GLUCOSE MEfABOUSM 
IN UVERAND MUSCLE: COMPARISON WITHTROGUTAZONE 
K Aoki, T Saito, S Satoh, K Mukasa, M Kaneshiro, S Kawasaki, K Hoshino, 
A Okamura and H Sekihara 
The Third Department of Internal Medicine, Yokohama City University 

School of Medicine, 3-9 Fuku-ura, Kanazawa-ku, Yokohama, Japan 
Aims: It has been reported that dehydroepiandrosterone (DHEA) improved 
hyperglycemia in diabetic CS7BLlKsJ-db/db mice. Troglitaz?~e is a .. 
hypoglycemic agent that has been recently introduced IOto chmcal medicme 
to treat diabetic patients that are insulin resistant Aim is to elucidate the 
mechanism of the respective hypoglycemic effect of DHEA and troghtazone 
in db/db mice. 
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Materials and methods: We administered DHEA, troglitazone and 
androstenedione, respectively to db/db and db/+m mice. We measured 
photometrically hexokinase+glucokinase (HK+GK), phosphofructokinase 
(PFK), pyruvate kinase (PK), glucose-6-phosphatase (G6Pase), fructose-I,6-
bisphosphatase (FBPase), and phosphoenolpyruvate carboxykinase (PEPCK) 
in liver and muscle in db/db mice and db/+m mice. 
Results: Despite hyperinsulinemia, hepatic G6Pase and FBPase activities are 
higher in db/db mice than in db/ + m. Administration of DHEA and that of 

troglitazone significantly decreased blood glucose in db/db mice and hepatic 
G6Pase and FBPase activities both in db/db and db/+m mice. Hepatic G6Pase 
and FBPase activities showed a linear relationship with blood glucose in all 
the groups of mice. Androstenedione, a DHEA metabolite, barely affected 
either of these enzyme activities or blood glucose in db/db nnce 
Conclusions: These data suggest that the activities of G6Pase and FBPase are 
closely related to blood glucose levels and these actions of DHEA are 
presumed to be caused by DHEA itself. 



A 182 

677 
THE THIAZOLIDINEDIONE, PIOGLITAZONE, INCREASES 
IRS-2 GENE AND PROTEIN EXPRESSION IN 3T3-Ll CELLS. 

U. Smith, A. Johansson, E. Nilsson and T. OJausson. The Lundberg 
Laboratory for Diabetes Research, Sahlgrenska University Hospital, 
S-413 45 Goteborg. 

The PPAR agonist, pioglitazone, is a powerful insulin sensitizer in 
various animal models of insulin resistance and diabetes. However, 
the mechanisms for the insulin sensitizing effects of these agents are 
unclear. 
Aims: To examine the effects ofpioglitazone on upstream proteins 
related to insulin signaling and action. 
Methods: Differentiated 3T3-Ll cells were exposed to pioglitazone 
(10" and 10" M) in the absence or presence of insulin for 24 and 48 
hrs. Gene and protein expression of several intracellular signaling 
molecules were examined. 
Results: The most striking effect ofpioglitazone was seen on IRS-2 
mRNA and protein expression which were increased 3-4-fold. This 
finding was seen both in the absence and presence of insulin in the 
culture medium. However, the gene and protein expression of several 
other signaling proteins, including IRS-I, were unchanged. The 
increased IRS-2 expression was also accompanied by an increased 
binding of PI3-kinase (p85 subunit) to this docking protein. 
Conclusions: Pioglitazone increases the gene and protein expression 
oflRS-2 in 3T3-Ll cells. This may be an important reason for the 
msuhn sensitizing effect of this thiazolidinedione. 

PS47 
Insulin Sensitivity in Man 
679 
THE AS.SOCIA TION OF HIGH FASTING IMMUNOREACTIVE INSULIN 
LEVELS AND CARDIOVASCULAR RISK FACTORS: A POPULATION STUDY. 
J Martinez, F Rodriguez', V Sanchez, C Santana, I Garcia, P Murado and P de Pablos: 
Endocrinology and "Preventive Med. Depts; Hosp. N. S. del Pino, Las Palmas, Spain. 

Aims: To establish the distribution offasting inununoreactive insulin (IRI) levels in 
our population and its association with cardiovascular risk factors, and also with the 
"impaired fasting glucose" (ADA 1997) and "impaired glucose tolerance" categories. 
Methods: In a representative cOUllcil of our area, 683 subjects over 30 years old were 
chosen in a random stratified sampling of the population. They had an standard OGTI 
performed in the fasting state (excluding those who had been previously diagnosed as 
having diabetes mellitus or had fasting glucose> 7.8 rnMJL). Height, weight, waist 
and hip perimeters and blood pressure were measured; fasting lipid profile 
(triglycerides, total and HDL cbolesterol) and fasJing IRI were determined. 
Results: TIle fasting IRI in our population was 47.1 ± 38.3 pmollL (mean + s.d.) The 
range was 1.4 - 429.2 and the median 37.9. TIle distribution did not fit the normal 
(p<0.001; Kolmogorov-Smimofftest). Being in the highest IRI quartile (over 57.2 
pmollL) was significantly associated with the presence of hypertension (30.9% of the 
bypertensive subjects, p=0.017; cbi-square), specifically with diastolic hypertension 
(46.7%; p<O.OOI); with bipertriglyceridelnia (43.3%, p<O.OOl) but not with 
hypercbolesterolemia (25.7%; p=0.53); witll obesity (31.6%; p=0.015) and with 
central obesity (44.4%; p<O.OOI), but not witll male sex (23.4%; p=0.138) nor age. 
TIle IFG category was also associated with the bighest fasting IRI quartile (39.3%; 
p=0.009), but not the IGTcategory (26.5%; p=O.102) 
Conclusions: We conclude tlmt hyperinsulinemia is associated in our population with 
hypertension (specially with diastolic hypertension), with dislipidemia (speCially with 
hypertriglyceridemia) and with obesity (specially Witll central obesity). Impaired 
fasting glucose, but not impaired glucose tolerance is also associated with 
hyperinsulinemia. A causative effect of insulin resistance on this risk factor clustering 
is suspected but remaius unproven. 

678 
IDENTIFICATION OF NATURAL LIGANDS FOR THE a AND y ISOFORMS 

OF HUMAN PEROXISOME PROLIFERA TORS-ACTIVATED RECEPTOR 

K. Murakami, T. Ide, T. Nakazawa, M. Suzuki, T. Okazaki, T. Mochizuki, and T. 

Kadowaki*, Kyorin Pharmaceutical Co., Ltd., Tochigi, and *University of Tokyo, 

Tokyo, Japan. 

Peroxisome proliferators-activated receptors (PPARs) a and yare orphan receptors, 
which regulate the expression of genes involved in lipid metabolism. Several fatty 

acids and their metabolites were identified as natural ligands for human PPARy. 

However, to date there was no direct evidence for ligand binding activity to human 

PPARa. We recently developed a novel thiazolidinedione (KRP-297), a ligand for 

both hPPARa (Kd, 228 nM) and hPPARy (Kd, 326 nM). In the present study, we 

examined the ability of fatty acids and their metabolites to bind directly to hPPARa 

and hPPARy using radiolabeled r'H1KRP.297 in a competitive binding assay. 

Results: 1) The binding of 100 nM ['HjKRP-297 to hPPARa was displaced by 

unlabeled KRP-297 (IC,o, 0.5 ~) and the fibrate Wy-14643 (IC,o, 5.4 ~). The 

['HjKRP-297 binding was displaced by palmitic acid (CI6:0), stearic acid (CI8:0), 

oleic acid (CI8:1), and linoleic acid (CI8:2) with IC,o values of 4.3~, 1.7 J.lM, 

0.9 ~, and 2.4 ~, respectively. Thus, in contrast to the findings in rodents, the 

saturated and unsaturated fatty acids were even more potent ligands of hPP ARa 

than Wy-14643. The binding affinity of 8(S)-hydroxyeicosatetraenoic acid (HETE) 

for hPPARa (ICso, 0.1 ~) was higher than that of its enantiomer, 8(R)-HETE 

(ICso, 1.3 J.lM). 2) The binding of 100 nM r'HjKRP-297 to hPPARy was displaced 

(>50%) by the unsaturated fatty acids (CI8:1, CI8:3, and C22:6) of IO~. The 

saturated fatty acids (CI2-CI8) and the unsaturated fatty acids (CI8:2 and C20:4) 

were weaker ligands of hPPARy. 3) Moreover, we identified that a novel class of 

fatty acid metabolites was potent ligands of hPPARa and hPPARy. Conclusion: 

Using a versatile tool for identification of ligands for hPPARa and hPPARy, we 

demonstrated that naturally occurring fatty acids and their metabolites are ligands of 

these receptors and may function as critical regulators of lipid homeostasis. 

680 
Effeds of Hormone Replacement Therapy on Insulin Resistance in 
Postmenopausal Women 
O. ALaI, A Yonem, B. <;:aktr, Z. Polat, M. Kutlll, A <;:orak91. i. <;:. o-L.demir. 
Giilhane School of Medicine, Ankara-1'ORKIYE. 
Aims: In the present study our aim was to investigate the effect of hortnone 
replacement therapy (HRT) on insulin resistance in postmenopausal women. 
Materials and Methods: At the start, 39 postmenopausal women were enrolled 
in the study. The patients were not included if they had diabetes mellitus, 
impaired glucose tolerance, obesity (body mass index >30 kg/m'), systemic 
diseases, or history of previous hormone replacement therapy. Fifteen patients out 
of 39 were found to have insulin resistance and placed on hormone replacement 
therapy. consisting of conjugated eqnine oestrogen (0.625 mg/day) and 
medrm'1'Progesterone acetate (10 mg/day), for 3 months. Euglycaemic 
hyperinsulinemic clamp technique was used to deterutine insulin resistance before 
and after HRT. In this tecnique, mean M value was used as a main objective. 
Results: The mean age was 50.6±6.4 (ranged between 37-59) years. The mean 
pretreatment levels of M value, insulin, C-peptide, total cholesterol (TC), 
triglyceride (TG), high density-lipoprotein cholesterol (HDL-C) and light density
lipoprotein cholesterol (LDL-C) were found as 3.3±O.6 mg/kg/min, 39±1O.1 
J.lIU/d!, 3.0±1.l ng/mI, 230±43 mg/d!, 152±65 mg/d!, 41.8±6.1 mg/d! and 
188±6.4 mg/d!, respectively, while the same values after 3 months' hormone 
replacement therapy were as follows; 4,54±0.9 mg/kg/min, 26,6±1O.1 J.lIU/d!. 
3,57±0.6 ng/ml, 209±27 mg/d!, 132±37.9 mg/d!, 48.4±3.9 mg/di and 161±8.2 
mg/d!, respectively. With the homlOne replacement therapy, meaningful 
improvements occurred in the levels of insulin, LDL--C, HDL--C and the M values. 
However, there were no statistically significant changes in the levels of TG, C
peptide and basal glycaemia. The M value, which was the main objective of our 
study, was increased 28% by HRT (p<O.OOI). Also, there were 2.9% decrease in 
LDL-C (p<0.044), 9.1% in TC (p<0.016), 33% in semm insulin level (p<O.022J 
and 17% increase in HOL-C (p<0.009) levels while there were no statistically 
significant changes in the levels of C-peptide and TG (p>0.05). 
eonclusions: Our study shows that hormone replacement therapy has useful 
effects on insulin resistance. This therapy may also improve cardiovascular risk 
factors in addition to a number of other useful effects. 



681 
INSULIN SECRETION AND RESISTANCE IN NORMAL GLUCOSE 
TOLERANT OFFSPRING OF TYPE 2 DIABETIC PATIENTS 
M, Bayraktar, A, Giirlek, Z, Koray 
Hacettepe University, School of Medicine, Department of Endocrinology 
Ankara, Turkey 

AIMS: Type 2 diabetes mellitus is characterized by decreased insulin secretion 
and decreased tissue sensitivity to insulin. However, it has been unclear which of 
these abnormalities precedes the other in the different ethnic groups, We studied 
to identify early metabolic abnormalities in the pathogenesis of diabetes in normal 
glucose tolerant offspring (n=151) of diabetic patients and control subjects (n=89) 
with negative family history-matched for age, sex and body mass index, 
MATERiALS AND METHODS: All the subjects underwent a 75 g oral glucose 
tolerance test. Insulin resistance was determined by homoestasis model assessment 
(HOMA) and fasting insulin levels, The abnormalities in insulin secretion were 
defined by the ratio of the 30-min change in insulin to the 30-min change in 
glucose (Ll.I,.!Ll.G,o)' RESULTS: No significant difference were found in fasting 
and post-challenge glucose levels (120 min) in both groups, Basal serum insulin 
level and HOMA index in offspring of diabetic patients with normal glucose 
tolerance tended to be slightly higher than in matched controls (116,6+6,8 vs 
88,7:,:8,2 pmoVL, P=O,08; 4,7:,:0,9 vs 3.5:,:0,4 mmoLmlfl,r', P=0,06 respectively), 

Ll.I,.!Ll.G,o in offspring of diabetic patients was significantly lower than in controls 
(137.5:,:11.6 vs, 176,3:,:48,4 pmoLmmor" P=O,030), However, HOMA insulin 
resistance index and fasting serum insulin were correlated with insulin secretion 
(r=0.4904 P=O,OOO and r=0,6730 P=O,OOO, respectively), CONCLUSIONS: These 
data suggest the early decreased insulin secretion in response to an oral glucose 
challenge rather than insulin resistance may be the important factor in the future 
development of diabetes in Turkish population at high risk of diabetes, 
This study was supported by TlJBiTAK-SBAG, 

683 
ACQUIRED GENERALIZED LIPOATROPHY (AGL) AND SEVERE 
INSULIN RESISTANCE (IR): EVIDENCE FOR MUSCULAR 
GLYCEROL RELEASE (MGR) AND INSULIN-INDUCED 
SUPPRESSION OF LIPOLYSIS (ISL) 
KBrechtel, S,Jacob, KLiiblein, B,Hauer,P,Grauer,S,Arzner,M,Nielsen, H.
P"MeiBner, M,Stumvoll, KRell, C,D,Claussen, H,-U,Haring and S,Matthaei; 
Tubingen, Germany, 

Aims: Increased muscular lipid content has been shown to be associated with 
insulin resistance, In situ microdialysis (MO) revealed that muscular lipolysis 
is under hormonal control, i.e, suppression of glycerol release by insulin (I), 
However, currently it is not known, whether this glycerol originstes from 
intra- (IMCL) or extramyocellular lipids (EMCL), To determine the source of 
glycerol assessed by muscular MO, we investigated a patient with AGL, 
which is a rare disorder of unknown etiology associated with almost 
complete absence of subcutaneous adipose tissue and severe IR. 
Methods and results:The male patient, age 30, BMI 16,lkg/mz, fasting 
insulin (I) 47 mU/mi, required 160 Ulday of exogenous I (I-Lispro and 
Semilente) in addition to 1.700 mg metforminlday, We determined (i) the 
EMCL and !MCL-pool by magnetic resonance spectroscopy (MRS), (ii) the 
MGR by MO in tibialis ant.muscle (TAM) and gastrocnemius muscle (GM) 
during fasting and a three step euglycemic hyperinsulinemic glucose clamp 
(Ge) (GC-I=O,I, 11=0,25 and III=l.OmUlml*kg*min) to quantify ISL. MRS
studies revealed a total lack of EMCL in all muscles investigated and a 
reduced pool of IMCL in all muscles investigated when compared to 
controls, Microdialysis revealed basal release of glycerol (0,23mg/dL) which 
remained unchanged during GC-I, but was suppressed by Ge-II and GC-III 
(0,13/0,lmg/dl), Insulin sensitivity as measured by MCR was only 1,35 and 
2,6ml/kg*min (at GC-II and GC-III), indicating severe insulin resistance, 
Conclusion: In a patient with AGL, muscular glycerol release can be 
followed despite a complete lack of EMCL, as shown by the MRS, These 
data strongly suggest, that the glycerol measured in muscular MD most likely 
originstes from !MCL. 

A 183 

682 
INSULIN SENSITIVITY AND INSULIN SECRETION IN PATIENTS WITH 
MITOCHONDRIAL GENE MUTATION AT POSITION 3243 
R Becker, M,S, Damian, T, Linn and H. Laube. Justus-Liebig-University of 
Giessen, Germany 
Aims: The mitochondrial DNA mutation at position 3243 (3243-mutation) is not 
only associated with MELAS (Mitochondrial Encephalomyopatby, Lactic Acidosis 
and Strokes) but also with diabetes mellitus, The aim of the present investigation 
was to study insulin sensitivity (SI), insulin secretion (AIRolu=,) and glucose 
effectiveness (Sg) in patients with the 3243-mutation, Patients and Methods: 6 
patients (1 female, 5 male) of a large pedigree and 3 siblings (2 female, 1 male) of 
another family in whom the 3243-mutation had been detected (age 33 years [19-44], 
BMI 23.3 kg/m' [15,9-33,1]) and 9 matched non-related control subjects underwent 
a modified intravenous glucose tolerance test (Bergman's minimal model: 0,33g1kg 
glucose, tolbutamide protocol), Results: All patients showed normal glucose 
tolerance, There was no difference between patients and controls for insnlin 
sensitivity (SI: 9,33 ± 2,96 vs 8.39 ± 1.74 *10-4 min-l/mUIl), glucose effectiveness 
(Sg: 2,7 ± 0,7 vs 1.9 ± 0.3 * 10-2 min-I) or first-phase insulin response (AIRol=~.: 
322,3 ± 140,1 vs 245,1 ± 60,9 *10-12 molJl; mean ± SEM), However, when looking 
at the individna1 results, there were 4 closely related members of the large pedigree 
with very poor insulin sensitivity (SI < 3,45*10-4 min-l/mUIl), The other 2 patients 
of this pedigree were more disJantly related and extremely insulin sensitive (SI > 
16.50*10-4 min-l/mUIl), The siblings of the other family showed normal or even 
very good insulin sensitivity, In one patient of the large pedigree islet cell antibodies 
(ICA) and glutamic acid decarboxylase antibodies (GADA) were detected, 
Conclusions: Insulin resisJance solely does not cause impaired glucose tolerance in 
patients with the 3243 mutation, The differences in insulin sensitivity in members of 
a large pedigree may lead to the conclusion that in the pathogenesis of 
mitochondrial diabetes further genes are involved, In the presence of ICA and 
GADA, an underlying autoimmune process has to be considered, 

684 
MICROVASCULAR ANGINA (CARDIOLOGICAL SYNDROME X) IS NOT 

ASSOCIATED WITII HYPERINSULINEMIA OR INSULIN,RESISTANCE 

S, Giunti , G, Pacini, M, Comune , M, Cas sader, MR_ Conte, C. 
Sacchi and P Cavallo-Perin, Department ofInternal Medicine, 
University of Turin, Italy, 

Aims: Microvascular angina has been found to be associated with 
insulin resistance, However, many factors known to affect insulin 
sensitivity were not excluded in patient selection, We aimed to 
evaluate wheather microvascular angina is per se associated to 
insulin resistance. Materials and Methods: We performed a 
Frequently Sampled Intravenous Glucose Tolerance Test (0.33 g/kg 
b. w,) in 10 nonnal weight and nonnotensive patients with 
microvascular angina, with normal glucose tolerance and normal 
plasma lipids, Ten healthy subjects, comparable for age, sex, body 
mass index, blood pressure and plasma lipids, were used as control 
group, Results: Fasting serum glucose (4.49±0,2 SEM vs 
4,52±0,13 mmolll, p=0,9), insulin (39.46±3,68 SEM vs 47,12±4,6 
pmolll, p=0,21) and C-peptide (0,56±0,05 SEM vs 0,53±0,05 
nmol/I, p=0,68) values, as well as estimated parameters of insulin 
secretion (area under the curve ofC-peptide: 211.84±26.48 SEM vs 
194,25±19,99 nmoll1l240 min, p=0,6) and hepatic insulin 
extraction (76,2±4.l SEM vs 73,92±5,87 %, p=0.75) were similar 
in the two groups, Insulin sensitivity was also similar in the patients 
and control subjects (7,02±1.28 SEM vs 8.17±1.28 , 10-4 min-
1/(~U/ml), p=0,53), Conclusions: Microvascular angina per se is 
not associated with hyperinsulinemia or insulin resistance when 
other confounding factors are excluded in patient selection, 
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685 
GLUCOSE AND LIPID METABOLISM IN IDIOPATHIC NONALCOHOLIC 

STEATOHEPATITIS. 
G. Musso F. Mecca N. Depetris M. Cassader R. Gambino G. Pagano 
P.Cavalio Perin and G. Pacini'. Department of Internal Medicine, University 
of Turin, "San Giovanni Battista" Hospital, Turin, Italy. 1) CNR, University of 
Padua, Padua, Italy. 

Aim: Idiopathic Nonalcoholic Steatohepatitis (NASH) is a hitherto poorly 
understood liver disease, histologically mimicking alcoholic steatohepatitis, 
that may progress to cirrhosis in a variable percentage of cases (8-40 %). 
We wanted to investigate the association of NASH with abnormalities of 
daily alimentary intake, of postprandial lipid metabolism and of glucose 
metabolism. Materials and Methods: Eleven histologically confirmed 
cases of NASH (age 41±12, BMI 26±2) and ten matched controls 
underwent a complete diethological study of alimentary habits, an oral 
glucose tolerance test (oGTT), a frequently sampled intravenous glucose 
tolerance test (whose data were analyzed with the MINIMAL MODEL 
method) and a 10-hour standard oral fat tolerance test with measurement 
of plasma total triglyceride (TG), of VLDL-TG and of TG content in VLDL 
subfractions. Results: Diethological analysis revealed a hyperchaloric 
intake of the patients (+360 Kcalldie over the ideal), with differences 
affecting especially "simple" carbohydrates and saturated fatty acids. 
Cases showed significantly reduced insulin-sensitivity (insulin sensitivity 
index, SI: 3.66±2.86 vs 8.52±3.B1 min·'/(JlU/ml), P<0.05) and elevated 
insulinemia (total insulin area; TIA: 8.32±5.43 vs 3.35±1.28 mU/mIl240', 
P<0.05); three of them were also glucose intolerant on the oGTT. On oral 
fat tolerance test cases showed an increase in absolute TG content in 
VLDL subfraction A at +4h (0.44±O.32 mgToi vs 0.09±O.06 mgToI, P=0.03) 
and in percentual TG content in VLDL subtraction D at +Oh (57±7% vs 
49±5.7%, P=0.05) and +2h (40±6% vs 28±3%, P=0.02). Conclusions: We 
conclude that NASH is associated with a reduced insulin-sensitivity and an 
abnormal distribution of TG among endogenous triglyceride-rich 
lipoproteins, whose underlying mechanism and implication are still to be 
eluCidated. 

687 
INCREASED INTERSTITIAL LACTATE CONCENTRATION IN PERIPHERAL 
ADIPOSE TISSUE IN OFFSPRING OF TYPE 2 DIABETES PATIENTS 
M. Sandqvist and P-A. Jansson, The Lundberg Laboratory for Diabetes Research, 
Sahlgrenska University Hospital, G5teborg, Sweden 

Aims: To study the interstitial lactate concentration in peripheral adipose tissue in 
healthy first-degree relatives of type 2 diabetes patients. 
Materials and methods: Seven diabetes relatives (Rei) and 7 pair-wise matched 
controls (Con) were studied after an overnight fast (Gender: 4M/3F vs 4 M/3F, Age 
35 ± I vs 34 ± I yrs (Mean ± SE), BMI: 23,5 ± 0.7 vs 23,1 ± 0.5 kg/m'). All subjects 
underwent a euglycemic hyperinsulinemic clamp, abdominal subcutaneous 
microdialysis, l33Xenon clearance and subcutaneous needle biopsies. 
Results: In the fasting state, there was no difference in arterial plasma lactate (Rei: 
0.78 ± 0.09 vs Con: 0.58 ± 0.01 mmolll, n.s.) but the interstitial lactate concentration 
was increased in diabetes relatives (ReI: 1.36 ± 0.23 vs Con: 0.96 ± 0.08 mmolll, p < 
0.05). Moreover, adipose tissue blood flow was slightly lower in the relatives (Rei: 
2.9 ± 0.4 vs 4.0 ± 0.6 ml/lOO g/min, n.s). During the insulin clamp (B-glucose: 5.1 ± 
0.0 vs 5.1 ± 0.1 mmol/l, n.s., S-insulin 102 ± 6 vs 85 ± 4 mUll, p < 0.05) the 
relatives tended to have an impaired glucose disposal (Insulin sensitivity index: 
12.61 ± 1.74 vs 16.23 ± 0.88 100 x mg x l/kg lean body mass/min/mU, p ~ 0.063). 
Interestingly, they also had larger subcutaneous fat cells (98 ± 3 vs 82 ± 3 flm, p < 
0.02) and, in addition, the fasting interstitial lactate concentration correlated with the 
fat cell size (p < 0.05, r' ~ 0.547). 
Conclusions: Our data suggest that first degree relatives of type 2 diabetes patients 
have an increased interstitial abdominal subcutaneous lactate concentration 
indicative of an enhanced non~oxidative glucose metabolism. 

686 
RELATIONSHIP BEIWEllN INSULIN RFSISTANCE AND PRO
GRESSION OF NEPHROPATHY IN NIDDM SUBJECTS 
M. Kitazawa, S. Kawakami, K. Maejirna, S. Nakano, T. Kigoshi, and 
K. Uchida. Div. of Endocrinology, Dpt. of Int. Med., KanazaVl'<l Medical 
University, Ishikawa, Japan 
Aims: To assess the relationship between insulin resistance and 
progression of nephropathy in NIDDM subjects, we measured a glucose 
infusion rate (GIR), and evaluated baseline clinical characteristics and 
microvascular complications. 
Subjects and Methods: NIDDM subjects were divided into four groups: 
no complications, Group 1 (n=14); nonnoalbuminuria with neuropathy, 
Group 2 (n=21); micro albuminuria, Group 3 (n=12); macroalbuminuria, 
Group 4 (n=7). CV R-R and 24-hr urinary C-peptide excretions were 
measured in all subjects. GIR indices for insulin resistance were 
calculated from euglycemic clamp studies. Comparison of mean values 
were perfonned by Kruskal-WaIlis's rank test among four groups. 
Relationships between degree of nephropathy and other variates were 
evaluated by multiple regression analysis. The nonnal range for GIR was 
defined as within 2SD of mean value from control subjects. Diabetic 
su1:>jects were divided into two groups for discriminating reduced GIR; 
subjects with nonnal and decreased GIRs, relationship between GIR and 
clinical characteristics were examined by logistic regression analysis. 
Results: There was no difference in age, BMI, or HbAlc among four 
groups. Durations of diabetes were longer, mean blood pressure (MBP) 
levels were higher, and GIR levels were lower in Group 4 than in Group 
1. Multiple regression analysis revealed that the progression of 
nephropathy was strongly related to duration of diabetes, urinary C
peptide excretion, and MBP. Furthennore, based on logistic regression 
analysis, duration of diabetes, HbAlc, HDL-cholesterol, FFA, and albumin 
excretion rate (AER) were useful for discriminating a reduced GIR. 
Conclusions: Our data suggest that urinary AER and duration of 
diabetes as well as glycemic control, HDL-cholesterol, and FFA were 
asscociated with the degree of insulin resistance, and that advanced 
diabetic nephropathy was one of factors to reduce GIR 

688 
SURGICAL THERAPY IMPROVES INSULIN ACTION IN PRIMARY 
HYPERALDOSTERONISM 
G.Sindclka. J.WidimskY. TRiaS. M.Pr:imi'. J.Hilgcrtova and J.Skrha. Dept of 
Internal Medicine 3. Faculty of Medicine I. Charles University. Pmgue, Czech 
Republic 
Aims: PrinuU)1 hyperaldosteronism \V3S found to be associated with impaired insulin 
action. We decided to evaluate Ule effect of surgical and pharmacological treatment of 
primary hyperaldosteronism (PH) on insulin action. Patients and method.: Nine 
patients with PH confirmed by the prcsence of arterial hypertension, low serum 
potassium concentration. high plasma aldosterone and low renin levels as well as by 
the findings on CT scans were evaluated in this study. All had norlllal glucose 
tolerancc. Aldosterone produciIlg adenoma was Intcr removed in five patients (Group 
A) whereas spirolactone was used in the remaining four with idiopathic 
hyperaldosteronism (Group B). Two control groups of corresponding body mass index 
(C, IF5. and C, . IF4) ) were used for comparison. Hyperinsulinemic euglycemic 
clamps uSlIIg insulin mfusion rate I mU/kglmin \\cre performed before aud G months 
after surgical rellloval of an adenoma or alter spirolactone treatment. Additionaly. 
insulin rcceptor chamcteristics werc c\·aluatcd in all paticnts. Results: Biochemical 

bl f I I I Table I~-'---'--_---;=-:::-;;-----'-----r;--, 
C, Grou~~ C, 

yana es rom t lC C mnps arc s 10\\Il III 

I Vanablc Gro~A _. 
Before After Before After -

M (1111101/kg/ I Y.4±3.1' WHIO.5 37.5±30 21.7±5.9 18.5±5.7 27.9±8.2 
min) 

Mil (Ilmol! 30.2±5.9' 51.4±12.2 
kg/miu/mUlI 
MCRe 3.9±O.7' H±2.1 
(mllkg/min) 

"-:---Stal1stlcal dIfferences as compared to cOllllOls: 'p<O.O 1. Yp<O.OO I 
Significantly decreased glucose disposal rate (M), insulin sensitivity index (Mil) ,md 
IIIctabolic cleamHce rate of glucose (MCR,) wcre found in patients with PH as 
compared to controls. The improvemcnt of the abovc nniablcs \vaS observed only 
after surgical rcmoval of an adenoma whereas no effect on insulin action was found 
after spiro lactone treatment. 111e insulin receptor characteristics were not significantly 
mfluenced. Conclusion: The insulin resistance is present in patients with PH bnt it 
may be significantly improved only in ')urgically treated patients 
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A METHOD FOR ASSESSING INSULIN SENSITIVITY FROM THE OGTT 

A. Mari, U. Nolan and G. Pacini, LADSEB-CNR. Padua, Italy and Department of 
Endocrinology, St. James's Hospital, Trinity Col/ege, Dublin, Ireland 

Introduction and Aim. The OGTT is used for diagnosis in diabetes, but does not 
yield an index of insulin sensitivity (IS). We have developed a formula to detennine 
IS from the OGTT, based on a glucose-insulin model. Methods. Glucose and insulin 
from a standard 75g OGTT at 0, 2, and 3 hrs are used to predict glucose clearance 
measured independently during a 120 mUminlm" euglycemic clamp. The fonnula 
has 6 constants, optimized by fitting OGTT-predicted glucose clearance (OGC) to 
clamp clearance (GC), calculated as the ratio of glucose infusion to concentration 
during the last hour. 91 subjects (Controls (NGT): n=15, BMI<25; Obese: n=38, 
BMI>25; NlDDM: n=38) randomly underwent the OGTT and the clamp. Results. 
OGC and GC were well correlated in the whole group (R=0.78, p<O.OOOI) and in the 
subgroups (R=0.49 to 0.73, p<0.02 or less). OGC and GC equivalently detected IS 
differences between groups (for OGC, NGT vs Obese: 440±16 vs 362±11 ml minIm", 
p<O.OOI; NGT vs NlDDM: 440±16 vs 239±7, p<O.OOOI; Obese vs NlDDM: 362±11 
vs 239±7, p<O.OOO I, similar results for GC). As expected, in nondiabetic subjects GC 
was inversely correlated with BMI and fasting plasma insulin (FPI) (R=-0.65 to 

-0.67, p<O.OOOI, after bi-Iog transfonnation). Equivalent results were found for OGC 
(R=-0.64 to -0.69, p<O.OOO I). To validate the method, OGC was tested on a separate 
group of 13 intolerant subjects (lGT), who underwent paired OGTT and clamp. OGC 
correlated significantly with GC also in this group (R=0.65, p<0.02). In IGT too, 
OGC correlated inversely with BMI and FPI (R=-0.78 to -0.90, p<0.002 or less). 
The relationship between IS and insulin secretion was also examined. A J3-cell 
sensitivity index (~SI) was calculated as the ratio of insulin to glucose increments 
during the OGTT. The expected inverse correlation between OGC and ~SI was found 
in NGT, Obese, and IGT subjects (R=-0.66 to -0.84, p<O.OOI or less, bi-Iog). 
Conclusion. This OGTT-based method requiring only 3 blood samples provides an 
index of IS in good agreement with the clamp and reproduces known facts concerning 
IS. The method has therefore potential use in clinical investigation. 

691 
COMPARISON OF DIFFERENT METHODS IN ASSESSMENT OF INSULIN 
RESISTANCE IN WOMEN WITH POLYCYSTIC OVARIAN SYNDROME 
K. Kar~ldag, B. Hacihanefioglu, A.O. GUrol, S. Salman, F.Salman, i.Satman, 
N.Dinvvag, S.Gedik and M.T.Ytlmaz. Medical Faculty of Istanbul 
University, Division of Diabetes, Istanbul-TURKEY 
Aims: Hyperinsulinemia and peripheral insulin resistance (PIR) are 
recognised characteristics of polycystic ovarian syndrome (PCOS). In this 
study we compared the sensitivity of single-sample basal insulin, mean of 
three consecutive samples of basal insulin, HOMA and CIGMA in patients 
with PCOS (n: 25, age: 29A ± 1.6 yrs) and healthy control subjects (n: ll, 
age: 25.8 ± 2 yrs). Materials and Methods: The diagnosis of PC OS made by 
specific findings on ultrasonography, hirsutism, oligo- or amenorrhea and 
increased androgen levels. None of the patients had diabetes and impaired 
glucose tolerance as defined by a standart OGTT. Basal insulin levels 
assessed by mean of three consecutive samples take in at least 10 minutes 
recumbeat with 5 minute intervals after an overnight fast. Corresponding three 
samples for blood glucose were obtained for HOMA test and then a CIGMA 
test was performed. Results: Both single-sample basal insulin and mean of 
three samples for basal insulin as well as R values for HOMA and CIGMA 
were significantly higher in PCOS group than in controls (single sample basal 
insulin: 12.1 ± 6.8 vs 5.1 ± 2.9 mU/rrtl, p<O.OOI; mean of three samples basal 
insulin: 12.8 ± 6.9 vs 5.1 ± 1.8 mUlml, p<O.OOO; HOMA-R: 2.4 ± 1.3 vs 
0.8±OJ mU/ml, p<O.OOO, CIGMA-R: 2.3±1.6 vs 0.6±0.2 mU/ml, p<O.OOO). 
Single sample basal insulin was found to be highly correlated to other three 
methods. (Mean of three samples: r=0.93, p<O.OOO; HOMA: r=0.90, p<O.OOO; 
CIGMA: r=OAl, p<O.OI). Conclusions: The results suggested that the 
validity of single sample basal insulin is comparable to relatively more 
complex and invasive technics. We conclude that single sample basal insulin 
is a reliable method to estimate PIR in PCOS. Since it is simple, straight 
forward and cheap, it can be used in large scale studies. 

690 
CORRELATION OF FASTING INSULIN AND HOMA MODEL WITH 
INSULIN SENSITMTY INDEX - THE KANWU STUDY 
M.U. Uusitupa for the KANWU study group. Dept. Clinical Nutrition, 
University of Kuopio, Finland; Dept. Endocrinology and Metabolism, Aarhus 
Amtsygehus, Demnark; Dept. Clinical and Experimental Medicine, Fredrico II 
University, Naples, Italy; Dept Biomedical Sciences, University of 
Wollongong, Australia; Dept. Public Health and Caring Sciences/Geriatrics, 
University of Uppsala, Sweden 

Aims: Different methods have been developed to evaluate insulin sensitivity in 
popUlation studies. We examined the correlations of insulin sensitivity index 
with fasting insulin and HOMA index. Materials: The KANWU study is an 
international multicentre study established to examine the effect of dietaiy fat 
quality on insulin sensitivity in middle-aged non-diabetic subjects (n= 162, 86 
men, 76 women, age 48.4±7.6 years for men and 48.8±8.0 for women, mean 
±SD). Methods: All the measurements we carried out in an overnight fasted 
condition before any dietary intervention. Insulin sensitivity index (Si) was 
based on the frequently sampled intravenous glucose tolerance test, fasting 
insulin (FI) was obtained in the beginning of a 2-h glucose tolerance test 
(performed to exclude diabetic subjects) and HOMA index was calculated. 
Results: The correlation between Si and FI (r=-0.52, p=O.OOI) was similar to 
that between Si and HOMA (r=-O.55, p=O.OOI). Both of these correlations were 
slightly stronger in men than in women (r=-0.63 and r=-0.64 and r=-OA9 and 
r=-0.52, for men and women, respectively). The degree of obesity had no 
significant impact on these correlations. Si declined along with an elevation of 
FI as analysed by insulin tertiles; 6.41±3J3, 3.98±1.74, 2.94±1.87 (xIO" min·1 

(pmolJl), n= 156, p=O.OO I for trend. Conclusions: FI can be used as a surrngate 
index for the evaluation of insttlin sensitivity. HOMA does not seem to offer 
any additional benefit beyond FI in a non-diabetic population. 

692 
ASSESSMENT OF INSULIN-SENSITIVITY AND BETA-CELL FUNCTION 
FROM AN ORAL GLUCOSE TOLERANCE TEST. 
T. Drivsholml, T. Hansen', S.A. Urhammer', R.T. Palacios', A. V0lund', K. Borch
Jolmsen' and OlufB. Pedersen': ICenlre of Preventive Medicine, 'Steno Diabetes 
Centre, 'Novo Nordisk, Denmark. 
Aims: Can measurements of glucose and insulin during an OGTT predict insulin 
sensitivity and ~-cell fimction in individuals with normal glucose tolerance (NGT). 
Material and Methods: NGT offspring (n=219) and NGT living spouses (n=29) 
(55.8 % females; mean age 41.2, SD=11.2 years; mean BMI 25.9, SD=4.3 kg 1m') 
from 60 Danish Caucasian families with one parent with Type 2 diabetes underwent 
an OGTT (75g glucose; 18 samples during 240 min) and an IVGTT (0.3 g glucose I 
kg: 3 mg tolbutamide I kg injected at 20 min; 33 samples during 180 min). 
Bergman's minimal model was used to calculate insulin sensitivity (S;) and the 
Acute Insulin Response (AIRo.,). Multiple linear regression was used to derive 
predictive equations of 10g(S;) and 10g(AIR) using OGTT glucose and insulin, BMI 
and gender from a random 75% sample of the data set. The predictions were 
validated by applying the derived models to the remaining 25% of the data set. 
Results: oo:II:Si: Optimal model (glucose and insulin at 0,30,60, lOS, 180,240 
min; BMI and gender): R' = 0.78 (SD = 0.31). Simple model (glucose and insulin at 
0,60 and 120 min; BMI and gender): R' = 0.71 (SD = 0.32). OGTT-AIR: Optimal 
model (glucose and insulin at 0, 10,50,120 min, BMI and gender): R' = 0.54 (SD = 
0.38). Simple model (glucose and insulin at 0, 60 and 120 min, BMI and gender): R' 
= 0.48 (SD = 0.40).~: oo:II:Si: Optimal model: R' = 0.77 (SD = 0.42). 
Simple model: R' = 0.78 (SD = 0.38). OOII:AIB.: Optimal model: R' = 0.59 (SD = 
0.49). Simple model: R' = 0.62 (SD = 0.48). Conclusions: A standard OGTT with 
measurements of glucose and insulin at 0, 60 and 120 min plus BMI and gender 
makes it possible to predict estimates of S; and AIR which are highly correlated to 
IVGTT-derived S; and AIR. The assessment of S; and AIR from an OGTT can be 
applied in large-scale epidemiological studies of subjects with normal glucose 
tolerance. 
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693 
COMPARATIVE EVALUATION OF SIMPLE INDICES BASED ON 
FASTING PLASMA INSULIN TO ASSESS INSULIN SENSITIVITY 
M.R. Letiexhe, A.I. Scheen and P.I. Lefebvre. Division of Diabetes 
Nutrition & Metabolic Disorders, CHU Sart Tilman, Liege, Belgium.' 

Aims : To compare various simple indices of insulin action based on 
fasting plasma insulin levels with the minimal model-derived insulin 
sensitivity index S, in non-diabetic subjects with a large range of BMI. 
Materials and Methods : 108 non-diabetic subjects (29 males and 79 
females with a BMI ranging from 17.5 to 47.8 kg/m2, aged 33.9 ± 
12.0 SD years) were submitted to an intravenous glucose tolerance test 
(0.3 g glucose /kg body weight). The insulin sensitivity index (SJ 
obtained by the minimal model approach was compared to various 
indices based on basal plasma insulin (+ glucose) levels: fasting insulin 
levels (FI), fasting glucose to insulin ratio (FGIR) , fasting insulin 
resistance index (FIR! : FI x glucose/ 25) and insulin sensitivity 
obtained by the HOMA model (%S). Results: As expected and because 
of the heterogeneity of the population, a large distribution of the various 
indices was observed : FI varied from 9 to 483 pmoIlL, FGIR from 
0.07 to 3.78 mmol.mU, FIR! from 0.19 to 12.52 mmol.mU.L-2, %S 
from 7.5 to 428.1 and S, from 0.39 to 54.75 10-5 min-'.pmol-'.L. All 
indices were significantly correlated with S, with P < 0.05. However, 
the correlation coefficients were rather weak (FI: r = - 0.268; 
FGIR : r = 0.289; FIRI : r = - 0.248; %S : r = 0.288) and no index 
appeared to be more strongly related to S, than simply fasting plasma 
insulin levels. Conclusions: In a non-diabetic population comprising 
individuals with markedly different values of BMI, the HOMA model 
does not provide an insulin sensitivity index which is better correlated 
to the minimal-model derived S, index than fasting plasma insulin level 
fasting glucose to insulin ratio or fasting insulin resistance index. ' 

695 
THE INTRAVENOUS PRANDIAL GLUCOSE TOLERANCE TEST 
(lVPGTT) MINIMAL MODEL FOR MEASURING GLUCOSE 
EFFECTIVENESS AND INSULIN SENSlTIVITY. 
M. Simeoni, A Basu, A Caumo, R. A. Rizza and C. Cobelli, Padova and Milano, 
Italy; Rochester, MN, USA 
Aims: The IVGTI though widely employed for measuring glucose effectiveness 
and insulin sensitivity with the minimal model method, produces unphysiological 
profiles of glucose and insulin which exacerbates errors due to assumption of single
pool glucose kinetics. We develop here a more physiological test (lVPGTI) using 
meal-like .glucose and insulin profiles which make the single-pool assumption less 
critical. Materials and Methods: Three protocols were performed in 10 healthy 
individuals. PI: somatostatin plus basal replacement of insulin, glucagon and GH 
plus glucose and labeled [6-'H] glucose infused for 360 min so as to reproduce the 
rate of entry of a 50 gr_ carbohydrate meal. P2: same as PI, with insulin also infused 
so as to mimic prandial insulin levels. IVPGTI: same as P2 with the omission of 
somatostatin, glucagon, and GH infusion. The data of PI, n, IVPGTI were 
analyzed with the classic cold (CMM). hot (HMM) single-pool minimal models as 
well as the modified HMM (MHMM) which includes an inhibitory control of 
glucose on its own uptake. Results: Glucose Effectiveness: MHMM was only 
r~o~vab!e 10 PI, but glucose effectiveness on disposal (SgVJ... (where V is glucose 
d,stnbutlOn volume) of HMM and MHMM were, albeit different (1.60 and 0.96 
ml'min-"kg-I respectively), strongly correlated (r=O.85, p<O.OI). HMM estimates of 
(SgVJ... in IVPGTI were highly correlated with those estimated in PI (e.g_ r=O.81. 
p<0.01). Also (SgV)",1d were strongly correlated in PI and IVPGTI (r=O.86, 
p<O.Ol). Insulin sensitivity on disposal (SNloo. was identical in P2 and IVPGTI 
(0.12 ml.kg"'.min-' per mU·ml·' ) and highly correlated (r=O.904, p<O.OOI). (SIV)",1d 
also was correlated, albeit less strongly (r=O.51, p>o.05). Conclusions: In 
conclusion, IVPGTI results in physiologicai changes in glucose and insulin which 
when interpr:ted with HMM yields an index of glucose effectiveness that is highly 
~orre!ated WIth. the "true" one and an index of insulin action that is virtually 
Idenucal and highly correlated with the one calculated when endogenous insulin 
secretion is suppressed with somatostatin. 

694 
RELATIONSHIP BETWEEN ENDOGENOUS GLUCOSE PRODUCTION 

AND INSULIN SENSITIVITY IN HUMANS 

S. Camastra, A. Gastaldelli, A. Natali, A. Quinones Galvan, and E. Ferrannini. 

Department of Internal Medicine. University of Pisa, Pisa, Italy 
AiIru.: Whether hepatic (as the fasting rate of endogenous glucose production (EGP)) 

and peripheral insulin sensitivity (as the insulin-mediated glucose uptake (M)) are 
related to one another in non-diabetic humans has not been determined. Materials 

and Melhods: A primed-continuous infusion of [3Hlglucose (to measure fasting 

EGP) and a euglycaemic insulin clamp (7 pmol·min-I.kg- I , 10 measure M) were 

performed in 281 non-diabetic subjects (164 men and 117 women from the EGlR 

study) covering a wide range of age (18-85 yrs) and body mass index (15-55 kg'm-

2). Fasting post-hepatic insulin clearance (CRi, mostly reflecting hepatic insulin 

removal) was calculated from the ratio of exogenous insulin infusion to the steady

state plasma insulin concentration. ~: EGP ranged from 0.16 to 1.99 

mmollmin, and was related to the lean body mass (r=0.54, p<O.OOOI) equally in 

men and women and more strongly than to any other index of body mass (body 

weight, surface area, BM!. fat mass, and percent fat mass). Furthennore, EOP was 

higher in subjects with a higher CRi (r=0.33. p<O.OOOI). After adjusting for these co

variates (as well as the fasting plasma insulin level) by multiple regression, EGP was 

positively related to age (partial r=0.24, p<O.OOOI) and negatively related to insulin 

sensitivity (partial r=0.16, p<O.OI). 
Conclusions: (a) In the fasting state, glucose production (which equals glucose 

utilisation) is set by the glucose requirement of lean body tissues, with no effect of 

adiposity per se; (b) The faster insulin clearance (mostly hepatic) associated with 

higher EGP suggests that weaker insulin inhibition of glucose release may be linked 

with shorter insulin residence times on liver receptors; (c) Subjects with peripheral 

insulin resistance have intrinsically more severe hepatic insulin resistance, and (d) 

Independently of other factors, EGP increases with age. suggesting a role for this 

physiological change in age-related loss of glucose tolerance. 
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INSULIN INDUCED DECREASE IN LARGE ARTERY STIFFNESS IS 
IMPAIRED IN TYPE 1 DIABETES MELLITUS 
J. Westerbacka, A. Uosukainen, S. Mlikimattila, A. Schlenzka and 
H. Yki-Jlirvinen 
University of Helsinki, Helsinki, Finland 
We have recently demonstrated that normal insulin action in vivo involves a 
decrease in stiffness of large arteries (a decrease in aortic pressure 
augmentation). This action of insulin is observed at physiological insnlin 
concentrations within 0.5-1 h and precedes, by 1.5-2 h, changes in muscle blood 
flow. The magnitude of the decrease in arterial stiffness is associated with 
insnlin resistance of glucose uptake in non-diabetic subjects. Aims: To 
determine whether the ability of insulin to decrease arterial stiffness is altered in 
type I diabetes. Materials and methods: Nine normal men (age 26±l yrs, BMI 
22±1 kg/m') and 9 uncomplicated type I diabetic men (age 28±2 yrs, BMI 24±1 
kg/m') were studied under normoglycemic hyperinsulinemic [sequential 2 h 
insulin infusions of I (step I) and 2 (step II) mUIkg-min] conditions. Central 
aortic pressure waveforms were synthesized from those recorded in periphery 
using applanation tonometry on radial artery and a validated reverse transfer 
function to obtain central pressure waves every 30 min. This allowed 
determination of aortic augmentation (the pressure difference between the 1st 
and the 2nd systolic peaks) and the augmentation index (AgI, augmentation 
divided by pulse pressure), which is a measure of arterial stiffness. Results: 
Whole body glucose uptake was 44 (step I) and 37 (step II) % reduced 
(p<0.001) in the diabetic vs normal subjects. Augmentation averaged O±l and 
2±1 mmHg in the normal and diabetic subjects basally (NS), and AgI -1.5±4.5 
% and 4.0±3.7 % (NS), respectively. After 60 min ofhyperinsulinemia, AgI had 
decreased significantly (p<0.01) to -9.5±4.8 % in the normal subjects but not in 
the diabetic patients (4.4±4.2 % at 60 min). A significant decrease was observed 
in the diabetic patients at 150 min (-1.2 ±4.1 %, p<0.05 vs basal). Conclusions: 
These data provide the first evidence of resistance of large arteries to insulin in 
type I diabetes. 

698 
FASTING INSULINAEMIA AND MYOCARDIAL INFARCTION RISK IN A 
GENERAL BELGIAN POPULATION 
B.J. Boland, M. Jeanjean, M.P. Hermans, C. Maudoigt, R. Tonglet and A. 
Robert. Internal Medicine Department and Cardiovascular Epidemiology, 
Universite Catho/ique de Louvain, Brussels, Belgium. 
Searching for new cardiovascular (CV) risk factors (RF) is warranted, since patients 
with myocardial infarction (MI) may not exhibit conventional RF (high cholesterol, 
smoking, hypertension, diabetes and CV family history). Patients with MI often 
present with dyslipidaemia, hyperglycaemia, android obesity and/or secondary 
hyperinsulinaemia, a marker for insulin resistance. Previous population studies 
yielded controversial results as to whether fasting insulinaemia (Ins) is an 
independent RF for M!. Aims: To assess the relationship between Ins and Ml in a 
general Belgian population. Subjects and Methods: CV event occurrence (MI or 
cardiac death) was recorded between 1984 and 1996 in 1948 Belgian subjects from 
Luxembourg province, who entered the MONICA study. Subjects with previous MI 
(n=12) or diabetes (n=58) were excluded. This popUlation random sample recruited 
men and women aged 35-64 years in 1984. Resnlts: At baseline, conventional CV 
RF were highly prevalent (%): cholesterol >250 mg/dl (46); smoking (34); 
hypertension (16) and BMI>30 (16). Fasting values were: LDL-C 170, HDL-C 55, 
triglycerides 127, and glycaemia 90 mg.dL·I. Fasting Ins (median: II flU.mL·I) was 
negatively correlated with HDL and positively with triglycerides, glycaemia, blood 
pressure and BM!. The latter 5 CV RF prevalence was proportional to the quintile of 
Ins. A first CV event occurred over 12 years in 76 subjects, with a cumulative 
incidence of7.6 and 1.4% in men and women respectively. CV risk was related to 
the number of clinical RF (i.e. male gender, age>55, smoking and hypertension). 
Fasting Ins, both in uni- and multivariate analysis, was not found to be a significant 
CV RF, neither in men nor in women. Low HDL-C «55) was observed in 77% 
(men) and 35% (women), and HDL-C was the most powerful predictor of first MI 
from the lipid profile. Low (vs. high) HDL-C was associated with increased CV risk 
in both men (7.5 vs. 3.0) and women (3.0 vs. 0.3%). Conclusions: Fasting 
insulinaemia did not turn out as independent CV RF in this general population. 
Individual risk for MI was closely related to number of clinical RF, whilst HDL-C 
proved the strongest biological predictor of a fIrst CV event 
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697 
ASSOCIATION BETWEEN INSULIN RESISTANCE AT DIAGNOSIS OF 
DIABETES AND MACROVASCULAR COMPLICATIONS - THE UKPDS 
AI Adler, J Levy, R Stevens, I Stratton, 0 Matthews, R Holman, and R Turner, Oxford 

Insulin resistance is associated with an increased risk of cardiovascular 
disease in the general population, but few prospective studies in type 2 
diabetes have evaluated this relationship. Aims: To estimate the association 
between insulin sensitivity (%S) and p cell function (%p) and subsequent 
myocardial infarction (MI), stroke, and lower extremity amputation (LEA) 
among subjects free of cardiovascular disease. Methods: 4623 of 5102 
subjects recruited to the UKPDS had values for %S (median 22.4%) and %P 
(median 35.5%) estimated by Homeostasis Model Assessment measured 3 
months following diagnosis of diabetes after a diet run-in. Up to 227 subjects 
with preexisting cardiovascular disease were excluded. %S and % p were log 
transformed and included in univariate or multivariate proportional hazards 
models with covariates traditionally associated with %S: age, ethnicity, sex, 
triglycerides, systolic blood pressure, and body mass. Results: No 
association between either %S or % p was observed for MI (n = 576) in 
univariate analyses over a median 10 years. In a multivariate model, a 
doubling of %P was associated with a 9% reduction in MI (95% confidence 
interval, [CI], 1%-16%, p=0.04). No associations were observed for %S or 
%P and stroke (n = 204). For LEA (n=51), a doubling of %S was associated 
with a 43% risk reduction (CI 16%-61% P = <0.005), a relationship not 
significant in multivariate analyses. Yet, a 1% decrease in haemoglobin Alc, 
was associated with a 9% risk reduction for MI (CI 5%-14%, p=O.OOI), and a 
32% risk reduction for LEA (CI 21 %-40%, P =<0.0001) in multivariate models. 
Conclusions: Hyperglycaemia at diagnOSis of diabetes is associated with 
the risk of macrovascular complications to a greater extent than %S or %p. 
This suggests that once diabetes develops, insulin resistance per se no 
longer increases risk, and that glucose-induced damage predominates. 

699 
INSULIN RESISTANCE AND GLUCOSE TOLERANCE ARE NOT 
RELATED TO LEFT VENTRICULAR MASS IN HUMANS 
A.M Sironi. A. Quiilanes-Galvan. G. Cini, F. Ga/etta, G. Sanna, and E. 
Ferrannini. Metabolism Unit of the CNR Institute of Clinical Physiology and 
Department of Internal Medicine, Pisa, Italy. 
~: Insulin has been claimed to promote cell growth and, more specifically, to 
favour left ventricular hypertrophy in humans. We investigated the relationship 
between left ventricular mass (L VM) and insulin sensitivitylhyperinsulinaemia in 
non-diabetic subjects with diverse grades of LVM. Materials and methods: We 
studied three groups of subjects: a) 21 patients with essential hypertension, b) 16 
obese normotensive individuals and c) 13 healthy (normotensive, lean) subjects. 
L VM was quantitated by M-mode echocardiography. Oral glucose tolerance (by 
OGTT) and insulin sensitivity (by the euglycaemic insulin clamp, 

7 pmol'min-Lm-!) were performed in all. !l&mlls.: By univariate regression 
analysis on the whole data set, insulin sensitivity was inversely (r=O.35, 
p=0.02), and the insulin area-under-curve (AUCi) directly (0.60, p<O.OOOI), 
related to the body mass index. A larger L VM was significantly associated with 
older age (r=0.41 p<0.003) and higher systolic blood (r= 0.49, p<0.0004) and 
diastolic (r=O.30, p<0.04) blood pressure levels, but not with insulin sensitivity 
or AUCi. However, LVM was directly related to the glucose area-under-curve 
(AUCg) during the OGTT (r=0.31, p<0.003). In a multiple regression model 
including all the significant physiologic co-variates of LVM (ie, age, 8M], 
gender, and blood pressure), neither AUCi nor AUCg nor insulin sensitivity was 
significantly related to L VM, whose only independent determinants remained 
systolic blood pressure and BM!. These variables together explained 38% of the 
total LVM variance.~: Insulin sensitivity, hyperinsulinaemia, and 
glucose tolerance are not independent determinants of L VM in non-diabetic 
humans. 
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AN ACUTE ADMINISTRATION OF L-ARGININE IMPROVES 
ENDOTHELIAL FUNCTION AND INSULIN SENSITIVITY IN 
PATIENTS WITH MICROVASCULAR ANGINA 
M. Conti, PM. Piatti, G. Fragasso, LD. Monti, A. Caumo, G.Yalsecchi, YC. 
Phan, F. Gemone, E. Setola, E. Barbieri, SL. Chierchia and AE Pontiroli. 
Istituto Scientifico H San Raffaele, Milan, Italy. 

Aims: To evaluate whether an increment in nitric oxide (NO) availability by a 
continuous endovenous infusion of its precursor, i.e. L-arginine can improve NO 
induced-vasodilation and peripheral insulin sensitivity in patients with angina and 
angiographically normal coronary arteries (MA). Materials and Methods: 
Nine patients with MA underwent a continuous infusion of L-arginine (0,125 
gr/min) or saline for 120 min, in randomised order. Sixty minutes after L
arginine or saline infusions, an intravenous insulin bolus (0.1 U/kg) combined to 
a euglycemic clamp was performed. Results: During the first hour of the test, 
mean blood pressnre decreased by 8% (p<0.01), forearm blood flow increased by 
25% (p<O.05) and cyclic GMP levels, second messanger of nitric oxide, increased 
by 24% (p<O.05) with L-arginine infusion while all parameters remained similar 
to baseline with saline infusion. Dnring the same period, insulin, C-peptide, and 
glucose levels remained unchanged in both tests. After insulin bolus, 11 area under 
the cnrve (I1AUC) of nitrate and nitrite levels, end products of NO metabolism 
(N02-IN03-), increased five fold (60.82±19.17 vs -14.77±31.81UD01l1, p<O.05) 
and glucose infusion rate (GIR), an index of insulin sensitivity, enhanced by 32% 
(282±27 vs 213±23 mg/kg.O-60 min, p<0.05) during L-arginine infusion 
compared to saline. There was a positive and significant correlation between the 
AUC of GIR and the I1AUC of N02-IN03- (r=O.67, p<O.OOOl). Conclusions: 
An increment in NO availability improved non-insulin and insulin induced
endothelial function and insulin sensitivity. These data suggest that an 
impairment in NO activity could contribute to determine insulin resistance in 
patients with MA. 

702 
INSULIN RESISTANCE SYNDROME DOES NOT DISTURB NORMAL 

NOCTURNAL BLOOD PRESSURE FALL IN TYPE 2 DIABETIC PATIENTS. 
L. Majkowska, E. Andrysiak-Marnos, P. Molo;da, K. Pilarska, S. Czekalski 
Endocrinology Department, Szczecin, Poland 
The attenuated reduction of night blood pressure seems to be associated with higher 
cardiovascular mOlbidity. Aim of the study was to examine the relation between 
insulin resistance and diumal blood pressnre rhythm in obese snhjects with 
borderline hypertension recently diagnosed. Material and methods: investigated 
group consisted of 39 obese patients aged 18-44 years (mean 30,9±1,5 SE) and in 10 
age-sex-matched non-<lbese healthy snhjects. Patients did not take any medication 
and investigation was conducted in the period when blood pressure was normal 
(JNC-VI criteria). Measurements ofbody mass index (EMI), waist/hip ratio (WHR), 
cholesterol total, LDL, HDL, triglycerides, haemoglobin HbAlc were made and oral 
glucose tolerance test (OGGT) was performed in all snhjects. Insulin sensitivity was 
estimated by the insulin-suppression test, i.e., by measuring the steady-state plasma 
glucose (SPG) levels achieved et the end of infusion of somatostatin, insulin and 
glucose. Test accuracy was estimated by C-peptide and insulin concentrations. 
Diumal blood pressure rhythm was estimated by 24-hour blood pressnre monitoring 
with SpaceLabs device. Results: oral glucose tolerance test revealed II cases of type 2 
diabetes mellitus (DM) previously not diagnosed. In this group mean SPG level was 
214,2±7,4 mg/d!. Non-diabetic obese subjects were divided according to SPG levels 
into snhgroups: insulin resistant (IR) group - 14 patients with mean SPG level 
174.5±5,1 mg/d! and insulin sensitiye (IS) group -14 patients with mean SPG level 
104,9±8,9 mg/d!. SPG level in healthy subjects (H) was 62,8±3,3 mg/d!. In diabetic 
group patients were older, WHR and total cholesterol, LDL cholesterol, triglycerides 
and HbAlc levels were higher than in IS and H group but similar to values in IR 
group. Blood pressure values registered in 24-hour record were within the norm in all 
the groups however in DM patients day and night diastolic and MAP pressure was 
significantly higher than in the control group. In diabetic patients correlation 
between SPG levels and diastolic (r=0,69, p=O,02) and MAP (r=0,66, p=O,03) 
pressnre during the night was observed. Normal and similar (> 10%) noctumal 
systolic and diastolic blood pressure fall was observed in all investigated groups. 
Conclnsion: insulin resistance syodrome in type 2 diabetic patients with borderline 
hypertension does not distuIb the noctumal fall of blood pressure. 

701 
Troglitazone, hypertension and postprandial vasodilation in type 2 diabetes. 
M.J. Janssen, R.K. Gonera, B.H.R. Wolffenbuttel, P.W. de Leeuw, N.C. Schaper. 
Dept. Internal Medicine, University Hospital Maastricht. 
Introduction: Insulin (INS) mediated vasodilation is disturbed in type 2 diabetes, 
probably caused by an impaired direct vasodilator effect of INS or a defect in INS 
mediated glucose uptake resulting in decreased peripheral vasodilation. Both defects 
might contribute to hypertension in type 2 diabetes. The individual contribution of 
either pathway is unclear. This randomised, double blind placebo (PI) controlled trial 
was conducted to study the effect oftroglitazone (Tr), an INS enhancer, on blood 
pressure (BP) and postprandial vasodilation in type 2 diabetes with hypertension. 
Methods: All patients followed a weight maintaining and sodium/potassium constant 
diet. Antihypertensive treatment and metforrnin was stopped 4 weeks prior the study, 
oral antidiabetics were continued. At base-line and after 6 weeks treatment with Tr. 
(400mg od) or PI. glucose and insulin (fasting and dnring a 3br meal tolerance test, 
MTT), 24-br BP (Space lab ), Cardiac output (CO) and forearm blood flow (FBF) 
(venous occlusion plethysmography),basal and dnring MTT, were monitored. Total 
peripheral resistance (TPR, in arbitrary units, AU) was calculated as MAP/CO. 
Characteristics: Tr (n=14) vs PI (n=7) (mean±SD) age 61±6 vs 60±7yr, male/female 
717 vs 4/3, BMI 28.7±5.0 vs 26.9±4.8kg/m', HbAI, 7.7±1.0 vs 8.0±1.2% (all p>0.05). 
Results: After Tr-treatment FBG and INS decreased: 11.8±3.2 vs 9.8±3.1mmoVI and 
19±8 vs 11±4mUll, resp (all p<0.05). These values were unaltered after PI: 11.8±4.4 
vs IO.6±3.3 mmoll1 and 10±2 vs IO±4mUI1 (p>0.40), resp. After Tr. the 24-br 
diastolic BP, TPR and basal FBF decreased: 88±7 vs 82±6mmHg, 21±4 vs 19±3AU 
and 3.4±1.7 vs 2.5±1.4mVdVmin (all P<0.05). These values did not change after PI: 
89±11 vs 87±15 mmHg, 22.0±5.8 vs 20±7AU and 2.4±0.9 vs 2.2±1.l mlldVmin, resp 
(p=0.4). INS levels and FBF after a standard meal (expressed as 180min AUC) were 
lower after Tr.: 10 I 00±6542 vs 6749±3673mUI1 (p<O.OI) and 1412±627 vs 961±516 
mVdVmin (p<0.05) and did not change after PI: 6143±1438 vs 7061±1786mUlI 
(p=0.06) and 1120±490 vs 1093±555 mlldVmin (p=0.83). In both groups postprandial 
hyperglycemia was unaltered. 
Conclusion: Improvement of insulin sensitivity by Tr. was associated with a 
reduction in diastolic BP, probably caused by a decrease in TPR. As basal FBF 
decreased, vasodilation most likely occurred in organs other than skeletal muscle. 
The parallel decrease in postprandial vasodilation and hyperinsulinemia, while 
postprandial hyperglycemia did not change, suggests that this vasodilation is caused 
by a direct vascular action of insulin and not by its glucose lowering effect. 

703 
SERUM INSULIN AND C-PEPTIDE IN DEFlNED, URBAN POPULATION: 
SELECTIVE CORRELATIONS WITH HEMOSTATIC FACTORS 
R. Kuczerowski, A. Czech and J. Taton. Chair and Department of Internal 
Medicine and Diabetology, Warsaw Medical University 
Increas¢ serum concentration of insnlin (RIA) and C-peptide (RIA) may be 
used as Ule marker of insulin resistance - a risk factor for ischemic heart disease. 
Its influence has multiple mechanism. One of less studied is the correlation 
between insulin and C-peptide and hemostatic factors. Therefore in a well 
diflned, representative urban population ille study was undertaken aimed at 
cross-sectional detennination of insulin and C-peptide together with ille serum 
level of flbrynogen (F), tissue plasminogen activator (t-PA), inhibitor of tissue 
plasminogen activator (PAl-I), von Willebrand factor (vW) and factor VII 
(f. VII). In the population under study composed of 269 selected with the 
demographic layers proportional metod ille average fasting insulin level was 
9.33 mull (SD 6.24), C-peptide 1.94 ng/ml (SD 0.87), F - 241.4 mg/dl (SD 
50.5), t-PA 8.71 ng/ml (SD 6.31), PAI-I 12.25 ng/ml(SD 9.44), vW 121.1% 
(SD 85). In 41 cases the fasting insulin level was above normal (15mull) level, 
illis was accompanied by increase C-peptide level. In this subgroup the average 
levels of fibrinogen, t-PA, PAl-I and of vW factor were higher than in general 
population under study. In ille whole group statistically valid correlations 
between C-peptide levels and serum concentration of fibrinogen (p=0.003), ille 
antigen and activity of PAI-l (p.=O.OOOI) and of t-PA (p.=O.OOOI) were found. 
Impol1ant correlation existed also between serum levels of insulin and of 
fibrinogen, t-PA and vW factor. Conclusion: distribution of levels and 
correlations of insulin and C-peptide on one hand and of the hemostatic factors 
under study on the other side as found in tlle difined population Illay represent 
the Important mechanism in ille pathogenesis of ischemic heart disease. Its early 
diagnosis may serve as ille basis of intervention. 
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VITAMIN C AND INSULIN RESISTANCE IN ESSENTIAL 
HYPERTENSION 
A. Natali, A.M. Sironi, E, Toschi, S. Camas/ra, S. Taddei, and E. Ferrannini. 
Department of Internal Medicine, Universily of Pisa, Pis., Italy 
Ailn£: We tested whether intra-arterial, high-dose (12 mg/min) vitamin-C (Vit-C) 
infusion, by improving nitric oxide (NO)-dependent vasodilatation, attenuates the 
insulin resistance of skeletal muscle tissue in 9 patients with essential hypertension 
(EH). Materials and Methods: Study I) The effect of Vit-C on acelylcholine (Ach, 

4.5 ~g·min-I.dl-I) induced vasodilatation was measured (by plethysmography). 
Study II) Forearm blood flow (FBF) and glucose and oxygen exchange (A-V 
differences) were measured in both forearms (infused and control) at baseline, SO 
min into a euglycaemic hyperinsulinaemic clamp, and following Vit-C infusion 
(only into the infused forearm) for another 20 min. ~ Study I) Intrabrachial 

Ach infusion produced a stable increase in FBF from 2.6tO.3 to 10.6±2.1 mi' min

l.d/"l; when Vit-C was co-infused, FBF showed a further rise to 13.4 ml·min-I.dl- I 

(p<0.03 vs Ach), indicating an improvement in local NO availabilily. Study II) Basal 

FBF (infused: 2.9tO.2, control: 2.6±0.3 ml·min-I.dl- I) was not changed by the 
systemic insulin administration, whereas it increased by 26% only in the infused 

forearm when Vit-C was added (infused: 3.7±O.7, control: 2.S±0.6 ml·min-I.dr l, 
p<0.02). Insulin administration stimulated whole-body glucose disposal to 20±2 

~ol·min-I.dl-I, confirming the presence of marked insulin resistance. Basal 

forearm glucose uptake (infused: 0.24±O.1O and control: 0.22tO.10 ~mol·min-l.dl-I) 
was similarly stimulated by systemic insulin infusion (infused: 2.11t0.42 and 

control: 2.06t0.43 flmol·min-I.dl-l). When intrabrachial Vit-C was added, no 
difference in glucose uptake was observed between the two arms (infused: 

2.37±O.44 and control: 2.36±O.53 ~mol·min-I.dl-I). Oxygen uptake was similar in 

the two forearms (infused: 9.7tO.7 control: 9.6tl.l ~ol·min-I.dl-l), and was not 
changed by either insulin or Vit-e. 
~: In the deep forearm tissues of patients with EH and insulin resistance, 
an acute increase in endothelial·derived NO availability, obtained with 
pharmacological doses of Vit-C, potentiates insulin-mediated vasodilatation but 
does not improve insulin-mediated glucose uptake. Thus, the vascular insulin 
resistance of EH is unlikely to be responsible for the metabolic insulin resistance. 

PS50 
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705 
EFFECTS OF ANGIOTENSIN II AND AT, & AT, RECEPTOR BLOCKADE ON 
GLUCOSE AND LIPID METABOLISM IN VIVO AND IN VITRO 
D. Patiag, X. Qu, M. Wilkes, S. Gray, J.P. Seale and R. Donnelly. School of Med. & 
Surg. Sciences, Univ. of Nottingham, UK, and Dept. ofPharmacol., Univ. of Sydney, 
and Dept. of Health Sciences, Univ. of Technology, Sydney, Australia. 
Clinical studies have shown that systemic infusion of angiotensin II (All) increases 
insulin sensitivily but the underlying mechanism (eg redistribution of blood flow 
and/or a direct biochemical effect via ATI or ATl receptors) is unclear. Aims: To 
evaluate the metabolic effects of All ± AT, (L-158,S09) and AT, (PD-123,319) 
receptor blockade in vivo and in vitro. Methods: (I) Groups of fructose-fed insulin
resistant SD rats and chow-fed controls were gavaged with L-158,S09 300 f'glkg/d or 
vehicle for 7 days prior to measuring the effects of All infusion (20 nglkg/min i.v) on 
whole-body insulin sensitivily (insulin suppression test [1ST]) and total triglyceride 
(TG) secretion rate (TG-SR); (II) The effects of All (lO"-lO-'M) ± AT,/AT, blockade 
on insulin-stimulated 'H-glucose uptake in isolated L6 myotubes was measured in 
vitro. Results: Short-term treatment with L-15S,S09 (n=16) vs vehicle (n=16) had nO 
significant effect on fasting serum glucose and TG levels and oral glucose tolerance in 
fructose-fed rats: eg AUCoLU post-OGTT (day 5) was 20 ± 0.4 vs 19.2 ± 0.5 mmoLhIL. 
All infusion had no significant effect on whole-body insulin sensitivily either in L-
15S,S09-treated or vehicle-treated fructose-fed rats: eg, SSPG values during the 1ST 
after co-infusion of All or saline were 9.6 ± 0.3 (n=7) vs 7.1 ± 0.6 (n=7) mmollL (NS), 
respectively, in rats pretreated with L-15S,S09. Infusion of All had no significant 
effect on TG-SR: eg, in L-15S,S09-treated rats TG-SR was 24.01 ± 2 (All) vs 20.7 ± 
1.4 (saline) mg/IOOglhr. Dose-response curves for insulin-mediated glucose uptake in 
L6 cells were unaffected by co-incubation with All in doses of 10-' - 10-'M; neither 
Em.x nor the insulin (;.(50) was influenced by All or the AT,/AT, antagonists. 
Conclusions: All had no direct effect on insulin-stimulated glucose uptake in L6 cells, 
nor any effect on glucose and lipid metabolism in a rodent model of dietary-induced 
insulin resistance, suggesting that the insulin sensitizing effect of All in humans is 
predominantly an indirect effect, presumably due to increases in limb blood flow. 

706 
ALDOSTERONE DECR1<:ASES BOTH INSULIN RESPONSIVENESS FOR 
GLUCOSE TRANSPORT AND INSULIN BINDING IN U-937 CELLS. 
J. Campi6n, B. Maestro, N. Dilvila, M.e. Carranza and C. Calle. Dept. Bioquimica 
y Biologia Molecular. Fac. Medicina, U.C.M. and Hospital C.P.H. Madrid. Spain. 

We have recently reported that aldosterone (ALD), the major mineralocorticoid 
in humans, inhibited insulin receptor (IR) mRNA levels in U-937 cells by a 
mechanism involving the mineralocorticoid receptor (MR). The Aim of the present 
work was investigate whether ALD-inhibition of IR gene expression could 
implicate (i) alterations in both insulin binding and insulin-stimulated glucose 
transport in these ceUs and also (ii) a homologous regulation of MRs by this 
hormone. Methods: 10" y{ ALD was directly applied to the cells for 4S h. 
Results: Insulin binding assays indicated that ALD treatment caused a clear 
reduction (34%) in lR capacity (\5611 ± 1791 vs. 23616 ± 7227 sites per cell) 
although the effect was only statistically significant at insulin concentrations below 
1.25 x 10-' M. In addition, lR affmily resulted unaltered (Kd (10" M): 1.20 ± 0.09 
vs. 1.30 ± 0.17). Measurements of glucose transport in these cells, in the absence 
and presence of increasing concentrations of insulin (10-11 _10-7 M), indicated that 
ALD did not decrease basal levels of glucose uptake (642 ± 69 vs. 603 ± 50 
frnollmin per 10' cells). However, ALD-treatment decreased (25%) the maximal 
insulin-stimulated glucose transport at 10" M insulin. Moreover, the ED" value 
was greater in ALD treated (0.40 x 10-' M) than in untreated cells (0.15 x 10-' M). 
Thus, ALD caused a decrease in insulin responsiveness in terms of glucose 
transport. In addition, whole cell ALD binding assays indicated that treatment with 
ALD clearly reduced (4S%) MR capacily (1186 ± 207 vs. 2275 ± 247 sites per cell; 
p<0.05), without altering receptor affinity (Kd (10" M): 2.30 ± 0.40 vs. 1.60 ± 

0.17). Northern blot assays, using as probe the l.3-Kb human MR-specific EcoRl 
fragment of the pRShMR clone, showed the presence in these cells of a unique 
specie of MR mRNA of around 4.5-Kb in size. The levels of this RNA decreased 
(50%) after ALD treatment. This inhibitory effect of ALD on MR mRNA levels 
was reversed by the ALD antagonist, spironolactone. In conclusion, these results 
indicate that the inhibition by ALD ofiR gene expression in U-937 cells implicates 
decreases in both insulin responsiveness and insulin binding. These effects are 
associated with a homologous down-regulation ofMR expression in these cells. 
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707 
ALTERED CATECHOLAMINE METABOLISM IN 
OFFSPRING OF PROTEIN RESTRICTED RATS 
C.J. Petry, S.E. Ozanne, M.W. Dorling, C.L. Wang and C.N. Hales 
Clinical Biochemistry Department, University of Cambridge, Addenbrooke's 
Hospital, Hills Road, Cambridge, U.K. 
Aim: To test the hypothesis that catecholamine metabolism is 
altered with early growth retardation in the rat, since preliminary 
data from humans and rats suggests that it may be. Materials and 
Methods: Wistar rats were fed either a 20 % protein ('control') 
diet or an isoenergetic 8 % protein diet ('MLP') during pregnancy 
and lactation. Male offspring were weaned on a standard 
laboratory chow and at 12 weeks of age blood was sampled from 
them in the fed and 24-hour-fasted states for catecholamine 
measurements. Some of the rats were then killed and their 
epididymal adipocytes isolated and blotted using antibodies against 
rat BI-adrenoreceptors. Results: In the fed state mean (S.E.M.) 
plasma adrenaline concentrations for control (n=12) and MLP 
(n=II) rats were: 0.78 (0.13) v. 1.42 (0.16) nM (P<O.OI; Mann 
Whitney U test), respectively. Equivalent noradrenaline 
concentrations were: 2.78 (0.27) v. 3.61 (0.22) nM (P<0.05). After 
24 hours starvation plasma adrenalines of controls rose to become 
similar to those of MLP rats: 1.l0 (0.13) v. 1.42 (0.23) nM 
(P=0.27), respectively. Noradrenaline concentrations rose in both 
groups to become similar: 4.82 (1.02) v. 5.15 (0.75) nM (P=0.30). 
Adipocyte BI-adrenoreceptors were raised 2.6 (0.4) fold in MLP 
rats (n=4 both groups; P<0.05). Conclusion: These results are 
consistent with there being an alteration in catecholamine 
metabolism in rats growth restricted in early life by exposure to 
maternal dietary protein restriction. 

709 
1,25-DIHYDROXYVITAMIN D, INCREASES INSULIN BINDING AND 
INSULIN-STIMULATED GLUCOSE TRANSPORT IN U-937 CELLS. 
B. Maestro, J. Campi6n, N. Davila, M.e. Carranza and C. Calle. Dept. Bioquimica 
y Biologia Molecular. Fac. Medicina, U.CM. and Hospital C.P.H. Madrid. Spain. 

Earlier studies of our laboratory have demonstrated a positive regulation of 
insulin receptor (IR) mRNA levels by 1,25-Dihydroxyvitamin D3 (VD) in U-937 
cells, a human promonocytic cell line with many of the characteristics of 
circulating blood monocytes. The Aim of the present work was examine whether 
this stimulation of IR gene expression by VD could involve regulation of both 
insulin binding and insulin sensitivity in terms of glucose transport. In addition, we 
also determine whether these VD actions could be associated with increased VD 
receptor mRNA levels. Methods: 10.8 M VD was applied to the cells for 24 h. 
Results: Insulin binding assays indicated that treatment with VD clearly increased 
the nwnber of both high affmity (0.33 ± 0.01 vs. 0.17 ± 0.01 ng/ml; p<0.05) and 
low affmity insulin sites (2.42 ± 0.33 vs. 1.28 ± 0.11 ng/ml; p<0.05) while the 
affinity of both types of sites: KD1(IO" M) (0.95 ± 0.05 vs. 0.90 ± 0.05) and 
KOl(lO" M) (15.0 ± 2.0 vs. 11.1 ± 1.0) remained unaltered. Thus, the increased 
binding was caused by a 1.8-fold increase of the total nwnber of IRs per cell. 
Glucose transport assays indicated that insulin (10.11 _10.7 M) stimulated the uptake 
of glucose in a dose-dependent marmer in both untreated and VD-treated cells. 
Treatment with VD had no significant effect on basal glucose uptake (669 ± 26 vs. 
603 ± 50 finol/min per 10' cells). However, the maximal uptake, at 10.8 M insulin, 
was 1.2-fold higher in VD-treated than in untreated cells, without changes in the 
ED" (10" M) value (0.08 ± 0.009 vs.0.15 ± 0.017). Thus, the addition of VD 
caused a maximal increase of 1.2-fold in insulin sensitivity to glucose transport in 
these cells. Northern assays using a specific VD receptor [32PJ-Iabelled probe (the 
2.I-Kb hwnan VDR EcoRl fragment ofpGEM-3 clone) revealed the presence ofa 
unique specie of VD receptor mRNA of approximately 4.6-Kb in size. Treatment 
with VD caused around l.5-fold increase in the levels of this RNA. In conclusion, 
the present results demonstrate that the increase in IR mRNA levels induced by 
VD leads to an increase in IR number per cell and concomitantly to an increase in 
cellular sensitivity to insulin. These effects seem to be associated with enhanced 
VD receptor mRNA levels. 

708 
PLASMA CORTISOL BINDING GLOBULIN (CBG) LEVELS 
ARE ASSOCIATED WITH INSULIN SECRETION 
I.M. Fernandez-Real, M. Grasa, R Casamitjana, M. Pugeat, C Barret and 
W.Rlcart. H. Girona and H. Clinic, Spain; H. Civils de Lyon, France. 

Aim: It has been shown in vitro that insulin is a potent inhibitor of both 
cortisol binding globulin (eBG) and sex-hormone binding globulin (SHBG) 
secretion. To further investigate this effect of insulin in vivo we studied three 
groups of lean (L), obese (~b) and obese with glucose intolerance (ObI.) 
otherwise healthy subjects. Material and Methods: Plasma total eBG, 
glycosylated eBG, SHBG and insulin sensitivity (Sj) and secretion (AIRg) 
(minimal model method) were measured in 16 L, 10 0 and II Obi. subjects. 
Resnlts: Plasma total eBG concentration (p=O.016) and glycosylated eBG 
levels (37.3 ± 5.2 vs 31 ± 3.9 mgll; p=O.OI8) were significantly increased in 
ObI subjects. Plasma CBG correlated with fasting glucose levels (r=0.49, 
p=0.002), HbAI , levels (r=0.35, p=O.03) and with area under the curve of 
glucose after ITOG (r=0.45, p=O.005), and negatively with AIRg (-0.38, 
p=0.02). CBG levels did not covariate with Sj. Multiple linear regression 
analysis showed that only AIRg contributed to the variability of CBG 
concentration (p=0.03, R'=O.4I). In both men and women, SHBG levels 
correlated negatively with glucose (r=-0.55, p<O.OOOI), HbAI , (r=-0.38, 
p=0.02) and positively with Sj (r=0.65, p=0.003 and r=0.63, p=O.007, in men 
and women, respectively) but not with AIRg. The disposition index (SIAlR: Sj • 
AIRg) was significantly decreased in the ObI subjects. SIAIR correlated with 
plasma SHBG levels (r=0.52, p=0.001) and negatively with plasma eBG 
levels (r=-O.54, p=0.001). Conclusions: These data suggest that plasma CBG 
is a marker of insulin secretion in a similar way as SHBG is a mruker of insulin 
sensitivity. As high plasma eBG levels have been associated with increased 
incidence of type 2 diabetes, this important issue merits further investigations. 

710 
IS CORTISOL AXIS DYSREGULATION INVOLVED IN THE PATHOGENESIS 
OF TYPE 2 DIABETES? 
S. Lindmark, T. Olsson, M. Tufvesson and J.W. Eriksson, Dept. 
of Medicine, Umea University Hospital, Sweden 
Aims and methods: To elucidate dysregulation of the cortisol (HPA) axis 
as a potential mechanism of early insulin resistance and type 2 diabetes, 15 
individuals with (relatives=R) and 15 without (controls=C) family history (first
degree relatives) of type 2 diabetes were examined. Rand C were matched 
for age (R 32.5±1.9 vs C 32.7±1.9 yr, mean±SE), BMI (24.2±O.9 vs 
23.6±0.7) and sex (M/F 8/7). All subjects underwent a 75 g OGTT and a 
hyperinsulinemic (= 110 mUll) euglycemic clamp. A 24 h profile of salivary 
cortisol was assessed. Serum cortisol levels were measured during 
dexamethasone suppression test (3.5 !l9lkg orally) as well as during ACTH 
(Synacthen®, 1!lg Lv) and CRH (1!lg/kg Lv) stimulation. Results: Fasting 
serum glucose, insulin and HbA 1 c did not differ between Rand C and 
neither did insulin sensitivity index (M-value/plasma insulin) assessed during 
clamp (9.2±1.3 vs 9.7±0.9). 24 h urinary cortisol was similar in both groups 
and so was morning serum cortisol (R 464±34 vs C 531±30 nmol/l) also 
following the oral dexamethasone suppression test (318±41 vs 330±39 
nmol/l). Stimulation with ACTH as well as with CRH produced lower serum 
cortisol in R compared with C (by =15%, p<0.05). However, plasma ACTH 
levels after CRH stimulation did not differ between the groups, suggesting an 
impaired adrenal cortex sensitivity to ACTH. The rise in salivary cortisol from 
evening to morning was smaller in R (by=40%, p<0,05), supporting a blunted 
variability in HPA-axis function. Post-dexamethasone serum cortisol levels 
were correlated to insulin sensitivity (r=0.43, p<0.03) indicating a link 
between insulin resistance and glucocorticoid feedback mechanisms. 
Conclusion: Diabetes-prone healthy individuals display alterations in the 
fine·tuning of the HPA-axis regulation and this may be involved in the 
development of insulin resistance and type 2 diabetes. 



711 
HYPERACTIVITY OF THE HYPOTHALAMO-PlTUITARY-ADRENOCORTICAL 
AXIS DESPITE NORMAL WEIGHT AND GYNOID FAT DISTRIBUTION IN 
INSULIN RESISTANT OFFSPRING OF TYPE 2 DIABETES PATIENTS. 
K. Loeblein, R. Becker, A. Volk, B. Mehnert, E. Maerker, S. Jacob, M. Nielsen, H.U. 
Haering, and K. Rett; Tuebingen. Gennany. 
Aims: Both obesity and android fat distribution have repeatedly been associated with 
hyperactivity of the hypothalamo-pituitary-adrenocortical axis (HP A). It is not clear, 
whether insulin resistance per se affects HP A activity independent of obesity and android 
fat distribution. 
Methods: We performed a corticotropin releasing hormone stimulation test (CRH 
I ~glkg body weight i.v.) and measured both plasma corticotropin (ACTH) and serum 
cortisol responses during 120 min. 30 female glucose-tolerant offspring of caucasian 
subjects with type 2 diabetes (FDR) were examined. Glucose tolerance was determined 
by an oral glucose load (oGTf; 40g glucoselm') and insulin sensitivity by euglycaemic
hyperinsulinaemic glucose-clamp. 10 insulin resistant women with normal weight and 
gynoid fat distribution pattern (IRGFD; MCR <6 mlokg·1omin· l

; BMI-<25 kglm'; 
WHR<O.80) were compared with 10 overweight women with android fat distribution 
pattem (IRAFD; BM] >25 kglm', WHR>0,85), matched for insulin sensitivity. 10 insulin 
sensitive women (MCR >8 mlokg·1omin· l ) with normal weight and gynoid fat distribution 
pattern served as controls. 
Results: Basal plasma ACTH and serum cortisol was not different between groups. 
However, IRGFD normal weight women had almost the same incremental areas (AUCi) 
of ACTH and cortisol (pmollLomin and ~mol!Lomin) as IRAFD obese women. 

IRGFD 
lRAFD 
CTRL 

Age BMI WHR MCR AUCiAclH AUCi rorn,; 

32±1 23±0.7 0.74±0.01 5.6±0.2 504±103 57±7 
36±2 30±0.9 0.86±0.02 5.1±0.3 490±152 50±5 
33±1 22±0.7 0.76±0.01 9.9±1.4 256± 82 19±2 

Conclusion: We describe a subgroup of insulin resistant daughters of parents with type 
2 diabetes, where HPA-hyperactivity occurs despite normal weight and gynoid fat 
distribution. We suggest an independent role of insulin resistance in HP A-hyperactivity. 

713 
DIRECT EFFECT OF TUNGSTATE ON THE BIOSYNTHESIS OF INSULIN 
IN ISOLATED RAT ISLETS. 
M. Claret, B. Nadal, A. True, J. Fernandez-Alvarez and R Gomis. Endocrinology 
and Diabetes Unit, Medical Department. IDffiAPS. Hospital Clinic. Barcelona. 
I! has been described that administration of tungstate to different animal models 
of diabetes mellitus leads to a normalization of blood glucose and restores the 
level of insulin release and content. However, the direct effect of tungstate is 
unknown. Aim: To investigate the action of tungstate in isolated rat islets. 
Materials and Metbods: Control rat islets and streptozotocin-damaged islets 
were cultured in RPM! supplemented medium at different concentrations of 
glucose (S.5 and 24.4 mM) and tungstate (I, 10 and 100 ~ for 7 days. Studies 
of cellular viability (ethidium bromide/acridine orange), insulin release and 
content (RIA), insulin hiosynthesis (immunoprecipitation), insulin mRNA 
(Northern blot), IDX protein levels (Western blot) were performed. 
Morphometrical analysis and cell replication were also studied. Results: The 
presence of tungstate in the culture medium did not affect cell viability of control 
islets ( >9S% survivor). STZ-damaged islets treated later with tungstate showed a 
less lost of cells than these untreated (80% living cells vs. 30%), suggesting a 
possible effect on cell replication. Meanwhile insulin release in control islets was 
not affected, tungstate was able to recover insulin content at high glucose (772 ± 
4S !LUlislet in control vs. 1306 ± 118 in Iflhl tungstate). These results are also 
done in STZ-damaged islets. Protein levels of insulin highly increase at low 
glucose (2-fold) and more slightly at high glucose. Nevertheless insulin mRNA 
was diminished and protein levels of insulin specific transcrition factor IDX-l 
was poorly affected by tungstate. Conclusions: The effect of tungstate in vitro 
over control islets relays on insulin hiosynthesis rather than in f3-cell replication; 
nevertheless in STZ-damaged islets it may be act through f3-cell replication. These. 
results are consistent with those obtained in vivo, where the effect of tungstate 
over f3-cell number increase is observed in diabetic but not in healthy animals. 
The mechanisms implicated in insulin biosynthesis are not well elucidated and 
otber insulin transcription factors as well as post-transcriptional factors mnst be 
investigated. 
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Effects of the f3,-Adrenoreceptor Agonist UL-TG 307 on Insulin Sensitivity and 
Insulin Secretion in Type 2 Diabetic Patients 
Klaus Rave; Tim Heise; Per Clauson'; Sabine Hirschberger*; Lutz Heinemann 
Dept. Metabolic Diseases and Nutrition, Heinrich-Heine-Universitat DUsseldorf 

* Novo Nordisk 
In obese rodents administration of /.h-adrenoreceptor ~3-AR) agonists increased 
thermogenesis and induced weight loss. In animal models of type 2 diabetes treatment 
with f3,-AR agonistic agents improved whole body-, liver-, and adipose tissue insulin 
sensitivity and led to an enhanced insulin secretion. We studied the effects of a novel 
f3,-AR agonist, UL-TG 307, on insulin sensitivity, insulin secretion, lipid metabolism, 
and body weight in thirteen diet treated male patients with type 2 diabetes. 
Participants were investigated in a randomized, double-blind placebo controlled cross
over trial consisting of two 14 day administration periods with placebo and UL-TG 
307 (24 mg daily). After each treatment period insulin secretion was assessed by an 
OGTT and insulin sensitivity was measured by an euglycemic hyperinsulinemic 
glucose clamp. Lipid metabolism was evaluated by measuring non-esterified fatty acid 
(NEF A) and glycerol serum concentrations at the end of each administration period. 
Treatment with UL-TG 307 did not improve insulin sensitivity (insulin sensitivity 
index SI) nor increased insulin secretion during OGGT (AUC ratio of immunoreactive 
insulin (JRI) and blood glucose (BG); Tab.). NEFA and glycerol tended to be higher 
after UL-TG 307, the difference however did not reach statistical significance. 
Fructoseamine and body weight did not change significantly either. We conclude that 
two weeks administration of the f3,-adrenoreceptor agonist UL-TG 307 in a daily dose 
of 24 mg did not lead to any metabolic significant effect in diet treated type 2 diabetic 
patients. 

Baseline UL-TG 307 Placebo 

SI (ml/min*m' per ~U/ml) 2.5±0.6 2.2±0.8 

IRI AUC / BG AUC 8.8±7.4 8.3±6.4 

NEFA (mmoIlL) 0.8±0.4 1.3±1.1 1.0±0.6 

Glycerol (~mol/L) 197±70 244±11S 176±79 

Fructoseamine (~mol/L) 324±43 323±55 313±47 

Weight (kg) 98±11 99±11 99±11 

714 
ENDOCRINE AND EXOCRINE PANCREATIC FUNCTION IN DIABETIC 
SUBJECTS IN BANGLADESH 
L. Rossi, P. Hildebrand, S. Ketterer, C. Beglinger, U. Keller and K. Gyr, Basel, 
Switzerland; S. Parvin, L. Ali and A. K. Azad Khan, Dhaka, Bangladesh. 
Specific types of diabetes mellitus and chronic pancreatitis (CP) were described in 
tropical regions: non-alcoholic CP: Tropical Chronic Pancreatitis (TCP); CP with 
diabetes as key clinical sign: Fibro-Calculus Pancreatic Diabetes (FCPD); lean type 
diabetes without CP: Protein-Deficient Diabetes Mellitus (pDDM). Aim: to 
prospectively compare (a) exocrine and (b) endocrine pancreatic function in 
untreated patients with matched healthy controls. Methods (mean±SEM): (j) 27 
controls (HbAlc=S.3±0.1), ® 8 TCP (S.7±O.I),@ 14 FCPD (13.6±1.2),@ 13 PDDM 

A, .I ........... """'ut (IS.6±O.8) and @ 11 type 1I diabetics (NIDDM) 
lomoll1"",,,,,,.1 (11.5±O.9) underwent (a) a secretin test (duodenal 

~ : U i ~o 0 intubation, interval aspiration of secretions at 

O~ 150 I 0 I baseline and during 60 min. Lv. infusion of secretin 
100 I :. 2S0 nglkg) with measurement of bicarbonate output, 

III ~ 0 • 0 and (b) an arginine test (baseline and stimulated 
, blood samples in IS min. intervals, using an Lv. 

B: Plasma C-Peptlde (ng/mll 

~ 1.2 ,'6IlLll ~ 0,8 

U 0,4 .,. 

infusion of 1.4 mvallkg Arg-HCI during 30 min.) 
with assessment of plasma C-peptide and glucagon. 
Results: (Fig. A) Bicarbonate output of 70 
!IlI1olllSminikg could discriminate every single 
patient with CP (group ®®) from controls. (Fig. B) 
Arg-HCI stimulated plasma C-peptide levels 
expressed as incremental response were significantly 
decreased in all groups with diahetes (@@@) 

compared to controls and patients with CP ouly (®) 
(p<O.OS). (Fig. C) Stimulated glucagon levels were 
significantly different in FCPD (@) than in other 
groups with diabetes (@@) (p<O.OS) and were in the 
same range of controls and TCP. Conclusion: In 
addition to generalized pancreatic damage, selective 
B-cell impairment may be involved in the 
development of diabetes in tropical pancreatitis. 

1 2 4 5 

c: Plasma Glucagon (pglml) 
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LEPTIN DOES NOT DETERMINE INSULIN ACTION EXCEPT IN INSULIN 
RESISTANCE 
A.Volk, R. Becker, E. Maerker, D. Overkamp, W. Renn, S. Jacob, B. Mehnert, H-U 
H!iring and K. Ret!. University of Tuebingen, Germany 
Aims: Leptin is supposed to be involved in the pathogenesis of obesity-associated 
insulin resistance. 
Materials and Methods: We therefore directly quantified insulin sensitivity by 
hyperinsulinemic-euglycemic glucose-clamp (Metabolic clearance rate [MCR]) in 
156 healthy, glucosetolerant offspring of patients with type 2 diabetes. Additionally, 
serum leptin and percentage of body fat (impedance technique) were measured. 
Results: 55 offspring were defmed as insulin resistant (IR) with a MCR<6mVkg/min, 
58 with a MCR>8.2 mVkg/min as insulin sensitive (IS). Serum leptin levels correlated 
with percentage of body fat (r~0.75) and insulin sensitivity (r~0.33). IR had higher 
leptin levels than IS (21 vs. 8 ng/ml). Even when expressed as leptin per percentage of 
body fat, IR remained higher (0.68 vs. 0.39 ng/mV%fat). MCR and leptin levels were 
correlated in IR (FO.36) but not in IS (0.1). IR and IS were further subdivided in lean 
and obese with a BMI 25kg/m' as cut-off point. 16 IR and 43 IS were lean, whereas 
39 IR and 16 IS were obese. Leptin levels were significantly different between lean 
and obese IR (II vs. 25 ng/ml) and for the corresponding IS (6 vs. 15 ng/ml). During 
hyperinsulinemic-euglycemic glucose-clamp, leptin levels remained constant in all 
four subgroups. 
Conclusions: Leptin levels are not influenced by acute hyperinsulinemia. Leptin 
levels mainly depend on percentage of body fat and do not explain different levels of 
insulin sensitivity. Neither do lean IR have high leptin levels nor do obese IS have 
low leptin levels that could explain their insulin resistance or sensitivity. Only before 
a background of insulin resistance are higher leptin levels associated with lower 
MCR. In IR higher leptin levels are due to higher percentage of body fat but in 
addition due to higher body fat-derived leptin secretion. 

717 
SERUM LEPTIN AND THE ~USCULAR COMPARTMENT 
R. Casamitjana, 1M. Ferru\ndez-Real, M Vayreda, F G-Huix· and W. Ricart 
Unit of Diabetes and Gasltoenterology·, Hospital of Girona "Dr Josep Trueta", 
Girona. Hormonal Laboratory, H. Clinic, Barcelona. SPAIN. 

Aim: Large variation in circulating leptin concentrations at similar 
levels of adiposity indicates that factors other than fat mass may be 
important in regulating serum leptin. Recent experimental works in 
mice demonstrated that leptin is also synthesized by muscle cells. 
Material and methods: We evaluated body composition (through 
bioelectric impedance and anthropometrical parameters), insulin 
resistance, and leptin levels in 140 men and 99 women. Results: Serum 
insulin, the fasting insulin resistance index (FIRI) and serum leptin 
levels were significantly increased in men in the highest quintile off at
free mass (FFM). Leptin levels positively correlated with FFM in men 
(r=0.24, p=0,004) but not in women (r=0.02, p=NS). Leptin also 
correlated with mid-arm muscle circumference (MAMC) and area 
(MAMA) (r=0.24 and r=0.23, respectively, p=0.004 and p=0.009) in 
men but not in women. As expected, serum leptin was strongly 
associated with fat mass (FM) (r=0.58 and r=0.71, p<O.OOOI in men 
and women, respectively) and FIRI (r=0.48 and r=0.53, p<O.OOOI in 
men and women, respectively). In a multiple linear regression analysis 
in a stewise manner to predict leptin levels, FM, FFM, and FIRI 
independently contributed to 32%, 6% and 3% of the variance in serum 
leptin levels in men (p<0.00001, p=0.022 and p=0.029, respectively). In 
women, FM (49%), FIRI (3.6%) and waist-to-hip ratio (2.4%), but not 
FFM, explained 55% of the variance in serum leptin (p<O.OOOOI, 
p=0.0045 and p=0.04, respectively). Conclusions: the muscle 
compartment contributes to the variability of serum leptin levels in 
men. Whether insulin resistance at this level mediates an increased 
production ofleptin merits further research. 

716 
THE INSULIN RESISTANCE INDEX AND LEPTIN ARE INFLUENCED 
BY FATTY ACIDS CHAIN LENGTH AND DEGREE OF SATURATION 
W. Ricart, M. Vayreda, F. Gonzalez-Huix, R. Casamitjana, and lM. Femfmdez
Real. Hospital de Girona and Hospital Clinic, Spain. 
Aim: Plasma free fatty acids (FFA) levels are known modulators of 
both insulin secretion and action. Recently, the insulinotropic potency 
of FF A have been related to their chain length and degree of saturation 
in animals. We therefore examined the relationship among fasting 
individual FF A, insulin and leptin concentrations in humans. Material 
and Methods: In ninety-nine healthy women, body composition, 
fasting plasma individual FFA (from C:14 to C:24), insulin and leptin 
concentrations were measured. Results: The mean ± SD body mass 
index (BMI) was 23.5 ± 3.9 kg/m'; age 38.2 ± 9.4 years. Only 
palruitoleic acid and linoleic acid correlated with fasting insulin 
(r=0.26, p=O.OI, and r=0.21, p=0.34) and with fasting insulin resistance 
index (FIRI) (r=0.26, p= 0.008 and r=0.22, p=0.026). Palmitoleic acid 
also correlated with fat mass and leptin concentration (r=0.25, p=O.OII 
and r=0.20, p=0.048). In a multiple linear regression analysis, BMI 
(p=0.00001) and the percentage of total saturated FFA (p=0.017) 
independently contributed to the variability of FIRI (R2=0.26). Leptin 
levels were also independently predicted by BMI (p<O.OOOOI) and the 
percentage of saturated FFA (p=0.025)(R'=0.53). Finally, in another 
model, both BMI (p<O.OOOOI) and palmitoleic acid (P=0.038) 
independently contributed to the variance ofFIRI (R'=0.27). 
Conclusions: The fasting insulin resistance index and leptin levels are 
influenced by fatty acids chain length and degree of saturation. It is 
tempting to speculate that an excessively high ratio of saturated to 
unsaturated fatty acids in the plasma pool might promote 
hyperinsulinism. 

718 
PLASMA LEPTIN CONCENTRATIONS IN INSULIN RESISTANT AS 
COMPARED TO INSULIN SENSITIVE HEALTHY VOLUNTEERS 
I. Zavaroni, P. Gasparini, A.L. Barilli , P. Massironi, A. Zuccarelli , 
R. Delsignore, O. M. Reaven. Dept. of Internal Medicine and 
Biomedical Science-Parma University, Italy and Stanford University, 
Usa 
Leptin , the product of the OB gene is produced in adipose tissue and 
studies in human beings emphasize the presence of elevated 
concentrations in obese individuals. Plasma insulin concentrations are 
often increased in obese individuals, raising the possibility that the 
relationship between obesity and leptin is mediated via the 
hyperinsulinemia associated with obesity. To test this hypothesis 421 
healthy subjects, factory workers, have been examined and divided 
into 4 quartiles on the basis of their insulin area after OGTT, as index 
of insulin resistance. The comparison (mean± S.E.) has been done 
between the subjects in the 4th quartile , with the highest insulin 
response to the glucose challenge and the subjects in the 1 st quartile 
with the lowest insulin response . Leptin has been measured by 
radioimmunoassay Results: hyperinsulinemic and insulin resistant 
subjects (quartile 4: n=101; age 53±0.9 y.; BMI 28.4±0.4 Kg/m2), 
compared to the insulin sensitive subjects (quartile 1: n=100; age 
50±0.7 y.; BM! 24.5±0.3 Kg/m2) show significantly higher levels of 
plasma insulin, plasma glucose, triglyceride, lower levels of HDL 
cholesterol, higher blood pressure. Plasma leptin concentration is 
significantly higher in the hyperinsulinemic and insulin resistant group: 
12.60±0.85 vs 8.53±0.56 ng/ml; p<O.OOl). Leptin is significantly 
correlated with BMI, gender and plasma insulin; no relationship was 
found between leptin and age or W/H ratio. The multiple regression 
analysis shows a relationship between plasma leptin and insulin 
independent of BMI and gender. Conclusion: these data indicate the 
presence of a relationship between leptin and hyperinsulinemia 
independent of obesity. 



719 
SEX DIMORPHISM OF PLASMA LEPTIN LEVELS AND INSULIN 
RESISTANCE IN lNPERTENSIVE SUBJECTS 
WHH Sheu, WJ LEE, and Y-T Chen Taichung, Taiwan, ROC 

Aims we investigated gender differences in fasting plasma leptin (FPL) 
levels and insulin resistance between hypertensive and normotensive 
subjects. 
Material and methods Fasting plasma glucose, insulin, leptin and 
lipoprotein concentrations, glucose and insulin responses to 75 g oral 
glucose tolerance test (OGTT) and insulin suppression tests were 
determined in 92 nondiabetic hypertensive patients (48 men and 44 
women) and 92 age, BMI-matched controls. 
Results FPL concentrations were higher in hypertensive men than in 
normotensive men (5.1 ± 0.5 versus 3.9 ± 0.4 ng/ml, P<0.02). FPL 
concentrations were not significantly different between hypertensive and 
normotensive women (11.8 ± 1.0 versus 10.9 ± 1.0 ng/ml, P=0.44). 
Although FPL concentrations showed good correlation with BMI, body 
fat, fasting plasma insulin concentrations, and insulin area to OGTT in 
both men and women (all P<O.OOI), it were related to steady state 
plasma glucose (SSPG) concentrations, a measure of insulin sensitivity 
by insulin suppression test, in men only (p<0.03). After adjustment for 
body fat amount, age and duration of hypertension, FPL levels were still 
significantly related to SSPG concentrations in men but not in women. 
FPL concentrations increased progressively across 3 different degrees of 
SSPG concentrations in men (P<O.OI) but not in women (P=0.39). 
Conclusion Higher FPL levels in hypertensive men but not in 
hypertensive women when compared with normotensive controls was 
demonstrated. These observations are consistent with the previous 
findings that plasma leptin is correlated with insulin sensitivity in men 
but not in women. 

721 
RELATION OF LEPTIN WITH METABOLIC PARAMETERS IN FEMALE 
PATIENTS WITH NON-INSULIN DEPENDENT DIABETES MELLITUS 
Serdar GULER, Bekir c,:AKIR, Berrin DEM1RBA~, Gill GURSOY, Rfi~tfi 
SERTER and Yal~m ARAL 
Ankara Education and Research Hospital, Ankara, TURKEY 

Aim: To evaluate the relation of leptin with metabolic control parameters and the 
effect of 14 days of diet or diet + oral antidiabetic therapy on leptin concentration 
in female patients with non-insulin dependent diabetes mellitus (NIDDM). 
Materials and Methods: 51 female patients with NIDDM are treated with diet 
alone or diet plus glipizide-GITS, or gliclazide or metformin for 14 days. Plasma 
ieptin is measured in basal and post-treatment period along with the metabolic 
markers. 35 healthy female subjects formed the control group. Results: Leptin 
levels were similar both at baseline (l5.9±7.4 vs 18.3±17.7, respectively) and after 
treatment (15.4±7.5 vs 18.3±17.7, respectively) in diabetic and control groups. 
NIDDM patients with basal fasting plasma glucose (FPG)<180mgldL had 
significantly higher leptin levels than NIDDM patients with basal FPG >= 180 
mgldL (19.6 ± 8.7 vs 13.65 ± 5.4, respectively; p<0.05). Patients with basal 
PPPG<250 mgldL also showed higher leptin levels than those with basal 
postprandial plasma glucose (PPPG»=250 mgldL (20.2 ± 7.9 vs 12.9 ± 5.2, 
respectively; p<0.05). Mode of treatment did not influence leptin levels. ~ leptin 
showed a weak correlation with basal FPG (r=0.346; p<0.05), basal and post
treatment PPPG (r=0.335, p<0.05 and r=0.325, p<0.05, respectively) and a 
moderate correlation with post-treatment FPG levels (r=0.391, p<O.OI) in patients 
with NIDDM. Conclusions: 1) Leptin levels are similar between female patints 
with NIDDM and healthy females; 2) improvement in FPG and PPPG levels do not 
influence leptin levels in short term, but; 3) change in leptin level by treatment is 
positively correlated to FPG and PPPG levels. We conclude that leptin level is not 
affected by the presence of NIDDM and by short term treatment with diet alone or 
diet plus different oral antidiabetics but directly related to metabolic control in 
female patients with NIDDM. 
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Title: Difference regarding the relation between degree of obesity, leplin and parameters of the 
metabolic syndrome in diabetic and non-diabetic subjects. 

S.Iraldianou 1, S. Tournis 1 , I. Volonakis 1 , MSpylopoulou2, E.Bilianou3, A.Melidonis 1 , 

S.Foussas3. 
I.Diabetic Unit, 2.Haematological Department, 3.Cardiology Clinic, Tzanio General Hospital, 
Piraeus, Greece. 
Aim: We investigate differences regarding the relation bet\veen leptin and several parameters 
of the metabolic syndrome in type 2 diabetic patients and non-diabetic subjects. 
Methods: The study group consisted of 34 type 2 diabetic patients (Group A: 30 males and 4 
females) and 19 non-diabetic subjects, as control group (Group B: \3 males and 6 females). 
BM! and WHR were determined. After an overnight fast, blood was drawn for the 
determination of total cholesterol, triglycerides, HDI. (enzymatic method),apoA, apoB, apoE 
(immunoturbidimetric assay),fibrinogen, tp-A,PAI-I (EIA).We also measured plasma levels of 
insulin, proinsulin, leplin (RIA method) and HbAlc. Insulin treated diabetic patients and 

patients with hepatic, thyroid and renal dysfunction and under hypolipidemic therapy were 
excluded from the study. Statistical analysis was performed using Mann-Wbitney test 
regarding comparisons and Pearson test regarding correlation's. The level of significance was 
atp<0.05. 
Results: The two groups were comparable according to age (54.79 ± 6.01 yr. vs 51.42 ± 6.53 
yr., p:ns), BM! (28.2 ± 3.39 vs 26.73 ± 3.09,p:ns) and WHR (0.967 ± 0.075 vs 0.932 ± 
0.076,p:ns)We observed that diabetic patients had higher plasma levels of LDL-cholesterol 
(129.57 ± 36.71 vs 106.63 ± 37.27, p=0.034), lower HDI. (42.67 ± 11.39 vs 60.26 ± 
19.49,p=Q.003) and higher levels of PAl-I (60.47 ± 31.87 vs 43.45 ± 
27.34,p=0.036).Additionally group A patients had higher proinsulin levels in comparison to 
group B (14.23 ± 11.77 vs 8.58 ± 4.2,p=0.036), while leptin did not differ significantly 
between the two groups (6.15 ± 4.61 vs 8.41 ± 6.72,p:ns). Regarding correlation's, BM! in 
diabetic patients showed significant correlation with apoB (r=0.4I,p=0.031), leplin 
(r=0.418,p=0.0\3) and insulin (r=0.419,p=0.0\3),while in controls BM! correlated with 
plasma levels of insulin (r=0.57,p=O.009) and PAI-I (r=0.62,p=0.004). Additionally WHR 
showed significant positive correlation with triglycerides in the diabetic group 
(r=0.38,p=0.041). 
Conclusion: No significant differences were observed regarding plasma leptin levels between 
diabetic patients and controls. ill both groups BM! is strongly related with insulinaemia, while 
in diabetic patients BM! is also related to 1eplin. 

722 
EFFECT OF CENTRAL NEUROPEPTIDE Y AND LEPTIN ADMINISTRATION 
ON OBESITY AND DIABETES IN PSAMMOMYS OBESUS. 
G. Morton, S. Lee, R. Fahey, A. de Silva, P. Zimmet, I and G.R. Collier. 
Metabolic Research Unit, Deakin University, Geelong 3217, Australia; I International 
Diabetes Institute, Melbourne 3162, Australia. 

Previous studies have demonstrated that intracerebroventricular (ICV) administration 
of leptin significantly reduces food intake, percent body fat and bodyweight in leptin 
sensitive ob/ob mice, while ICV neuropeptide Y (NPY) administration is associated 
with hyperphagia and the development of obesity in these mice. However, little is 
known about the effects of either ICV leptin or NPY administration in polygenic 
animal models. Aims: This study investigated the effects of chronic ICV leptin and 
NPY treatment in Psammomys obesus. Material and methods: Psamrnomys obesus 
is a polygenic animal model of obesity and diabetes. These rodents naturally develop 
a range of abnormalities when ted a diet of standard laboratory chow, which closely 
resemble metabolic changes seen in the development of obesity and diabetes in human 
popUlations. Psammomys obesus were fitted with an ICV cannula situated in the 
lateral ventricle at least 7 days prior to treatment, after which 15 ~glday of leptin, 
NPY or saline was administered for 7 d" s via Alzet pump. Results: 

Group BOd~~eight %change Estimated 'Yochange Cumulative 
Bodvweight %bodv fat Glucose Food Intake 

NPY 197.7 + 7.5 5.72+1.28 4.65+0.17 76.0+38.3 108.7 + 7.8 
SALfNE 207.3 + 4.1 1.95+0.73 3.97+0.26 0.02+0.82 97 3 + 5.8 
LEPTIN 193.7 + 5.3 -0.08+0.58 3.08+0.28 -0.67+4.73 89.0 + 4.1 

p < 0.05 compared to sahne control 
Chronic ICV NPY administration significantly increased percent change in 
bodyweight and estimated percent body fat when compared to control animals. In 
addition, ICY NPY treatment was associated with the development of diabetes in 
susceptible animals. In comparison, ICY leptin administration significantly decreased 
percent change in bodyweight and estimated percent body fat. Conclusion: ICV 
administration of 15 ~glday NPY and leptin significantly altered energy balance and 
bodyweight regulation in Psammomys obesus. Interestingly, only minor changes in 
body fat accumulation were necessary to trigger diabetes development following NPY 
treatment. The role of NPY and disturbances in energy balance will be further 
examined in this polygenic animal model of type 2 diabetes. 
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723 
HYPOTHALAMIC OREXIN GENE EXPRESSION IN ZUCKER 

FATTY AND ZUCKER DIABETIC FATTY RATS 
X.J. Cai, c.A. Lister, R.E. Buckingham, I.R.S. Arch, S. Wilson and G. 
Williams Dept. Medicine, University of Liverpool, Liverpool, UK & Dept 
Vascula'r Biology, SmithKline Beecham Pharmaceuticals Harlow, UK 
Aims: Orexins may play an important role in control of energy balance. 
Here we studied orexin gene expression in two rat models of hyperphagia, 
namely Zucker fatty (ZF) and Zucker diabetic fatty (ZDF) rats and their 
respective lean controls (ZFL, ZDFL). Materials and Methods: Orexin 
gene mRNA was measured using Northern Blotting in hypothalamic blocks. 
Body weight and various plasma metabolic indices were also measured as 
shown below. Results: 

ZF ZFL ZDF ZDFL 
Body wt (g) 469:tll** 293 :t6 409:t 20 423:t 12 
glucose (mM) 11.1 :t 1.3 8.8 ± 0.5 23.9 ± 1.6*' 5.32 ± 0.7 
insulin (nglml) 196.4 ± 99.1* 23.2 ± 2.4 4.2 ± 0.4*' 1.26±0.1 
leptin (nglml) 12.4 ± 0.3** 2.3 ± 0.4 22.6 ± 3.5** 1O.0± 0.9 
orexinmRNA 0.69 +0.06* 1.00 + 0.10 1.03 + 0.15 1.00 +0.14 

**P<O.OI, *P<O.05 compared with lean counterparts (Student's t-test) 
Hypothalamic orexin mRNA levels were reduced in ZF rats, consistent with 
published work for ob/ob and db/db mice. By contrast, ZDF rats showed no 
change in orexin gene expression. Like ob/ob and db/db mice and ZF rats, 
ZDF rats show hyperphagia, hyperinsulinemia and a defective leptin system 
but do not exhibit excessive weight gain. A common factor for the three 
models with reduced orexin mRNA levels is marked obesity, suggesting that 
reduced orexin gene expression is an adaptive response to excessive weight 
gain. Conclusion: Our data suggest that the hypothalamic orexin system is 
responsive to energy status and that orexin gene expression is suppressed to 
oppose further weight gain in obesity. 

PS52 
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725 
DIETARY PROGRAMMING OF INSULIN-LEPTIN INTERACTIONS 
MJ. Holness. Division of Biomedical Sciences, St. Bartholomew's and the 
Royal London School of Medicine and Dentistry, QMW, London, U.K. 
Aims: Recent studies suggest a link may exist between poor early (fetal and 
postnatal) nutrition and development of insulin resistance in later life. Obesity 
is also a risk factor. The study assessed whether early protein restriction and/or 
high-fat (HF) feeding in adulthood modify the regulatory interactions between 
insulin and leptin. Materials and Methods: Pregnant dams were fed either 
20% or 8% protein isocaloric diets during pregnancy and lactation and female 
offspring (termed control (C) and early-protein-restricted (EPR) groups 
respectively) were fed 20% protein diet from weaning. At 150 days of age, 
subgroups of C and EPR groups were fed a HF diet (C-HF and EPR-HF) and 
studied after 28 days. Plasma leptin responses were studied in the four groups 
in the postabsorptive state and after euglycaemic hyperinsulinaemia. Results: 
Plasma leptin levels were 32% lower in EPR compared with C offspring which 
may, in part, reflect lower body weights (by 13%) in the EPR group. 
Euglycaemic hyperinsulinaemia in vivo elevated plasma leptin levels in C and 
EPR groups by l.3-fold (NS) and 2.2-fold (P<O.OI) respectively. The effect of 
insulin to elevate plasma leptin levels was 2.8-fold greater, and leptin levels 
after insulin stimulation were 16% higher, in the EPR group. Differences 
between postabsorptive leptin levels in the C and EPR groups were no longer 
observed after 28 days of HF feeding. The leptin response to hyperinsulinemia 
was unaffected by HF feeding in the C group. In contrast, HF feeding 
abolished the leptin response to hyperinsulinaemia in the EPR group. As a 
consequence, plasma leptin levels after insulin stimulation were 39% lower in 
the EPR-HF compared with the EPR group. Conclusions: Leptin has an 
established role in signalling satiety. The present studies suggest that EPR, by 
programming enhanced leptin responsiveness to insulin, programmes satiety. 
Importantly, the subsequent imposition of a HF diet abolishes the programmed 
leptin response, and impairs leptin responsiveness to insulin. Thus, 
consumption of a HF diet after poor early nutrition would be predicted to 
increase the risk of obesity through dysregulation of appetite control. 

724 
TISSUE-SPECIFIC PROCESSING OF COCAINE- AND AMPHETA
MINE-REGULATED TRANSCRIPT PEPTIDES IN THE RAT. 
J. T.Clausen, P.Kristensen, P.F.Nielsen, B.S.Wulff, L. Thim; Health Care 
Discovery, Novo Nordisk AlS, DK-2880 Bagsvrerd, Denmark. 
Cocaine- and amphetamine-regulated transcript (CART) is a recently discov
ered hypothalamic peptide regulated by leptin and with a potent appetite
suppressing activity. In the rat, the CART gene encodes for a peptide of 116 
amino acid residues or a splice variant 13 residues longer. The predicted length 
of the prohormone is 89 amino acids. The CART prohormone contains several 
potential posttranslational processing sites in the form of mono- and dibasic 
sequences. Aims: Identification and characterisation of the natural occurring 
forms of CART peptides in the central nervous system as well as in the periph
ery. Methods: Frozen tissue from 18 female Wistar rats were used for a etha
nollHCI extraction. The extracts were passed over affinity columns containing 
the CART C-terminal specific monoclonal antibody Ca6-F4D4. The CART 
peptides were purified to homogeneity by reverse phase HPLC on a Vydac 
214TP54 C4. The N-terminal amino acid sequence were determined by auto
mated Edman degradation (Applied Biosystem Model 494 Sequencer) and mass 
spectrometry analysis were performed on a Voyager RP (perseptive Biosys
tems). Results: In the present study we have isolated CART peptides from adre
nal gland, hypothalamus, nucleus accumbens and pituitary gland of the rat and 
determined the peptide structures by using microsequencing and mass spec
trometry. From the adrenal gland we isolated two long forms of CART (1-89 
& 10-89), whereas only short form of CART (42-89 & 49-89) were isolated 
from the hypothalamus, nucleus accumbens and pituitary. Preliminary data of 
CART peptide expression in the GI-tract (stomach, duodenum & jejunum) indi
cate that the shorts forms are 3 times more abundant than the long forms. Con
clusion: The proteolytic processing of the CART precursor was studied both in 
central and in peripheral tissues from the rat. The CART precursor was found to 
be processed differently in central and peripheral tissues. This tissue specific 
processing indicates that CART peptides may have different biological function 
in the periphery and in the central nervous system. 

726 
IMPACT OF DIETARY LONG-CHAIN OMEGA-3 FATTY ACIDS ON 
PLASMA LEPTIN LEVELS AND HEPATIC GLYCOGEN STORAGE 
M.C. Sugden, M.J. Holness, L.O.D. Fryer and M.J. Munns. Molecular and 
Cellular Biology, Division of Biomedical Sciences, St. Bartholomew's and the 
Royal London School of Medicine and Dentistry, QMW, London, U.K. 
Aims: Diets high in saturated fat impair insulin action, but replacement of a 
small proportion of saturated fat with long-chain ro-3 fatty acids (from fish oil) 
prevents insulin resistance. We assessed the impact of the latter manipulation 
on leptin levels in rats rendered insulin resistant by high-saturated-fat feeding. 
In view of emerging evidence that leptin enhances hepatic glycogen storage 
(HGS), we also evaluated the relationship between plasma leptin levels and 
HGS. Materials and Methods: Adult female rats were fed either standard diet 
(8% fat, 72% carbohydrate) or one of two isocaloric high-fat diets (47% fat, 
33% carbohydrate) differing in fatty acid (FA) composition for 28 days. The 
first (SAT-fat) diet contained saturated fat as the major lipid (43% of total 
energy). The second (Omega-3) diet was identical to SAT-fat except that 7% 
of the dietary saturated FA was replaced with long-chain ro-3 FA. Results: 
Despite inducing insulin resistance, SAT-fat feeding did not alter plasma leptin 
levels in the absorptive state, whereas the Omega-3 diet significantly elevated 
(3.3 fold; P<O.OOl) plasma leptin levels. Paradoxically, hyperleptinaemia in 
the Omega-3 group was associated with reduced HGS (by 48%; P<O.OOl). 
Plasma insulin levels, moderately lower (26% vs. control, N.S.) in the SAT-fat 
group, were significantly suppressed (by 44% vs. control; P<O.05) by ro-3 FA 
supplementation. A significant positive linear correlation (r=O.97) existed 
between HGS and insulin levels in the three groups. Conclusions: The data 
demonstrate that dietary FA composition, rather than fat content, is the major 
determinant of the leptin response to dietary lipid. However, hyperleptinaemia 
in rats provided with a high-saturated fat diet enriched in long-chain ro-3 FA is 
not associated with enhanced HGS. This suggests that leptin' s action to 
promote glycogen storage is synergistic with or dependent upon hyper
insulinaemia, or that liver glycogen storage responds to decreasing rather than 
to increasing 1eptin levels (Le. a fall in 1eptin promotes !\4'cogen 1ossl-



727 
REGULATION OF THE 24h LEPTIN PROFILE IN MICE 
B. Ahren, Lund university, Malmo, Sweden 
Aim. To establish the mechanism underlying the diurnal variation and 
the nocturnal peak in circulating leptin. Materials and methods. 
Blood was sampled every 2nd hour for 24 hours in fed as well as in 
fasted female and male mice of the NMRI strain for the determination 
of leptin, insulin and glucose. Results. In the baseline samples at 8 
a.m., leptin correlated to body weight (r=0.44, p<O.OOI) and insulin 
(r=0.39, p<O.OOI), but was not different between the genders (6.2±0.3 
ng/ml in females, n=115, vs. 6.4±0.5 nglml in males, n=80, body 
weight not different). In contrast, baseline insulin was higher in males 
than in females (576±47 vs. 275±21 pmol/l, p<O.OOI) as was baseline 
glucose (lO.8±0.2 vs. 8.7±0.2 mmol/l, p<O.OOI). In thefed state, cir
culating leptin showed a diurnal variation in both genders; the increase 
was significant in samples taken at 2 p.m. and leptin peaked at 12 p.m. 
The leptin peak was higher in female than in male mice (3.5±0.3 vs. 
1.3±0.3 ng/ml, p<O.OO I) in spite of exaggerated nocturnal increase in 
insulin in male mice (406±82 vs. 136±41 pmolll, p=0.004). Although 
the nocturnal increases in leptin and insulin correlated to each other in 
both genders (r=0.49 in males, r=0.34 in females, p<0.05), the slope 
between increases in leptin and insulin was higher in females than in 
males (2.7±O.l vs 1.7±0.1 ng/pmol, p<O.OOI). Infasted animals, cir
culating leptin did not display any nocturnal rise, but instead declined 
throughout the 24h as did circulating insulin. These declines were 
more pronounced in male than in female mice (p<O.OOI) and correla
ted to each other (r=0.29, p=O.OII). The overa1l24h plasma leptin 
significantly correlated to gender, body weight, insulin and glucose. 
Conclusion. Insulin governs the nocturnalleptin peak although the 
influence of insulin is markedly gender dependent. 

729 
ELEVATED PLASMA LEVELS OF a-MSH ARE CORRELATED WITH 
UVPERINSULINEMIAAND INSULIN RESISITANCE IN OBESE MEN 
A. Katsuki, Y. Sumida, M. Furuta, K. Ito, K. TsuchihashiI, Y. Hori, Y. Yano and 
Y. Adachi. Third Department of Internal Medicine, Mie University School of 
Medicine, Mie, Japan 
Aims: The role of a -melanocyte-stimulating hormone (MSH) in obesity and in the 
levels of leptin has been well-documented. However, circulating level of a -MSH 
and its relationship with clinical parameters of obesity and glucose metabolism have 
not been as yet evaluated. In this study we evaluated the clinical significance of 
circulating levels of a -MSH in obese men. Materials and Methods: We measured 
the plasma levels of a -MSH in 12 obese (age: 38.0 ± 1.2 [mean ± SEl years, 
BMI: 28.7 ± 0.7 kg/m2) and 12 non-obese (age: 40.0 ± 2.0 years. 8MI: 22.3 ± 
0.6 kg/m2) men. The relationship of the plasma levels of a -MSH with the degree 
of obesity, body fat weight, the visceral and subcutaneous fat areas, insulin fasting 
levels, insulin resistance and with the serum levels of leptin and TNF- a was also 
evaluated. Circulating levels of a ·MSH were measured by a commercial 
radioimmunoassay (RIA) kit. Body fat weight was measured by bioelectric 
impedance. Visceral and subcutaneous fat areas were measured by computed 
tomography (Cn and insulin resistance was assessed by the glucose infusion rate 
(GIR) dnring an euglycemic hyperinsulinemic clamp study. Serum leptin levels 
were determined by radioimmunoassay using human leptin RIA kit and TNF- a in 
serum samples was measured using a commercially available sandwich 
immunoassay kit. Results: In obese subjects, the plasma levels of a -MSH were 
significantly increased compared with those in non-obese subjects (P < 0.05); they 
were positively correlated with the BM! (r = 0.584, P < 0.01), insulin fasting 
levels (r = 0.518, P < 0.02) and with the visceral fat areas (r = 0.760, P < 0.01), 
bnt negatively correlated with GIR (r = -0.591, P < 0.01). Circulating levels of a
MSH were not significantly correlated with the body fat weight, subcutaneous fat 
areas and with the serum levels of leptin and TNF- (I. Conclusions: The present 

study showed that circulating levels of a -MSH are increased in obesity and that 
they are positively correlated with obesity -associated hyperinsulinemia and insulin 
resistance. 
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728 
GLUCAGON-LIKE PEPTIDE-l (GLP-I) AND LEPTIN SECRETION 
AFTER AN ORAL GLUCOSE LOAD IN OBESE PATIENTS. 
E. Mannucci, A. Ognibene, F. Cremasco, G. Bardini, A. Mencucci, S. 
Ciani, E. Pierazzuoli, and C.M. Rotella. Endocrinology Unit, 
Department of Clinical Pathophysiology, University of Florence, Italy. 

GLP-I is mainly secreted in response to carbohydrate-rich meals, and 
probably contributes to postprandial inhibition of food intake. Leptin 
mRNA expression has been recently described in ga~tric epithelial cells, 
and the hypothesis of a gastric postprandial secretion of leptin has been 
formulated. Aim of this study is the assessment of the effect of oral 
glucose on leptin and GLP-l secretion in obese patients. The study was 
performed in 10 obese nondiabetic male ~atients, aged (m±sd) 
47.1±11.4 years, with a BMI of 34.7±3.5 kg/m. In order to avoid the 
interference of variations of glycaemia and insulinaemia on leptin and 
GLP-l secretion, an oral glucose load (50 g) was administered 90' after 
the beginning of a euglycaemic hyperinsulinaemic clamp, and 
circulating leptin, GLP-l (7-37), and GLP-I (7-36) amide were 
measured at 0, 30, 60, and 90', while maintaiing plasma glucose at 5.5 
mmolli. Circulating GLP-l (7-36) amide was (median [25°_75° 
percentile]) 128 [100-166.9] pg/ml at 0', 190 [171.2-236.8] at 30', 
181.2 [133.7-295] at 60', and 176.2 [138.1-220.6] at 90' (p<O.OI at 
ANOVA; 30,60, and 90' p<O.OI at Wilcoxon test vs 0'). GLP-l (7-37) 
was 19.0 [6.4-26.3] pg/ml at 0', 22.1 [13.5-32.3] at 30', 19.1 [10.1-
33.7] at 60', and 20 [14.4-33.2] at 90' (p<0.05 at ANOVA; 30' p<0.05 
at Wilcoxon test vs 0'). Leptin was 13.6 [12-19] ng/GII at 0', 13.9 [12.6-
20.1] at 30', 14.1 [12.6-21.9] at 60', and 14.6 [13.3-20.5] at 90' 
(p=NS). In conclusion, an oral glucose load in isoglycaemic 
isoinsulinaemic conditions determines a significant increase in GLP-l, 
but not leptin, secretion. 
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731 
COMPOSITION OF INSULIN-INDUCED BODY WEIGHT GAIN IN 72 DIABETIC 
PATIENTS STUDIED BY BIO-IMPEOANCE ANALYSIS. 
V. RigaIIeau ,C. Delafaye, L. Baillet, V.Vergnot, P. Brunou, B. Gatta and H. Gin. 
Nutrition-Oiabetologie, Hopital HaUl-Leveque, 33600 PESSAC, France. 

Aims:Although insulin is a well-known cause of body weight gain, it is not 
clear whether it is due to the accumulation of fat or lean mass. Materials and Methods: 
We pelformed a 3 months Body-Impedance Analysis follow-up in 72 diahetic patients 
in a wide range of insulin indications: insulin introduction in young inaugural IDDM 
(n=12), late-onset IDOM (n=12), NIDOM affected by intercurrent diseases (n=12) or 
microangiopathic complications (n=12), NIODM with failure of oral antidiahetic agents 
(n=12), and insulin withdrawal in NIOOM (n=12). Result" In IDOM, insulin led to 
the most important weight gain (+3.0±1.Okg/30d in young inaugural, p<O.OS vs 
NIOOM; +2.0±0.9 in late-onset 100M), but it was fat-free, with a major benefit on 
HbAIC (-7.3±1.l% young; -S.8±l.O late-onset). NIODM patients affected by 
intercurrent diseases or microangiopathic complications had a mild (both +O.S±O.3 
kg/30d, p<O.05 vs 100M), also fat-free weight gain, with a clear henefit on HhAIC (
S.2±1.l % interc. disease; -3.6±0.4 microangiop.). In NIOOM patients with failure of 
oral agents, HbA IC declined less (-2.7±O.6%,p<O.0l vs 100M), weight gain was 
intermediar(+lkg/30d), but predominantly fat (+O.6±0.3 kg/3Od, p<O.OS vs 100M), 
mirrored by a predominant fat loss (-O.9±O.4 kg fatl30d from -1.3 kg weightl30d) in 
NIDOM patients whose insulin was stopped (without significant change in HhAIC). 
Both fat and lean mass contributed to insulin-induced body weight gain, but a 
significant negative relationship existed between their respective evolution in our 
patients (r=-0.23, p<O.OS by linear regression analysis hetween Mat mass and Mean 
mass). Conclusion: Insulin-induced body weight gain is not univocal: insulin restaures 
or protects lean mass in its less controversial indications, whereas it leads to fat 
accumulation in NIDOM with isolated failure of oral agents. BIA offers a simple 
method to precise the benefitial or detrimental effect of insulin in diabetic patients. 

PS53 
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733 
NEW HIGHLY SPECIFIC IMMUNOASSAYS FOR GLUCAGON-LIKE 
PEPTIDE 1 (GLP-l). 
M.Wilken', F.S.Larsenl, O.Buckley' and J.J.Holst'; Healt Care Oiscoveryl, Novo 
Nordisk AlS, OK-2880 Bagsvrerd, Denmark; Protein Chemistry and Process 
Development', Scios Inc., Mountain View, CA 94043, U.S.A. and Departtnent of 
Medical Physiology', The Panum Institute, University of Copenhagen, Denmark. 
Aims: Glucagon-like-peptide-I (GLP-I) is present in plasma in minute amounts 
(PM range). Furthermore it is rapidly degraded to a number of degradation 
products. The degradation takes place both N- and C-terminally, but the most 
critical from a functional point of view is the N-terminal degradation. This study 
was undertaken to I: demonstrate the specificity of two new GLP-Iassays and 2: 
compare the profiles of GLP-I induced after a meal measured in the two assays. 
Materials and Methods: Three monoclonal antibodies against GLP-I were used: 
An N-terminal reacting antibody (MAb26.1), a C-terminal reacting antibody 
(GLPIFI) and an antibody less sensitive to C-terminal degradation reacting around 
position 26 (GLPIF5). Two two-site (sandwich) immunoassays were constructed 
with either GLPIFI or GLPIF5 as catching antibody. In both assays MAb26.1 was 
used as detecting antibody. The following peptides were synthesized: GLP-I(7-37), 
(1-37), (8-36)amide, (9-37), (11-36)amide, (7-36)amide, (7-35), (7-34), (7-33), (7-
38) and GLP-I(7-41) and used for demonstration of specificity. Human plasma 
samples from a number of healthy volunteers was collected hefore and after a meal. 
Results: The specificities of the assays were demonstrated using the different 
peptides. With GLP-I(7-37) as reference, both assays showed <0.1% crossreactivity 
towards both N-terminally prolonged and truncated forms. The assay with GLPIFI 
showed, as expected, the greatest specificity C-terminally with <0.1% 
crossreactivity on all C-terminally truncated forms. The concentrations measured in 
plasma hefore and after a meal ranged from IpM to 15pM. Conclusion: The 
previously reported levels of GLP-I obtained with less specific assays are apparently 
overestimated. With these new assays, which are both more sensitive and more 
specific than other published assays for GLP-I, the biologically active form ofGLP
I can he monitored more accurately. 

732 
REGULATION OF GLYCOGEN SYNTHESIS AND BREAKDOWN IN 
HUMAN OBESITY. 
J.P.Felber, R. Munger, F. Assimacopoulos, E. Bobbioni, and A. Golay, 
Institut de Physiologie, Universite de Lausanne and Hopital Cantonal 
Universitaire, Geneve. 

Aims. Defect in glucose storage is the most important marker of insulin 
resistance. As the amount of glycogen stored depends not only on 
glycogen synthase (GS) but also on glycogen breakdown, the purpose of 
the work was to study the effect of obesity on the regulation of both GS 
and glycogen phosphorylase (GP). Materials and methods. 23 obese 
nondiabetic patients were compared with 15 lean control subjects. A 
euglycemic, hyperinsulinemic, clamp was performed in association with 
indirect calorimetry. Muscle needle biopsies were performed before and 
at the end of the 2-hr clamp for measurements of GS and GP activities 
and of glycogen concentration. Results. A strong positive correlation 
was observed during the clamp between glycogen concentration and GP 
activity in the obese group (p=O.OOO 1; lean: p=NS) corresponding to 
stimulation of the enzyme by glycogen against limitation of the 
utilization of glucose from glycogen. GS activity was negatively 
correlated to glycogen concentration in the obese group (p=0.037; lean: 
p=NS) corresponding to inhibition of the enzyme by glycogen. Glucose 
oxidation during the clamp was lower in the obese than in the control 
group (75.2 ± 5.5 vs 105.0 ± 6.1 mg/m2 min, p=0.002). The decrease in 
the activation of GS by insulin (liGS) was correlated to the decrease in 
glucose oxidation (p=0.012). Conclusions. The decrease in glucose 
storage in obesity is accompanied by a decrease in glucose oxidation. It 
is proposed that the decrease in muscle glucose oxidation indirectly leads 
to an inhibition of GS and glucose storage in obesity through alterations 
in glycogen mobilization. This mechanism, specific for glucose storage, 
does not exclude a defect in glucose transport. 

734 
GLP·1 SECRETION IN MORBID OBESITY AFTER VERTICAL 
BANDED GASTROPLASTY. 
J. Puente, L.M. Molina, L. Marquez, A. Arbeo, J. Martinez, C. 
Hernandez, M.L. Villanueva-Periacarrillo and I. Valverde. Fundaci6n 
Jimenez Diaz and Hospital Clinico, Madrid, Spain. 
Aims: morbidly obese patients show, frequently, glucose 
intolerance and insulin resistance, which tend to normalize after 
bariatric surgery; in this work we studied the possible implication of 
GLP-1, an incretin with antidiabetic properties, in that process. 
Methods: an oral glucose test (75 g) was performed before and six 
months after vertical banded gastroplasty (VBG), in 8 obese 
subjects (sex: 7F/1M; 42±4 years-old; BMI: 48.5±2.9 kg/m2), 
previously informed consent given. Plasma glucose, GLP-1, insulin 
and glucagon were measured. Results: pre-VBG, 4 patients 
showed glucose intolerance. Six months post-VBG, the BMI was 
significantly decreased to 36.0±2.0 kg/m2, and the glucose tolerance 
was normal in all subjects, being the paired glucose incremental 
area (0-180 min) significantly (p<0.02) reduced (-278±83 mM.min). 
No significant differences were observed in basal or glucose
induced insulin and glucagon responses, between pre- and post
VBG. Basal GLP-1 did not change after VBG, but the glucose
induced increment, from 15 to 90 min after glucose load, was about 
two-fold higher in post- than in pre-VBG, being statistically 
significant (p<0.05) the paired difference between the incremental 
area up to 180 min (36.4±13.B ng.min.ml-1

). Conclusions: the 
higher oral glucose-induced GLP-1 secretion after reduction of 
obesity, with no changes in insulin or glucagon responses, indicates 
a GLP-1 effect on glucose disposal, either direct or through an 
increase in insulin sensitivity. 



735 
GIP STIMULATES GLP-I RELEASE IN CANINE JEJUNUM BY 
PARACRINE ACTION. 
H. Kofod, A.B. Damholt and A. Buchan*. Novo Nordisk, Novo AlIe, 
DK-2880 Bagsvaerd, Denmark. * University of British Columbia, 
Vancouver, Canada 
Aims: The aim of this study was to evaluate a possible physiological 
role of our previously shown stimulation of GLP-I release by GIP in 
cultured canine L-cells. Materials and Methods: Immunocyto
chemistry was used to establish the cell distribution ofL-(GLP-I), K
(GIP) and D-cells (somatostatin) in the canine small intestine and 
distances between K- and L-cells, where they co-localize. Centrifugal 
elutriation of ileal single cell preparations were used for L-cell enrich
ed short term cultures for secretion determinations. Time and GIP
concentration dependent studies of GLP-l release were performed to 
evaluate possible down-regulation of the GIP-effect, as the disappear
ance of effect of GIP on insulin release is known. Results: K-cells 

were equally distributed in duodenum and jejunum. L-cells were 
found in duodenum (5%) jejunum (73%) and ileum (22%). D-cells 
were evenly distributed in the small intestine. The middle 50% of the 
small intestine contained 69% of the K-cells and 51% of the L-cells. 
More than 30% of these L-cells were adjacent to K-cells. Time depen
dent homologous down-regulation of the GIP effect (EC50: 0.7 ±.2 
nM at 5 min and 17.2±5.2 at 120 min; P~ .03) was found. 

Conclusions: Our results indicate that a paracrine action of GIP on 
GLP-I release is very likely. This paracrine nature of action and 
homologous down regulation of effect may explain the lack of effect 
seen by exogenous GIP under certain physiological conditions. 

737 
GASTRIC EMPTYING AND GLUCAGON-LIKE PEPTIDE I (7-36 AMIDE) 
RESPONSE TO A SOLID TEST MEAL IN TYPE I DIABETES. 
C. Dell'Anna, R. Lugari, A. Dei Cas, D.Ugolotti, L. Sarti*, B. Marani*, M. Iotti*, 
AL. Barilli, R. Zandomeneghi* and A. Gnudi. Department of Endocrinology, 
University of Parma, *Department of Internal Medicine, University of Modena, Italy. 
Efficient gastric emptying is dependent on the co-ordination of multiple 
neuroendocrine regulating mechanisms. Besides the plasma glucose excursions and the 
integrity of autonomic nerve function, Glucagon-like Peptide 1 (GLP-I) is a further 
physiologic modulator of gastric motility. In type 1 diabetes highly variable rates of 
gastric emptying may occur, but the pathogenesis of gastric abnormalities is unclear. 
Aims: to assess in type 1 diabetics the rate of gastric emptying in relation to: I) 
autonomic nerve function degree, and 2) plasma GLP-l secretion in response to a 
mixed meal. Materials and Methods: 16 type 1 diabetic patients with no 
symptoms of gastrointestinal dysfunction (mean age 40.S±14.4 yr, 
HbAIC=7.8±1.S%) and 9 healthy volunteers were studied. The autonomic nerve 
function assessment was evaluated by standardized cardiovascular reflex tests: 18.7% 
of the patients were affected by definite autonomic neuropathy, SO% presented only 
partial autonomic involvement, the remaining 31.3% was in the normal range. All 
subjects studied received a standard mixed breakfast (230 KCal: 60 % carbohydrates, 
18 % proteins, 22 % lipids) containing labelled octanoic acid (lgr), as a marker for 
measuring the gastric emptying rate of solids (13-C octanoic acid breath test). Breath 
samples were taken every IS min. for 4 hours and analyzed for 13-C02 by isotope 
ratio mass spectrometry. Blood samples were collected every 30 min. for 3 hours for 
plasma glucose, C-peptide, glucagon and GLP-l determination. Results: in the 
control subjects meal ingestion induced a significant increase in plasma GLP-l at 60 
min. (p<O.OS), returning towards fasting values in the following 2 hours. In contrast, 
in all diabetic patients examined, there was no increase in postprandial GLP-l levels 
which were found even to decrease throughout the test (p<O.OS). As a group, the 
diabetic patients showed a half time (T SO) of gastric emptying (lOO.S±S9.8) that was 
not significantly different from the controls (88±28). No correlation was found 
between the T SO value and the duration of diabetes, the fasting plasma glucose at the 
time of the study, the autonomic dysfunction degree, or GLP-l response to the meal. 
Statistical evaluation of the results was performed by kruskall-Wallis analysis and 
Spearman correlation. Conclusions: 1) in type 1 diabetes gastric emptying is not 
thought to reflect the degree of autonomic function involvement 2) the impaired GLP
I secretion observed in type 1 diabetic patients in response to food ingestion would 
net be able, in itself, to significantly affect the gastric emptying rate. 
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736 
EFFECT OF GLP-l ON LIVER AND FAT GPIJIPG SYSTEM 1N 
DlABETIC STATES 
M.L. Villanueva-Pefiacarrillo, L. Marquez, M.A. Luque, N. Gonzalez and 
I. Valverde. Fundaci6n Jimenez Diaz, Madrid, Spain. 

Aims: GLP-I exerts insulin-like actions in rat liver, skeletal muscle and fat, 
being in liver and muscle not mediated by adenylyl cyclase activation. Although 
in lower magnitude than that in normal rats, the effect of GLP-l upon glucose 
metabolic variables in liver and muscle of streptozotocin-induced non-insulin 
(STZ-NID) and insulin (STZ-ID) dependent diabetic models, is preserved. 
Mediation of an inositolphosphoglycan (lPG, second messenger in insulin action) 
on the effect of GLP-l in BC3Hl and G-2 cells, and rat adipocytes and 
hepatocytes, was documented. Herein, we studied the effect of GLP-l, compared 
to that of insulin, on the kinetic of glycosylphosphatidylinositols (GPIs, 
precursors of IPGs), in adipocytes and hepatocytes from STZ-ID and STZ-NID 
rats. Methods: cells, prelabelled with myo-[3HJinositol, were incubated without 
(control) and with GLP-l or insulin; GPIs were analyzed in organic cell extracts 
by sequential TLC, autoradiography and B-counting. Results: in STZ-NID rat 
adipocytes, 10-9 M GLP-l, as insulin, induced a rapid decrease of GPIs levels, 
followed by an increase over control at min 2 (O.S min: -30±3% of control, 
p<O.OOI, n=7; 1 min: -16±3%, p<O.OI, n=S; 2 min: +23±8%, p<O.OS, n=7; S 
min: +7±1O%, n=7; 10 min: +18±7%, p<O.OS, n=7), as observed in normal 
animals; in hepatocytes, a delay in the hydrolysis of GPIs by GLP-l was 
detected (O.S min: +19±lO%, n=18; 1 min: -19±7%, p<O.OI, n=14; 2 min: 
-24±9%, p<0.02, n=IS; S min: +4S±II%, p<O.OI, n=18; 10 min: +11±13%, 
n= 18), while insulin did not exert any effect. In STZ-ID rats, neither GLP-l nor 
insulin had any action upon IPGs generation in both cell types. Conclusions: 
GLP-l receptor in fat and liver seems to be associated to GPIIIPG system, whose 
alteration could participate in the pathophysiology of diabetes; these data add 
support to the proposed benefit of GLP-I in the therapy of type 2 diabetes 
mellitus. 

738 
GLUCAGON LIKE PEPTIDE-l SIMILARLY AMPLIFIES INSULIN 
SECRETION IN LATE-ONSET TYPE 1 AND TYPE 2 DlABETES 
H. MAKSOUD, B.A. BARROW, p.r. SUTTON, J.e. LEVY and R.e. 
TURNER (Diabetes Research Laboratories, Radcliffe Infirmary, Oxford) 

The impainnent in insulin secretory responses to glucose (beta-cell function) 
in Late-Onset Antoimmune Diabetes (LADA) and Type 2 diabetes (T2) are 
presumed to have different aetiologies. GLP-I may act by restoring 
subnonnal intracellular cyclic AMP or as a pharmacological stimulus. 
Aims: To compare the response of the beta cell function to GLP-l infusion 
in LADA and T2. Patients: 12 LADA (islet cell antibody titre> 5 or 
glutamic acid decarboxylase antibody titre >20) and 12 matched T2 patients, 
mean (SO) age 62 (6) and 59 (6) years, BMI 32.4 (7.2) and 35.0 (6.9) 
kg.m-2 

, in LADA and T2 respectively, with 2 sulphonylurea vs. 10 insulin 
treated in each group. Methods: Subjects had two step hyperglycaemic 
clamps ( 90 min 5 mmon' and 90 min 13 mmon' ) with infusions of 1.2 
pmol.kg-'.min-' GLP-l or saline throughout. Results: The mean plasma C
peptide at the end of the 5 mmon' clamp in LADA patients for Saline and 
GLP-I were 0.25 and 0.62 pmol.r' and at 13 mmon' were 0.52 and 1.65 
pmon' with values in T 2 patients 0.20 and 0.48 and 0.61 and 1.97 pmon' 
respectively. The plasma C-peptide responses at 5 mmon' and 13 mmol.r' 
during GLP-I infusion correlated with those during saline infusion, 
Spearman Rank Rs = 0.91 and 0.96 in LADA and 0.92 and 0.85 in T2 
respectively (all p<O.OOOI) with similar regression slopes and intercepts not 
significantly different from zero. GLP-I stimulated secretion two fold and 
three fold at 5 and 13 mmon', respectively. Conclusions: GLP-I amplifies 
beta cell responses similarly in LADA and Type 2 diabetic patients. 
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739 
HYPOGLYCAEMIA·COUNTERREGULATION UNDER THE 
INFLUENCE OF EXOGENOUS GLUCAGON·LIKE PEPTIDE 1 
(GLPl) 
M.A. Nauck. K. Behle, M.M. Heimesaat, J.J. Holst, M. Hiifner, W. 
Schmiegel. Med. Utriv.·Kliniken Bochum (Knappsch.·Krankenh.) and 
G6ttingen, FRG; Dep. Med. Physiol, Panum institute, Copenhagen, DK 
Aims: GLP-l and analogues are being evaluated as a new therapeutic 
principle for the treatment of Type 2-diabetes. GLP-l suppresses glucagon 
secretion, which could lead to disturbances of hypoglycaemia 
counterregulation. Materials and Methods: Nine healthy volunteers with 
normal oral glucose tolerance received infusions of regular insulin (1 
mUkg'l.min·') over 360 min on two occasions in the fasting state. Capillary 
glucose concentrations were clamped at plateaus of 78, 66, 54 and 42 mg/dl 
for 90 min each ( .. stepwise hypoglycaemic clamp"); on one occasion GLP
I (1.2 pmolkg·l.min·') was administered intravenously (steady-state 
concentration = 125 pmol/I, on the other one NaCI as placebo. Glucagon, 
cortisol, growth hormone and catecholamines were determined, and 
autonomous or neuroglucopenic symptoms were assessed. Statistics: RM
ANOVA, t-tests. Results: At insulin concentrations of = 45 mUll glucose 
infusion rates were similar with and without GLP-I (p = 0.26). Only during 
the euglycaemic plateau (78 mg/dl) GLP-I suppressed glucagon 
concentrations (4.1 ± 0.4 vs. 6.5 ± 0.7 pmol/I, p = 0.012); at all 
hypoglycaemic plateaus glucagon increased similarly with GLP-l or 
placebo, to maximum values > 20 pmol/I (p = 0.97). The other 
counterregulatory hormones and autonomous or neuroglucopenic symptom 
scores increased with decreasing glucose concentrations, but there were no 
significant differences comparing experiments with GLP·l or placebo. 
Conclusions: The suppression of glucagon by GLP-I does occur at 
euglycaemia, but not at hypoglycaemic plasma glucose concentrations (::; 
66 mg/dl). GLP-I does not impair hypoglycaemia counterregulation. 

PS54 
GlP and Glucagon II 
741 
GLUCOSE.DEPENDENCE OF INSULINOTROPIC GLp·l ACTIONS IN THE 
HYPOGLYCAEMIC RANGE: AN IN VIVO STUDY IN HEALTHY VOLUNTEERS 
M.M. Heimesaat. K. Behle, R. Ritzel, W. Schmiegel, M.A. Nauck, 
Medizinische Universitiitsklinik, Knappschaftskrankenhaus Bochum, FRG 
Aims: In animal experiments, the insulinotropic actions of GLP-I depend 
on elevated glucose concentrations. In human subjects, only rough 
estimates exist for this glucose-dependence. Materials and Methods: In 
nine healthy male volunteers wiIh normal oral glucose, an exofenous 
(intravenous) infusion of human regular insulin (\ mUkg·l.min·) was 
maintained over 360 min on two occasions in the fasting state. Glucose 
concentrations were maintained at plateaus of 78, 66, 54 and 42 mg/dl for 
90 min each (stepped hypoglycaemic clamp) by repeatedly adjusting 
glucose infusion rates according to the level of glycaemia determined every 
5 min (glucose oxidase). On one occasion, GLP·I (1.2 pmolkg·l.min·') was 
administered intravenously, leading to steady-state plasma concentrations 
of = 125 pmolll. On Ihe other one, placebo (0.9 % NaCl/1 % HSA) was 
infused. Insulin and C-peptide were measured by immunoassays, insulin 
secretion rates were derived by deconvolution analysis (2-compartment 
model). Statistics: RM-ANOVA, t-tests. Results: At insulin concentrations 
of approximately 45 mUll, basal glucose concentrations (90 ± 2 mg/dl) fell 
to 76 ± 2 mg/dl wiIhin 30 min. During this period, C-peptide concentrations 
increased with GLP-I from basal 0.42 ± 0.10 to 1.13 ± 0.14 nmol/I at 30 
min, but decreased thereafter, significant differences to placebo remaining 
until 240 min (glucose = 54 mgldl). However, when calculating insulin 
secretion rates, they increased with GLP-l from basal 1.36 ± 0.31 to 4.86 ± 
0.62 pmolkg·l.min·' after 30 min and sharply decreased thereafter even at 
78 mg/dl glucose. No significant differences to placebo conditions were 
seen at glucose concentrations of 66 mg/dl or lower. Conclusions: Insulin 
secretion is stimulated by GLP-I in humans at plasma glucose 
concentrations of 78 mg/dl (or greater), but not at all at lower levels of 
glycaemia. The insulinotropic action of GLP-I is strictly glucose-dependent 
also in vivo. 

740 
HYPERGLUCAGONEMIA DOES NOT INCREASE LIPOLYSIS IN 
ABDOMINAL ADIPOSE TISSUE BY MICRODIAL YSIS 
Claus H0jbjerg Gravholt\ Niels M0l1erl, Jens Sandahl Christiansen\ Ole 
Schmitzl. 
IDepartment of Endocrinology M and Medical Research Laboratories, Aarhus 
University Hospital, DK-8000 Aarhus C, Denmark. 
Introdnction: A possible role of glucagon on lipid metabolism still remains to 
be clarified. To determine whether glucagon induces lipolysis in adipose tissue 
healthy males were studied during a pituitary-pancreatic clamp. Lipolysis was 
evaluated with indwelling microdialysis catheters in abdominal adipose tissue. 
Materials and methods: Eight young males (23-34 years) participated in the 
study. Microdialysis catheters (CMA 60, Stockholm, Sweden), with a cutoff of 
20 kDa, were placed subcutaneously in the abdominal adipose tissue. After 
perfusion for 1 hour with Ringer solution at a flowrate of 0.3 !ll/min subjects 
were studied in 3 situations: I. euglucagonemia (EU) (0.6 ng/kg/min); 2. 
hyperglucagonemia (HY) (1.8 ng/kg/min); 3. euglucagonemia (0.6 ng/kg/min), 
with a glucose infusion mimicking the glucose profile from the day of 
hyperglucagonemia (EU+HG). Somatostatin (450 !lg/b) was infused to suppress 
endogenous hormone secretion and insulin (0.06 mUlkg/min) and GH (2 
ng/kg/min) was infused for replacement. Sampling was done every 30 min for 7 
h. Glycerol was analyzed on a CMA 600 apparatus (CMA, Stockholm, Sweden). 
Results: Baseline values of insulin, C-peptide, glucagon and GH were 
comparable in the 3 conditions. Baseline values of institial glycerol, plasma 
glycerol and serum free fatty acids were similar. There were no difference in the 
level of interstitial adipose glycerol (ANOVA: p=O.3) and likewise in the area 
under the curve (AUC) (97241±17979 (EU) vs 92221±11603 (HY) vs 
79571±7684 (EU+HG) !lM*390min, p=0.6). Plasma glycerol (ANOVA: 
p=0.09) and serum free fatty acids (ANOVA: p=0.09) were comparable. 
Conclusiou: Hyperglucagonemia per se does not induce lipolysis in abdominal 
adipose tissue. NeiIher did hyperglycemia wiIhout hyperglucagonemia alter 
abdominal lipolysis. 

742 
GLUCAGON-LIKE PEPTIDE-l(9·36)NH, NEITHER AFFECTS INSULIN RELEASE 
NOR ANTAGONISES THE INSULINOTROPIC EFFECT OF GLP-l(7-36)NH, 
CF Deacon, *TE Hughes and JJ Holst. Dept Med Physiol, Panum Inst, Univ 
Copenhagen, Denmark & *Novartis Inst for Biomedical Research, Summit, NJ, USA 

Aims: Glucagon-like peptide-I(7-36)NH, (GLP·l) is rapidly degraded in vivo by 
dipeptidyl peptidase IV (DPP IV), forming GLP-l(9-36)NH, which is an antagonist in 
vitro. Inhibition afDPP IV potentiates the insulinotropic effect ofGLP~l infused during 
an ivGTI. This effect could be due to increased levels of intact GLP-I and/or to 
reduced levels of the potentially antagonistic metabolite. This study examined the 
contribution of these factors to the improved insulinotropic action seen after DPP IV 
inhibition. Materials and Methods: Valine-pyrrolidide (a specific DPP IV inhibitor: 
300 flmollkg iv) was administered to non-fasted anaesthetised pigs at -30 min. At 0 
min, six animals received cross-over 40 min infusions of GLP-I(7-36)NH2 (0.75 
pmoI/kg/min) alone or in combination with GLP·l(9·36)NH, (2.55 pmollkg/min), and 
six had saline and GLP-l(9·36)NH,. An ivGTT (0.2g1kg over 9 min) was given during 
min 21-30 of each infusion. Plasma GLp·l was analysed by N-terminal RIA (intact 
GLP-l) and C-terminal RIA ("total" GLP-l). Results: Before inhibitor administration, 
basal levels of intact GLP-l (l9±3 pmoUl) were lower than total GLp·l (51±9 pmoUl: p 
< 0.01). Valine-pyrrolidide reduced plasma DPP IV activity by >95% throughout the 
experiment and prevented GLp·l degradation, raising the level of intact GLp·l (52±10 
pmoUl) to match the total levels (47±9 pmolll). Infusion of GLP·l(7-36)NH, alone 
resulted in similar plateau values for intact and total peptide (intact, 97±8 vs total, 87±9 
pmoUl). During co-infusion of GLP·!(7·36)NH, + (9-36)NH" similar plateau levels of 
intact peptide (102±14 pmolll) were attained, but total GLp·l levels were higher 
(207±17 pmolll; p < 0.005). Plasma insulin responses to glucose were similar (AUC, 
GLP-l(7·36)NH" 3139±639 vs GLP-l(7.36)NH, + (9·36)NH" 2762±385 pmoln*40 min). but 
were higher than in the saline treated group (AUC 1443±520 pmolll*40 min; p < 0.05). 
GLP.l(9·36)NH, alone did not affect insulin secretion (AUC 1180±552 pmolll*40 min; ns 
vs saline). Conclusions: These results indicate that GLP-l(9·36)NH, itself neither 
affects insulin secretion nor antagonises the insulinotropic effect of GLP·l(7-36)NH" 
suggesting that the increased insulin secretion previously seen after DPP IV inhibition 
is due to elevated levels of intact GLP·l rather than removal of antagonism. 



743 
DOWN REGULATION OF THE GLP-l RECEPTOR CAUSED BY GLP-l 
is ASSOClATED TO INCREASED RECEPTOR INTERNALIZATION. 
B.Brock. S.Gregersen and K.Hennansen, Aarhus University Hospital, Derunark. 

The glucagon-like peptide-I, GLP-l, has a well documented glucose potentiating 
effect on insulin secretion from beta-cell lines. We have previously shown that long 
tenn exposure of the beta cell line INS-l to high glucose down regulates the glucose 
mediated insulin release. Exendin (9-39) is a GLP-l receptor antagonist that binds to 
the receptor with an affinity identical to that of GLP-I thereby blocking the 
stimulatory effect. In contrast to GLP-l, exendin does not cause internalization of the 
receptor. Aims: The aim of the present study was to elucidate a)whether GLP-I can 
counteract the glucose mediated down regulation, b) if this effect is transient or 
persistent during long tenn exposure of the peptide itself, and c) how these changes 
are related to the exposure of the GLP-I receptor on the beta cell. Materials and 
Methods: Studies were perfonned on the insulin secreting cell lines INS-I and 
betaTC-3 cultured at 16.7 mM glucose with and without addition of either 10.10110" 
M GLP-I or 10.10/10-8 M exendin. BetaTC-3 cells were used for competitive binding 
assays and INS-I cells for insulin secretion deterntination. Students unpaired t-test 
was used for statistical comparisons. Results: After 3 days exposure to 10.10 M GLP-I, 
the maximal binding was reduced by 55% compared to the binding after 3 hours of 
exposure (p<O.OOI). In contrast, the displacement of GLP-I by exendin was not 
altered. In INS-I cells the corresponding insulin output declined by 28% after 3 days 
exposure (p<0.005). As expected the insulin output in cells exposed 3 days to 16.7 
mM glucose was reduced to 53% compared to cells exposed to 6.6 mM glucose 
(p<O.OOI). Interestingly, this down regulation was totally abolished by addition oflO' 
10 GLP-l. Exendin did not have any secretory capacity itself and counteracted the 
GLP-I induced effect on the insulin output. Conclusions: Long tenn exposure to 
GLP-I counteracts the glucose induced decrease in insulin output in INS-I cells 
inspite of the down regulation of the surface exposed amount of GLP-I receptor. The 
contemporary binding of exendin is unaltered pointing to an increase in GLP-l 
receptor internalization caused by the GLP-I peptide. 

745 
IMPROVED STABILITY AND GLYCAEMIC CONTROL WITH HIS7-GLUCITOL 
GLUCAGON-LIKE PEPTIDE-I IN NORMAL AND DIABETIC RODENTS 

F.P.M. O'Harte, M.H. Mooney, C.M.N. Kelly and P.R. Flatt. School of Biomedical. 
Sciences, University of Ulster, Coleraine, N. Ireland, UK. 

This study examined the actions of glucagon-like peptide-I (7-36)amide (tGLP-I) and 
the N-terminaUy modified analogue His7-glucitol tGLP-I on glycaemic control in 
nonnal Wi star rats and obese diabetic ob/ob mice. Unlike native tGLP-I, His7-
glucitol tGLP-1 is resistant to the proteolytic actions of plasma dipeptidyl-peptidase 
(DPP) IV in vitro. Also His7-glucitol tGLP-I showed much greater in vivo resistance 
to degradation (92% intact) compared to tGLP-1 (27% intact) in plasma 10 min after 
i.p. administration to fasted (18 h) rats. Acute effects of tGLP-I and His 7-glucitol 
tGLP-1 on glucose homeostasis were examined in rats (250-300g, n=6) following i.p. 
injection of each peptide (12 nmoVkg) together with glucose (18 mmoVkg). The area 
under the curve (AUC, 0-60 min, mean±SEM) for plasma glucose for controls 
(glucose alone, 691±35 mmol.l·l.min) was significantly reduced after administration 
of tGLP-1 and His7-glucitol tGLP-I (36% and 49% less; AUC 44o±40 and 353±31 
mmol.l·I.min, respectively; p<O.OI, Students t-test). Acute effects of both peptides 
(12 nmol/kg) were also tested in fasted (18 h) obese diabetic ob/ob mice (20-25 weeks 
old, 75-IOOg, n=8). The AUC for glucose (0 to 60 min) in controls (836±130 ng.ml' 
I.min) was significantly higher (p<0.01) than after tGLP-I (526±85 ng.ml·l.min) or 
His7-glucitol tGLP-1 (575±66 ng.mP.min). Following His7-glucitol tGLP-1 
injection, peak insulin responses at 30 and 60 min, were significantly greater 
(46.6±5.6 and 31.o±3.0 ng/ml, p<0.05-p<0.01) than for native tGLP-1 (38.5±5.4 
and 24.2±3.3 ng/ml, respectively). Furthennore, higher AUC for plasma insulin 
concentrations were recorded for mice treated with His7_glucitol tGLP-I (849±141 
ng.ml·l.min) compared to glucose controls (207±103 ng.ml·l.min, p<O.OI) but not 
tGLP-1 (561±194 ng.mI-l.min). A similar pattern of insulin response was observed 
in ob/ob mice given peptides (12 nmoVkg) in conjunction with feeding (30 min pre
injection). In conclusion, His7-glucitol tGLP-1 is resistant to DDP IV in vivo and 
has potent glucose lowering and insulinotropic actions in Donnal and diabetic rodents. 
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744 
DERIVATIVES OF GLUCAGON-LIKE PEPTIDE-1 SUITABLE FOR ONCE 
DAILY ADMINISTRATION. 
L.B. KNUDSEN, H. AGERS0, P.O. HUUSFELDT, P.F. NIELSEN, M. WILKEN, 
Maaloev, Denmark. 

GLP-1 has been shown to be able to lower blood glucose effectively in type 2 
diabetes. GLP-1 releases insulin in a glucose-dependent manner, decreases 
glucagon secretion, inhibits gastric emptying and has also been shown to de
crease appetite. However, native GLP-1 is rapidly degraded and cleared from 
plasma making it difficult to use therapeutically. In the present abstract, we de
scribe derivatives of GLP-1 which are both potent and metabolically stable and 
possess pharmacokinetic properties suitable for once daily administration. 

Potency of compounds were determined using a functional assay employing 
the cloned human GLP-1 receptor. The relative in vitro metabolic stability was 
determined by mass spectrometry before and after incubation in human 
plasma and DPP-IV. Pharmacokinetic properties were determined after sub
cutaneous administration to pigs. Plasma concentrations were determined by 
use of a radioimmuno assay employing an antibody specific for the N-terminus 
of native GLP-1 and of the GLP-1 derivatives. 

All compounds showed a markedly improved in vitro metabolic stability com
pared to GLP-1. The potency and plasma half-lives are listed in the table be
low. The most potent compound was Arg34Lys26-(N-E-(y-Glu(N-a
tetradecanoyl))) with an EC50 of 22 pM. The most protracted compound was 
Arg34Lys26-(N-E-(y-Glu(N-a-hexadecanoyl))) with a plasma half-life of 14h. All 
compounds were shown to be potent and sufficiently protracted to make once 
daily administration feasible 

Parent peptide Substi Potency Plasma 
(derivatized on N-E-Lys) -tuent (EC". pM) t%(h) 

GLP-1 55 + 19 1.2 
Lys26Arg34(7-37) 2 22 + 7.1 9 
Lys26Arg34(7-37) 1 61 + 7.1 14 
Lys34Arg26(7 -37) 1 120 + 26 13 

Lys36Arg26,34(7-36) 1 37 +2.1 13 
Lys"Gly'Glu" Arg26'''(7 -38) 1 140 + 7.1 11 

1 = y-Glu-(N-a-hexadecanoyl), 2-y-Glu-(N-a-tetradecanoyl). 

746 
CHARACTERIZATION OF MUSCARINIC RECEPTOR SUBTYPES ON 

THE GLUTAG MOUSE ENTEROENDOCRINE CELL LINE 

C. Brunn, J. Schloos , S. Sewing, P. Lemansky , S. Wawro , H.J. Mest 
Lilly Research Laboratories, Lilly Forschung GmbH, Hamburg, Gennany 

Glucagon-like peptide-I (GLP-I) is an enteroendocrine peptide that accounts for up 
to 60% of the pancreatic insulin released after an oral glucose load. A wide range of 
endogenous and exogenous secretagogues cause GLP-I release from L-cells, which 
are mainly located in the small intestine. The effects of neurotransmitters on L-cells 
are still poorly understood. Cholinergic effectors stimulated GLP-l secretion in an 
isolated vasculary perfused rat ilewn preparation. Administration of acetylcholine to 
hypoglycemic dogs resulted in an elevation of plasma total immunoreactive 
glucagon. In humans, a clinical study also suggested the involvement of muscarinic 
receptors in GLP-I secretion because atropine reduced GLP-l levels in healthy 
subjects. In the flrst study we investigated the existence of muscarinic receptors on 
L-cells using a permanent mouse enteroendocrine cell line (GLUTag) and 
immunofluorescence labeling. FITC-labeled antibody M35 is directed against 
muscarinic receptor protein and does not discriminate between the five presently 
known subtypes. M35 labeling of GLUTag cells resulted in a positive signal on the 
plasma membrane of every cell. Fluorescence intensity was equally distributed 
throughout the preparation. On a functional level, we investigated the coupling 
between muscarinic receptors and GLP-I release in a second study. The cholinergic 
agonist, bethanechol, stimulated GLP-I secretion in a dose-dependent fashion (by 
1.7 ± 0.3 fold at 500flM; n=4, P<0.05). Bethanechol-induced secretion could be 
blocked by atropine (at 1 flM; n=4, P<0.05) confIrming a direct involvement of 
muscarinic receptors in GLP-I release. In order to characterize the muscarinic 
receptor subtypes expressed in GLUTag cells, RT-PCR was perfonned. In these 
studies expression ofM2, M3 and M4 receptor subtypes was observed. In conclusion, 
the present studies demonstrate the existence of muscarinic receptors on GLUTag 
cells and a functional coupling between these receptors and GLP-I secretion. The 
individual roles of the different muscarinic receptor subtypes in GLP-l release are 
currently under investigation. 
GLUTag cells were obtainedfrom D.Drucker, 1 149336 Ontario Inc./Univ o/Toronto 
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747 
ROLE OF PHOSPHA TIDYLINOSITOL 3-KINASE IN INSULIN-INDUCED 
INHIBITION OF GLUCAGON SECRETION FROM IN-RI-G9 CELLS 
K. Kaneko, H. Kishikawa, E. Araki, K. Matsumoto, T. Taguchi, H. 
Motoshima, K. Yoshizato, T. Shirotani and M. Shichiri, Department of 
Metabo)ic Medicine, Kumamoto University School of Medicine, 
Kumamoto, Japan 
Aim: Intracellular mechanism by which insulin inhibits glucagon secretion 
has remained to be elucidated. We investigated using wortmannin, an 
inhibitor of phosphatidylinositol 3-kinase (PI3-kinase), whether the 
inhibitory effect of insulin on glucagon secretion was mediated through PI3-
kinase pathway in In-RI-G9 cells, a pancreatic alpha cell line. Materials 
and Methods: Western blot analysis and PI3-kinase assay were performed 
to investigate whether insulin stimulate the phosphorylation of insulin 
receptor substrate-I (IRS-I) and activate PI3-kinase. Static incubation 
study, Northern blot analysis and perifusion study were also performed using 
insulin (\ 0-7 mol/I) and wortmann in (\ 0-7 mol/l). The effects of insulin and 
wortmannin on subcellular localization of PI3-kinase were studied by 
Western blot analysis. Results: Insulin stimulated phosphorylation of IRS
I and activate PI3-kinase, and wortmannin almost completely suppressed 
insulin stimulated PI3-kinase activity. In static incubation, insulin 
significantly (p < 0.05) inhibited the glucagon secretions at 2, 6, and 12h, 
which was completely abolished by pretreatment of the cells with 
wortmannin. In perifusion study, insulin significantly suppressed the 
glucagon secretion after 10 min, which was blocked by wortmannin. The 
glucagon mRNA was also decreased by insulin at 6 h (70 %) and 12 h (65%) 
but not at 2h. Wortmannin abolished the decrease of glucagon mRNA. 
Insulin increased the amount of 85 kDa subunit of PI3-kinase in plasma 
membrane fraction (PM), while reciprocal decrease of the kinase was 
observed in cytosol fraction (CY), and insulin also increased PI3-kinase 
activity in PM, but not in CY. Conclusion: Insulin could suppress the 
glucagon secretion by dual inhibition of glucagon release and glucagon gene 
expression both of which were mediated by the activation of PI3-kinase. 
The recruitment and activation of PI3-kinase in plasma membrane might be 
relevant in part to the insulin-induced inhibition of glucagon release. 
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C-Peptide Growth Factors 
and Growth Hormones 
749 
PROINSULIN C-PEPTIDE DOES NOT BIND TO LIPID VESICLES 

M. Henriksson, J. Johansson, J. Shafqat, M. Tally, J. Wahren and H. Jornvall 
Department of Medical Biochemistry and Biophysics, Department of Molecular 
Medicine and Department of Surgical Science, Karolinska Institutet, S-171 77 
Stockholm, Sweden 

Aims: Proinsulin C-peptide has been shown to improve renal function, ameliorate 
autonomic and sensory nerve dysfunction and stimulate blood flow and oxygen 
uptake in skeletal muscle in type I diabetes patients. It has been suggested that C
peptide interacts with a G-protein coupled membrane receptor, activating Ca2+ 

dependent intracellular signalling pathways, stimulating Na+K+ ATPase and eNOS. 
Alternatively, C-peptide may elicit its effects independently of binding to a specific 
receptor by entering membrane lipid bilayers resulting in the formation of cation 
selective channels and alterations of intracellular ion homeostasis. To test the latter 
hypothesis, we examined whether C-peptide binds to lipid vesicles. 
Materials and Methods: For structural studies, circular dichroism (CD) spectra (40 
microM human C-peptide, 184-260 run, 20 nmlmin, 1-2 data points/run, T=22 0c) 
of human proinsulin C-peptide in physiological salt solutions or in the presence of 
neutral or anionic phospholipid vesicles and micelles (0.5 mg/ml lipid in 25 mM 
sodium phosphate buffer) at different pH values have been recorded. In order to 
study physical association in solution, phospholipid vesicles/C-peptide mixtures 
were subjected to size exclusion chromatography. For this purpose a Superdex 200 
HR 10/30 column, elution with 20 mM sodium phosphate buffer, 100 mM NaCI at a 
flow of 0.5 mlImin, were employed. 
Results: If C-peptide is inserted into a membrane, the peptide structure is likely to 
be altered, compared to when it is freely moving in an aqueous solution. Likewise, 
C-peptide is expected to co-migrate with lipid vesicles upon size exclusion 
chromatography. In contrast, CD spectroscopy showed that proinsulin C-peptide 
was unstructured in aqueous solution and did not change its secondary structure in 
the presence of artificial lipid membranes, independent of vesicle charge. 
Furthermore, C-peptide and lipid vesicles did not co-migrate upon size exclusion 
chromatography, but were separated by approximately 40% of one bed volume. 
Conclusion: Our data do not support a mechanism of action whereby C-peptide 
enters lipid membranes and fonns ion charmels. 
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Requirement of a signal generated by nutrient metabolism for 
elicitation of insulinotropic effect of GLP-1 

Amel Guenifi, Bo Ahren, Suad Efendic, Samy M. Abdel-Halim 

Endocrine & Diabetes Unit, Department of Molecular Medicine, Karolinska 
Institutet, Stockholm, Sweden; and Department of Medicine, Lund 
University, MalmO, Sweden 

The incretin hormone glucagon-like peptide-1 (7-36)amide (GLP-1) elicits 
strong insulinotropic effects in pancreas. To study the mechansims of action 
mediating GLP-1-induced hormone release, GLP-1 or CCK were 
administered to perfused rat pancreas (GLP-1 1 nM; CCK 1 nM; arginine 20 
mM), isolated rat islets (GLP-1 100 nM), and in vivo in mice (GLP-1 32 
nM/kg; arginine 25 mg/kg). In the isolated perfused rat pancreas, GLP-1 
strongly potentiated insulin (p<0.001) and somatostatin release (p<0.001) in 
the presence of 16.7 mM glucose but failed to enhance 20 mM arginine
induced insulin or somatostatin release. Arginine-induced glucagon release 
was, however, promptly inhibited by GLP-1 (p<0.02). GLP-1 similarly 
enhanced glucose- but not arginine-induced insulin responses in vivo. 
Arginine-induced insulin release was enhanced both in vivo and in vitro by 
1nM CCK (p<0.001) and its combination with GLP-1 did not further enhance 
the responses. To investigate whether cAMP generation modulates these 
hormonal action, GLP-1-induced cAMP generation and IBMX-induced insulin 
release were studied. GLP-1 (100 nM) failed to increase cAMP levels at 
either 3.3 or 16.7 mM glucose in isolated rat islets. IBMX (0.5 mM), in 
contrast to GLP-1, potentiated both glucose- and arginine-induced insulin 
release both in isolated rat islets and in vivo in mice. In conclusion, CCK and 
I BMX enhance the insulinotropic effects of both glucose and arginine both in 
vivo and in vitro while GLP-1 only enhances glucose responses. This finding 
taken together with the failure of GLP-1 to increase islet cAMP levels 
indicate that GLP-1 stimulates glucose-induced insulin release by rather 
influencing nutrtient metabolism than by generation of cAMP. 
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SPECIFIC BINDING OF PROINSULIN C-PEPTIDE TO HUMAN CELL 
MEMBRANES 
K Ekberg, R Rigler, A Pramanik, G Kratz, B-L Johansson, M Uhlen, H 
Jornvall, J Wahren. Karolinska Institutet and Royal Institute of Technology, 
Stockholm, Sweden 

Aims. A series of recent reports have demonstrated beneficial effects of 
proinsulin C-peptide in the diabetic state, involving improvement of kidney 
and nerve function. To examine the background to these effects binding of C
peptide to cell membranes has been examined. 
Materials and Methods. Measurements of ligand-membrane interactions at 
single molecule detection sensitivity in 0.2 fL confocal volume elements were 
carried out using fluorescence correlation spectroscopy. 
Results. The findings show how specific binding of fluorescently labeled C
peptide to several human cell types. Full saturation of the C-peptide binding to 
the cell surface is obtained at low nanomolar concentrations. Scatchard 
analysis of binding to renal tubular cells indicates the existence of two binding 
processes with Kass of3.3·109 M-I and 8'109 M-l, respectively. Addition of 
excess unlabeled C-peptide is accompanied by competitive displacement, 
yielding a dissociation rate constant of 4.5.10-4 s-I. The data indicate the 
existence of a membrane-bound C-peptide specific receptor with a density of 

-75 receptors/J.lffi2 in renal tubular cells and a lower density in human 
fibroblast and endothelial cells. The C-tenninal pentapeptide displaces 
C-peptide bound to cell membranes, indicating that the binding occurs at this 
segment of the molecule. Non-native D-C-peptide and a randomly scrambled 
C-peptide do not compete for binding with the labeled C-peptide, nor were 
cross-reactions observed with insulin, IGF-I, IGF-II, or proinsuJin. 
Modification of the receptor-coupled G-protein by pertussis toxin abolishes 
the binding. 
Conclnsion. C-peptide binds to specific receptors on human cell membranes, 
thus providing a molecular basis for the peptide's biological effects. 
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THE EFFECT OF C-PEPTIDE ON CYCLIC GMP AND ERYTHROCYTE 
Na+K+APTase ACTIVITY IN DIABETES TYPE 1 
T. Forst', D. Dufayet De La Tour', T. Kunt', A. Pfutzner', K. Goitom', T. 
Pohlmann', S. Schneider', B.L. JOhansson', J. Wahren', M. wbig', M. Engelbach', 
J. Beyerl and P. Vague2

; I Johannes-Gutenberg University, Mainz, Germany; 2 

University Hospital Timone, Marseille, France; , Karolinska Hospital, Stockholm, 
Sweden 
Aim: The study was undertaken to evaluate the influence of C-peptide on 
erythrocyte Na+K+ATPase and endothelial nitric oxide synthase (eNOS) activities in 
type I diabetes patients. Material:; and Methods: Ten type I diabetes patients age 
35 ± 2 yrs, diabetes duration 3-22 yrs, HbAIc 7.2 ± 0.5% received intravenous 
infusions of human C-peptide or saline on two different occasions in a double blind 
randomized study design. C-peptide was infused at rates of 3 pmol/kg/min for 60 
min and then at 10 pmol/kglmin for 60 min. Blood samples (venous) were collected 
in the basal state and after 60 and 120 min for determinations of plasma cGMP 
(radioimmunoassay) and erythrocyte membrane Na+K+APTase activity (ATP
induced re1ease of inorganic phosphate in the presence or absence of ouabain). 
Results: Basal plasma C-peptide 0.02 ± 0.02 nmolll increased to 1.3 ± 0.1 nmolll 
during the first infusion period and to 3.5 ± 0.3 nmolll during the second. Plasma 
concentrations of cGMP were 5.5 ± 0.6 nmolll in the basal state and rose to 6.8 ± 
0.9 nmolll during C-peptide infusion (P<0.05). Erythrocyte Na+K+APTase activity 
increased from 140 ± 29 nmol Pilmg/h in the basal state to 287 ± 5 nmol Pilmglh 
during C-peptide infusion (P<O.OI). There was a significant linear relationship 
between the plasma C-peptide levels and erythrocyte Na +K+ APTase activity during 
the C-peptide infusion (r=0.46, P<O.OI). No significant changes in plasma cGMP or 
Na+K+APTase activity were observed during the saline infusion study. ConcJusion: 
The data demonstrate a direct influence of C-peptide on erythrocyte Na+K+APTase 
activity and provide indirect evidence that C-peptide administration also activates 
eNOS in type I diabetic patients. 

753 
DOSE DEPENDENT EFFECT OF INSULIN ADMINISTRATION ON IGFs & IGF
BPs SERUM LEVELS IN HEALTHY PEOPLE AT A POST ABSORTIVE PHASE 

P.G.Halvatsiotis, S.Meek, M.Bigelow, and K.S.Nair, Endocrine 

Research Unit, Mayo Clinic, Rochester, MN, USA 
Aims: To determine the dose-effect of insulin on circulating levels and 
splanchnic output of IGF-I, IGF-II, IGFBP-I, IGFBP-II and IGFBP-III in 
healthy human subjects. Materials and Methods: We investigated 12 each 
oflean (BMI=18-27kg/m' healthy men and women (Total=24, age=21-38 
yr.) in the postabsorptive state. Following a three days of weight maintaining 
diet the subjects were studied after an overnight fast. After collecting two 
baseline blood samples from femoral artery and hepatic vein the subjects 
were randomly infused with either insulin at dosages of 0.25,0.5, 1.0 umI kg I 
min or saline for ISO min while maintaining euglycemia. Additional blood 
samples were collected at 140 and ISO min through the infusion and blood 
flow was measured by indicator dye dilution technique. Hormonal and 
binding protein levels were measured by radioimmuno assay. Results: Insulin 
decreased arterial and hepatic venous levels of IGF-I and IGFBP-I in a dose 
related manner (p<0.01) (eg; IGF-I decreased in artery from 290±34 to 
264±30 ng/mI, P=0.033 at 0.5 mU/kg/min of insulin whereas during saline 
infusion there was no change. Insulin at 0.5mU/kg/min decreased IGFBP-I 
from 50±19 to 26±7 ng/mi while_saline increased itfrom 58±13 to 101±17, 
P=0.015). Splanchnic output of IGFBP-I decreased in a dose-related manner 
(p<0.01) with the maximal effect at 0.5mU/kg/min of insulin infusion 
«86±8% decline). No significant insulin effect was observed on circulating 
arterial or hepatic venous levels or splanchnic output of IGF-II, IGFBP-II and 
IGFBP-III. Conclusion: Insulin decreases IGF-I levels with no demonstrable 
effect on its splanchniC output. Insulin acutely decreases IGFBP-I output from 
splanchniC bed causing a decrease in Circulating IGFBP-I levels. 

752 
INSULIN-LIKE GROWTH FACTOR-I LEVELS ARE LOW AND NOT 
CORRELATED TO HBAlc IN ADULTS WITH TYPE 1 DIABETES. 

Berti! Ekman' MD, Fredrik Nystrom' MD PhD, Hans J Arnqvist" MD PhD 

Division of Internal Medicine*, Department of Medicine and Care, Division 

of Cell biology", Department of Biomedicine and Surgery, Faculty of Health 
Sciences, Linkoping University, Linkoping, Sweden. 

Aim: To s,udy the plasma concentrations of insulin-like growth factor-l (lGF
\) in an adl"t population with type I diabetes in comparison to population
based reference values. Furthermore to study the influence of glycemic 
control, insulin dose, body composition and gender on the concentration of 
circulating IGF-I in type I diabetes. 
Materials and methods: Blood sampling were consecutively collected in 80 
men and 55 women 20-59 years old with diabetes type I and with over 6 
years diabetes duration (range 6-51 years). A reference population of 80 men 
and 83 women 20-59 years old were randomly selected from the population 
registry. IGF-I was measured with radio-imrnuno-assay after acid-ethanol 
extraction. 
Results: Mean values ofIGF-I (+ SD) for all ages and both genders were 146 
(+ 66) micrograms/L in diabetic patients and 237 (+ 83) microgramslL in 
control subjects, P<O.OOI. IGF-I declined with age-in both diabetic patients 
and control subjects. When dividing after gender and age the difference in 
IGF-I levels between the two popUlations remained highly significant in all 
decades except in women 50-59 years. No correlation was found between 
glycemic control measured as flBAlc and IGF-1. The insulin dose corrected 
for body weight showed a positlve correialion with IGF-I in the male diabetes 
patients, P<0.03, but not for the femaie patients, P~O, 15 . 
Conclusions: IGF-Ilevels in plasma are low in patients with type I diabetes 
in comparison to an age and sex matched reference popUlation. The low IGF-I 
levels in plasma are not explained by poor glycemic control. 
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DETERIORATION IN GLUCOSE TOLERANCE FOLLOWING LONG TERM 
GROWTH HORMONE REPLACEMENT THERAPY. 
lAM Rosenfalck, 's Maghsoudi, 's Fisker, 'Aa Volund, 'JOL Jorgensen,' JS 
Christiansen, 'J Hilsted and IS Madsbad. 'Department of Endocrinology Hvidovre 
University Hospital, 'Aarhus Kommune Hospital and 'Novo Nordisk, Denmark. 

Introduction: Short time growth hormone (GH) replacement therapy in adults wiih 
pituitary deficiency leads to a deterioration of the insulin sensitivity without a 
compensatory increment in beta-cell function. 
Aim: The aim of the present study was to evaluate ihe long term metabolic effects of 
GH given in a mean dose of 1.6 IU/day during a 30 monihs treatment period in 
adults with GH deficiency. 
Materials and Methods: II (8 males and 3 females) GH deficient patients age 37.6 
± 9.9 (mean ±SD) years, BM! 27.1 ± 5.3 kg/m' participated. Glucose metabolism 
was evaluated by an oral (OGTI) and an intraveneously (FSIGT) glucose tolerance 
test and ihe body composition was estimated by a dual-energy X-rayabsorptiometry 
(DXA) whole body scanning before and after treatment. 
Results: GH treatment induced persistent favourable changes in body composition 
wiih a significant increase in lean body mass of 4.5 kg (p<0.001) and a reduction of 
the fat mass wiih 3.2 kg (p<0.002). Data from the OGTI showed a significant 
deterioration in glucose tolerance with an increase in ihe 2hr blood glucose (BG) 
value from 5.4 ± 1.6 to 7.4 ± 1.4 mmolll (p< 0.008). Corresponding the incremental 
area under ihe curve AUCglu_ (p<0.003), AUC",,,,,,, (0.005) and AUCc.,,",,"" (p< 
0.0.003) increased significantly. Four patients developed impaired glucose tolerance. 
Also fasting insulin level increased significantly from 30.2 ± 9.3 pmolll to 55.5 ± 
20.8 pmolll, (p< 0.003) whereas fasting BG ouly increased from 5.0 ± 0.4 mmolll to 
5.16 ± 0.5 mmolll (NS). The insulin sensitivity index (SI) decreased from 1.22 ± 0.7 
10 -'Ix (min x pmolll)" to 0.95 ± 0.3910 -'Ix (min x pmolll)" (NS). The non insulin 
dependent glucose uptake (glucose effectiveness SG) was 0.0198 ± 0.004 min· l and 
0.022 ± 0.003 min· l respectively (NS). 
Conclusion: Long term GH replacement therapy has a significant diabetogenic effect 
evaluated by an OGTI with a significant increment in 2 hr BG value despite a 
significant increment in insulin secretion. 
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INSULIN, OBESITY, GH, AND IGF-I IN CHILDREN AFTER 
SURGICAL REMOV AL OF CRANIOPHARYNGIOMA. 

MAZERKINA NA*l, TIULPAKOV AN*2, GORELYSHEV SK*I, 

PETERKOV A V A·2 

1 Burdenko I~stitute of Neurosurgery and 2Endocrinological Research Centre, 
Moscow, Russia. 
44 children (29 boys, 15 girls) with craniopharyngioma (CF) aged 3.6 to IS.9 yrs 
(11.6±3.1) have been analysed after surgical removal of CF. 24 patients had 
intrasellar tumour (IS), and 20 suprasellar (SS). Time after surgery was 2.6±2.S 
(0.5 to 10.S) yrs. 19/20 patients with SS CF developed obesity after surgery: 
BMI in this group was significantly higher, than in patients with IS CF (2s.0±s.4 
vs 17.2±2.0, p<O.OOI). Obesity was accompanied by remarkable 
hyperinsulinemia: BMI significantly correlated with IgAUC of insulin (INS) 
secretion after oral glucose load (INSAUC) (r=0.63, p<O.OOOI), INSAUC in 
patients with SS CF was significantly (p=O.OOI) higher than in patients with IS 
CF (S667±S032 vs 329s±2sss mU/I·min). All patients had severe GH 
deficiency: peak of GH after clonidine test was less than 5 ng/ml, 39/44 children 
had GH less than 1.0 nglml after stimulation. S/22 children had serum IGFI 
value above 5th centile for age; IGFISDS significantly correlated with 
IgINSAUC (r=0,39, p=O.03s) and IGFISDS was significantly greater in patients 
with SS CF than in patients with IS CF ~2.0±1.l vs ~3.1±0.4, p=0.004). 15/25 
children had height velocity above 5"' centile for age, and 6/25 children had 
height velocity greater than 95th centile for age despite of GH deficiency. This 
phenomen was usually observed during first 12-IS months after surgery. Height 
velocity significantly correlayed with IgINSAUC (<=0.352, p=O.OOS) and with 
time after surgery (<=-0.40, p=0.03) but not with GH and IGFI levels. 
In conclusion: children with suprasellar craniopharyngioma develop obesity and 
hyperinsulinemia after surgical removal of the tumour due to hypothalamic 
lesion. It may cause normal IGFI level and increased height velocity despite of 
GH deficiency. 
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DECONVOLUTION ANALYSIS OF GROwm HORMONE (GH) 
RESPONSES TO GHRH AND GHRP-6 IN TYPE 1 DlABETES MELLITUS. 
Catalina PF', MaUD F', Andrade A', Garcia-Mayor RVG'. Departments of 
Endocrinology, 'Monteeelo Hospital, Pontevedra, and 'Xeral-Cles Hospital, 
Vigo; 'Department of Functional Biology and Health Sciences, University of 
Vigo; Spain. 

In type 1 diabetes mellitus (OM I), high GH basal levels and exaggerated GH 
responses to several stimuli, including GHRH and GHRP-6, have been described. 
Plasma GH level at any particular time is determined not only by its somatotroph 
secretion rate, but also by factors related to hormonal distribution and elimination 
phenomena. 
Our aim was to elucidate if these high GH levels observed in DM I are really debt to 
an augmented pituitary secretion. 
Six type I diabetic males (28.3±2.l yr, 24.3±O.7 kg/m') and six age-, sex-, and body 
mass index-matched control volunteers (28.6±1.l yr, 23.4±O.5 kg/m') were studied. 
Each subject received GHRH (100 ].Ig iv), GHRP-6 (90 ].Ig iv), and GHRH plus 
GHRP-6 on separate days. Serum GH levels were measured by IRMA at different 
times after every stimuli. A non-parametric deconvolution algorithm was used to 
analyse serum GH responses to GHRH and GHRP-6 and obtain an indirect in vivo 
estimation of the GH secretory pattern. GH half-lives employed in this study were 
previously assessed in DM I and normal subjects, using a bicompartmental analysis 
(S.9±O.8 and 34.S±7.5 min; 2.3±O.2 and IS.8±1.2 min, respectively). 
We observed that the total amount of secreted GH after every stimulation Was similar 
in both groups, as well as the time spent to secrete the hormone. After the combined 
administration of GHRH and GHRP-6 the number of deconvolution peaks was higher 
and the maximal peak of deconvolution showed an augmented amplitude and a 
reduced duration in DM I patients. 
In conclusion, increased GH serum levels observed in DM I patients after the 
stimulation with GHRH and GHRP-6 might be mainly caused by alterations in its 
elimination kinetics, because there are not substancial differences on the GH secretory 
pattern respect to normal subjects. 
Supported by Fondo de Investigaciones Sanitarias (FIS 96/1739). 
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GROWTH HORMONE RESPONSE TO GHRP-6 IN NIDDM PATIENTS 
D.Micic, Dj.Macut. M.Sumarac. A.Kendereski. C.Dieguez* and F.F.Casanueva*. 
Institute of Endocrinology. Diabetes and Diseases of Metabolism, Beograd, 
Yugoslavia and *University of Santiago de Compostela, Spain 
Growth hormone (GB) secretion is decreased or normal in NIDDM patients. 
Introduction of GHRP-6 permitted further investigation of the functional 
properties of the somatotrophs. Aim: Determination of GH response to GHRP-6, 
GHRH and GHRP-6+GHRH in NIDDM patients. Materials and Methods: 
Twenty-one NIDDM patient was studied. divided into two groups: Group A (Non
obese, n=8, age: 52.37±2.91 years, BM!: 23.31±O.62 kg/m2

) and Group B (Obese, 
n=13. age: 49.1S±1.76. BM!: 27.62±O.72) and compared with healthy controls 
(Group C; n=8, age: 4S.50±2.51, BM!: 23.78±O.70). GH response 
(fluoroinununoassay, mlU/l, Delfia, Finland) was measured in three separate tests: 
GHRP-6 (90].lg iv); GHRH (100].lg iv) and GHRP-6+GHRH at -30;
IS;0;ls;30;4S;60;90 and 120 min. Results: GH response was expressed as area 
under the curve (AUC). There was no difference after GHRP-6 in Group A, Band 
C concerning AUC for GH (2340.06±617.36; 2684.54±S60.S7; 3462.78±1223.s3 
mlUllf120 min; p>O.Os). GH response to GHRH was as follows in Group A, B 
and C: 1443.21±743.76; 479.62±S4.00; 1476.51±386.56. There was difference 
among Groups B and A (p<0.05) as well as among Groups Band C (p<O.OS) 
while there was no difference among Groups A and C (P>O.OS). Administration of 
GHRP-6+GHRH elicited synergistic GH response both in NIDDM patients (Group 
A: Sll1.l3±703.77; Group B: 342s.9s±459.67) and Group C: 9274.71±1541.46. 
There was no difference among Groups A and B (p>O.OS) as well as among 
Groups A and C (p>O.05) while there was difference among Groups Band C 
(p<O.Os). Conclusions: Non-obese NIDDM patients have preserved GH response 
to GHRP-6, GHRH and GHRP-6+GHRH while obese NIDDM patients have 
blunted response to GHRH and GHRP-6+GHRH. Preserved GH response to 
GHRP-6 in both diabetic subgroups suggests that the secretory potential of 
somatotrophs is preserved in NIODM patients. 
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PLASMA GROWTH HORMONE LEVELS IN PATIENTS WITH 
NEWLY DIAGNOSED INSULIN-DEPENDENT DIABETES 

V.V.Popova, and B.N.Mankovsky Institute of Endocrinology and 
Metabolism, Kiev, Ukraine 

Aims: The onSet of IODM is frequently associated with higher then 
average height of patients. Therefore, the aim of this study was to investigate 
the plasma growth hormone (GH) levels in patients with newly diagnosed 
IODM. Materials and Methods: We studied 79 patients with newly diagnosed 
IODM aged from 3 to 15 years and 20 age-matched controls. GH measurement 
was performed at basal conditions and after administration of GH-releasing 
hormone (GH-RH) or 2 hours after beginning of sleep at night using specific 
radioimmune assay. The results between groups were compared using Student's 
paired test. Results: In 23.1% of children with diabetes the height was higher 
than average for respective age group. We found that basal plasma GH was 
significantly elevated in patients with newly diagnosed IODM compared to 
control subjects - S.S8±0.78 and 2.05±0.46 nglml (data presented as 
mean±SEM), respectively, p<O.OOI. However, 30 minutes after administration 
of GH-RH levels of plasma GH did not differ between diabetic and control 
subjects - 2I.S±0.34 and 20.5±0.46 ng/ml, respectively, p>0.05. The night GH 
levels were also higher in those with diabetes compared to healthy controls -
20.8±0.34 and 4.53±0.41 ng/ml, respectively, p<O.OI. Consequently, we 
performed separate comparison of basal GH levels in adolescents 13-IS years 
old - GH levels were significantly elevated in diabetic patients compared to 
age-matched subjects - 9.83±0.37 and 3.78±0.37 nglml, respectively, p<O.OI. 
Conclusions: Onset of IODM is associated with increased production of GH 
either at basal condition or at night during the sleep while GH-RH induced GH 
levels did not differ in patients with newly diagnosed IODM compared to age
matched controls. We speculate that enhanced secretion of GH may contribute 
to clinical manifestation of IODM in children and adolescents. 
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TRIIODOTHYRONINE: A LINK BETWEEN THE INSULIN RESISTANCE 
SYNDROME AND BLOOD PRESSURE? 
S.J.L. Bakker', J.C. ter Maaten', C. Popp-Snijders', R.J. Heine' and R.O.B. Gans'. 
D~t. of 'Endocrinology, University Hospital Vrije Universiteit, Amsterdam, Dept. 
of Internal Medicine, Academic Hospital Groningen, Groningen, The Netherlands. 
Ov~rall obesity is associated with elevated serum triiodothyronine concentrations 
and insulin resistance. Oral triiodothyronine is known to induce hypertension in 
laboratory rats, while triiodothyronine also increases the expression of genes 
encoding for enzymes involved in the synthesis and secretion of insulin by 
pancreatic beta cells. Alms: To test the hypothesis that elevated free serum 
triiodothyronine concentrations link central obesity and insulin resistance with 
increased blood pressure and insulin production. Materials and Methods: We 
performed a cross-sectional study in 47 healthy euthryroid subjects (17 men, 30 
women, mean ± SD age 34 ± IS years).The waist-to-hip ratio was used as measure 
of central obesity, and insulin-stimulated glucose disposal during a 
hyperinsulinaemic euglycaemic clamp was used as measure of insulin sensitivity. 
Insulin production was calculated from the insulin clearance during the clamp and 
fasting insulin concentrations. Results: Free serum triiodothryronine 
concentrations correlated with systolic (r ~ 0.40, P < 0.01) and diastolic blood 
pressure (r ~ 0.39, P < O.OS), insulin production (r ~ 0.41, P < 0.01) and fasting 
insulin (r ~ 0.54, P ~ 0.001), independent of age and gender. There was only a 
borderline significant correlation of free serum triiodothyronine with the waist-to
hip ratio (r ~ 0.30, P ~ O.OS), and no correlation with insulin sensitivity as assessed 
during the clamp (r ~ 0.23, P ~ 0.14). The correlations offree serum 
triiodothyronine with blood pressure, insulin production and fasting insulin were 
independent of the waist-to-hip ratio and insulin sensitivity. Conclusion: Free 
serum triiodothyronine is apparently not an intermediate factor in the insulin 
resistance syndrome, but should be considered a new determinant of blood 
pressure, insulin production, and fasting insulin in healthy euthyroid subjects. 
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INSULIN SENSITIVITY AND FATTY ACID OXIDATION IN DIETARY 
INDUCED HYPERTRIGLYCERIDEMIA 
I. Klimes, L. Madsen *, J. Ukropec., E. Bergene**, Ae. Rnstan**, R Berge* and E. 
Sebokova, Institute of Experimental Endocrinology, Bratislava, Slovakia, 'University of 
Bergen, Bergen and ** School of Pharmacy, University of Oslo, Oslo, Norway 
Aims: It has been proposed that increased storage of lipids in mOOe is associated with 
insulin resistance (IR). To shed more light on the role of lipid metabolism in this 
situation, the fatty acid oxidation was assessed in relation to inaulin sensitivity. 
Material and methods: Total fatty acid (FA) oxidation (acid soluble products of 
pa1mitoyl-CoA) was measured in post-nuclear fractions from muscle and liver of rats 
fed either a basal chow diet (BD), or the inaulin resistance (IR) -indncing high (70 
caJ%) tat (HF) diet for 3 weeks. In addition, a group of rats was fed the n-3 PUFA 
(friomar, Norway) supplemented HF diet (HF+FO) in order to lower the Tg and FF A 
availability, and to improve inaulin sensitivity. In vivo insulin action was assessed by an 
euglycemic hyperinsulinemic (6.4 mUlkg/min) clamp. Results: Feeding the animals HF 
diet led to an ap~rox. 2-fold increase in postprandial plasma Tg [BD: 2.3±O.3 vs HF: 
3.S±O.S mmol.l" ] and fasted plasma insulin [BD: 12.9±2.4 vs HF: 23.4±4.7 mU.I
I], and to a 3-fold increase in fasted serum FFA [BD: 0.47±0.OS vs HF: 1.14±O.14 
mmol.l-1]. Supplementation of n-3 PUFA into the HF diet led to a significant 
decrease in postprandial Tg [HF+FO: 1.2±O.2], insulin [HF+FO: 13.1±3.2] and 
FFA [HF+FO: 0.6S±0.17]. N-3 PUFA supplement into the HF diet was able to revert 
the decreased FA oxidation in liver [for palm-CoA BD: 0.38±0.OS; HF: 0.08±0.01; 
HF+FO: 0.3S±O.03 mmol/kglmin] in HF diet-induced IR to values seen in normal 
rats fed the BD. Simultaneously, a slight increase was found also in skeletal muscle 
[for Palm-CoA BD: 0.17±0.06; HF: 0.19±0.03; HF+FO: 0.2S±0.02]. lnsulin 
resistance, as evidenced by a 40 % decrease in glucose infusion rate (GIR) during the 
clamp, was present in the rats on the HF diet (BD: 26.3±2.2; HF: 15.7±O.4 mglkglmin). 
In contrast, supplementation of the HF diet with n-3 PUF A improved the in vivo insulin 
action (HF+FO: 23.2±1.9). Conclusions: These data indicate that I) the improvement 
of insulin action in vivo seen in rats with raised dietary intake of n-3 PUF A is 
associated with 2) a higher FA oxidation maiuly in the liver which 3) may lead in 
turn to a lower Tg and FF A availability in circulation. 

760 
INSULIN-THYROID HORMONE INTERACTION 

ON GLUCOSE PRODUCTION AND UTILIZATION IN HUMANS 
e. Rochon, I. Tauveron, C. Dejax, P. Benoit, P. Capitan, G. Bayle, J. Prugnaud, A 
Fabricio, C. Champredon, P. Thieblot and J. Grizard. Service d'Endocrinologie, 
CHU de Clermont-Ferrand, B.P. 69, 63003 Clermont-Ferrand cedex (I.T., C.R., 
AF., P.T.); Unite d'Etude du Metabolisme Azote, lNRA de Clermont-Ferrand, 
63122 Ceyrat (e.R., P.C., G.B., J.P., c.e., J.G.);centre Jean Perrin 63000 
Clermont-Ferrand (C.D.); Centre Hospitalier 03000 Moulins (P.B.), France 
Aims:The effect of thyroid status on the glucose metabolism in humans was 
investigated in six hypothyroid patients before and after treatment, and six healthy 
volunteers before and after induction of hyperthyroidism. Materials and methods: 
All subjects were studied in the postabsorptive state and under hyperinsulinemic 
euglycemic and eukaliemic conditions. The insulin infusion rate was 6.5 ± 0.3 
pmol.kg·'.min·' for 140 min. An amino acid infusion was used to blunt insulin
induced hypoaminoacidemia. Continuous infusion of [6,6-'H,l glucose was used to 
measure glucose turnover. Results: In basal condition, glucose utilization (also an 
estimate of glucose production) increased from hypothyroid to euthyroid and 
further to hyperthyroid state (1.96 ± O.IS; 2.19 ± 0.18; 2.37 ± 0.07 mg.kg·'.min·', 
respectively). Insulin infusion increased glucose utilization in all subjects. 
Assuming a dose response curve of glucose utilization as a function of plasma 
insulin, the initial slope of this curve yields an index of insulin sensitivity. Our 
results indicated that in the hypothyroid patients, the sensitivity of glucose 
utilization decreased but not significantly (1.91 ± 0.66 vs 4.78 ± 1.69 min·'.kg·'/ 
nmol insulin.r') whereas this sensitivity is higher in the hyperthyroid state (8.02 ± 
1.28 vs 5.26 ± 0.92 min·'.kg·'/ nmol insulin.r', P<0.05). Accordingly, the 
sensitivity of glucose utilization to insulin linearly increased as a function of 
plasman level (p~.012); the glucose production was completely inhibited during 
the infusion. The sensitivity of glucose production to insulin, was also a function of 
the T3 level (p~0.048).Conclusion: These results clearly demonstrated the crucial 
role of thyroid status in humans (from hypothyroidism to hyperthyroidism) on the 
glucose metabolism and the regulation by insulin of glucose production and 
utilization 
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EFFECTS OF MENTAL STRESS ON LIPOLYSIS IN ADIPOSE TISSUE 
AND IN SKELETAL MUSCLE 
S.Artmer, SJacob M.Nielsen" R.Becker, B.Hauer, P.Grauer, W.Renu, R.Lang, 
K.Loblein, K.Rett, and H.U.H!lring, Dept. of Endocrinology, University of 
TUbingen, Tubingen, Germany 

Intramuscular lipids are increased in insulin resistant subjects. However, to date little 
is known about the in vivo metabolic regulation of these depots. Mental stress (MS) 
is known to augment lipolysis (LL) in adipose tissue (AT), as indicated by a higher 
interstitial glycerol (glyc) concentration. However, effects on muscular LL have not 
yet been explored. Aim and methods: To test whether and to what extent MS can 
augment LL in skeletal muscle (SM), Glyc was assessed before and following MS, 
induced by a color word test (CWT) for 10 min. Two double lumen microdialysis 
catheters (CMA 60) each were implanted in the paraumbilical subcutaneous AT and 
in the medial portion of the tibialis anterior muscle, to dialyse interstitial fluid (ISF). 
Twelve healthy volunteers (Sml4t) with a mean age of 27years, participated in the 
study. After two baseline measurements (-20 and Omin), ISF and serum samples 
were taken every 20 min for another hour, tissue blood flow (TF) was assessed with 
the ethanol wash-out technique. Results: Absolute ISF concentrations of Glyc were 
about six times higher in the AT vs SM; however, when increased TF in tibialis 
antior was taken into account, there was substantial release of Glyc in SM in the 
basal state. After 20-40 min of CWT, the Glyc rose significantly in AT(56%) and 
muscle(36%), while serum values remained unchanged. FFA increased by 40%. One 
hour after cessation of MS, these variables returned to normal in AT but were still 
elevated in SM. TF remained unchanged throughout the observation. Conclusion: 
MS stimulates LL in AT and also in SM. As muscle TF remained unchanged, the 
marked increase in Glyc cannot be atiributed to decreased tissue perfusion, but rather 
indicates an augmented Glyc production. These data suggest that lipids in SM are 
subject to hormonal regulation. Therefore one might speculate that an increased lipid 
content in the SM could be involved in the development of insulin resistance. 

This study was supported by fortiine # S03 and by BM Roche Diagnostics, 
Manubeim. 
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THE ANTILIPOL YTIC EFFECT OF INSULIN IN OBESE WOMEN 
BEFORE AND DURING SEMI-STARVATION 
E Hagstrom-Toft, J Bolinder, E Moberg and PAmer, Department of 
Medicine, Huddinge University Hospital, Karolinska Institute, Stockholm, 
Sweden 
Aims: Inhibition of lipolysis by insulin has been demonstrated in both 
adipose tissue and skeletal muscle. Semi-starvation of obese subjects is 
characterized by accelerated resistance to insulin regarding glucose 
metabolism. This study was undertaken to investigate the effect of caloric 
restriction on insulin induced-antilipolysis in obesity in vivo. 
Material and Methods: Ten obese women (BMI 37.9±O.7 kg/m2, 61±3% 
fat) were investigated with microdialysis of abdominal adipose tissue and 
the gastrocuemius muscle. The absolute glycerol coucentrations in 
arterialized plasma and the two tissue compartments were determined 
during a 2-step euglycaemic, hyperinsulinaemic (O.IS and 2 mU/kg/min) 
clamp. The clamp procedure was repeated after 7-10 days of VLCD (400 
kcal). During caloric restriction the body weight was reduced by 3.9±O.6%. 
Results: The basal glycerol concentrations were 301±28, 133±20 and 60±9 
Jlmol/l io fat, muscle and plasma respectively (ANOVA p=O.OOOI between 
compartments). This relationship was preserved during semi-starvation and 
the respective concentrations did not change significantly (280±24, ISO±IS, 
and 89±S Jlmolll). During the low insulin infusion rate glycerol levels 
decreased by 30%, both before and during semi-starvation, similarly in the 
three compartments. At the higher insulin infusion rate, before semi
starvation, there was a further decrease in glycerol levels (to SO% of basal; 
ANOV A repeated measurements p=O.OOOI). However, during caloric 
restriction there was no further reduction in glycerol levels at the high 
insulin infusion rate in either compartment. 
Conclusions: In obese subjects the antilipolytic effect of insulin is similar 
in skeletal muscle and adipose tissue. During starvation the antilipolytic 
effect of insulin is reduced to a similar extent in fat and muscle. To further 
evaluate the impact of these findiogs on the whole body lipolysis rate 
measurements of the adipose tissue and skeletal muscle blood flow will be 
included. 

765 
DECREASED LIPID OXIDATION AND FAILURE TO IMPROVE 
INSULIN SENSITIVITY PREDICT WEIGHT REGAIN 
1M Bryson, SE Curtis and ID Caterson. Dept Endocrinology and 
Human Nutrition Unit, Dept Biochemistry, Uni of Sydney, Australia. 

Ai.lIu.;. To see if changes in body fat distribution, insulin sensitivity or 
substrate utilisation during weight loss are determinants of subsequent 
weight regain. Methods; 18 obese non-diabetic subjects underwent 
12w of dietary intervention (DI), either a very low calorie diet (VLCD) 
or a low fat diet (LFD) regime. Body wt, subcutaneous abdominal (sc) 
and visceral (vis) fat areas by CT scan, glucose infusion rate (GIR) 
during a euglycemic, hyperinsulinemic clamp, % glucose (GOX) and % 
lipid oxidation (LOX) rates both before (basal) and during (IS) the 
clamp were assessed pre and post DI. Subjects were weighed 12m post 
Dr. ~ Whereas those on VLCD lost more weight during DI 
(VLCD: -12.S±1.7, LFD: -6.3±l.lkg, p=0.0033), there was no 
difference between the mean body wt of the 2 groups 12m post DI 
(VLCD: 103.1±4.1, LFD: 106.8±3.7 kg. ns). Weight loss during DI 
was strongly correlated with improvements in GIR (r = 0.526, P = 
0.0250) and loss of both vis (r = 0.661, P = 0.0028) and sc (r = 0.744, 
P = 0.0004) fat. Greater weight loss maintenance at 12m post DI was 
seen in those with the greatest increase in GIR during DI (r = - 0.717, P 
= 0.0008) and in those who maintained higher basal LOX (r = - 0.495, 
p = 0.0366) during DI. These subjects also had the highest basal LOX 
(r = - 0.666, P = 0.0025) and lowest basal GOX (r = 0.637, P = 
0.0045) post Dr. Greater weight loss after 12m was not dependent on 
whether greater vis or sc loss had been achieved during DI. 
Conclnsjons' Lower lipid oxidation rates both during and after DI and 
a failure to improve insulin sensitivity during DI may be determinants of 
subsequent weight regain. 

764 
DIFFERENTIAL REGULATION OF SYSTEMIC, SUBCUTANEOUS 
ADIPOSE TISSUE AND INTRAMUSCULAR LIPOLYSIS IN MAN. 
M. Sturnvoll, K. Ltiblein, G. Wahl, W. Renn, R. Becker, B. Hauer, S. 
Artzner, P. Grauer, H. Haring, S. Jacob. Medizinische Universitatsklinik 
Tubingen, Germany. 
The regulation of lipolysis is pivotal for many metabolic processes. In 
addition to visceral and subcutaneous adipose tissue muscle has been shown 
to contaio measurable triglyceride stores. Aims: To assess the contribution of 
intramuscular and subcutaneous fat to the regulation of lipolysis during a 3-
step hyperinsulinemic-euglycemic clamp (0.1, O.2S, l.0 mU/kg/min). 
Methods: We used a combination of isotope (primed-continuous infusion of 
[dS]glycerol) and microdialysis techniques (catheters in the anterior tibial 
muscle and subcutaneous abdominal fat) in !3 lean healthy subjects. 
Glycerol rate of appearance (Ra) was used as index for systemic lipolysis and 
interstitial glycerol concentration as index for muscle (M) and subcutaneous 
fat (F) lipolysis. Insulin sensitivity in each compartment was expressed as the 
serum insulin achieviog a half-maximal effect (EC50) and maximal decrease 
(max dec) during highest insulin infusion rate as % of basal. Metabolic 
clearance rate (MCR) of glucose was calculated at the highest insulin level. 
Results: (P's indicate "Ra vs M, ""Ra vs F, ·""M vs F) 

Ra M F p. p.. p ••• 
EC50(JlU/ml) 7.0±l.0 S.8±0.9 8.8±l.2 0.0010.001 0.001 
max dec (%) 70±2 40±6 77±3 0.001 0.04 0.001 

A nonlinear correlation between MCR and the EC50 Ra (r=0.93), M (r=0.85) 
and F (r=0.95) was found. Conclusions: Lipolysis in muscle is modulated by 
significantly lower insulin concentrations than in subcutaneous adipose 
tissue. It appears possible that regulation of intramuscular lipolysis 
contributes more to fine-tuning of systemic lipolysis particularly in the 
physiologic insulin range. Regulation of muscle lipolysis may have 
important consequences for muscle glucose metabolism. 

766 
THE IMPORTANCE OF HORMONE-SENSITIVE LIPASE AND FATTY 
ACIDS IN MODULATION OF INSULIN SECRETION 
M. Sorhede Winzell·, H. Svensson·, P. Arne~, B. Abren3 and C. Holmi... Inept. 
of Cen and Molecular Biology, Lund University, Lund, Sweden, 'Dept of 
Medicine, Karolinska Iostitote, Huddinge University Hospital, Stockholm, 
Sweden, 3Dept of Medicine, Malmo University Hospital, Malm6, Sweden 
Hyperglycemia together with elevated circulating free fatty acids (FF A) is believed 
to be involved in the pathogenesis of NIDDM. Chronically elevated fatty acids have 
adverse effect on insulin secretion and islets that overstore triglycerides are 
dysfunctional. On the other hand, islets that are depleted of their triglyceride stores 
have a blunted glucose-stimulated iosulin secretion (GSIS), suggesting that a Iipid
derived signal is involved in stimulus-secretion coupling in the ~-cell. Data on how 
FF A are mobilized io ~-cells and how this process is regulated is still scarce, In 
adipose tissue FF A are mobilized through the action of honnone-sensitive lipase 
(HSL). after its activation by cAMP-dependent protein kinase phosphorylation. 
Recently we found that HSL is expressed in ~-cells and accounts for a significant 
part of the lipolytic activity in these cells. The aim of this study was to investigate 
the short- and longterm regulation of HSL in ~-cells in relation to GSIS. Methods: 
The ~-cellline INS-l cells was cultured in serum-free RPM! 1640 mediwn (11.1. 
roM glc) in the presence of 0.5 roM fatty acids (palmitate/oleate 2:1) for 60 hours. 
The cells were then stimulated with forskolin and the degree of activation of HSL 
was monitored through measurement of triglyceride lipase activity. In other 
experiments, INS-l cells were incubated with high (25 roM) respectively low (3.3 
roM) concentrations of glucose for 4, 8, 16 and 32 h. The expression of HSL was 
monitored using quantitative Westem blot analysis and total diglyceride lipase 
activity was estimated. Results: Triglyceride lipase activity was increased after 
stimulation of cells with forskolin. Preincubation with FF A resulted in increased 
GSIS and higher basal as well as stimulated triglyceride lipase activity. High 
glucose was found to ioduce the expression ofHSL in INS-l cells two-fold whereas 
the total diglyceride lipase activity was elevated 1.5-fold under the same conditions. 
Conclusions: Activation of HSL in response to forskolin-stimulation oflNS-1 cells 
suggests that the enzyme, via hydrolysis of intracellular triglyceride stores, generates 
a lipid-derived signal that contributes to the release of insulin. Furthennore, the 
induction of HSL expression in response to high glucose concentrations, may reflect 
an adaptation of the cell to the hyperglycemic state. 
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THE ROLE OF DIABETES IN DELAYED CHYLOMICRON CLEARANCE 
C. Phillips, C. Madigan, D.Owens, P. Collins, A. Johnson, 
GH Tomkin, Trinity College, Dublin The Royal College of Surgeons 
in Ireland, AdelaidelMeath Hospital, Dublin Ireland 
Aim To disassociate the diabetic state from the alteration in 
chylomicron composition caused by diabetes in an examination of 
chylomicron clearance. Materials and Methods 5 Cholesterol fed 
alloxan diabetic rabbits and 5 control rabbits were given by gavage 
['Hl cholesterol and [14Cl linoleic acid to produce dual labelled 
chylomicrons for turnover. The lymph duct was cannulated and 
radiolabelled chylomicrons collected. Lipids and Apo B48 and apo 
B 100 were determined. Chylomicrons from control rabbits were 
injected into paired control (cc) and diabetic (cd) rabbits and 
chylomicrons from diabetic rabbits were injected into paired control 
(dc) and diabetic rabbits (dd). Plasma was collected at intervals for up 
to 40 min and radioactivity counted. Results Chylomicron apo B48 
and B 100 were higher in the diabetic animals (38.5±1.9 vs 4.88±0.5 
Ilg/ml lymph and 46.1±4.3 vs 7.3±1.4 Ilg/mllymph p<O.OOOI) but 
there was no difference in chylomicron lipids. The early phase of 
chylomicron cholesterol clearance was fastest in cc and slowest in dd 
animals (p<O.003). dc and cd were intermediate (ns). At 40 minutes 
clearance was greatest in cc and least in both dd and cd, dc being 
intermediate. Similar results were obtained on examination of the 
triglyceride label. Conclusion Delayed chylomicron clearance in 
diabetes is associated with an increase in chylomicron apo B48 and 
B 100 but also contains a compositional independent factor since 
chylomicrons from control rabbits were cleared more slowly when 
injected into diabetic animals. 
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THE RELATIONSHIP BETWEEN INSULIN SENSITIVITY AND 

POSTPRANDIAL ADIPOSE TISSUE LIPID METABOLISM 
L.K.M. SUMMERS, B.A. FIELDING, V. ILIC, M.L. CLARK and K.N. FRA YN, 
Oxford Lipid Metabolism Group, Radcliffe Infirmary, Oxford OX2 6HE. u.K. 
AIMS: It is suggested that decreased postprandial non-esterified fatty acid (NEFA) 

suppression is a component of the insulin resistance syndrome. We investigated 
insulin sensitivity (IS), postprandial NEFA release and triglyceride (TG) extraction 
at adipose tissue level. Material. and Method.: 32 suQjects were given a meal (60 
g fat, 85 g carbohydrate and 13 g protein). Blood was taken from a vein draining 

the anterior abdominal subcutaneous adipose tissue depot and an arterialised hand 
vein at -20, 0, 30, 60, 90, 120, 180, 240, 300 and 360 min. Arterialised plasma 
insulin and NEF A, glucose, TG concentrations in both samples were measured. 
BMI was calculated. Mean fasting arterialised glucose: insulin ratio was used as a 
measure of IS. % maximal decrease in NEF A release and % maximal increase in 
TG extraction across adipose tissue were calculated. Result.: As expected, IS was 
correlated with BMI (r, -0.61, P < 0.001). % maximal decrease in adipose tissue 
NEFA release was correlated with both BMI (r, -0,44, P = 0.013) and IS (r, 0.51, P 
= 0.003). There was a strong negative correlation between % maximal increase in 
TG extraction and % maximal decrease in NEFA release across adipose tissue (r,-
0.67, P < 0.001). Forward stepwise regression using BMI, IS and % maximal 
increase in TG extraction showed that the latter was responsible for 52% of % 

maximal NEF A suppression Variability. Conclusions: This confirms that failure of 
suppressiou of adipose tissue postprandial NEFA release is a feature of obesity and 
of the insulin resistance syndrome. Perhaps unexpectedly, the more insulin 
sensitive subjects did not clear TG more efficiently after the meal and the ability to 

clear TG was predictive of a failure to suppress NEF A release after a meal. The 
resultant high postprandial NEF A concentrations in more obese, insulin resistant 
suQjects may explain the increased risk of atherosclerosis in these individuals. 

768 
EXAGGERATED DIURNAL TRIGLYCERIDE PROFILES AS EARLY SIGN 
OF DIMINISHED INSULIN SENSITIVITY IN NORMOLIPIDEMIC MALES. 
M. Ca.tro Cabezas, A.J.H.H.M. van Oostrom and D.W. Erkelens. Opts. Of 
Internal Medicine and Endocrinology, University Hospital Utrecht, The Netherlands. 
Aim.: Since decreased insulin sensitivity is associated to fasting and postprandial 
hyperlipidemia we hypothesized that subtle changes in diurual triglyceride (TG) 
metabolism might be related to insulin sensitivity. In addition, the effect of age, body 
composition and diet was assessed in relation to diurnal TG profiles. 
Material. and Method.: Fotty-eig1tt normolipidemic, non-obese, healthy males (20-
55 yrs) measured the diurnal capi11aryTG (TGc), for three days, six times a day using 
the Accutrend GCT and recorded their food intake. Fasting blood was collected once. 
Body composition was measured by body impedance. Diurnal TGc-profiles were 
calculated as area under the mean TGc curve of three days (TG-AUC). 
Results: The mean TO-AUC was 23.6±6.7 mmol.hrsll. Age did not influence diurnal 
TGc profiles, since there was no significant difference in TG-AUC between the 
youngest (age:20-35 yrs; n=30) and the oldest group (age:35-55 yrs; n=18): 24.6±6.7 
and 22.0±6.5 mmoLhrslL, respectively. The best detenninants of TG-AUC were 
fasting TGc (FO.74, P<O.OO5), systolic BP (r=0,40,P<0.005), fasting insulin (r=0.40, 
P<0.OO5), HOMA ratio (r=0.32,P<O.05), relative body fat (r=0.3 I,P<0.05) and total 
saturated fat intake (r=0.30,P<0.05). The best predictors offasting TGc by multiple 
regression were systolic BP (P:0.37;P<0.05) and saturated fat intake as percentage of 
total energy intake (P:0.3I;P<0.05). A subgroup (n=IO) with elevated TG-AUC was 
identified. Compared to the rest of the group, the subgroup had a higher TG-AUC 
(33.5±2.2 vs. 21.1±4.8 mmol.hrsl1; p<0.005), fasting TGc (L45±O.28 vs. 1.12±0.35 
mM; p<0.005), fasting insulin (1O.3t3.3 vs. 7.3±2,4 mUll; p<O.005), HOMA-ratio 
(2.2tO.8 vs. UtO.7; p<0.05) and protein intake (l20t35 vs. 99t24 gld; p<0.05). 
Conclu.ions: Diurnal TGc-profiles in healthy normolipidemic males are not age
dependent, but depend on insulin sensitivity, body composition and diet A disturbed 
diurnal TGc-profile could be the first sign of a developing metabolic syndrome. 
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VERY LOW DENSITY LIPOPROTEIN OVERSECRETION INCREASES 
WITH DEVELOPMENT OF GLUCOSE INTOLERANCE 
J. Pietzsch, U. Julius, S. Nitzsche, S. Fischer, M. Hanefeld, Inst. & Policlin. 
Clin. Metab. Res., Medical Faculty 'Carl Gustav Carus', Dresden, Germany 
Aims: To further understand the kinetics of in vivo apolipoprotein (apo) B-
100 turnover under insulin resistant conditions and during development of 
glucose intolerance. Materials and Methods: Two stable isotope studies 
(intra-individual comparison, 3-year follow up) were perfonned in 3 non
obese first degree relatives with initially normal glucose tolerance but a 
familial diagnosis of type 2 diabetes (F -group) and in 6 non-related controls. 
During and after a 12hr primed, constant infusiott of either [13C6l-
phenylalanine or [2H3J-leucine tracer enrichment was detennined in apoB-
100 from ultracentrifugally isolated VLDL t (Sf 60-400) and VLDL, (Sf 20-
60). The rates of production, catabolism, and transfer were estimated by 
model-based multi compartmental analysis. Results: The first study showed 
hepatic VLDL t oversecretion completely responsible for higher triglyceride 
(TG) levels in the F-group (TG: 1.69 ± 0.81 vs 0.95 ± 0.21 mmollL, p<.05; 
VLDL t apoB-lOO production rate (PR): 739 ± 13 vs 617 ± 31 mg/d,p<.OI). 
Three years later two of the 3 relatives had developed an impaired glucose 
tolerance (lGT), one an impaired fasting glucose (lFG). In the F-group, TG 
levels were higher by 7.1% (p<.05) and VLDL t apoB-100 PR were higher by 
12.3% (p<.05), whereas in the controls no significant changes could be 
measured. The fractional catabolic rates of apoB-1 00 in VLDL t and VLDL2 
attd the direct (hepatic) PR of VLDL2 apoB-100 showed no differences and 
no changes in both groups, resp. In the F-group, the increment in VLDL1 
secretion is associated with an increment of plasma insulin (by 22.6%, 
p<.OJ) and free fatty acid (by 65.2%; p<.OJ) levels, resp., indicating a 
progressive loss of insulin sensitivity in this group. Conclusions: VLDL1 

oversecretion is an early indicator of an insulin resistant state, deteriorating 
with development of glucose intolerance. 
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TRIGLYCERIDE KINETICS IN DARGLITAZONE-TREATED OBESE ZUCKER 
RATS. 
N. Oakes, S. M. Jacinto, P. Thal~n, C. lindgren, L. Amrot-Foes and B. Ljung. 
Preclinical Research, Astra Hassle, Sweden. 
Thiazolidinediones, used in the treatment of type 2 diabetes, are effective anti
hyperlipidaemic agents in vatious animal models of insulin resistance. Aims: The 
present study was undertaken to elucidate the kinetic mechanisms responsible for the 
anti-hypertriglyceridaemic effect of a potent thiazolidinedione, darglitazone. 
Materials and Methods' Male obese Zucker rats were gavaged with darglitazone (1.3 
I'molelkgfday) or vehicle for 3 weeks. At the end of the treatment period, Triton 
WR!339, which blocks the clearance of plasma triglycerides (TG), was administered 
to Inactin®-anaesthetised, 5 hr fasted animals and blood samples were collected for a 
2 hr period. Results' Basal plasma TG was 8.9±1.3 mM in the vehicle control group 
and O.9±O.17 mM in darglitazone-treated obese Zucker rats demonstrating a marked 
reduction in plasma TG (90%, P<O.05) with darglitazone treatment. Hepatic 
triglyceride output (HTGO), calculated from the slope of the linear rate of 
accumulation of TG in plasma after the administration of Triton, was decreased by 
42% in the darglitazone-treated animals (HTGO:1.8±O.04 vs. 3.1±O.12 I'mollmin in 
the vehicle group, P<O.05). In addition, plasma TG clearance rate (K), an index of 
the effectiveness of tissues to remove TO from the circulation, (estimated as the ratio 
of HTGO to basal plasma TG concentration sampled immediately before Triton 
administration) was -9-fold increased in the darglitazone-treated animals 
(K:3.5±O.44 vs. OA±O.06mllmin in the vehicle group, P<O.05). Size distribution of 
lipoproteins obtained by gel-permeation chromatography revealed that the control 
animals were characterised by a large ·'VWL"-peak. and relatively low "IDULDL"
and high "HDL"-peaks. Darglitazone virtually abolished the "VLDL"-peak. 
increased the "IDULDL" withont changing the "HDL" fraction. Following Triton, 
selective changes were seen in the "VWL"-peak, which was restored in the 
darglitazone-treated artimals and increased in amplitude in the control animals. 
Conclusions: The present study demonstrates that darglitazone-induced lowering of 
hypertriglyceridaemia in obese Zucker rats involves both a decrease in hepatic 
triglyceride output as well as an increased triglyceride clearance. This increased 
clearance involves accelerated conversion of newly secreted VLDL particles to 
smaller lipoprotein species. 
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RELATIONSIDP BETWEEN PLASMA FREE FATIY ACIDS AND 
UNCOUPUNG PROTEIN-3 GENE EXPRESSION IN SKELETAL 
MUSCLE OF OBESE SUBJECTS. 
M. D'Adamo', F. Leonetti', A Paoloni', M.C. Ribaudo', M.S. Basso', U. 
Elmore', A Restuceia', A Buongiornof , O. Tamburrano', and P. Sbraceia·'. 
"Department of Oinical and Experimental Medicine, UniveJsity of C!tanzaro; 
'Division of Fndocrinology 3, 'Division of Surgery 7, UniveJsity ''llI Sapiell2ll", 
Rome; fOinical Biochemistry UIbomtory, Istituto Superiore di Sarti1A, Rome, Italy. 

Uncoupling protein·3 (UCP3) is a recently discovered mitochondrial protein 
expressed in skeletal muscle, a major site of thermogenesis in adult humans. 
By uncoupling respiration from ATP synthesis UCP3 may be involved in the 
control of energy expenditure. Furthermore, UCP3 mRNA levels are 
upregulated during fasting, a rIDding that has been linked to changes in 
plasma free fatty acids (FFA). Aims: to investigate whether skeletal muscle 
UCP3 gene expression: 1) is altered in obesity; 2) correlates with in vivo 
insulin sensitivity; 3) correlates with plasma FFA Materials and Methods: 
we measured UCP3 mRNA levels in skeletal muscle of 12 obese, non 
diabetic, non hyperte11J'ive subjects (10F/2M; aged 32.3±3.7 yr.; range 19-53; 
BMI 42.4±1.2 kg/m; mean±SEM) and 8 healthy lean C?ntrol subjects 
(6F/2M; aged 38.6±4.1 yr.; range 25-64; BMI 23.6±1.3 kg/m; mean±SEM) 
undergoing euglycemic clamp. Skeletal muscle UCP3 mRNA levels were 
measured by reverse transcriptase-cornpetitive polymerase chain reaction. 
Results: no significant differences in UCP3 mRNA levels were found between 
obese and control subjects (0.25±0.09 vs 0.24±0.08 amoVtJ-g RNA 
respectively). Furthermore, no significant correlations were observed, in both 
groups, between UCP3 mRNA levels and BMI (r= -0.58, p= 0.1), percent fat 
mass (r= 0.36, p= 0.38), waist to hip ratio (r= -0.02, p= 0.96), glucose 
disposal rate (r= 0.17, p= 0.67), plasma leptin (r= 0.29, p= 0.54) and fasting 
plasma insulin concentrations (r= -0.39, p=0.38). In contrast, a positive and 
Significant correlation was observed between skeletal muscle UCP3 mRNA 
levels and plasma FFA (r= 0.83, p<O.04). Conclusions: 1) there is no major 
alteration of UCP3 gene expression in skeletal muscle of obese subjects; 2) 
UCP3 does not seem to influence insulin sensitivity; 3) FF A may regulate 
UCP3 gene expression. 

772 
A NOVEL LOSS OF FUNCTION MUTATION OF 
LIPOPROTEIN LIPASE [Cys239 ..... Trp] ASSOCIATED WITH 
TYPE I HYPERLIPOPROTEINEMIA (HLP) IN A PATIENT 
WITH RECURRENT SEVERE PANCREATITIS. 
S.Matthaei, M.M .Hoffmann, C.Kausch, D.Luft,R.-M. SChmiilling, 
K.Rett, S.Jacob, W.Mlirz and H.-V.Haring; Tiibingen, Freiburg, 
Gennany. 

Aims: Lipoprotein lipase (LPL) is the major enzyme responsible for the 
hydrolysis of triglyceride (TG)-rich lipoproteins in plasma. The purpose 
of this study was to examine the molecular pathogenesis of type I HLP 
(TO: 1200-4000 mg/dl) in a patient suffering from recurrent severe 
pancreatitis. 
Methods and Results: ApoCII-concentration was normal and apoCII 
did activate LPL in an in vitro assay. In post heparin plasma neither LPL 
mass nor activity was detectable, whereas hepatic lipase activity was 
normal. Direct sequencing of all ten exons of the LPL gene revealed that 
the patient was homozygous for a hitherto unknown mutation in exon 6, 
Cys239 .... Trp. The mutation prevents the formation of the second 
disulfide bridge of LPL, which is an essential part of the lid covering the 
catalytic center. Consequently, misfolded LPL is rapidly degraded within 
the cells, causing the absence of LPL-immunoreactive protein in the 
plasma of this patient. Euglycemic hyperinsulinemic glucose clamp 
studies revealed normal insulin sensitivity with a MCR of glucose of 8.4 
ml/kg/min, although fasting and steady state free fatty acids (FF A) were 
markedly elevated. Furthermore, insulin-induced antilipolysis was not 
impaired. 
Conclusion: We bave identified a novel loss of function mutation in the 
LPL-gene (Cys239 .... Trp) of a patient with type I HLP suffering from 
severe recurrent pancreatitis. Despite excessive TGt-FFA elevations, 
insulin sensitivity was not impaired. 

774 
EFFECTS OF REXINOIDS AND THIAZOLIDINEDIONE ON LEVELS OF UCP 
ISOFORMS AND PGC-I IN THE OBESE ZUCKER RAT 
V. Emilsson', J. O'Dowd', S. Wang', R Heyman' and M.A. Cawthorne'. 'Clore 
Laboratory, The University of Buckingham, Buckingham, MKI8 lEG, UK and 
2Ligand Pharmaceuticals, San Diego. USA. 

The mitochondrial uncoupling protein UCP-I is essential for the thermogenic 
function of brown adipose tissue (BAT), due to its ability to uncouple oxidative 
phosphorylation from A TP synthesis. This results in energy being dissipated as heat. 
Two further isoforms, UCP-2 and UCP-3, have been identified in other tissues. The 
retinoid X receptor (RXR) for 9-cis-retinoic acid forms heterodimers with several 
nuclear receptors, including the peroxisome proliferator-activated receptor gamma 
(pP ARy). We have demonstrated that RXR ligands (rexinoids) improve insulin 
sensitivity and reduce body weight. PP ARy is the functional receptor for 
thiazolidinediones which also improve insulin sensitivity. However in contrast to the 
rexinoids, administration of the thiazolidinedione results in a moderate weight gain. 
Aims: To investigate the effects of rexinoids and thiazolidinedione on levels of UCP 
isofonns and the recently described PP ARy co-activator (pGC-1) and correlate 
changes with the effects of these drugs on whole body physiology. Material and 
Methods: Zucker falfa rats were dosed orally for two weeks with the rexinoids 
LGI00268 or LGI00324 (20mglkg) or the thiazolidinedione BRL49653 (3mglkg). 
mRNA levels were assessed by quantitative PCR. Results: A partial cDNA sequence 
of the rat PGC-I coding sequence was identified. Treatment with the rexinoids or the 
thiazolidinedione had no effect on PGC-I or UCP-2 mRNA levels in BAT, skeletal 
muscle, white adipose tissue or brain. BAT UCP-I was increased 2.7 fold (p<O.002) 
by LGl00268 and 3.1 fold (p<O.OOI) by LGl00324 whilst treatment with BRL49653 
was without effect. Following treatment with LGl00324 UCP-3 mRNA was 
increased by 3.6 fold (p<O.0005) in muscle and 4.3 fold (p<O.0002) in WAT. 
LGI00268 increased UCP-3 in WAT by 2 fold (p<O.005) but had insignificant effect 
on muscle UCP-3. BRL49653 increased expression ofUCP-3 by 2.1 fold (p<O.005) in 
muscle and by 2.7 fold (p<O.003) in WAT. Conclusions: The rexinoids affect UCP 
expression more potently than the thiazolidinedione. This is particularly apparent in 
their effect on BAT UCP-I that could in part account for the weight reducing effects 
of the rexinoids. Our result also suggest that the PP ARy co-activator PGC-I gene is 
not a target of neither the rexinoids nor the thiazolidinedione. 
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FATTY ACID COMPOSITION AND SUSCEPTIBILITY OF LDL TO 
OXIDATIVE MODIFICATION - EFFECTS OF ACUTE 
HYPERGLYCAEMIA AND HYPERTRIGLYCERIDAEMIA. 
T. Pelikanova, L. Kazdova, Z. Vlasakova, A. Zak and S. Chvojkova. Institute for 
Clinical and Experimental Medicine and 1st Medical Faculty of Charles University, 
Prague, Cze~h Republic. 
Increased oxidative modification oflow-density lipoproteins (LDL) has been 
implicated as independent risk factor for atherosclerosis. LDL oxidation in vitro is 
stimulated by glucose itself and is influenced by dietary polyunsaturates. Aims: The 
aim of our study was to evaluate the effect of acutely-induced hyperglycaemia and 
hypertriglyceridaemia on LDL oxidizability, and to explore the role of the fatty acid 
(FA) pattern in healthy subjects. Materials and Methods: The susceptibility ofLDL 
to Cu'+ induced oxidative modification and FA composition of LDL 
phosphatidylcholine (PL) and cholesterol esters (CHE) were measured in 13 healthy 
men under following conditions lasting 4 hours: a) hyperglycaemic clamp (12 
mmoVI; HG), b) hyperglycaemic clamp with infusion of somatostatin in order to 
decrease the insulin production (HGS), c) infusion ofIntralipid (0.15 g of fat.kg·1.h· 
1; I), and d) a time-controlled study with saline infusion (C). Results: Conjugated 
diene production did not change during HG and HGS compared to C (HG: 564 ± 75 
vs 560 ± 76 nmoVmg ofLDL protein; HGS: 564 ± 70 vs 582 ± 72 mmoVmg ofLDL 
protein; C: 443 ± 85 vs 450 ± 70 mmoV mg ofLDL protein), while it significantly 
decreased during I (589 ± 100 vs 524 ± 87 mmol/ mg ofLDL protein; p < 0.05). No 
significant changes in the lag time of diene production (HG: 74.81 ± 27.94 vs 76.19 ± 
26.73 min; HGS: 66.9 ± 9.35 vs 69.21 ± 15 min; I: 69.03 ± 22.3 vs 86.82 ± 18.30 
min; C: 68.58 ± 14.57 vs 74.81 ± 19.79 min), in thiobarbituric acid reactive 
substances concentration and in emission fluorescence spectra intensity were found. 
The FA pattern of PL and CHE remained unchanged during studies and was not 
associated with LDL oxidizability in basal state. Conclusions: The results suggest 
that 4 hour in vivo induced hyperglycaemia or hypertriglyceridaemia do not change 
the FA composition ofLDL and are not able to increase the LDL oxidizability. 
Despite high content of polyunsaturates in lipid emulsion, infusion of Intralipid has 
even the tendency to decrease LDL oxidizability probably due to high tocopherol 
content in lipid emulsion. (Supported by grants IGA MZ CR No. 4903-3 and 4888-3). 

777 
INSULiN SENSITIVITY IS AN INDEPENDENT DETERMINANT OF LDL 
SIZE IN HEAL THY POPULA nON (THE KANWU STUDY) 
A.A. Rivellese for the KANWU study group. Dept Clinical Nutrition, 
University of Kuopio, Finland; Dept Endocrinology and Metabolism, Aarhus 
Amtssygehus, Denmark; Dept Clinical and Experimental Medicine, Federico 
II University, Naples, Italy; Dept Biomedical Sciences,' University of 
Wollongong. Australia; Dept Public Health and Caring Sciences/Geriatrics, 
University of Uppsala, Sweden. 
Aims: To define the independent influence of insulin sensitivity and plasma 
triglyceride (TG) levels on LDL size in a large sample of healthy individuals 
representative of population groups with different genetic background and/or 
life style (Kuopio, Aarhus, Naples, Wollongong, Uppsala). 
Materials: 162 non diabetic, non hyperlipidemic subjects (86 men, 76 
women, age 49 ± 8, BMI 26 ± 3 kg/m2) (M±SD). 
Methods: Insulin sensitivity index (SS!) was measured by the frequently 
sampled i.v. glucose tolerance (the minimal model according to Bergman). 
Furthemore fasting lipids, apoB, apoA I, LDL size (gradient gel 
electrophoresis), post-heparin plasma lipoprotein lipase (LPL) and hepatic 
lipase (HL) activities (Nilsson-Ehle method) were determined. 
Results: LDL size was significantly correlated with SSI (r=OJO, p<O.OOO I) 
and HDL cholesterol (r=0.19, p<O.O I), while the correlation with TO was only 
of borderline significance (r=-O.IS, p=0.06). No correlations were found 
between SSI and BMI (r=-0.04), LPL (r=0.12) and HL (r=-0.008). By 
multivariate analysis SSI remained independently related to LDL size 
(p<O.OO I) together with apoB concentration (p<0.02), while HDL cholesterol, 
TG and fasting insulin did not enter in the model (stepwise model). 
Conclusions: I nsulin sensitivity plays a major role in determining LDL size 
while TO, HDL cholesterol and insulin levels are of less importance. In a 
normal population factors influencing LDL size might be different from those 
operative in diabetic and hypertriglyceridemic individuals. 
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THE ROLE OF BODY FAT DISTRIBUTION IN THE ACUTE EFFECTS OF 
ORAL GLUCOSE STIMULATED INSULIN ON LIPID METABOLISM 
E.M. 6zer, P. KadlO@u, O. Korngan and H. Hatemi Division of Endocrinology and 
Metabolism, Cerrah~ Medical Faculty, University of Istanbul,IstanbuVfurkey 
Aims: To find out the acute effects of oral glucose stimulated insulin on lipid 
metabolism of nonnal weight and obese iudividuals iu relation with body fat 
distribution. Materials and Methods: 67 individuals (49 women and 18 men) iu 
three age-matched groups were participated iu the study. 20 (14 women, 6 meu) 
abdomiual obese cases with BMI>27 and waist to-hip ratio (WHR)>O.95 (iu men), 
>O.85(iu women); 21 (17 women, 4 men) general obese cases with BMI>27 and 
WHR<O.95 (iu men),<0.85 (iu women); 26 (18 women, 8men) non obese cases 
with BMI<27 and WHR<0.95 (in men) and<0.85 (iu women) were made up the 
groups. OGTT with 75g of glucose Was perfonned.PIasma glucose at 0,1,2,3,4 h; 
plasma iusuliu at 0,1,2,h; total cholesterol, triglyceride, HDL-cholesterol and LDL
cholesterol at 0,4 h. were measured during OGTT Results:Fastiug insulin, insulin 
area under OGTT,0.,1.,2. h iusulinogenic iudices in the abdominaI obese group were 
significantly (p<O.OOI) higher than iu the non obese group. These parameters were 
also higher in the general obese group than iu the non obese but significance were 
lower. There were also significant difference between the abdominaI obese and the 
general obese group iu fasting iusuliu and O.h iusulinogenic iudex (p<0.001 and 
p<O.OI respectively). It was observed that total cholesterol, triglyceride, LDL
cholesterol were decreased (0/02.28, %10.65, %3.68 respectively) and HDL
cholesterol iucreased (0/021.47) at the 4th h ofOGTT in accordance with baseline. On 
the other hand there were iucreases in total cholesterol, triglyceride, LDL
cholesterol and decrease iu HDL-cholesterol at the 4th h of OGTT in both obese 
groups but significance was higher in the abdominal obese group (p<O.O I vs 
p<0.05). Conclusion: Acute hyperinsuliuemia has suppressive effects on lipids and 
lipoproteins except HDL in uonnal weight cases. These suppressive effects have not 
beeu observed in both obese groups particularly in the abdomiual obese group 
showing the resistance to insulin effect. 

778 
PLASMA PHOSPHOLIPID TRANSFER PROTEIN ACTIVITY IS 
LOWERED BY 24 H INSULIN AND ACIPIMOX 
ADMINISTRATION: BLUNTED RESPONSE TO INSULIN IN 
TYPE 2 DIABETIC PATIENTS. R.P.F. Dullaart, S.C. Riemens, W.J. 
Sluiter, A. van Tol,. Dept. Of Endocrinology, University Hospital 
Groningen and Cardiovascular Research Institute, Erasmus University, 
Rotterdam, The Netherlands. 
Chalesteryl ester transfer protein (CETP) transfers cholesteryl ester from 
HDL to VLDL+LDL.Phospholipid transfer protein (PLTP) transfers 
phospholipids between lipoproteius, converts HDL, into larger and 
smaller particles, and is involved in prep-HDL generation. The effects of 
24 h hyperinsulinaemia (30 mU/kg/h) and 24 h Acipimox (250 mg per 4 
h) on plasma lipids as well as on CETP and PLTP activities (measured 
with exogenous substrate assays) was examined in 8 healthy and 8 Type 
2 diabetic subjects. After 24 h of insulin plasma free fatty acids (FFA), 
HDL cholesterol and plasma apolipoproteiu AI decreased in both type 2 
diabetic patients and healthy subjects (p<O.OS). After 24 h of Acipimox 
all these parameters, including plasma triglycerides, decreased in both 
groups (p<0.05). Insulin decreased plasma PL TP activity by 17.6±6.0% 
at 24 h in healthy subjects (p<O.05) and 1O.2±6.6% in diabetic patients 
(p<O.OS from baseline, p<O.OS from healthy subjects). Acipimox lowered 
PLTP activity by IOJ±9.4% (p<O.OS) in healthy subjects and by 
11.3±S.8% in diabetic patients (p<O.OS). When insulin was infused for 3 
h after Acipimox, a further decrease was found only in healthy subjects. 
Plasma CETP activity decreased by 9.5±6.4% after 24 h of insulin only 
in healthy subjects (p<O.05), but not in diabetic patients. Acipimox did 
not decrease plasma CETP activity in either group. The PL TP responses 
with insulin and Acipimox were larger than the changes in CETP activity 
in healthy subjects (p<O.05). In conclusion, there is a metabolic link 
between the regulation of plasma PLTP, but not CETP, and FFA. The 
PLTP response to insulin is blunted in Type 2 diabetes mellitus. The 
effects on PLTP activity may have consequences for HDL metabolism 
and reverse cholesterol transport. 
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EFFICACY AND SAFETY OF CERIVASTATINIFENOFIBRATE 
COMBINATION THERAPY FOR HYPERCHOLESTEROLEMIA 
M Farnie/, S Megnien1

, G Turpin] and the Cerivastatin Combination Therapy Study 
Group. 'Point Medical, Dijon; lBayer Pharma; 30roupe Hospitalier Pitie Salpetriere, 
Paris, France 

Aims: To investigate the potential of cerivastatinlfenofibrate combination therapy for 
improving blood lipid levels in patients with primary hypercholesterolemia. Materials 
and Methods: This was a randomized. multinational, double-blind study. On entry, 
all patients had to have an LDL-cholesterollevel :;'4.12 mmol/I (or :;'3.3S mmoJlI if 
they had a history of CHD or 2 or more cardiovascular risk factors) and a fasting 
triglyceride level 5:3.99 mmoJlI. All patients initially received placebo for 6 weeks, 
then they were randomized to I of 3 groups. Group I (CER, n ~ I IS) received 
cerivastatin 0.3 mg/day alone for 16 weeks. Group 2 (FEN, n ~ 112) received 
fenofibrate micronized 200 mg/day alone for 16 weeks. Group 3 (CER + FEN, n ~ 
liS) received cerivastatin 0.3 mg/day alone for 8 weeks, then cerivastatin 0.3 mg/day 
and fenofibrate 200 mg/day for a further 8 weeks. Results: Percentage changes in 
efficacy variables in the ITT population (baseline to week 16): 

Parameter CER FEN CER + FEN 
LDL-cholesterol _27.6'·2 _21.0' -40.S 
Total cholesterol _19.6'·3 _16.4' -29.9 
HDL-cholesterol +S.8'·' +12.0 +12.4 
Triglycerides _9.6,·2 -31.6 -37.2 

'Significantly different from FEN (P < 0.0 I); 'Significantly different from CER + 
FEN (P < 0.001); 3Significantly different from FEN (P ~ 0.03). 

The safety profile of cerivastatinlfenofibrate combination therapy showed no major 
differences from that of either drug used alone, apart from a moderate increase in the 
rate of transaminase elevations in the combined therapy group. Conclusions: 
Combined cerivastatinlfenofibrate therapy has greater efficacy than either drug used 
alone for improving the blood lipid profile of patients with dyslipidemia. The 
combination may be useful for decreasing LDL-cholesterol and triglyceride levels and 
increasing HDL-cholesterollevels in patients with type 2 diabetes. 

781 
ABDOMINAL ADIPOSITY IN OVERWEIGHT INSULIN
DEPENDENT DIABETIC ADOLESCENTS 
E. Bognetti, P.. Brambilla, A. Brunelli, M. C Riva, F. Meschi, R. 
Bonfanti, P. Manzoni, S. de Poli, S. Riboni, G. Chiumello 
Department of Paediatrics, Endocrine Unit, Scientific Institute San 
Raffaele, University of Milan, Italy 
Overweight in IDDM is not a rare event, especially in girls during 
adolescence. Insulin is involved in fat deposition but the physiological 
plasma insulin profile is lost in IDDM patients. Aim: to evaluate body 
mass composition by MRl and DXA in obese female with or without 
IDDM. Materials and methods: we have studied 13 IDDM obese 
female (IDDM-OB) and 11 obese female (OB). IDDM-OB and OB 
were similar regarding age 16.4 ± 2.0 vs 20.1± 3.9 yrs and BMI 27.2 ± 
2.6 vs 27.4±4.S. Body mass composition was assessed by DXA and by 
MRl taken by lumbar (L4) level. Statistical analysis on subcutaneuos 
adipose tissue (SAT cm2) and intra-abdominal adipose tissue (IAT cm2) 

have been performed by non parametric methods. Results: SAT was 
comparable between IDDM-OB and OB: 260.7 (109.1-431.9) vs 30S.7 
(221.4 -S60.0) cm2 (p = n.s.); IAT was significantly lower in IDDM
OB than OB: 19.7 (1O.9-3S.7) vs 32.S (11.4-S1.1) cm2 (p < 0.01). SAT 
was strongly related to !AT tissue in OB (r = 0.7; P < 0.03), but not in 
IDDM-OB. Fat, lean tissue and total bone mineral content assessed by 
DXA were similar between IDDM-OB and OB. Fat mass assessed by 
DXA was strongly related to SAT by MRl in OB (r = 0.9; P < 0.03) 
and in IDDM-OB (r = 0.8 P < 0.01) but not to IAT by MRl in both 
groups. Conclusions: obesity in IDDM female is associated to lower 
intra-abdominal fat deposition than in weight-matched non diabetic 
female. 

780 
INFLUENCE OF INSULIN SENSITIVITY AND THE TAQIB 
CHOLESTERYL ESTER TRANSFER PROTEIN GENE 
POLYMORPHISM ON PLASMA LECITHIN: CHOLESTEROL 
ACYL TRANSFERASE AND LIPID TRANSFER PROTEIN ACTIVITIES 
AND THEIR RESPONSE TO HYPERINSULINAEMIA IN NON
DIABETIC MEN. S.C. Riemens, A. Van Tol, B.K. Stulp, R.P.F. Dullaart. 
Depts. of Endocrinology and Pathology, University Hospital Groningen and 
Cardiovascular Research Institute, Erasmus University, Rotterdam, The 
Netherlands. 
HDL metabolism is governed by several factors, including lecithin cholesterol 
acyltransferase (LCA 1), cholesteryl ester transfer protein (CETP), phospholipid 
transfer protein (PLTP) and lipases. We evaluated the influence of insulin 
sensitivity insulin infused at 30 mUlkg"h" during 3h and of the TaqIB CETP 
gene poly-morphism (an intronic polymorphism, BIB2) on plasma LCAT, 
CETP and PL TP activity levels and the responses of these factors to 
hyperinsulinaemia in 32 non-diabetic men. Plasma total cholesterol, VLDL + 
LDL cholesterol, triglycerides, and apo B levels were higher in the quartile of 
subjects with the lowest insulin sensitivity (Q4) than in the subjects with the 
highest insulin sensitivity (Q,) (p<O.OS for all), whereas HDL cholesterol and 
apo AI was lowest in Q4 (p<O.OS for both). Plasma LCAT activity was higher in 
Q, than in Q, (p<O.OS) and PL TP activity was higher in Q, than in Q, (p<O.OS), 
but insulin sensitivity did no influence plasma CETP activity. Plasma lipoprotein 
lipase activity was higher and hepatic lipase activity was lowest in Q,. Insulin 
infusion did not affect plasma LCAT and CETP activity, but decreased PLTP 
activity similarly in the 4 quartiles of insulin sensitivity (p<O.OS for all). There 
were no differences in baseline plasma LCAT, CETP or PLTP activities between 
11 BIB 1 and 8 B2B2 homozygotes. After insulin plasma CETP activity had 
decreased slightly in BIBI homozygotes only (p<O.OS). The decrease in plasma 
PLTP activity was also larger in BIBI than in B2B2 homozygotes (p<O.OS). In 
conclusion, insulin sensitivity influences plasma LCAT, PLTP, lipoprotein lipase 
and hepatic lipase, but not CETP activities in men. High levels of hepatic lipase, 
PL TP and LCA T in association with insulin resistance may promote reverse 
cholesterol transport. The most pronounced decrease in plasma PL TP activity 
during physiological hyper-insulinaemia in BIBI homozygotes could be 
associated with an altered reverse cholesterol transport. 

782 
ULTRASOUND IS A RELIABLE METHOD TO ASSESS THE AMOUNT OF 
ABDOMINAL FAT. 
R.P. Stolk, R. Meijer, O. Wink, P.M.J. Zelissen, A.P.G. van Gils and D.E. Grobbee. 
Utrecht University Hospital, The Netherlands. 

Aims In recent years it has become clear that the amount of fat stored in the abdomen 
is associated with insulin resistance and increased risk of morbidity and mortality. 
Currently, the best assessment of abdominal fat is computed tomography (CT). The 
most often used measurements are waist circumference and the ratio of waist and hip 
circumferences (WHR). However, these do not clearly distinguish between 
subcutaneous and visceral fat. Ultrasound might be a suitable technique to obtain a 
more accurate method to assess the amount of abdominal fat without CT. We validated 
a new abdominal ultrasound protocol using CT as gold standard. 
Materials and Methods The distance between peritoneum and lumbar spine is 
measured at five standard positions by a 10MHz transducer. All measurements are 
performed from one line over the abdomen halfway between the lower rib and iliac 
crest. Abdominal fat is assessed in a single CT-slice at L4-LS, by counting the tissue 
area with Hounsfield units between -ISO and -SO inside the peritoneum. 
Results The study population consisted of21 overweight subjects (14 women, 7 men), 
mean age 42.9 years (SD 17.2), body mass index 33.0 kg/m' (4.1), waistihip ratio 0.93 
(0.009), and abdominal fat on CT 13S.5 cm' (SS.7). The mean anterior distance was 
10.3 cm (2.0). There was a strong association between the CT and ultrasonographic 
measures. Pearson correlation coefficient of the mean anterior distances was 0.82 
(p<O.OOI). The correlation between WHR and ultrasound was 0.71 (p<O.OOI), the 
correlation between CT and WHR was 0.S7 (p~O.OI). The correlation coefficient ofthe 
anterior measurements performed by two different sonographers was 0.90 (p<O.OOI), 
the mean difference 0.8 cm (1.2), indicating high reproducibility of the ultrasound 
measurements. 
Conclusion The distances obtained by ultrasound were stronger associated with the 
amount of fat on CT than waist/hip ratio (and waist circumference). Because this non
invasive technique is widely available and the measurements take only a few minutes, 
it is a promising technique especially for clinical and epidemiological studies. 
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CLINICAL PRESENTATION AND INITIAL EVOLUTION OF 
IDIOPATHIC TYPE 1 DIABETES MELLITUS 

N. Vilarrasa, O. Gimenez,L. Lopez,R. Insa,M. Fdez. Castaller. 
Endocrine Unn,CSU.Bellvnge, L' Hospitalet, Barcelona, Spain. 

Idiopathic type1 Diabetes Mellitus (DM) in the new ADA's classification 
is mainly characterised by absence of ~-cell autoimmunity in patients 
with classic clinical criteria. Most of these patients have no HLA 
association and are of African or Asian origin. Little is known of this 
type of DM in Caucasian populations. Aims: To evaluate the 
prevalence and differences in clinical presentation and innial evolution 
of Idiopathic type 1 DM. Materials and methods: The study includes 
109 consecutive newly diagnosed type 1 diabetes patients admitted in 
the Endocrine Unn from January 1993 to December 1998, with ages 
ranging 13-30 years. Patients with classic clinical criteria of type 1 DM 
and absence of ~-cell autoimmunny markers GAD, IA2 were classified 
as Idiopathic DM. Clinical presentation, insulin-secretory reserves and 
metabolic control during the first three months after the diagnosis were 
analysed. Differences between groups were evaluated by student's T 
test , the X 2 test or Mann-Whitney U test. Results: Of 109 patients, 
87(79.8%) had autoantibodies to islet cell antigens and 22(20.18%) 
showed negative autoimmunity. Weight loss in Idiopathic DM was less 
pronounced than in the other group (4.91±4.2S vs 7.S9 ±S.26 Kg. 
p=0.016) and bicarbonate levels at diagnosis were higher (24.03±6.33 
vs 19.90±7.06 mmoVL. p=0.016). HbA1c three months after diagnosis 
was lower in Idiopathic DM patients (4.97±O.64 vs S.S4±1.24 % 
p=0.007). No significant differences were found in clinical presentation 
and insulin secretory reserves during the first three months after 
diagnosis. The percentage of patients with family history of type 2 DM 
was similar in both groups (27.9% vs 28.S7%).Conclusion: Idiopathic 
type 1 DM is present in 20% of our Caucasian population. It is 
characterised by a less severe clinical presentation and better 
metabolic control .However, long-term studies and further investigations 
are necessary to define ns etiology and natural history. 

785 
Clinical presentation and early course of type 1 diabetes in patients 
with a family history of type 2 diabetes. 
M.Ferruindez Castaiier, L.L6pez, OJimenez, N.Vilarrasa, A.Boltafia, 
J.Soler. Endocrine Unit. C.S.U.Bellvitge. L'HospitaIet. Spain. 
Aims: to examine whether a furnily history of type 2 diabetes can 
influence the clinical presentation and early course of type I diabetes. 
Material and methods: 142 consecutive newly diagnosed type I diabetic 
patients older than 13 years were studied. Subjects were divided into two 
groups according to the presence (Group I, n=33) or absence (Group II, 
n= 109) of a furnily history of type 2 diabetes (first degree relatives). 
Clinical presentation of diabetes, j3-cell autoimmune markers (GAD, 
IA2), thyroid autoimmunity (TPO), evolution of metabolic control and 
residual insulin secretion during the first year of follow-up, and markers 
of metabolic syndrome were compared between groups. Statistical 
analysis was done by Student -t test, Mann Whitney U test or X2 test. 
Results: clinical presentation of diabetes, prevalence of i3-cell and 
thyroid autoimmunity, residual insulin secretion at diagnosis and 
metabolic control and insulin requirements during follow-up were 
comparable in both groups. One year after diagnosis, residual insulin 

secretion (Post-glucagon C-peptide 0.66±O.44 vs 0.45±O.32 nmoVl, 

p=0.08) and systolic blood pressure (l29±12 vs l21±1lmmHg, p=O.08) 

tended to be higher in Group I. LDL-cholesterol was higher (3.2± 0.9 vs 
2.7 ±O.7 mmol/l, p=0.03) and HDL-cholesterollower (1.3 ±OJ vs 1.5± 
O.4mmoVl, p=O.04) in Group I. BMI, diastolic blood pressure, 
triglycerides and urinary albumin excretion were comparable in both 
groups. Conclusions: type 1 diabetic patients with a furnily history of 
type 2 diabetes show no differences in the clinical presentation and early 
course of the disease. However, they present some markers of the 
metabolic syndrome. The possible role of these alterations in the 
apparition or progression of macrovascuIar complications of the disease 
awaits further investigations. 

784 
PERSISTENCE OF ISLET CELL AUTOANTIBODIES IN LADA IS 
RELATED TO SULFONILUREA TREATMENT 

E. Cabrera-Rode', P. Perich', O. Diaz-Horta', C. Tiberti', S. Piquer', G. 
Molina" A. De Leiva', U. Di Mario' and M. Puig-Domingo'. 
(I) Instituto NacionaI de Endocrinologia, Cuba, (2) University of Rome "La 
Sapienza", ItaIia, and (3) Hospital de Sant Pall, Universitat AUtOnoma de 
Barcelona, Espana. 

Several experimental studies have demonstrated that sulfonilurea treatment 
increases auto antigens expression in j3-celI. This phenomenon may be 
deletereous for the preservation of residual j3-ce1l in patients with latent 
autoimmune diabetes of adult (LADA). The aim of the present study was to 
evaIoate whether sulfonilurea inclusion in the treatment of LADA may 
induce modifications in the expression of islet cell autoantibodies. 
Fourteen subjects (mean age of 53 ± 12 years) at diabetes diagnosis were 
found to be positive for both ICA and GADA in two consecutive samples; 
ICA were detected by indirect immunofluorescence and GADA by REA by 
using"recombinant "S-GAD". Group I (n=8, ~ cJ', 3 ~, age 53 ± 6) was 
treated with insulin (mean dose 27 ± 20) while group 2 (n=6, 2 0', 4 ~, age 
53 ± 16) received together with insulin (mean dose 26 ± 30) 20 mg of 
glibenelamide. HbA" decreasiid in both group after one year of treatment 
reaching similar levels (6,7% VS 7.0"10, p=ns). In group I, 6 out of 8 patients 
treated only with insulin beCame leA negative, while all 6 individuals 
treated with the combined therapy presented persistence of ICA titles. No 
changes were found in GADA in either of both groups, with maintenance 
of positivity in all patients. Conclusions: addition of sulfonilurea in LADA 
patients is associated with persistence of islet cell autoantibodies in a higher 
degree than insulin therapy alone; this may reflect an increased expression 
of i3-ceIl autoantigens, thereby stimulating autoimmune destruction in this 
group of patients. (Supported by SAP 97/0251) 
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HOW CAN WE IMPROVE THE METABOLIC CONTROL IN 
ADOLESCENT AND YOUNG ADULT TYPE 1 DIABETIC PATIENTS? 
F.I. Ampudia-Blasco, I. Martinez, M. Civera, J.F. Ascaso and R Carmena. Diabetes 
Reference Unit. Endocrinology Dep., Clinic University Hospital Valencia. Spain. 
The transfer of adolescents and young adult with type I diabetes mellitus from 
Pediatric Diabetes Units (PDU) to Adult Diabetes Units (ADU) is frequently a 
disappointed experience for the patients and their parents. Aim: The purpose of this 
study was to evaluate the impact of this change on metabolic control and treatment 
aspects of a group of young type I diabetic patients. Patients and methods: 
Inclusion criteria were type 1 diabetes initiated in the infancy or adolescence, 
diagnosed after> I y, and with a follow-up of more than 6 months in ADU. Forty
six type I diabetic patients (30% woman, age at change 18.S±1.3 y (mean±SD). 
BM! 21.9±1.9 kglm2

• diabetes duration 11.9±4.7 y) were selected from the 
outpatient clinic later than October 1994. Results: During the follow-up in ADU 
(31.0±l2.2 months) more patients used intensified insulin therapy (PDU vs. ADU. 9 
vs. 56%) and pen injectors (17 vs. 78%, p< 0.05). total NPH insulin were reduced 
(37.8±l2.4 vs. 28.2±9.1 U.lday. p< 0.05) as well as the proportion of NPH insulin 
(7S±18 vs. 60±20%. p< O.OS) and NPH doses per day (2.3±O.6 vs. 1.8±O.S/day. p< 
0.05). There was a minor increment in EM! (21.7±1.9 vs. 22.S±2.4 kglm2

, p< 0.05). 
but no significantive changes in total insulin doses (0.82±O.19 vs. 0.7S±0.21 
U./kglday) and insulin injections per day (2.8±1.l vs. 3.I±O.7/day). Metabolic 
control improved during the follow-up in ADU (initial. 6, 12. 18. 24 months): 
HbA,c 9.1±2.0%. 8.6±1.6% *. 8.I±l.5% *, 8.1±l.5% *. and 8.0±l.5% * (* p< 0.05, 
in relation to basal). Conclusions: We conclude that the transfer from PDU to ADU 
resulted in a major use of regular insulin and pen injectors and a sustained 
improvement in metabolic control (a HbA" decrease of - 1%) which was evident 
yet after the first 6 months offollow-up. 
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THE METABOLIC AND INSULIN SECRETORY STATUS OF NON-KETOTIC 
GAD ANTIBODY POSITIVE LATE ONSET DIABETES MELLITUS, 
K Ahmed', S, Luzio', V. Furmaniak' and D.R. Owens'- 'Diabetes Research Unit, 
Cardiff, UK. ' FIRS Laboratories, LIanishen, Cardiff, UK. 
Aotibodie~ to glutamic acid decaIboxylase(GAD) predict early requirement of 
insulin therapy in patients who present with late onset non-ketotic diabetes 
mellitos. We stodied newly presenting diabetic patients in middle life in an attempt 
to elucidate their metabolic and inununological statos to determine the most 
appropriate treatment strategy. METHODS: 125 sequential newly diagnosed non
ketotic diabetics >35years of age (54.77 [9.25]), males(95 ; 76%), females (30 ; 
23%) were challenged with a standardised meal (55% caIbohydrate, 30% protein, 
15% fat, 550 calories in total) to determine their glucose and insulin responses. The 
patients were also assessed for the presence of complications in the form of diabetic 
retinopathy using retinal photography (2x45"fields per eye). The presence of 
antibodies to glutamic acid decaIboxylase(GAD) was determined. The t-test and the 
Man Whitney test were used to compare data according to whether the variables 
had a normal Gaussian distribution or not respectively, RESULTS: 6 
subjects(4.8%) were GAD antibody positive(GAD+ve). Significant differences 
(p<0.05) with GAD antibody negative (GAD-ve) patients include age 48(4.2) vs 
55.1(9.3) years, fasting plasma glucose 14(3) vs 10.3(3.2) mmol/l, glucose AUC 0-
2hrs (2781.8(391.9) vs 2039.0(543.7) mmol.minll, HBAlc 9.9(1.4) vs 7.7(2.0)%, 
and insulin 0-2hrs AUC 422.2(85.65) vs 724.8(332.7) pmol.minll [Roma beta-cell 
function 21.1(9.1) vs 51.7(30.18) %] respectively, Non of the GAD+ve patients had 
evidence of diabetic retinopathy whereas 12.6% of the GAD negative (GAD-ve) 
su~ects had diabetic retinopathy (14 background and 1 pre-proliferative diabetic 
retinopathy). Two GAD+Ve patients (50%) required insulin therapy within 12 
month of diagnosis while the other 4 remain on oral therapy with HBAlc >7%(7-
9.3%). Only three GAD negative patients (2.5%) required insulin therapy> 2 years 
after diagnosis. CONCLUSION: The presence of GAD antibodies at presentation 
in patients with late onset diabetes mellitos should alert the need for early insulin 
therapy based on the severe insulinopenia. Inappropriate initial treatment with oral 
hypoglycaemic agents may result in prolonged hyperglycaemic exposure and a 
greater risk of diabetes related complications. 

789 
THE IMPACT OF DCCT AND HUMAl.OG®TREATMENT ON 
GL YCOHAEMOGLOBIN AND HYPOGL YCAEMIA IN TYPE I DIABETES 
J. Anderson, S. Garg, T. MacKenzie, M. Shephard, B. Peery, and H. Chase, Barbara 
Davis Center for Childhood Diabetes, Denver, CO, USA. 

Aims: The purpose of this study was to determine if glycohaemoglobin HbAlc values 
and the incidence of severe hypoglycaemic episodes (seizure, loss of consciousness, or 
needing the help of others) occurred in young subjects with type 1 diabetes changed 
from 1993 to 1995. Materials and Methods: Data was analyzed from 135S0 clinic 
visits for 950 subjects (460F/490M) with type 1 diabetes for more than one year (mean 
duration ~ 9.6 years). All subjects received Humalog insulin for at least one year and 
had previously received human Regular insulin for at least one year. The mean age was 
IS.I years, with 240 < age IO years, 350 between 10 and IS, and 360 over the age of IS 
years when last seen. All HbAlc values were measured using the DCA2000® method. 
Results: Changing to intensive insulin therapy (more than 2 shots/day or insulin pump 
treatment) reduced the mean HbAlc by 2.4% (95% CI of 1.9 to 2.9%); p<O.OOI using 
the mixed effects model but increased the severe hypoglycaemic episodes by 14%/year 
(p~0.062). Introduction ofHumalog insulin (mean 2.1 years) resulted in a total 
reduction ofHbAlc by 3,0% (95% CI of2.5 to 3.4%); p<O.OOI using the mixed effects 
model. However a significant decrease in severe hypoglycaemic episodes by 15%/year 
(p~0.012) was observed (adjusted for age and duratlOn). There was no difference in the 
number of shots/day during the Humalog treatment phase. 
Year: 1993 1994 1995 1996 1997 1998 
HbAlc 9.4 8.5 S.6 S.6 8.4 S.I 
Hypos 0.31 0.36 0.42 0.50 0.47 0.40 
Conclusion: A significant decline in HbAlc values with a trend toward an increase in 
severe hypoglycaemia was observed as subjects were changed to intensive therapy after 
the DCCT report in 1993. Another significant decline m HbAlc values, accompanied 
by a significant decrease in severe hypoglycaemia, occurred as subjects were changed 
to Humalog insulin despite continuing intensive insulin treatment. 

788 
Diabetes in Chad - high mortality from infectious diseases 
Mbainguinam Dionadji, Mouanodji Mbaissouroum. H6pital General 
de Reference Nationale Ndjamena, Chad 

Aim of the study: We evaluated 292 consecutive diabetic patients 
who were admitted to the General Hospital in Ndjamena/Chad from 
April 97 to May 98 (age, BM!, complications, symptoms at diagno
sis). In 143 patients who were hospitalised, we performed a one year 
follow-up to evaluate mortality and causes of death. 
Results: 65 % of patients (n= 292) were male. The mean age of the 
patients was 43 years (18 to 70 years). The mean BM! of males was 
23 kg/m2, females 21 kg/m2 The average time since diagnosis of dia
betes was 4.5 years. 45 % of the patients were illiterate and 42 % did 
not have any income. Diabetes was diagnosed in 4l.5 % of the pa
tients because they suffered from all of the following symptoms: 
weight loss, poliuria, polidypsia and poliphagia. In 40 % diabetes was 
diagnosed because diabetic complications had occurred. At time of di
agnosis of diabetes 22.5 % of the patients were hypertensive. 70 % of 
the patients had diabetic complications (diabetic ulcers in 17 %). 143 
patients were hospitalised to improve metabolic control or to treat 
complications. After I year 9 % (of 143) patients had died. Causes of 
death: infectious diseases: 6 (infected ulcers: 3, AIDS: 2, meningitis: 
I). 4 patients died in diabetic coma, 2 from cardiovascular disease, I 
died in renal insufficiency following hypertension). 
Summary: In Chad infectious diseases are still a mayor cause of the 
extremely high mortality in people with diabetes. Instead of spending 
time to discuss minor changes of WHO diagnostic criteria and classi
fication, developing countries have to concentrate the efforts aiming at 
improved care for people with diabetes. 
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BLOOD GLUCOSE SELF-MONITORING FROM THE ABDOMINAL 
SKIN - A VIRTUALLY PAIN-FREE AND PRECISE METHOD 
Holstein A, ThieJlen E, Kaufinann N., Egberts E - H 
1st Department of Medicine, Lippe - Detmold Clinic, Detmold; 
• Roche Diagnostics; Germany 

Aims: For many diabetic patients, years of blood glucose self-monitoring with 
readings taken several times daily is an inevitable aspect of their insulin therapy. 
We investigated whether self-monitoring (SM) from abdominal skin migbt be an 
alternative to the established method of self-monitoring based on finger-pricking. 
Methods: On 5 successive days, 33 insulin-dependent diabetic patients and 
16 nondiabetic volunteers (53% male; aged 46 ± 13.5 years; BM! 25 ± 5 kg/m') 
took parallel blood glucose readings with capillary blood collected from a fingertip 
and from abdominal skin. Blood was collected from both sites with Softclix II, and 
readings carried out with an Accutrend Sensor blood glucose monitor. Subsequent 
enzymatic blood glucose determination in the laboratory (glucose oxidase) from 
blood obtained by finger-pricking served as reference method. Statistics: 
Comparison of the methods SM by finger-pricking versus abdominal skin was 
carried out using Pearson correlations, linear regression analysis, Error-Grid
Analysis and the method after Bland et Altman. Results: Self-monitoring from the 
abdominal skin was found by the trial subjects to cause little discomfort and 
correlated well with SM and laboratory controls from the finger (Pearson's r 0.88). 
Comparison of the methods SM abdominal skin versus finger produced results as 
follows. Linear regression: r = 0.91; Y = 19.14 + 0.82x. Error-Grid-Analysis: range 
A 97.1%; -B 2.5%; -C 0%; -D 0.3%; -E 0.16%. Bland et Altman analysis: mean of 
the differences 0.16 mmolll; 2 SD 0.99 mmol/l; minimum - 5.0 mmolll; maximum 
5.1 mmolll. In a further 5 adipose diabetic patients (BM! mean 32 kg 1m'), SM 
from abdominal skin was not practicable, as there was insufficient blood to collect. 
Conclusions: SM from abdomal skin is a simple, virtually pain-free and precise 
method. Following initial quality controls, it provides certain diabetic patients with 
an alternative to the established method of SM from the fingertip. 

792 
EFFECTS OF GLUCOSE AND INSULIN LEVEL ON ADIPOSE TISSUE 
GLUCOSE MEASUREMENT BY MICRODIAL YSIS PROBES 
RETAINED FOR 3-WEEKS IN TYPE I DIABETIC PATIENTS. 
L.M. ~ullegiet. H.L. Lutg~rst. R.P.F. Dulla;rrt', KJ.C. Wientjes l, WJ. 
SlUiter, AJ.M. Schoonen ,K. Hoogenberg . Dept. of Ph ann ace utica I 
Technology and Biopharmacyl, University Centre of Pharmacy and Dept. of 
Endocrinology', State University Hospital, Groningen, The netherlands. 

Aims: To investigate the role of blood glucose and insulin level on the 
recovery of adipose tissue glucose by microdialysis in vivo. 
Materials and methods: Seven Type I diabetic patients carried 
microdiaiysis probes that were inserted pairwise in abdominal adipose tissue 
for 3 weeks. A stepped hyperglycaemic-hyperinsulinaemic insulin-clamp was 
perfonned each week with blood glucose clamped at 6 and 12 mmolll, and 
insulin infused at 30 and 150 mU/kg/h. At each study day, the probes were 
prepared for microdialysis and samples were collected at 30 min intervals 
with a microperfusor running at a flow of 0.5 l.tI/min. Of each probe and of 
each weekly observation period, the agreement between dialysate, venous 
and capillary blood glucose levels were analysed. 
Results: The overall recovery compared to venous and capillary blood 
glucose concentrations increased at the 2nd and 3rd week clamps (P<O.O I 
and P<0.05 from week I, respectively). The time-delay to monitor an acute 
rise in blood glucose ranged from 11.3 to 27.3 min, including a system delay 
(time to transport fluid from the dialysis membrane to the collection vial) of 
approximately 12 min. Blood glucose and insulin levels did not influence the 
recovery compared to venous blood glucose, whereas the recovery compared 
to capillary blood glucose slightly increased during the high insulin infusion. 
Conclusions: Adipose tissue glucose measurements by microdialysis probes 
increase after I week of insertion. The technique is capable to adequately 
follow an acute rise in blood glucose although there is still an important time 
delay inherent to the system. The glucose measurements are not impaired by 
under hyperglycaemic and hyperinsulinaemic circumstances. These results 
seem promising for long-term microdialysis in diabetic management. 

791 
MICRODIAL YSIS MEASUREMENT OF GLUCOSE IN 
SUBCUTANEOUS ADIPOSE TISSUE DURING THREE WEEKS IN 
TYPE I DIABETIC PATIENTS 
H.L. Lutgersl.', L.M. Hullegiel.2, K. Hoogenberg', W.J. Sluiter', R. P.F. 
Dullaart', KJ. Wientjes l and AJ. Schoonenl. Department of Phannaceutical 
Technology and Biopharmacy\ University of Groningen, department of 
Endocrinology', University Hospital Groningen, The Netherlands. 
Aims: To assess whether microdialysis probes are capable to measure 
adipose tissue glucose over a prolonged period in Type I diabetic patients. 
Materials and methods: Microdialysis probes were pairwise inserted 
subcutaneously into the abdominal fat and remained in situ for 3 weeks in 8 
type Idiabetic patients. At days 1,3,4,8, II, 16, and 18 of probe retention, 
glucose as measured by microdialysis was compared to capillary blood 
glucose concentrations during a 4 h period of nonnal daily life activities. The 
recovery glucose obtained by microdialysis, expressed % of the capillary 
blood glucose concentration, and its variability were evaluated. 
Results: Eleven microdialysis probes in 8 patients were evaluable during the 
3 week study period. Recovery of glucose was lower at day I and 3 (51 ± 
23% and 56 ± 18%, respectively, mean ± SD) compared to values found 
afterwards (67± I 9%, 72±13%, 76±14%, 71±16%, and 76±18 %, for day 4, 8, 
II, 16, and 18, respectively, for all P<0.05 vs. day I and 3). The mean 
coefficient of variation of the recovery of glucose measurements was high at 
day I (32±20%) and decreased thereafter to below 15% (P<0.05 from day I). 
Both the recovery of glucose and its variability did not significantly change 
after 4 days of in vivo probe insertion. Skinfold thickness was inversely 
related to the overall glucose recovery (r=-0.76; P<0.03). Recovery was 
similar over a wide range of capillary blood glucose concentrations. 
Conclusion. Prolonged in vivo retention of microdialysis probes improves 
the recovery and lowers the variability of adipose tissue-sampled glucose in 
type I diabetic patients. These rmdings give rise to the contention that 
microdialysis-based glucose measurements offer an opportunity for 
prolonged glucose monitoring. 

793 
NEW GLUCOSE METERS - COMPARISON WITH PREVIOUS 
GENERATION DEVICES AND A REFERENCE METHOD 
R Weitgasser, B. Gappmayer andM. Pichler; 2nd Dept. of Medicine, StJobanns 
Spital, Salzburg General Hospital, Salzburg, Austtia 

Aims: To assess precision and accuracy oftbe new portable glucose meters Gluco
Card, Glucometer Esprit, Glucotouch and Glucotrend in comparison to the previous 
generation meters Accutrend, Companion 2, Glucometer 3 and One Touch II and 
the reference glucose oxidase method using a Beckman glucose analyzer. 
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Materials and Methods: On average 248 glucose measurements from capillary 
blood samples from diabetic patients attending our out -patient clinic were performed 
with two meters of each brand Two to three different lots of code strips were used 
All measurements were performed by one experienced technician using blood from 
the same sample for the meters and the Beckman Analyzer 2. Clinically relevant ana· 
lyses determining the percentage of values within a maximum deviation of 10% and 
5% from the reference value, the method of residuals, and the error gtid analysis 
were performed to evaluate accuracy. Coefficients of variance for measurements 
in series were determined to evaluate precision. 
Results: Altogether 1,987 blood glucose values were obtained for readings with 
meters compared with the reference method. By error gtid analysis the new devices 
gave more accurate results without significant differences within the group (zone A: 
98 to 98.5%). Except the One Touch II (zone A: 98.5%) the other older devices were 
substantially less exact (zone A: 87 to 92.5%), which was also true for all other eva
luation procedures. With respect to a 10% deviation from the reference values the 
Glucometer Esprit was inferior to all other new meters (81% vs. 88.5 to 90.5%), 
but similar to the One Touch II which performed best compared to the other old 
generation meters (82% vs. 56 to 72%). Less than 5% deviation from reference val
ues was found in 49 to 57"10 for new, and in 32 to 50% for old devices. Companion 2 
underestimated, Glucometer 3 overestimated reference values by more than 10%. 
With coefficients of variance higber than 10% in low glucose ranges precision was 
worst for Companion 2 and Glucometer Esprit. 
Conclusions: New generation blood glucose meters are not only stnaller and hand
somer but more accurate compared to previous generation devices except the One 
Touch II. Oinical performance of new meters improved but did not reach latest re
commendations of the American Diabetes Association. 
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794 
ANTIGENICITY OF HOECHST 21PH INSULIN USING INTRAPERITONEAL 
OR SUBCUTANEOUS ROUTES IN TYPE I DIABETIC PATIENTS. 
leandidier N (') , BoulIu S (1) , Sapin R (2), Legaludec V (') Friess P ('1, Pinget M (') 
(1) Service d'Endocrinologie et Diabetologie, (2) Laboratoire de Physique-Biologie, 
H6pitaux Universitaires, Straabourg, France. 
Intraperitoneal (IP) administration of Hoechst21PH insulin (400U/ml) via 
implantable devices increases insulin antibody levels (AAI) in type I diabetic 
patients. Many factors may be involved in this process; IP route of administration, 
addition of a stabilizer (GenapoIO) to the insulin solution or insu1in modifications 
due to storage in the pump. Aims : to compare the autigenicity of the insulin 
H0e2IPH administered intraperitoneal1y or subcutaneously using implantable or 
external pumps. Material and methods: Hoe2IPH was used at a concentration of 
400U/ml in the Minimed MIP pump and lOOU/ml in the H-tron (Disetronic) 
external pump. The 19 type I diabetic patients had been treated with human insulin 
for 3 years prior to the study and were then treated either with IP infusion (CPII) 
(n=IO, group I) or subcutaneous infusion (CSII) (0=8, group 2). AAI levels were 
assessed by RIA (pasteur, N< 2.5%) and Elisa (N<12 U/ml) at tbe beginning of the 
study (MO) and after 6 months (M6). Results (mean ± SEM) : Patients were 
35.0±1.8 vs 34.9±4.9 year old, had a diabetes duration of 17.3±2.1 vs 30.1±4.8 years 
for respectively group I and 2. Sex ratio MIF was 614 vs 5/3. AAI levels (RIA) 
increased from 21.2 ± 8.5% (MO) to 38.8 ± 7.4% (M6) in group I (p=O.04) and from 
31.1 ± 11.3% (MO) to 34.9 ± 11.3% (M6) in group 2 (p=O.95), using a matched 
Student t test. Evolution of AAI formation tended to be higher in group I than in 
group 2 (p=0.08) using an ANOVA test. The same tendency was observed using the 
Elisa assay. CPll using implantable devices seems to induce higher levels of AAI 
than CSll. Factors correlated to high AAI formation would rather explain increased 
AAI levels in group 2. Conclusion: CPTI tends to be more autigenic than CSTI. 
Insulin modifications due to insulin storage in external or implantable pump could 
be also involved in this high autigenicity. 

796 
Continuous Subcutaneous Insulin Infusion for Treatment of Type 2 Diabetes 
Mellitus. 
P.e. Davidson. L Jeng, M Ghegan. J. Winsett, B. W Bode, Atlanta, Georgia, USA 

Aims: The utility of continuous subcutaneous insulin infusion (CSIl) for treating 
type I diabetes has been clearly demonstrated. The benefit of normoglycemic 
control of persons with type 2 diabetes is established, but often requires 
increasingly complex regimens of combination therapy that are costly and 
introduce potentially toxic interactions of multiple diabetes related drugs. CSII 
therapy may offer an effective alternative. 

Methods:. We have reviewed all type 2 diabetes patients from our large database 
of CSII patients in order to evaluate CSII as an alternative method of treating type 
2 diabetes. Eleven patients were found to be C-peptide positive and/or to have a 
history of several years of no insulin therapy since diagnosis. 

Results: All patients had been converted to CSIl after failure to be adequately 
controlled on multiple daily injections (MDI). The patients were 55 ± 12 years old 
with diabetes for 13 ± 6 years, and performed self monitoring of blood glucose a 
median of3.05 times per day. The average pre-CSIl HbAlc was 9.3 ± 2.8 which 
decreased to 6.97 ± 0.9 at 18 months (p~O.046). The daily insulin requirement 
decreased from 89 ± 62 to 70 ± 53 units/day at 6 months (p~O.OJ J). The patients 
weight did not change significantly from pre-CSII to 18 months (190 ± 53 vs 191 
± 52Ibs). No severe hypoglycemia was documented in 18 months follow-up. 

Conclusion: This limited experience in using CSII in patients with type 2 
diabetes suggests that CSIl appears to provide a level of improved clinical 
outcomes comparable to that experienced by type I patients. CSIl should be 
considered as a viable alternative therapy for the treatment of type 2 diabetes. 

795 
CONTINUOUS INTRAPERITONEAL INSULIN INFUSION (C!PIl) IN 
POORLY CONTROLLED PATIENTS: GL YCAEMIC RESULTS AND 
PSYCHOSOCIAL CHARACTERISTICS 
S.A. Eskes', 1.H. de Vries', FJ. Snoek2, F. Pouwer2, E. van Ballegooie', A.J. 
Spijker' and RJ. Heine'. Departments of 'Endocrinology and 'Medical 
Psychqlogy, Institute for Research in Endocrinology, Reproduction and 
Metabolism, University Hospital Vrije Universiteit, Amsterdam, Departments 
of Internal Medicine, 'Isala Hospital, Zwolle, 'Laurentius Hospital, Roermond, 
the Netherlands 
Aims: To investigate retrospectively the glycaemic efficacy of C!PIl 
(implantable pump) in patients in long-term poor control, as well as predictors 
of success, quality of life and emotional well-being. Methods: data of 33 
patients were recorded on standardized forms by the treating physician. 
Patients filled in questiOIll1aires on sociodemographic characteristics and 
psychopathology (as possible determinants of persistent poor control) (SCL-
90), quality oflife (Diabetes Quality of Life Measure, SF-36) and emotional 
well-being (Well-being Questionnaire, Problem Areas In Diabetes). Results: 
Patient characteristics. MIF: 9/24, age: 42.6 (SD 13.3), type I: 84.8%, diabetes 
duration: 20.5 ± 8.4 years. 51.5 % is unemployed. 15 % is free of long-term 
diabetic complications. Mean HbAlc decreased in the 24 patients implanted 
because of poor control (HbAlc before CIPIl;>: 8.5%), from 10.8% before 
implantation to 9.3% in 1998, mean follow-up 63 months (range: 24-168) (P= 
0.006). There were no indications of severe psychopa'thology in this group. 
However, levels of quality of life, social functioning, and well-being were 
found to be low, while levels of diabetes related problems were high. 
Responders (experiencing a decrease of > 1% HbAlc on CIPII, n=10 of24) 
had higher HbA I c levels at baseline (P=O. 0 13), and lower levels of social 
(P=0.02) and physical functioning (P=O.OOI). Conclusions: Our results suggest 
that C!PII can be valuable for patients in persistent poor glycaemic control, 
even in patients with low levels of physical and social functioning. Prospective 
trials are required to confirm these rrndings. 

797 
CONTINUOUS SUBCUTANEOUS INSULIN INFUSION (CSII) IN 
NEONATAL DIABETES MELLITUS 
N. Tubiaoa-RDfl, G. MuDZ-Licha, M Polak and P_ Czemi.how. Department of 
Endocrinology and Diahetology. Robert Deb"'; Hospital Paris, Fran.e. 
Neonatal diabetes mellitus is extremely rare (1/400 000 births in Europe). Typically, 
infants are of low birth weight and develop hyperglycemia requiring exogenous 
insulin within the first six postnatal weeks. Although pediatricians face numerous 
difficulties in managing insulin therapy (IT) at this age, very few data are available ou 
the methods of insulin delivery in neonatal diabetes. We report our experience of CSII 
therapy in the cases of neonatal diabetes requiring subcutaneous insulin therapy for 
more than 15 days (n=4), that we have treated during the last 10 years. Three of them 
were transient diabetes (follow-up = 10 mouths to 6 years) and one was permanent. 
Case Birthweight TO insulin! CSII Total daily dose (TDD, Ulkg/day) Duration 

(g) (age in days) I Daily basal rate (% of TDD) ofIT 
and term TO CSII +15 days +1 month 
(weeks) 

I 2530g(38w) D2 I D7 0.57/100 0.96/100 0.451100 2.5mo. 
2 I 430g(38w) D15/D17 0.701100 0.291100 0.40/36 7 mo. 
3 12oog(33w) D21/D33 0.30/100 0.90 1100 0.60 130 9.5mo 
4 2loog(38w) D421D63 0.73/42 1.0/40 0.65/35 9'y'rs 

Dunng the first month of CSII therapy, mean blood glucose level was 171mg/dl and 
mean number of hypoglycemia (<6Omgldl) was 5.7 on a mean number of 266 blood 
glucose measurements. CSII therapy in neonatal diabetes allowed to meet the specific 
insulin requirements and to adapt to the conditions of nutrition: basal rate ouly (100% 
of TDD) under continuous enteral or parenteral feeding; preprandial boluses were 
started with feeding bottles. Management of very small insulin doses (ex. bolus ~ 0.12 
U and basal rate ~ 0.018 U/h) was possible after dilutiou (5-IOUIml) and was more 
accurate with CSII than with syringes. Controlling blood glucose with few 
hypoglycemias, which are particularly frequent and dangerous at this age, was more 
efficient with CSII than with injections. Cutaneous tolerance was good and we did not 
observe any side effects. For all children, CSII was carried on during the whole period 
of insulin therapy (2.5 mouths to 9 years). Conclusious: during the neonatal period, 
CSII therapy is safe, more physiological, more accurate and easier to manage than 
injections and allows to match the insulin requirements of a newborn. CSII therapy 
requires to be managed or supervised by an experienced team. 



798 
INITIATION OF INSULIN PUMP THERAPY: THE OUT-PATIENT 
PUMPSCHOOL VS.IN-PATIENT HOSPITAL INITIATION. 
J. Sheehan and M. Ulchaker. CWRU, NCICE, Westlake, OH, USA. 
Aims: To compare the efficacy, patient (pt) competency and discontinuation rate of 
out-patient (outpt) vs. in-patient (inpt) insulin pump therapy (IPT) initiation. 
Materials and Metbods: Successful IPT initiation requires pt readiness, diabetes 
management skills, a conducive learning environment, and experienced team, with 
24-h patient access. Hitherto, a specialized inpt unit best met the education/safety 
needs. We developed an outpt model, the PumpSchool (PS) and compared outcomes 
with the prior traditional 2-5 day inpt initiation. We retrospectively compared the 
results of the fIrst 59 PS pts (mean age38.6:<:16; 33 males) with the antecedent 59 
inpts (mean age 39.6:<:12; 24 males). All pts elected IPT to improve glycemic 
control/flexibility after failing mUltiple daily insulin injections. The PS was held 
Thursday/ Friday from 0830-1700h; pts assumed responsibility for overnight blood 
glucose (BG) monitoring. PS pts arrived fasting; the nurse practitioner inserted a 
Rapid infusion set (Disetronics) s.c. in the abdomen, with prior progranuning of the 
Disetronic H-Tron. BG monitoring was done: pre- and Ih post-meal, bedtime, 
0200h, 0400h and if symptomatic, with ongoing basal and bolus adjustments. Meals 
were based on carbohydrate (CHO) distribution ofp!'s prior plan; all food was 
weighed/measured. Initial insulin dose was 80% pre-IPT total: " 50% as mUltiple 
basals; = 50% titrated to CHO g plarmed per meal. Pts used an individualized insulin 
algorithm for hyperglycemia. Interactive multi-media group teaching was conducted 
for 8 blday. By end of Day 2, all pts were competent with acceptable glucose 
control. Results: (a) % pts meeting American Diabetes Association (ADA) goal 
HbAlc::: 1% upper limit of normal: PS pts: pre-IPT, 45.8%; post-IPT, 67.8%;.!m1l!;: 
pre-IPT, 35.6%; post-IPT, 59.3%; (b) both PS pts and.!m1l!; were competent in pump 
use by training end; (e) discontinuation rate: PS pts, 8.5%;.!m1l!;, 11.9%; reasons: 
infusion set pain, pump encumbrance; (d) Conclusion: As compared to the more 
costly inpt setting, lPT initiation in a dedicated PS is equally successful, with more 
pts meeting ADA goals and high pt competency/low discontinuation rates. 
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Do TuRKISH IMMIGRANTS WITH DIABETES MODIFY THEIR NUTRITIONAL 
HABITS WHEN THEY ARE LIVING IN GERMANY? 

Toeller M', Ustun A', Ozer E2 and Yilmaz M.T' 'Diabetes Research Institute, 
Dusseldorf, Germany 'Istanbul University, Istanbul Medical Faculty, Turkey 

Aims: It is assumed that Turkish immigrants with diabetes who live in Germany 

will ~dapt their life-style to local habits. We investigated, whether people with 

diabetes living in Istanbul (n~50) and Turkish immigrants with diabetes living in 

Dusseldorf (n~50) differ in their nutritional habits and well-being. Materials and 

Methods: Standardized questionnaires in Turkish language were administered to 

all individuals by one interviewer (Structured Nutritional History: Toeller 1995, 

Adjective Mood Scale Bf-S' and List of Complaints B-L Zerssen 1976). 

Results: No significant differences were observed in physical and mental well

being (Bf- S'sumscores: 16.1±8.0 and 15.4±92 and B-L'sumscores: 16.6±9.2 

and 16.2±10.2), however, HbA,o-, Triglycerides-, Cholesterol- and LDL

Cholesterol were higher in Turkish immigrants from DUsseldorf as compared to 

persons with diabetes living in Istanbul. Turkish immigrants living in Dusseldorf 

consumed more frequently ( p<0,05 ) bread with butter, margarine, sausages, 

cheese and jam as well as special diabetic products, which are not commonly used 

in Turkey. Nevertheless, 36 (72%) of the 50 Turkish immigrants, who lived in 

Germany on average for 25 years, felt that they had not changed their nutritional 

habits after leaving Turkey. Conclusions: We conclude that ovettime Turkish 

immigrants with diabetes living in Germany unconsciously adopt some of the 

typical German eating habits. It is, however, not clear whether these life-style 

modifications contributed to poorer control seen in the Turkish immigrants. No 

differences between the two groups with regard to physical and mental well-being 

could be observed. 
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ENERGY EXPENDITURE DURING ORAL GLUCOSE LOAD IN TEN UREMIC 
PATIENTS BEFORE AND AFTER THREE MONTHS ON A LOW PROTEIN DIET. 
L Baillet, V Rigalleau, M Aparicio, H Gin. Nutrition-Diabetologie, Hopital Haut 
Leveque, 33600 PESSAC, France. 

Aims: we have previously shown that very low protein diet (VLPD) which has 
been proposed to slow down the rate of progression of chronic renal failure (CRF) , 
improved tissue insulin sensitivity and decreased hyperinsulinemia in predialytic uremic 
patients. However such diet prescription may potentially result in denutrition. Materials 
and Methods : The purpose of the present study is to study basal energy expenditure 
and energy expenditure (EE) during an oral glucose load in CRF patients on VLPD 
(0.3.kg wf'.day"l) using oral glucose load in combination with indirect calorimetry. We 
also asses body weight and analyse body composition by DEXA during VLPD. Results' 
After three months on VLPD, no significant change in total body weight was observed 
but DEXA showed a decrease oflean tissue mass (46.2 ± 3.6 before versus 44 ± 3.4 kg 
after 3 months of VLPD ; p<O.OI) and a rise in body fat mass (20.1 ± 2.4 before versus 
21.3 ± 2.4 kg on VLPD; p<O.05). In the.post absorptive state plasma glucose was 
significantly lower and glucose oxidation and energy expenditure per lean tissue mass 
(LTM) were significantly increased (EE :20 ± 0.8 kcal. kg LTM'.min·' before diet 
versus 21.9 ± 1.1 kcal. kg LTM·1min·' after 3 months on VLPD, p<O.OI). In the 
feeding state, plasma glucose and insulinemia were significantly lower whereas glucose 
oxidation rose. EE values were significantly higher during the oral glucose load from the 
30" to the 270" min (at t~210 min, 20.1 ± 0.9 kcal. kg LTM"'.min·' before the diet 
versus 23.1 ± 1.1 kcal. kg LTM·1min·' after 3 months of VLPD, p<O.OOI). Glucose 
oxidation was higher and cumulated glucose storage was decreased after diet: 29.6 ± 
4.2 g versus 20.9 ± 3.4 g on VLPD (p<O.OI). Conclusion: After 3 months on VLPD, 
total body weight was not changed but lean tissue mass decreased. VLPD increases EE 
in the post absorptive state and during an oral glucose load. During VLPD a strict 
survey of dietetic management is necessary to maintain energy requirements at high 
levels to prevent malnutrition that may be an adverse effect ofVLPD. 
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REGULATION OF LEPTIN BY DIETARY POLYUNSATURATED N-3 AND 

MONOUNSATURATED FATTY ACIDS IN SUCROSE-FED RATS. 
E. Peyron, S.W. Rizkalla, M.Tavema, M. Guerre-MiUo, A. Chevalier, N. Pacher and 
G. Slama.INSERM U341, service de diabetologie, Hotel-Dieu Hospital, Paris, 
FRANCE. 

The aim of the present study was to evaluate the relationship between leptin and 
insulin-resistance during dietary manipulation of different fatty acids: 
polyunsaturated (n-3) or monounsaturated fatty acids in a rat model of insulin
resistance, the sucrose-fed rat. Materials and Methods:Sixty-four male Sprague 
Dawley rats were randomized into four groups. Three groups were submitted for 3 
or 6 weeks to a diet containing 57% sucrose and 14% lipids as either fish oil (SF) , 
olive oil (SO) or a standard mixture of vegetable and animal oils (sq. A fourth, 
reference group (R), was submitted to a diet containing 57% starch and 5,5% lipids 
as a standard mixture of vegetable and animal oils. Results:After 3 and 6 weeks 
sucrose-fed rats (SC vs R) were characterized by a slight hyperglycemia, 
hypertriglyceridemia and by low Glut-4 protein quantity in adipocytes. Three weeks 
of sucrose diet induced hyperinsulinemia wich was not observed at 6 weeks. 
Changing the type of lipid in the sucrose diet for either 3 or 6 weeks had no effect on 
either food intake, body weight or total fat mass in the SF fed rats. Both epididymal 
and retroperitoneal adipose tissue relative weights were lower in the SF group than 
in the SC and SO groups (p< 0,005, ANOYA). Fish oil prevented also the 
hyperinsulinemia (3 weeks), hypertriglyceridemia and the decrease in the quantity of 
Glut-4 proteiu found in the SC group. These effects were associated, at any time, 
with an increase in plasma leptin level and ob gene expression in retroperitoneal 
adipose tissue. Olive oil, however, was not able to prevent neither the sucrose
induced insulin resistance (estimated by hyperinsulinemia, hyperglycemia, 
hypertriglyceridemia, decreased Glut-4), nor the sucrose-induced adiposity. 
Although insulin-resistance did not change, plasma leptin was found to be increased 
without any change in food intake. Conclusions: in the sucrose-fed insulin-resistant 
rats, the presence of fish oil prevented insulin resistance, adiposity and increased 
leptin levels. The presence of olive oil could neither ameliorate insulin-resistance 
nor adiposity but was associated with high leptin levels after long-term diet. These 
results suggest that poly- and monounsaturated fatty acids regulate differently 
insulin-resistance and leptin levels. The relation between leptin and insulin
resistance is still complex and not well definied. 

803 
CARBOHYDRATE SuPPLYING FOOD GROuPS DIFFER IN THEIR RELATION TO 
HBA1c 1N PERSONS WITH TYPE 1 DIABETES 

AE. Buyken, G. Heitkamp, M. Toeller and the EURODIAB Complications 
Study Group. Diabetes Research Institute Dusseldorf, Germany 

Aims: More information is needed on the relationship between glycated 

hemoglobin levels and the source or amount of dietary carbohydrate. The present 

study compares the association of carbohydrate intake with HbAlc between 

European individuals with type I diabetes injecting insulin I or 2x1day and those 

with 2':3 daily injections. Materials and Methods: The relation of carbohydrate 

intake (total, cereal, fruit, vegetable, milk, and potatoe carbohydrate assessed by a 

3-day dietary record) to HbA I , was examined in 2084 patients (age 32.6±10.2 

years, diabetes duration 14.8±9.5 years). Results: In individuals injecting insulin I 

or 2x1 day increased intakes of total carbohydrate were related independently to 

higher HbAI , concentrations (p~O.005); an increased consumption of potatoe and 

milk carbohydrate was associated with higher levels of HbAIo (p~O.004 and 

p~O.OOOI, respectively), whereas an increased intake of vegetable carbohydrate 

was inversely related to HbA" (p~O.002) and for cereal and fruit carbohydrate no 

significant associations were seen to HbAle. In individuals injecting insulin 

:o3x1day HbA" was related independently to intakes of potatoe carbohydrate 

(p~O.Ol), but not to the other carbohydrate sources. Conclusions: Subjects with 

only I or 2 daily insulin injections need specific education with regard to the 

consideration oflarger amounts of milk and potatoe carbohydrate, however, they 

may profit from a higher vegetable carbohydrate consumption. In individuals with 

type I diabetes injecting insulin :03x1day the type or amount of dietary 

carbohydrate seems to have little influence on their long-term glycemic control. 

802 
EFFECT OF VITAMIN E ON GLUCOSE TOLERANCE AND 
LIPID PEROXIDATION IN DEXAMETHAZONE-TREATED RATS 
M. Gorshunska, N. Gorbenko and O. Ivanova. Ukrainian Scientific Re
search Institute of Endocrine Diseases Pharmacotherapy, Kharkiv, 
Ukraine 
There is increasing evidence that oxidative stress plays a causative role 
in impairment of insulin action. The aim of the study was to evaluate 
impact of vitamin E (E) on glucose tolerance and lipid peroxidation in 
rats with dexamethazone (D)-induced insulin resistance. Materials and 
methods: Male Wi star rats (3-mo-old) were injected D (0.125 mg/kg 
s.c. 13 days). Control rats (C) were given vehicle alone. One group of 
D-treated rats received E (100 mglk:g per os) starting 4 days after the 
first D-injection and another group was given placebo to act as D cont
rol (DP). At the end of the study fasted rats were subjected to a glucose 
tolerance test (GTT, 2 glkg i.p.). Lipid peroxidation was estimated in 
plasma by determination of malonic dialdehyde (MDA) and diene co
njugates (DC) contents. Results: At day 14 after the first D-injection 
there were no differences in basal blood glucose levels between all ex
perimental groups. However, glucose tolerance was impaired by D-ad
ministration (integral glycemia over GTT was 44.1±1.l vs C: 21.6±1.2 
mmolll, p<O.OI). E prevented development of D-induced glucose intol
erance reducing integral glycemia 2-fold (p<O.OI) in comparison with 
D-injected control rats. Moreover, E-supplementation attenuated lipid 
peroxidation decreasing DC contents (0.59±0.03 vs DP: 0.93±0.05, 
p<0.05; c: 0.68±0.04 J.!mollml) and MDA concentration by 50 % 
(p<0.02) compared to D-treated control group. Conclusions: These data 
suggest that E reduces lipid peroxidation and prevents impairment of 
glucose tolerance in dexamethazone-treated rats. Thus, vitamin E may 
have potential beneficial effect in the treatment ofNIDDM. 

804 
CHRONIC EFFECTS OF A LOW GLYCEMIC INDEX BREAKFAST ON 
GLUCOSE AND LIPID MEATBOLISM IN NIDDM MEN. 
M. KABIR, S.W. RlZKALLA, JM OPPERT, P. WURSCH, F. BRUZZO 
and G. SLAMA. INSERM U341, Departments of Diabetes and Nutrition, 
Hotel Dieu, Paris, FRANCE 

Although the fact that the ingestion of equal amonts of different starches can 
lead to variations in subsequent plasma glucose concentrations, the clinical 
utility of these findings for treatment of NIDDM patients is questionned. 
Aim: The aim of the present study was to evaluate whether the chronic use 
of low glycemic index breakfast could ameliorate glucose and lipid 
metabolism in NIDDM men. Materials and Methods: Thirteen NIDDM 
men participated in this study (fasting glycemia 10.8 ± 2.8, HbAlc 8.5 ± 
1.6). The patients were randomly allocated in a cross over design to two 
periods of 4 weeks of daily intake of a breakfast rich in low glycemic 
(pumpernickel, cereal based on extruded oat bran concentrate, apple and 
fructose LGI-B) or high glycemic index (wholemeal bread, weetabix, HGI

B) starch. Results: At the end of 4 weeks of either LGI-B or the HGI-B 
results of the 7-days records demonstrated that the daily intakes of total 
energy and macronutrients were unchanged. Body weight was also 
comparable after LGI-B or HGI-B. The LGI-B showed lower postprandial 
plasma glucose peaks than the HGI-B at the beginning (DayO) and after the 
4 weeks of chronic intake. Fasting plasma glucose, insulin or HbAlc were 
not affected by the chronic intake. Fasting plasma cholesterol (p<O.OS) 
(total, esterified and free) as well as the surface under the cholesterol curve 
after both diets were lower after 4 weeks of the LGI-B than after the HGI-B 
(p<O.OS). The ApoB showed also lower values after the 4 weeks LGI-B than 
after 4 weeks of the HGI-B (p<O.03). Conclnsion : We demonstrated that a 
low glycemic index breakfast inducing low glycemic postprandial peaks 
when taken for 4 weeks could decrease plasma cholesterol levels which is 
one of the main cardiovascular risk factors. 



805 
GLYCEMIC AND INSULINEMIC INDEX OF MANGO AND PAPAYA IN TYPE 2 DIABETIC 
SUBJECTS 

M.H. Rahman" K. Fatima', S. Parvinl Z. Hasan" S. Ahmed', H.N. MondaI' and L. Ali'. 
'BIRDEM, 122, Kazi Nazrullslam Avenue, Dhaka -1000; 'Home Economics Col/ege, Dhaka 
- 1000, Bangladesh 
Aims: Glycemic Index (GI) and Insulin Index (II) are useful measures of serum glucose and 
insulin responses to a dietal)' component. The GI and II of foods may be variable in different 
regions and races. Accordingly, local food items need to be ranked on the basis of their GI 
and II. This study was undertaken to detenmine the GI and II of Mango and Papaya from 
Bangladesh origin with white bread as the reference food. Materials and Methods: Thirteen 
subjects (male 7 and female 6) participated in the study, under a cross-over design, in which 
they consumed equi-carbohydrate amount of the fruits and bread, with a run-in period of 5 
days between the consecutive items. The mean (±SD) age (years) of the patients was 
39.46:+:6.21 and they had a basal serum fructosamine value of 391±93 ~moIA. Serum 
glucose was measured by glucose-oxidase method and fructosamine was measured by 
colorimetric method. Serum C-peptide was used as the marker of insulin and it was 
measured by an ELISA technique. Results: Mango and Papaya showed higher serum 
glucose responses compared to that of bread (Area under the curve: 2153±566 in Papaya 
and 2138±639 in Mango vs 1745±450 in Bread; p <0.072 and 0.091 respectively), but there 
was no difference between Papaya and Mango. The similar glycemic responses of Papaya 
and Mango were reflected in theirGI values (Papaya 124:+:14 and Mango 122:+:10, M±SD). In 
contrast to glycemic response Papaya showed higher insulin response compared to both 
Mango and Bread [Absolute increment in C-peptide: Median (Range); Papaya - 2.732 (0.65-
5.0), Mango - 1.05 (0.21-0.95) and Bread - 2.73 (0.65-5.0); p<O.OOI for both fruits compared 
to Bread]. The higher insulinemic response of Papaya was reflected in the significantly 
higher C-peptide - glucose ratio of the fruit in comparison to that of Mango and Bread [C
peptide - Glucose ratio (M±SD): Papaya - 0.52:+:0.25; Mango - 0.39:+:0.21 and Bread 
0.44:+:0.21; p< 0.010 and 0.003 respectively]. Conclusions: The data suggest the following: 
a) Equi-carbohydrate amount of Papaya and Mango produce higher glycemic response as 
compared to bread, b) From the view pdnt of blood glucose control the two fruits seem to be 
interchangeable, but higher insulin response of papaya needs to be considered in case of 
therapeutic management of diabetic patients and in assessing the risk of atherogenesis due 
to hyperinsulinemia. 

807 
ORLISTAT-INDUCED WEIGHT LOSS IMPROVES INSULIN 
RESISTANCE IN OBESE PATIENTS 

John Wilding, University Clinical Departments, University Hospital Aintree, 
Liverpool, UK 

Aims: To investigate the effects of weight loss promoted by orlistat, a novel non
systemically acting anti-obesity agent, on insulin resistance in obese patients. 
Materials and Methods: Data from S multicentre, 2-year, randomised, placebo
controlled trials of similar design were pooled. All studies involved a 4-week 
single blind placebo lead-in during which obese patients (BMI 28-43 kg/m') 
received a mildly hypocaloric diet (500-800 kcal daily deficit). Patients were 
stratified according to diet-induced weight loss (,;;2 kg or >2 kg) and randomised to 
treatment with orlistat 120 mg tid (n=1561) or placebo (n=1119). All patients 
continued on the hypocaloric diet for the first year of treatment, and switched to a 
weight maintenance diet in the second year. Fasting glucose and insulin values 
were monitored frequently and used to measure insulin resistance index, using the 
homeostasis model assessment (HOMA-R), calculated as insulin (pmoVL) x 
glucose (mmoVL)/22.5. Results: Mean weight loss after I year was significantly 
greater in the orlistat group (9.2% vs 5.8% for placebo; p<O.OOI). Orlistat-treated 
patients had significantly greater improvements in fasting glucose (mean change 
from baseline: placebo 0.00 ± 0.02, orlistat -0.04 ± 0.02mmoVL, p=O.OOI) and 
insulin (placebo S.16 ± 3.48; orlistat -6.69 ± 3.01 pmoVL p<O.OOI) after I year of 
treatment. Furthermore, orlistat-induced weight loss was accompanied by 
significantly greater improvements in insulin resistance index (least squares mean 
[Ism] difference from placebo = -O.SI; p=O.003). Greater weight loss with orlistat 
was maintained after 2 years of treatment (6.7% vs 3.7%; p<O.OOI) and this was 
also associated with significant improvements in insulin resistance (Ism difference 
from placebo = -0.84; p<O.OOI). Conclusion: Orlistat-induced weight loss is 
associated with significant improvements in insulin resistance. 

806 
OXIDATIVE DNA DAMAGE IN DIABETES MELLITUS AND THE 
EFFECT OF VITAMIN E. 
M. YIhnaz', U. Dztokb, A. Karako~', N. <;:ak!r', E. Diizgiin', i. Yetkin', G. 
Ayvaz', M. Arslan' and S. i?ardat Gazi University Faculty of Medicine 
Department of Endocrinology and Metabolism', Biochemistry' and Faculty of 
Pharmacy Department of Toxicologyb, Ankara, TURKEY. 
Aims: The aim of this study was to establish the oxidative DNA damage 
which a marker of oxidative stress in diabetic patients and the effect of 
Vitamin E on oxidative DNA damage. 
Materials and Methods: To test whether DNA is oxidatively damaged in 
Diabetes Mellitus (DM), we have evaluated the DNA damage by Alkaline 
Single Cell Gel Electrophoresis (SCGE) technnique (comet assay) in 
lymphocytes of 63 diabetic patients (IS Type I DM and 48 Type II DM, 36 
female and 27 male) and of 30 sex and age matched healthy control subjects. 
Serum Total Antioxidant Status (TAS) and Malonyl Dialdehyd (MDA) level 
which are indicators of oxidative stress were also measured in patient and 
control group. The patients were randomised into two groups given vitamin E 
(900mglday) and plasebo for 12 weeks. 
Results: The mean SCGE of damaged cells and serum MDA level was higher 
in diabetic patients than control group (SCGE: 38.10±19.50 and 11.0S±6.0S, 
138.38±4S.22 nmol/kg and 60.28±1O.62 nmol/kg respectively, p<O.OOS) and 
serum TAS level is lower (1.47±0.27 mmoVi and 1.75±0.30 mmoVl, p<0.05). 
We detennined more significant reduction in oxidative DNA damage in 
patients who used vitanrin E than the patients who used placebo (from 
33.47±19.95 to 19.88±11.22, p<O.OOS vs. from 43.79±17.72 to 42.S4±18.62, 
p<0.05 respectively). 
Conclusions: Using vitamin E in diabetic patients as an antioxidant therapy 
can decrease oxidative DNA damage and this may reduce the frequency of 
diabetic complications. 
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FRUCTOSE DIET INDUCED INSULIN RESISTANCE CAUSES SELECTIVE 
SYMPATHETIC STIMULATION: CORRECTION BY METFORMIN 
A. Goloen", G. Baret". Y. Dalmaz", J. Peyronnct', N. Wiemsperger

b 

"UMR 5578, Fac Med and bLIPHA SA, Lyon (FRANCE) 

Aims: The aim of the present study was to investigate the effect of high fmctose diet 
on sympathetic nervous system (SNS) activity. Materials and Methods: In a first 
step, Sprague-Dawley male rat were fed for 4 weeks either on a standard diet (C 
group) or on a high-fructose diet (F group, 10 % in drinking water). After two and 
four weeks, hyperinsulinemic-euglycemic clamps (6 mU insulinlkg.min) were 
performed on awake unrestrained rats to test insulin resistance. This enabled us to 
conclude tllat at least one month of fructose diet is required to induce reproducible 
insulin resistance (33.6±l.S C vs 22.8±2.2 mg glucose/kg.min F, p<O.OS). In a 
second step, SNS activity was measured in control (C) and one month fructose diet 
(F) fed rats. in each group half of the animals received metformin in drinking water 
for 4 weeks (SOO mglkg.day, C+M and F+M). Ten min. before sacrifice, rats 
received an i.p. injection of NSD (m-hydroxybenzylhydrazine, inhibitor of DOPA 
decarboxylase. 100 mglkg), DOPA accumulation was used as an index of SNS 
activity and measured in superior cervical and coeliac ganglias. Results: SNS was 
increased in F group only in coeliac ganglia (l6.8±1.l C vs 22.6±2.2 
ngDOPA/ganglia. F group, p<0,05) and not in superior cervical ganglia (8.4±0.7 C 
vs 8.6±0.7 ngDOPA/ganglia, F group, ns). Metformin treatment restaured insulin 
sensitivity (33.6±I.S C vs 30.9±3.1 mg glucose/kg.min F+M, ns). Metformin had no 
effect on SNS acitivity of control animals (lS.9±L7 C+M vsI6.8±Ung 
DOPA/coeliac ganglia C, ns) but prevented the increase in SNS activity in fructose 
fed animals (22.6±2.2 F vs 16.3±2.8 ng DOPA/coeliac ganglia F+M). Conclusion: 
our results demonstrate that one month of fructose diet is required to induce insulin 
resistance. Fructose diet caused a selective increase in SNS activity. Both effects. i.e. 
insulin resistance and increased SNS activity are prevented by metfonnin treatment. 
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DETECTION AND SEMI-QUANTIFICATION OF PORCINE ENDOGENOUS 
TYPE C RETROVIRAL mRNAS INDIFFERENT TISSUES FROM SPF PIGS 
B. Clomenceau, L. Martignat and P. Sal. Immuno-Endocrinology, 
University/JNRAIENVN, Nantes, France 

Aim Pigs could be donors for islet grafts in human type I diabetes. One difficulty 
to be solved before such xenograft can be used is the risk of transmitting infectious 
agents. This led us to use specific pathogen-free (SPF) pigs (collaboration with 
CNEV A, Ploufragan, France), a practice which offurs protection against the risk of 
" conventional" xenosis in the context of a strategy of quality assurance and 
sanitary control. However, the use of SPF pigs may not change the risk of 
transmitting porcine endogenous retroviral sequences (PER V). As the " retroviral " 
risk may depend on the type of tissue intended to be grafted, we studied the 
presence, and compared the expression of PERV mRNAs in different SPF pig 
tissues. Materials and Methods Frozen samples of 14 different tissues were 
obtained from 6 SPF pigs. " Semi-quantitative" RT-PCR (with beta-actin mRNA 
as "internal standard") was performed to detect - and measure the level of
mRNAs for "gag", "pol", and two "env" subtypes (A and B). Autoradiographs were 
obtained and the intensity of the bands was quantified by densitometry. Results 
expressed as mean values ± SEM were statistically compared using Student's t
test. Results: Retroviral mRNAs for "gag", "pol", env-A and env-B, were present 
in all tissues studied from the 6 SPF pigs. However, the level of expression varied 
between tissues. Among tissues which are intended to be grafted in man, the 
mRNA levels were lower (p< 0.01) in pancreas than in the others tissues (kidney, 
lung, heart and liver). "Pol" mRNA was twenty-two times less abundant in 
pancreas than in the retroviral-producing porcine cell line G2. Conclusions As 
this" semi-quantitative" study was analysed using beta-actin as " housekeeping" 
gene which is known to display somewhat variable expression, it appears necessary 
to confirm the results with other" internal standards" (GAPDH, HPRT ... ). 
However, mRNAs for three type C retroviral genes were detected in all SPF pig 
tissues. This preliminary study suggests that levels are variable between tissues, 
with the lower level detected in pancreas. Retroviral mRNAs were much less 
abundant in SPF pig tissues than in a retroviral-producing porcine cell line. 

811 
IMMOBILIZATION OF PANCREATIC ISLET CELLS ON A TWO
DIMENSIONAL MICROSUPPORT 
N. Kenda-Ropson, E. Olivares, A.O.A. Miller and W.J. Malaisse. Computer 
Cell Culture Center, Mons and Laboratory of Experimental Medicine, 
Brussels Free University, Brussels, Belgium 
Aims: Immobilized whole cells with preserved viability represent a useful 
tool for biotechnological applications, e.g. transplantation. The present work 
introduces a new method for the immobilization of pancreatic islet cells to a 
two-dimensional microsupport. Methods: Tumoral islet cells of the 
RINm5F line were cultured for 24 h in the presence of two-dimensional 
microsupports (0.7.106 cells/ml). The metabolism ofD-glucose (2.8 mmol/I) 
was then measured over 120 min incubation at 37°C in a bicarbonate-buffered 
medium containing 5 mg/ml bovine serum albumin. Results: Less than 10 
% of the cells initially added failed to be immobilized. The protein (about 0.1 
ng/cell) and insulin (about OJ pg/cell) contents were comparable in the free 
and immobilized cells. In free RINm5F cells, the utilization of D-[5-
3H]glucose and oxidation of D_[U- 14C]glucose averaged, respectively, 65.2 ± 
1.0 and 6.1 ± 0.2 pmol110' cells per 120 min (n = 9 in both cases), yielding a 
paired oxidation/utilization ratio of 9.5 ± 0.2 %. In the cells immobilized on 
the two-dimensional supports, the paired ratio between D_[U-14C]glucose 
oxidation and utilization was increased (P < 0.001) to 13.5 ± 0.4 % (n = 10). 
Conclusions: The present findings indicate that it is possible to immobilize 
tumoral islet cells to two-dimensional microsupports. The metabolic 
behaviour of the immobilized cells appeared well preserved, with even a 
higher ratio between D-glucose oxidation and utilization than in free RINm5F 
cells. Further work is in progress to extend these observations to normal islet 
cells immobilized to a suitable two-dimensional microsupport. 

810 
IN VITRO RECOGNITION AND AGGRESSION OF PIG ISLETS BY HUMAN 
MONONUCLEAR CELLS. WHICH IMMUNOSUPPRESSIVE AGENTS? 
S. Lalain, E. Gouin and P. Sal. Immuno-Endocrinology,University/JNRAIENVN, 
Nantes, France. 

Aims:To investigate human cellular rejection of pig islets, we previously described 
in vitro the mechanisms involved in Peripheral Blood Mononuclear Cells (PBMC) 
proliferation in response to pig islet cells. We attempted here to determine 
immunosuppressive agents that could reduce this strong cellular reaction. Materials 
and methods: 500000 human PBMC were incubated during 7 days with 60000 
porcine islet cells; lymphocyte proliferation was determined by 3H-thymidine 
uptake. As lymphocyte proliferation is not indicative of aggression against islet 
cells, we also measured for the first time dynamic basal and stimulated insulin 
release, in response to glucose, from pig islet cells co-incubated with human 
PBMC. We studied the ability of cyclosporine A (CsA), mycophenolate and 
gadolinium to reduce proliferation and aggression of islets by incubating 
immunosuppressive agents 2 hours with human PBMC before co-culture. Resnlts: 
Cyclosporine A (CsA) and mycophenolate dose-dependently inhibited human 
PBMC proliferation induced by pig islet cells (74o/0±9 and 100% inhibition fur 
1 flglml CsA and mycophenolate, respectively; p<0.03). Gadolinium also inhibited 
this proliferation, (78%±21 inhibition for 500flglml; p<0.05). After 7 days of 00-

culture with human PBMC, both basal and stimulated insulin releases of pig islet 
cells were strongly and irreversibly decreased (p<O.OOI). Insulin release was also 
decreased after oo-culture of islets with purified human Antigen Presenting Cells 
(APC), whereas depletion of APC from PBMC almost completely abolished 
inhibition. CsA and mycopbenolate (J flglml and 0,5flglml respectively) had no 
ellect on inhibition of insulin release by PBMC, whereas gadolinium (JOOflg/ml) 
almost completely abolished this inhibition. Conclusions: The test based on 
inhibition of insulin release indicates that cellular aggression against pig islet cells 
results in a first step from toxic effects induced by APC S. Therefore, 
immnusuppressive agents such as CsA and mycophenolate, which only interfere 
with proliferation of activated T lymphocytes, cannot inhibit this first step of 
cellular xenogeneic rejection. By contrast, gadolinium, which inhibits 
macrophages, prevents this first toxic step and also blocks presentation of 
xenoantigens by APCs leading to inhibition ofT lymphocyte proliferation. 

812 
FEEDING NOD MICE WITH PIG SPLENOCYTES INDUCES ACTIVE 
AND TRANSFERABLE MECHANISM WmCR MODULATES THE 
CELLULAR XENOGENEIC REACTION AGAINST PIG CELLS. 
S. You, E. Gouin, P. Sal. Immuno-Endocrinology, University/INRNENVN, 
Nantes, France 

Aim, materials and methods: We previouly suggested that oral administration of 
pig cells to NOD mice may constitute a novel approach to modifying xenogeneic 
cellular response against pig islet cells, and may be conducive to active 
suppression. However, in this preliminary study, firstly, the ellect of oral 
administration of pig cells was only evaluated by " primary" proliferation (i.e 
when splenocytes from fed mice were then confronted for the first time to 'pig cells 
in vitro). In the present study, we have thus studied "secondary" in vitro 
proliferation in response to pig spleen and islet cells, i.e. after both feeding and 
subsequent in vivo (i.p.) exposure to pig cells. Secondly, induction of active 
cellular mechartism by feeding pig cells was only hypothetical. We have thus 
transfered (i. v.) splenocytes from mice pre-fed pig spleen cells and evaluated, in 
recipient syngeneic mice, "primary" (after transfer) and "secondary" (after both 
transrerand subsequent in vivo (i.p.) exposure to pig cells) proliferations. Results: 
NOD mice pre-fed with pig spleen cells (n=60) displayed highly increased 
"primary" proliferation ofsplenocytes in response to both pig spleen or islet cells 
(p<0.0001). Mice fed with pig spleen cells and then exposed in vivo (i.p.) to pig 
spleen cells (n=8) displayed lower "secondary" splenocyte proliferation in response 
to pig spleen cells than did control mice (p<0.05). Compared to transfer (i. v.) with 
spleen cells from control mice fed PBS, transfer with splenocytes from mice fed pig 
spleen cells increased the intensity of "primary" in vitro proliferation of splenocytes 
from recipient mice in response to pig spleen cells (p<O.OI) and islet cells 
(p<O.02). This ellect on "primary" proliferation was not decreased when recipient 
mice were irradiated prior to transrer. Moreover, recipient mice (n=4) exposed in 
vivo (i.p.) to pig spleen cells after being transfered (i.v.) with splenocyte from 
donor mice fed with pig spleen cells displayed decreased (p<0.04) " secondary" in 
vitro proliferation in response to pig spleen cells. In all those mice, similar decrease 
in secondary proliferation was also observed against pig islet cells, although to a 
lesser extent than against pig spleen cells. Conclusion: oral administration of pig 
cells induces active transferable mechanism which modifies primary and secondary 
xenogeneic cellular reactions against pig cells. 



813 
HOMA TEST IN DIABETIC PATIENTS WITH SIMULTANEOUS PANCREAS 
AND KIDNEY TRANSPLANT A TION. 
E. Aguilera, M.Recasens, L.Flores, MJ.Ricart*, L.Fenulndez-Cruz*· and E. 
Esmatjes. Diabetes Unit, Kidney Transplantation Unit *, Department Surgery 
Unit·*. Hospital Clinic i Univcrsitari, Barcelona, Spain, 

Endocrine function evaluation is a key point in the follow-up of pancreas 
transplantation. OGTT is the ustml test performed to evaluate the metabolic status 
in patients with pancreas and kidney transplantation (PKTx). TIle Homeostatic 
Model Assessment (HOMA), is a shorter and easier test, tlmt does not require 
previous diet, and that also estimates ~-Cell secretory capacity (HOMA B), as well 
as insulin sensitivity (HOMA S), by applying a mathematical model to basal 
insulin and glycemia levels. Aims: To evaluate the usefulness of HOMA vs OGTT 
to determine insulin secretion in PKTx patients. Material and Methods: 68 PKTx 
patients (age: 40.6±6.0 yr; diabetes duration: 27.4±6.1 yr; BMI 23.5±4.2 Kg/m') 
were studied 3.3±2.7 yr after a simultaneous pancreas (venous derivation and 
urinary drainage) and kidney transplantation. The HOMA test was performed 
(collecting samples for sennn glucose and insulin levels at -10, -5 and 0 min 
thereafter) followed by OGTT (glucose and insulin levels at 0, 60,90, 120 min). 
Results: Insulin secretion evaluated by HOMA B (258.7±83.4) showed a positive 
correlation with tile area under curve of insulin (9639.7±4693.7 mU/min.) obtained 
by OGTT (r:0.65, p<0.005). 50/68 patients (73.5%) presented a nonnal OGTT, 
11/68 (16.2%) were intolerant and 7/68 (10.3%) were diabetic. Diabetic patients 
had statistically significant lower levels of HOMA B than nonnal patients by 
OGTT (162. 14±29.9 vs. 275.1O±79.7). The best threshold value of HOMA B level 
to predict diabetes by the receiver operating characteristic curve (ROC) was 280 
(sensitivity 82%, specificity 40%). Conclusions: HOMA is a quick, cheap and 
useful test to evaluate insulin secretion in patients with PKTx. However, the 
specificity for predicting glucose tolerance abnormalities is low. 

815 
EXTRACELLULAR MATRICES FOR SUPPORTING LARGE MAMMAL 
PANCREATIC ISLET CELLS'. 
S. Del Guerra, C. Bracci, P. De Vos, B. De Haan, K. Nilsson, R. Lupi, L. 
Marselli, R. Navalesi, A. Belcourt, and P. Marchetti. Pisa, Italy; Groningen, The 
Netherlands; Lund, Sweden; and Strasbourg, France 
Aims: To investigate the potential of different extracellular matrices as support for 
large mammal islets, to be used in xenotransplantation studies. Materials and 
Methods: Large (LB, approximately 2 mm diameter) and small (SB, approximately 
0.7 mm diameter) sodium alginate beads containing intact bovine islets (RI, 
prepared by collagenase digestion and density gradient purification) or dispersed 
bovine islet cells (DBIC, prepared by trypsin digestion of isolated islets) were 
prepared by suspending BI or DBIC in 2-3% sodium alginate, and then by 
converting the suspension into droplets by means of an air-driven droplet generator. 
CulthiSpher-S microcarriers (MC, by Percell Biolytica), a gelatin-based support, 
were generated by re-hydration of the native compound, and then cultured with DBIC 
at 37°C, to allow these latter to enter the microcarriers. Cell survival was assessed 
up to I month bY hematoxylin-eosin (HE) andlor MTT staining, and by insulin 
secretion (IS) studies. ~ After I month from the preparation, cell survival by 
HE andlor MTT was: 22±3% with BI in LB, 35±7% with DBIC in LB, 81±8% 
with BI in SB, and 88±4% with DBIC in Me. Throughout the study period, and in 
comparison with that of free and intact bovine islets, IS from BI and DBIC in LB 
was reduced to about 1/5, IS from BI in SB was reduced to about 2/3, and IS from 
DBIC in MC was reduced to about 112. Sensitivity to glucose (IS at 16.7 mM 
glucose at least two-fold higher in comparison with IS at 3.3 mM glucose) was 
well maintained with BI in SB and DBIC in MC; sensitivity to arginine (IR at 3.3 
roM glucose plus 20 mM arginine at least two-fold higher in comparison with 3.3 
mM glucose) was well maintained with BI in SB. Conclusions: Small sodium 
alginate beads (that may provide protection against immunological reactions) are a 
suitable support for bovine islets; the use of dispersed islet cells within gelatin 
microcarriers could be of potential usefulness to minimize the well known 
phenomenon of insufticient supply of oxigen and nutrients to the central core of 
intact islets upon culture or transplantation. 'Supported by the European 
Connnunity, project "Bioartifical Pancreas", contract BMH4-CF98-9516 
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814 
FASL DEFICIENCY DOES NOT PREVENT ACUTE REJECTION BUT 
DECREASES EOSINOPHILIC INFILTRATION AFTER CONCORDANT 
ISLET XENOTRANSPLANTA TION IN MICE 
L. Crenier, C. Noel, A. Le Moine, M. Mahy, A. Danguy, R. Kiss, W.J. 
Malaisse and M. Goldman. Laboratories of Experimental Immunology, 
Medicine and Histology, Brussels Free University, Brussels, Belgium. 
Aims: CD4 T cells mediate rejection of allografts either directly through the 
FaslFasL cytotoxic pathway or indirectly via the secretion of Thl-type 
cytokines. However, xenograft rejection may involve a CD4 T-cell response 
of the Th2 type, associated with eosinophilic infiltration. The possible role of 
the FaslFasL pathway in the rejection of concordant islet xenograft was now 
investigated in FasL deficient mice. Methods: WF rats were used as 
pancreatic islet donors. C57BLl6 (B6) wild-type or B6g1d1gld (FasL-deficient) 
mice were made diabetic at 6-8 weeks of age by an intraperitoneal injection 
of streptozotocin. About 600 freshly hand-picked islets were transplanted 
into diabetic recipients, which resulted in a return to normoglycaemia within 
1.3 ± 0.2 days (mean ± SEM). Rejection was diagnosed when nonfasting 
glycaemia (monitored each day) was above II.! mmol!1 on two consecutive 
bleedings. The mice were nephrectomized at the time of rejection for 
histological examination of the graft using haematoxylinleosin staining. 
Results: All (n = 5) FasL-deficient mice rejected islet xenografts, with 
kinetics similar to that of wild-type mice: time to rejection was 14.4 ± 3.2 
days in FasL-deficient mice vs 10.2 ± 1.2 days in wild-type mice (P > 0.2). 
HistOlogical examination of grafts revealed destruction of most islets with an 
intense leucocyte infiltration. Graft infiltrates in wild-type mice consisted of 
lymphocytes together with eosinophils, whereas in FasL-deficient mice only 
few eosinophils were present (41 ± 8 vs II ± 5/0.0025 mm'; P < 0.02). 
Conclusions: In this model of concordant xenotransplantation, the FaslFasL 
pathway is not required for the induction of acute rejection but is critically 
involved in the intragraft recruitment of eosinophils. 

816 
COMPARISON OF ACCEPTANCE OF PIG XENOGRAFfS IN THE 
GENERAL POPULATION AND PATIENTS WITH TYPE 1 DIABETES. 
J. Y. Deschamps, L. Chaillous, E. Gouin, P. SaL Immuno-Endocrinology, 
UniversitylINRAlENVN, Nantes, France 

Aim. The possibility of pig xenografts raises the question of their acceptance by 
society. No study of this type has been published in Europe, and no effort has been 
made to compare acceptance by the general population with that of patients 
potentially concerned by xenografts. Material and method •. We developed a 
survey by oral multiple-choice questionnaire. Our objectives were to quantifY 
acceptance of xenografts, particularly from the pig, in a sample of the French 
population (n=800) and to determine whether it differed for 377 Type I diabetic 
patients. Results. The percentage of diabetic patients willing to accept a xenograft 
was significantly higher to that of the general population (63.7% vs 53.7%, 
p<O.OI) The percentage of undecided individuals was similar among the two 
popUlations (10.8% vs 9.6%). Furthermore, among the general pOpulation, man, 
the monkey, the pig, the dog, and the cow were rated in order as preferred donor 
species, whereas among diabetic patients the pig was rated second after man (tbe 
mean rank of the pig was thus significantly higher for diabetic patients: 2.95 ± 0.11 
vs 2.42 ± 0.07, p<O.OI). No correlation was fuund between the duration of diabetes 
or the presence of secondary complications and the acceptance of a xenograft in 
general or from a pig in particular. Among the reasons fur reluctance to accept a 
xenograft, sanitary risks relating to the xenograft were considered as frequently by 
diabetic patients and the general population (29.7 vs 23.5 %) and not more 
frequently from sanitary risks relative to any graft. The two populations indicated 
that additional information might ultimately change their opinions, but that a 
guarantee by medical authorities would not be sufficient to convince them. 
Conclusion. The possibility ofxenografts is rather well accepted by the French 
general population in 1999. The number of undecided individuals suggests a need 
for better information. The aeceptance of xenografts in general and pig tissues in 
particular is higher in Type I diabetic patients. The decision to use xenografts 
cannot be based simply on the expectations of patients, as individuals were less 
aware than the scientific community of the sanitary risks specifically relating to the 
xenograft. 
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817 
STIMULATED URINARY AMYLASE EXCRETION CORRELATES 
WITH ENDOCRINE PANCREATIC GRAFT FUNCTION 
TJedimikova, F.Saudek, M.Adamec, A.G1agolicova, I.Smrckova. Inst Clin 
Exp Medicine, Prague, Czech Republic 
Aims: In patients after combined pancreas and kidney transplantation (PKTx) 
with pancreatic duct drainage into the urinary bladder, a single examination of 
basal urinary amylase excretion rate (UArnER) will not indicate endocrine 
graft dysfunction. Our study was designed to establish whether UArnER 
following stimulation by food correlates with pancreatic graft insulin 
secretion. Methods: We examined six patients with Type-I diabetes mellitus 
(4 women, 2 men, age range 29-52 yrs) after PKTx. At the time of 
examination, all patients were normoglycemic, with good renal graft function 
(mean serum creatinine 103.4 7±17 .68 ~mollL). The pancreatic graft response 
to a food stimulus was monitored at a 3-br interval after standard breakfast 
(55% sacharides, 30% fat, 15% protein). Basal parameters were assessed at a 
l-hr interval before administration. Samples of urine (after catheterization) 
and blood to determine UArnER, serum free insulin (FIR!), and glycemia 
were collected at a 30-min interval. Results: Basal UArnER was 30.26±17.55 
~katl30min, basal FIR! 18.8±6.7 mUlL. Stimulation by food was followed by 
a rise in UArnER to a 1.45 to 6.02-fold of basal values with a peak between 
minutes 30 and 60 (66.16±55.25 ~katl30 min). FIRI levels rose to a 2.17 to 
9.53-fold of basal values with a peak at minute 60 (82.9±91.9 mUlL). We 
demonstrated a significant correlation (R=0.81, p<0.05) between the 
stimulation indexes (ratios of peak stimulated to basal levels) ofUArnER and 
FIR!. A patient with the lowest stimulation indexes developed hyperglycemia 
two days after the examination and pancreatic graft rejection was 
demonstrated (grade II by histology). Conclusions: Our preliminary results 
suggest that food-stimulated UArnER reflects well endocrine graft function 
and could be used as a non-invasive marker for detecting pancreatic graft 
dysfunction. 

PS63 
Hypoglycaemia 
819 
CONTRIBUTION OF ADRENALINE TO HYPOGLYCEMIA RESPONSES 
IN HUMANS. 
C. Lalli, S. Pampanelli, F. Porceliati, C. Di Loreto, P. Brunetti and G.B. Bolli 
DIMISEM, Universithy ofPerugia, Italy 
To establish the specific contribution of plasma adrenaline (Adr) to 
hypoglycemia (H) responses, 6 bilaterally adrenalectomized patients (BA-pt, 
3M, 3F, age 43±3 yrs, BMI 26±1 kglh') (mean ± SEM) were studied during 
stepped H (plateau plasma glucose, PG, of 90, 78, 66, 54, 42 mg/dl, 
hyperinsulinemic-hypoglycemic glucose clamp) and i.v. cortisol replacement 
to mimic plasma cortisol responses to H of 12 normal control volunteers (N). 
During H, Adr was barely detectable in BA-pt (O.03±O.01 nmolll) vs N 
(5.02±0.39 nmolll), whereas noradrenaline was greater (2.62±O.56 vs 
1.91±O.22 nmolll), but glucagon lower in BA-pt vs N (27±7 vs 55±1O, pglml, 
p<O.05). Glycemic thresholds were lower (60±1 vs 55±1 mgldl) and maximal 
responses of neuroglycopenic symptoms (S) (10.8±1.7 vs 6.8±0.9) greater in 
Ba-pt vs N (p<O.05). Total autonomic S (13.8±2.5 vs 15.6±2, p=NS) were 
similar between BA-pt and N, despite lower adrenergic S (heart pounding, 
tremor, anxiety, 3.4±1.3 vs 7.7±1.4), because cholinergic S (sweating, hunger, 
paresthesias) were greater (IO.4±1.5 vs 7.9±O.7) (p<O.05). Cognitive function 
(CF, sum ofz scores of 12 psichometric tests) deteriorated more in BA-pt vs 
N (-33.5±4.4 vs 24.4±1.9, p<O.05). When Adr was infused to BA-pt to 
mimic Adr responses ofN, glucagon and noradrenaline responses, cholinergic 
and adrenergic autonomic S normalized (p=NS vs N), but CF remained more 
deteriorated than N (p<O.05). Conclusions: chronic deficiency of Adr: I)blunts 
responses of glucagon to H. This raises the question of a permissive role of 
Adr in glucagon responses to H, 2)blunts adrenergic, but exaggerates 
cholinergic autonomic S, ultimately resulting in normal total S score. 3 )The 
greater impairment in CF during H in BA-pt is likely to chronic cortisol, rather 
than Adr deficiency. 

818 
PROGNOSTIC VALUE OF EARLY GRAFT FUNCTION AFTER 
PANCREAS TRANSPLANTATION ON LONGTERM GRAFT SURVIVAL 
Dieterle C', nIner WD', Land W', Feldmeier H', Scheuer R', LandgrafR' 
1 Klinikum Innenstadt, LMU Miinchen, Germany 
2 KlinikumGroBhadem, LMU Miinchen, Germany 

Aims:Monitoring of pancreas graft function as far as the diagnosis of acute 
or chronic rejection is difficult. The aim of this srudy was to search for 
diagnostic parameters with prognostic value for longterm graft survival. 
Methods: 48 pancreas graft recipients, who could be followed for at least 
five years after successful transplantation were investigated. 17 graft 
recipients had a loss of pancreas graft function after five years (35%), 
whereas 31 recipients had an intact graft function with insulin
independence and normal serumglucose and HbAlc levels after 5 years. 
Diagnostic parameters like fasting blood glucose, HbAlc and results of an 
OGTT three months after transplantation, were compared between those 
who lost their graft and those with functioning graft. Groups were 
compared by Mann-Whitney-U-test or Fisher's exact test was applied for 
categorical variables. Results: No differences concerning HbAlc and 
fasting blood glucose were found between the groups. The measurement of 
insulin secretion did not reveal significant differences between the groups. 
Graft recipients with later graft loss displayed three months after 
transplantation more often an abnormal OGTT, however not significantly, 
than recipients with intact graft function five years after transplantation 
(70% vs. 43%, p=0,06). Conclusions: Investigations of glucose 
metabolism after pancreas transplantation serve as an indicator for present 
graft function, respictevely secretory capacity of pancreas graft. However, 
neither routine parameters like glucose and HbAlc levels nor glucose 
disposal and glucose-induced insulin release, early after transplantation, 
have prognostic value for longterm graft survival. 

820 
IMPAIRED MEMORY FUNCTION FOLLOWING FREQUENT 
LONGSTANDING HYPOGLYCEMIA 
U. Ellringmann\ G. Brabane, H.J. Balks2

, C. Schtifl2
, A. v. zurMiihlen2

, 

R. Denglerl and K. Weissenbom\ Department of Neurologyl and 
Department of Endocrinologi, Medizinische Hochschule Hannover, 
30623 Hannover, Germany 

The increased risk of hypoglycemia in patients under intensified insulin 
therapy is well documented. One consequence is a reduction in hypo
glycemia awareness, a potentially reversible situation. Little is known on 
the long-term effects of frequently recurrent episodes of hypoglycemia 
on cognitive function, esp. memory performance. Aims: To study the 
occurence and grade of cognitive, esp. memory dysfunction in patients 
with recurrent longstanding severe hypoglycemia (blood glucose less 
than 40 mg/dl at least once per week) due to intensified insulin therapy. 
Materials and Methods: 9 patients suffering from type I diabetes aged 
24 to 63 years underwent neurological and comprehensive neuropsycho
logical examination including the W AlS-R, the Word-Figure-Memory
Test, the Recurring Figure Test, the Complex Figure Test, Luria's list of 
words, the cancelling d test and the PSE-Test and cranial MRI. 9 healthy 
volunteers, mached with respect to age and education, served as a control 
group. Results: The two groups revealed similar results in the W AlS-R 
subtests. None of the patients presented with a pathological W AlS result, 
neither in the subtests nor with respect to the total score. In contrast, the 
patients did significantly worse than the controls in the memory tests 
(p<0.05). 6 of the 9 patients revealed pathological results in at least one 
of the memory tests performed. Cerebral MRI was normal in all patients. 
Conclusions: The results suggest memory disturbances as a complication 
of repeated severe hypoglycemia following intensified insulin therapy. 



821 
ALCOHOL AND GLUCOSE COUNTERREGULATION DURING ACUTE 
INSULIN-INDUCED HYPOGLYCAEMIA IN TYPE 2 DIABETES. 
BM Rasmussen', L. 0rskov"', O. Schmitz', K. Hermansen'. Departments of 
Medicine C' and M' Aarhus University Hospital, Aarhus, Denmark. 
Background: In type I diabetes the risk of hypoglycaemia is increased by 
alcohol, which reduces gluconeogenesis, especially when accompanied by 
depleted glycogen stores. We have previously shown that alcohol does not 
acutely affect the glucose level despite an alcohol-induced rise in insulin 
levels. Furthermore, that the combination of alcohol and exercise does not 
elicit acute hypoglycaemia in type 2 diabetes. In type I diabetes alcohol 
impairs glucose counterregulation and recovery during insulin-induced 
hypoglycaemia. It is, however, unknown whether recovery from insulin
induced hypoglycaemia in type 2 diabetes is also compromised by alcohol. 
Aim: To assess the influence of alcohol on glucose counterregulation 
during acute insulin-induced hypoglycaemia in type 2 diabetes. Protocol: 
Eight type 2 diabetic subjects were examined twice following an overnight 
fast. A graded hyperinsulinaemic (ImU/kg/min) hypoglycaemic clamp was 
performed with infusion of 3-'H-glucose in a primed (17 JlCi) continous 
(0.17 JlCi/min) manner, and a variable (200 JlCi1l20% glucose) manner to 
calculate glucose turnover. After a euglycaemic baseline (150-180 min) 
200 ml water was taken either alone or with alcohol 0.4 g/kg. 
Hypoglycaemia (plasma glucose nadir 2,8 mmol/l) was then induced and 
the recovery period followed after discontinuation of insulin and variable 
glucose infusions. Results: On both study days the insulin levels, glucose 
levels, glucose nadirs and glucose kinetics were similar. Alcohol increased 
plasma lactate (AUC, recovery period) (244±30 vs 12±4 mmolll x 240 min; 
p=O.00009) and decreased plasma FFA (AUC, recovery period) (95±13 vs 
161±18 mmol/l x 240 min; p=0.0008). No differences were found in 
serum cortisol and growth hormone. Interestingly, peak glucagon was 
significantly higher without alcohol (200±17 vs 155±12 pg/ml; 
p=0.038).ConcIusion: In contrast to type I diabetic subjects, type 2 
diabetic subjects did not experience a deficient glucose recovery after 
alcohol. Stan.tics: ANOV A, and paired Student's t test. 

823 
FREQUENCY AND PREDICTOR FACTORS OF NOCTURNAL 
HYPOGLYCAEMIA IN YOUNG PATIENTS WITH IDDM 
F. Meschi, R Bonfanti, S. de Poli, A. Brunelli, Me Riva, A. Cuce', 
E. Bognetti, G. Chiumello 
Department of Paediatrics, Endocrine Unit, Scientific Institute H San 
Raffaele, University of Milan, Italy 
Hypoglycaemia is the most common complication of insulin therapy. 
The frequency of hypoglycaemic episodes in young people has been 
reported between 7 and 44%, with the majority of episodes occurring 
night-time. Aim: to evaluate the risk of nocturnal hypoglycaemia and to 
identifY predictor factors in children and adolescence with IDDM. 
Materials and methods: we evaluated 60 children (28 female, 32 male), 
treated by 3/4 ii/day, admitted to our Department, mean age 16.0±4.S 
yrs, duration of diabetes> I yrs, mean HbAlc=9.3±2.1. We performed 
a crossover study in the same patient during two consecutive nights 
using NPH with the same dose before and after supper respectively. 
Blood glucose (BG) was analysed at the hours 23, 2. and 7. Statistical 
analysis have been performed by non parametricmethods. Results: no 
severe hypo glycaemia was observed, while the frequency of night time 
mild hypoglycaemia (BG<60 mg%) was ISI120 (12%) with no 
difference related to the time of NPH administration. The mean BG at 
23 and at 2 with 3 injections/day was significantly lower compared to 4 
injections/day with the same insulin dose (p < O.OS). Significant 
relations were found between BG at bed-time and at 2 am with both 
insulin regimen (p<O.OS). Conclusions: High frequency of nocturnal 
hypo glycaemia is present irrespective of the time of NPH 
administration. Switch to 4 injections/day allows lower reduction of 
nocturnal BG with no difference in BG at awakening. Blood glucose at 
bed time predicts nocturnal hypo glycaemia. 

A219 

822 
INFLUENCE OF CAFFEINE ON NEUROPHYSIOLOGICAL FUNCTION DURING 
HYPOGL YCAEMIA 
J. Watson, G. Owen, G. Barrett, J. Ingleby, M. Weiss, I. Deary, D. Cavan and D. Kerr Centre for 
Human Sciences, DERA, Famborough and Royal Bournemouth Hospital, Bournemouth, UK 
Aims Caffeine is known to augment the sympathoadrenal response 10 hypoglycaemia and act 
as a psychostimulanl Its effects on nerouphysiolocial function during hypoglycaemia has not 
previously been studied. 
Malerials and Methods 16 healthy caffeine consumers (S male, aged 24-36 years) were studied 
on 3 separate occasions. Using a hyperinsulinaemic clamp blood glucose Was maintained at 
4.5mmol/l for 90 min. Thereafter glucose was either (a) lowered 10 2.5mmolll for 90 min and 
subjects ingested 200mg caffeine, or (b) as for (a) but with ingestion of matched placebo. In a 
third study (c) euglycaemia was maintained throughout with 200mg caffeine given at +90 min. A 
test battery was administered during at each stage. This included 2 visual information 
processing tests measuring the ability 10 detect visual change (VCD) and visual movement 
(VMD). Full-field 16' pattern reversal visual evoked potentials (VEPs) were recorded. 
Results The lalency of the P100 component of \he VEP increased significanUy during 
hypoglycaemia «a)5.69±1.54ms (b)2.57±1.29ms (c)-1.90±O.66ms; p<0.001) but there was no 
specific effects of caffeine. Considerable inter-subject variability in P100 latency was noted, 
thus subjects were divided inlo 2 groups by a median splij of P1 00 lalency increase(gp1 :0.5ms, 
gp2:5.6ms). Subsequent analyses showed a group by condition interaction for P100 lalency 
between the 2 conditions (gp1 S.88±2.2Sms caff; 0.94±1.30ms placebo vs. gp2 S.S0±2.22 ms 
calf; 4.43±2.23ms placebo, p<O.OS). Changes in VCD and VMD during the clamp showed no 
significant difference between \he conditions but \he subjects who showed the largest P100 
increase were also those who showed the most significant deterioration in performance of VMD 
(p<O.OS) 
Conclusions These data suggest that some individuals are more susceptible 10 changes in 
visual sensation as a result of hypoglycaemia and that caffeine exaggerales this independenUy. 

824 
PRECISION OF RAPID BLOOD GLUCOSE DETERMINATION 
IN EMERGENCY MEDICINE 
H G. Elsing, D. Kiihne *, E. ThieSen, E. - H Egberts, A. Holstein 
1st Department of Medicine, Lippe - Detmold Clinic, Detmold; 
• Ortho Clinical Diagnostics, Neckargemiind; Germany 

Aims: In emergency medicine, blood glucose often has to be determined 
under extreme conditions in which the stressfulness of the situation, the 
need to act swiftly and the prevailing weather conditions create potential 
sources of error. Methods: In a prospective study of emergency callouts 
by mst-response doctors we investigated the precision of the 
reflectometric blood glucose determination under emergency conditions. 
529 patients (age 62.4 ± 21 years, 56% male; 46 severe hypoglycaemias) 
to whom the emergency doctor was called were routinely fitted on-site 
with a peripheral venous indwelling catheter. Venous whole blood from 
the mandrin of the catheter was applied to the test strip and a glucose 
reading taken with the Glucotouch TM reflectometer. hnmediately 
thereafter, blood from the catheter was collected in an EDTA tube for 
later formal blood glucose determination (glucose oxidase method), 
which occurred within 20 to 40 minutes. Results: The emergency 
glucose readings carried out at the scene of the emergency (mean 7.3 ± 
4.4 mmolll; range 0.61 - 27.7 mmolll) correlated well with the formal 
readings obtained with the laboratory reference method (Pearson r = 
0.98; linear regression analysis: slope 1.0 and axis intercept 1.74). Error
Grid-Analysis also sbowed good correlation of results: range A 96.7%, 
-B 2.5%, -C and -D 0.8%. With the method according to Bland et 
Altman, the mean of the differences was 0.144 mmoll1; 2 SD 1.83 
mmol/l; minimum -7.05 mmolll; maximum 4.4 mmol/l. Conclusions: 
The precision of venous blood glucose determinations performed by 
teams of emergency·response doctors working a daily changing rota was 
high. In only 0.8 % were there discrepancies which might have led to 
clinically relevant wrong decisions. The method is simple and not 
dependent on the haemodynamic status of the patients. 



A220 

PS64 
Clinical Studies in Diabetes 
825 
METABOLIC AND BLOOD PRESSURE CONTROL IN UK 
ASIANS WITH TYPE 2 DIABETES AND CORONARY DISEASE 
ND QuiIll1, DP Warner and PJ Grant, Unit of Molecular Vascular 
Medicine, University of Leeds, UK 
Aims: To assess the e,,1ent to which glycaemic and blood pressure 
control in Asian patients with Type 2 diabetes undergoing coronary 
angiography conforms to standards set by the UKPDS, and to assess the 
extent to which reduction of cholesterol levels compares to standards set 
by the 4S and CARE studies. Materials and Methods: 58 Asian 
patients with type 2 diabetes undergoing coronary angiography in 4 
centres in West Yorkshire were assessed. Standards for glycaemic 
control and blood pressure targets were extrapolated from the UKPDS 
and subsequent BDA guidelines, and total cholesterol levels from the 4S 
and CARE studies. Results: The mean fasting glucose was 9.3 mmolJl 
(95% CI 8.1-10.4), with 67% of patients having a fasting glucose level 
greater than 7mmolJl. The mean HbA I c of the group was 8.0"10 (95% CI 
7.6-8.4). 71% of patients had an HbAlc higher than the target of 7%. 
The mean systolic bp of the group was 139lmnHg (95% CI 133-145), and 
53% of patients had a level> 140mlnHg. The mean diastolic bp was 
791l11nHg (95% CI 76-83), with 41% of patients having a level above 
801ll1nHg. 48% of patients had a total cholesterol concentration of 
greater than 5.2mmolll, and 64% greater than 4.8mmolll, with the mean 
cholesterol being 5.4mmolll Conclusion: The UKPDS, 4S and CARE 
studies have set new metabolic and blood pressure targets for patients 
with type 2 diabetes and suspected ischaemic heart disease. TIle 
population studied is at higll risk of coronary artery disease and it should 
be expected that their control matches the targets set by these studies. 
TIlese data demonstrate that this is currently not the case and greater 
efforts are needed to improve the outlook for this patient group. 

827 
GLYCEMIC IMPROVEMENT IN TYPE 2 PATIENTS USING STAGED 
DIABETES MANAGEMENT. 
R. Jamal', T. O'Brien2, P. Latare',J. Mullen', A. Rein4, M. Warg04, JL Parkes2, 
and B.Ginsberi. 'George Washington University, Washington, D.C. USA; 
2Becton Dickinson and Company, Franklin Lakes, NJ, USA;'Kaiser Permanente, 
Honolulu, HI, USA; 'Covance Health Economics and Outcomes Services, 
Washington, DC, USA 
Staged Diabetes Management™ (SDM) is a progran> of clinical practice 
guidelines designed to in>prove glycemic levels within specific time periods. Its 
use is targeted and tailored to primary care physicians (PCPs), non-physician 
diabetes case managers and diabetes educators. Aims: We evaluated the in>pact of 
SDM on the health status of 131 predomimmtly Type 2 diabetes patients with sub
optimal glycemic control (HbAlc>7.4%) during a one year stndy period and one 
year follow-up. Materials & Methods: PCPs and case managers trained in SDM 
co-managed study patients. Patient allocation to case managers was based on 
HbAlc level, presence of co-morbidities and care-giver type/training. Clinical and 
resource utilization data were collected prospectively during the study year. A 12-
month, non-SDM, pre-study period served as the control. Results: The mean 12 
month pre-study and baseline HbAlc levels were 9.7% and 9.6% respectively. 
After 12 months of SDM intervention, the mean HbAlc level declined to 8.5% 
(60=-0.99%; p<O.OOl) from baseline values. Improvements were observed 
(p<O.05) in the performance of patient self-management activities (blood glucose 
monitoring, foot exams, dietary practice) and patient satisfaction of diabetes care. 
As glycemic control in>proved and SDM became the standard of care during the 
study year, resource utilization measured by clinic and telephone consultations 
decreased. The mean number of clinic visits per patient declined from 2.6 in the 
first 3 months of the stndy to 1.8 during the last 3 months. Similarly telephone 
consults declined from a mean of 2.6 to 1.4 during the same time frame. 
Conclusion: SDM is effective in achieving improvements in glycemic control, 
diabetes knowledge, patient self-management, and satisfaction with care of Type 2 
diabetes patients. Resource utilization decreased with in>provement in glycemic 
control during the study year. 

826 
GL YCAEMIC AND BLOOD PRESSURE CONTROLS IN A COHORT 
OF 318 PATIENTS WITH TYPE 2 DIABETES, 
M. Buysschaert and M.P. Hermans. Endocrinology and Nutrition - UCL 54.74. 
Cliniques Universitaires St Luc. Universiti! Catholique de Louvain. B-1200 Brussels. 
Belgium. 
Aims: The aim of the study was to evaluate current anti
hyperglycaemic and anti-hypertensive treatment schemes as well as 
quality of metabolic and blood pressure control in a cohort of type 2 
diabetic subjects. in view of the United Kingdom Prospective Diabetes 
Study (UKPOS) data, Subjects and Methods: 318 patients (196M; 
122F) examined consecutively at the outpatient clinic were included. 
Age and known duration of diabetes were 63±11 and 13±9 years 
respectively (mean±1 SO). Body mass index was 29,6±6.0 kg/m2 • 

Results: 9% of patients were on diet alone while 44% were treated 
with metformin and/or a sulfonylurea. 26% of subjects received insulin 
monotherapy and 19% had insulin combined with oral hypoglycaemic 
drug(s). 18 and 69% of patients had one or two daily insulin injections 
respectively (mean dose: 0.51±0.36 U/kg). Random plasma glucose 
was 178±28 mg/dl and HbA" 8.21±1.64%. (Un)treated hypertension 
was present in 59% of patients. Anti-hypertensive drugs included ACE
inhibitors (40%). calcium channel antagonists (20%). diuretics (20%) 
and \3-blockers (18%), administered alone or in combination, Systolic 
and diastolic blood pressure were 147±22 and 86±12 mm/Hg. 
Neuropathy, retinopathy. microalbuminuria and macroangiopathy were 
present in 43. 33, 21 and 33% of patients respectively. When subjects 
were divided according to tertiles of HbA". a higher prevalence of 
neuropathy and microangiopathy was found when HbA" was above 8% 
(tertiles 2 and 3) (p<0.02). This was also observed for hypertension 
(p<0.002) and macroangiopathy (p<0.05). Conclusions: In a type 2 
diabetic population followed at a University Center, overall glycaemic 
control remains above the satisfactory levels inferred from the UKPOS 
data. In contrast, blood pressure control was deemed adequate. 

828 
INCIDENCE AND OUTCOME OF ASYMPTOMATIC BACTERIURIA 
IN NIDDM FEMALES OVER A TWO YEAR FOLLOW-UP PERIOD 
AND ASSOCIATION WITH RISK FACTORS. 
A.Sotiropoulos, Th.A.Peppas, V.Kotsini, O.Apostolou, S.Bousboutas, 
E.Micbailidis, M.Savvala and S.Pappas.G.Hospital of Nikaea, Piraeus, 
GREECE. 
Aims: Aim of our study was estimating the incidence of asymptomatic 
bacteriuria (AB), in NlDDM females, associate it with any relevant 
parameters and access treatu3ent outcome over a 2 year period. 
Patients-Methods: We prospectively stndied over a 2 year period (m.follow
up: 91.8±30.4 weeks) 154 patients (m.age 61.3±1O.5 yrs , m.duration of 
Diabetes [DJ 10.8 yrs) followed in our D Clinic and screened them for AB, 
associated the results with their demographic, history. complications and 
g1ucaemic control data, as well as antibiotic (cotrirnoxazole or ciprofloxacin) 
I4d regimen outcome. Analysis was done via an mM compatible computer 
using the EPI5-lNFO (CDCIWHO) 1993 program. Statistical analysis was 
performed with t- and Yates corrected chi square test. 
Results: We found AB in 39 of 154 patients (cumulative incidence 25.3%) 
with 17 positive 00 baseline and another 22 during follow-up, with E. coli 
(75%), Proteus (9.5) and Klebsiella (6%) been the most frequent isolates. 
There was no difference found in age, D duration, kind of D treatu3ent, renal 
function or glycaentic control, as expressed by HbA,~, throughout follow-up, 
between AB+ve and no AB patients. The presence of D microangiopathy 
complications (nephropathy and/or neuropathy) was associated with AB. 
(23.1% v 12.2%, p=0.09) bot not significantly. Most strongly associated with 
AB was history of previous urinary tract infections, (71.4% v 24.8%, 
p<0.001). The outcome of antibiotic treatu3eot, defined as eradication at 6 
month follow-up, was 52.2% in treated AB episodes, while 50% of untreated, 
after informed consent, resolved at the same follow-up period. 
Conclusuion: AB was found in a considerable percentage (25.3%) of NlDDM 
females, in a two-year prospective follow-up. The major risk factor for AB was 
history of previous urinary tract infection. Antibiotic treating of AB was not 
proven greatly beneficial in the long-term outcome. 



829 
INSOMNIA IS MORE PREVALENT IN DIABETIC THAN 
NON-DIABETIC SUBJECTS AND PREDICTS MORTALITY 

PM Nilsson, J-A Nilsson, and G Berglund. Department ofIntemal Medicine, 
University hospital, S-205 02 Malmo, Sweden. 

Sleep disturbances (SP), e.g. insomnia and early awakening, are common 
health problems to many middle-aged and elderly people. Previous studies 
have reported on a higher prevalence of SP in subjects with type-2 diabetes 
(DM2) compared to non-diabetic controls. It is still unclear whether this 
finding is confounded by differences in age, sex, or obesity, and whether SP 
similarly predicts mortality in subjects with or without (DM2). Aims: To 
investigate SP by a self-administered questionnaire, used in a population
based sample of middle-aged men (577 with known DM2 or fasting B
glucose >6.7 mmollL, 21.867 non-diabetics), and women (253 DM2, 10.649 
non-diabetics) in the city of Malmo, Sweden. Methods: Questions were 
asked about difficulties in falling asleep, early awakening, and a regular 
intake of hypnotic drugs. Prevalence rates were adjusted for age and body 
mass index (BM!). Register-based follow-up for total mortality was carried 
out for a total of 18 years. Results: Females with diabetes were significantly 
more frequently having "Difficulties in falling asleep" than non-diabetic 
females, adjusted risk ratio (RR) 1.54 (95%CI 1.17-2.02), as well as 
"Problems with early awakening", RR 1.42 (1.09-1.86). The consumption 
of hypnotic drugs more than three times a week was therefore increased, RR 
1.99 (1.22-3.23). Corresponding adjusted risk ratios for diabetic males were 
non-significant, with RR 1.06 (0.82-1.37), RR 1.24 (0.97-1.58), and RR 1.37 
(0.85-2.21). Total mortality was increased in all subjects with a combination 
of sleep problems, adjusted for traditional risk factors, and was regardless of 
diabetes status. Conclusions: Sleep problems are common in diabetes 
patients, especially females, compared to non-diabetics. This is not 
confounded by differences in age or obesity. Sleep problems can predict 
total mortality in both diabetes patients and non-diabetics. 

831 
HEPATIC IRON CONCENTRATIONS IN DIABETIC AND NON 
DIABETIC PATIENTS WITH HAEMOCHROMATOSIS. 
J. Paris, M.P. Hermans, V. Haufroid, Ph. 5elvais and M. Buysschaert, Endocrinology 
and Nutrition - UCL 54.74, Cliniques Universitaires 5t Luc and Industrial Toxicology 
Unit, Universite Catholique de Louvain, B-1200 Brussels, Belgium. 
Measurement of hepatic iron using quantitative chemical analysis of 
liver biopsies contributes to the diagnosis of haemochromatosis (W) 
and is of value in assessing the extent of iron stores. Aims: To 
compare hepatic iron concentration (HIC) and hepatic iron index (HII) 
in (1) patients with and without Wand in (2) haemochromatosic 
subjects with and without diabetes. Patients and Methods: HIC, 
determined by atomic absorption spectrophotometry, and HII 
(HICx[55_8xage(years))") were measured in a group of 23 patients 
with W and in 15 controls suffering from various non
haemochromatosic liver diseases. Diabetes was present in 8 patients 
with W (WDiab'; age: 58 years; age at diagnosis of W: 55 years; 
median). In 15 WDiab- subjects, age was 54 and age at W diagnosis 
53 years (NS vs. WDiab'). Results: Plasma ferritin in patients with W 
was 1367 ~g.L" (vs. 333 ~.L-' in non haemochromatosic subjects, 
p:0.001). HIC in patients with and without W were 7000 and 375 ~g/g 
dry liver (p<0.001). Corresponding HI! were 2.8 and 0.14 (p<0.001), 
respectively. Plasma ferritin was not significantly different in WDiab' 
and WDiab- patients. Hie and HII in WDiab' subjects were 6950 ~g/g 
and 2.6 (vs. 8700 ~/g and 2.8 in WDiab- patients; NS). 
Haemochromatosic patients with cirrhosis had higher iron stores than 
non cirrhotic subjects (HIC: 10.000 vs. 6800 ~g/g; HII: 3.4 vs.2.0). 
Conclusions: In W, HIC and HI! are significantly higher than levels 
found in other non-haemochromatosic liver conditions. HIC and HII 
are comparable in W subjects with or without diabetes. This indirectly 
suggests that in W, the extent of iron storage in hepatocytes is not 
associated with a higher risk for developing secondary diabetes. 

830 
RELATIONSHIP BETWEEN IRON STATUS AND DIABETES IN ANTI
HEPATITIS C VIRUS POSITIVE PATIENTS: A CASE-CONTROL STUDY. 
C.Hern:\ndez; T. Molins, ll.Esteban*, J.Genesca*, J.Mesa and R.Simo. 
Diabetes Unit and *Hepatology Department Hospital Vall dHebron, 
Barcelona. Spain. 

Several reports have shown an association between Hepatitis C Virus (HCV) 
infection and diabetes. On the other hand, it is well known that HCV 
infection is characterized by increased iron storage. Recently it has been 
demonstrated an association between iron stores and the incidence of 
diabetes. Aim: To evaluate whether anti-HCV positive diabetic patients have 
higher iron deposits in comparison with HCV positive non diabetic patients. 
Material and Methods: We study 123 anti-VHC positive subjects: 55 
diabetic and 68 non-diabetic patients, matched by age and gender. The 
patients were classified in two groups according to liver biopsy findings : 
chronical hepatitis or cirrhosis. Iron stores were stimated by determination of 
serum ferritin (immunoassay). Any patients presenting overt acute or chronic 
hemolysis or haemorrhage were excluded from the study. Statistics: '1.2 , t
Student. Serum ferritin data were log-transformed in view of their skewed 
distibution. Results: Serum ferritin levels were higher in anti-HeV diabetic 
patients in comparison with anti-HCV non diabetic patients (302.4 ± SEM 
50.5 vs. 80.3 ± SEM 11.4 nglml; p<O.OOOI). The difference remained at 
significant level when we consider the histological degree: chronic hepatitis 
(301.4 ± SEM 88.4 vs. 80.7 ± SEM 99.4 nglml; p=O.03) and cirrhosis 
(282.2 ± SEM 83.3 vs. 83 ± SEM 68.1 nglml; p=O.05). Conclusions: Our 
results cleary demonstrate that anti-HCV positive diabetic patients have 
higher iron stores than anti-HCV positive non diabetic patients. In addition, 
these data suggest that iron stores in VHC infected patients playa role in the 
increased risk for the development of diabetes. 

832 
Lipid evaluation and glucose metabolism in HIV-infected patients prior and after 
initiation of protease Inhibitor therapy. 
JM Petit, M Duong, l Duvillard, M Grappin, M Guiguet, S Rudeni, H. Portier, JM. Brun. 
Services de Diabetologie et Maladies Infectieuses Hopital Universitaire, Oljon, France. 
Background: Metabolic side effects (hyperglycaemia, insulin resistance, diabetes 
mellitus, dyslipidemia, lipodystrophy) have been attributed to the use of protease 
inhibitors (PI), but the suspected causative role of PI is still unproven. Many of these 
studies were cross-sectional and compared patients already taking PI with controls. 
~ We measured Insulin resistance (IR), glycemia, insulinemia and lipid profile 
prior and after initiation of PI. IR was measured with the homeostasis model 
assessment (HOMA) using the fasting glucose and insulin concentrations. An oral 
glucose tolerance test (OGIT) was performed only after initiation of PI therapy. 106 
male patients, treated for at feast 12 months with PI, were enrolled in this study. HIV
viral load was also measured as a marker of efficacy and compliance to PI therapy. 

~ 

Prior PI therapy After PI therapy p 
glycemia mmoVI 4.94+/- 0.68 4.86+/- 0.66 0.42 
Log insulinemia 0.76+/- 0.26 0.78+/- 0.35 0.93 

Log IR 0.1 +/- 0.29 0.11+/-0.38 0.92 
Cholesterol mmolll 4.38+/- 0.99 5.46+/- 1.36 0.001 
HDL chol. mmoJ/1 0.9 +/- 0.28 1.07+/- 0.29 0.001 
log trialv 0.17+/- 0.25 0.27+/- 0.23 0.001 

BMI kg/m 22.3 +/- 2.68 23.7+/- 3.19 0.05 

Triglycerides and cholesterol increased significantly with PI therapy. Fasting glycemia 
and insulinemia, and insulin sensitivity were not significantly modified after the PI 
therapy; however, 12.2% of patient had glucose intolerance (8.5%) or diabetes mellitus 
(3.7%) under treatment. PI therapy significantly increased BM!. We observed a strong 
negative correlation between HIV-viral load and the following parameters after PI 
therapy: BMI (r:- 0.31; p<O.Ol ), waist circumference (r-0.28: ; p=0.05), fasting glycemia 
(r: -0.26; p<O.Ol), cholesterol (r:-O.25. p= 0.01), Conclus!ons: Our long~udinal study 
confirms that dyslipidemia is strongly associated with the use of PI. Dyslipidemia, 
weight gain and increased waist circumference seem to be associated with PI efficacy. 
By contrast to previous cross-sectional studies, PI therapy has only a minor impact on 
glucose metabolism and insulin sensitivity. 
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833 
INTENSIVE CONTROL OF BLOOD GLUCOSE IMPROVES THE METABOLIC 
SYNDROME IN PATIENTS WIlli TYPE 2 DIABETES MELLITUS. 
W Bagg, L Plank, P L Drury, N Sharpe and G D Braatvedt Dept of Medicine, 
University of Auckland and Auckland Diabetes Centre, New Zealand. 
Aims: To examine whether intensive glycaemic control improves elinical, 
biochemical and body composition parameters in patients with poorly controlled type 
2 DM. Methods: 34 subjects, HbA,c '" 9.0%, were randomised to intensive (IC) or 
usual (DC) glycaemic control for 20 weeks. Body composition assessed by DEXA. 
Subjects received insulin, metformin or sulphonylureas or combinations. Targets were 
IC HbA,c < 7%; UC avoidance of fasting blood glucose", 17mmollL. 
Results: Tablel Patient characteristics at baseline and week 20 

Intensive control (n~ IS) Usual control (n~ 19) 
Age (years) 57.1 (6.3) 7 female 55.1 (9.3) 9 female 

baseline week 20 baseline week 20 

% HbA,o 10.9 (1.2) 7.9 (0.9)*t 10.3 (I) 10.4 (1.3) 
Cholesterol 5.3 (0.9) 5.0 (0.8) 5.0 (0.8) 5.1 (1.0) 
Triglyceride 1.7 (0.7) 1.5 (0.6)* 2.0 (1.2) 2.0 (1.0) 
Weight (kg) 93.0 (15.5) 96.3 (16.2)*t 80.6 (12.9) 81.2 (13.2) 

BP(mmHg) 133179 131177 128/80 129179 
Values mean ± SD, *p'; 0.04 baseline vs week 20; t p,; 0.005 change in lC vs change 
in UC; all units in mmollL unless stated. No change in LDL or HDL. 
Table 2 DEXA body composition changes (A) at week 20 

Fat mass A (kg) 
Trunk fat A (kg) 
Fat free mass A (kg) 

Intensive control 
+ 1.68 (2.44)' 
+ 0.90 (1.87) 

+ 1.75 (2.94)*t 

Usual control 
+ 0.49 (2.13) 
+ 0.53 (1.68) 
+ 0.28 (1.63) 

Values mean ± SD, *p'; 0.04 A from baseline; t p~0.07 lC versus UC 
Conclusion: While intensive glycaemic control increases body weight, fat free mass 
increases more than fat mass and is accompanied by favourable changes in lipids and 
no significant change in blood pressure. 
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834 
PERIPHERAL INSULIN SENSITIVITY AND LIPID METABOLISM IN OBESE 
RATS AFTER CHRONIC TREATMENT WITH ACARBOSE 
J.M.Carrascosa, J.C.Molero, Y.Fennin, A.Andnis and J.SatrUstegui. Dept.Biologia 
Molecular, C.B.M.S.O, Universidad Autonoma, 28049 Madrid (Spain). 
Aims: We have investigated the effect of cbronic treatment with acarbose on fasting 
plasma glucose, insulin, triglyceride, cholesterol and NEF A concentrations, as well as 
on the glucose and insulin excursions during OGTT, in obese diabetic Wistar (WDF) 
rats. Materials and Methods: 45 mature (mean age ~ 4.2 ± 0.1 months) male WDF 
rats were randomly distributed to one of three treatment groups (no acarbose, 20 and 
40 mg of acarbose/IOOg of chow respectively). After 3.5, 7.5 and 1l.5 months, 
animals were tested for glucose tolerance by means of an OGTT, and their respective 
metabolic profiles were detennined. Control determinations were done in obese and 
age-matched lean animals before the start of the trial. Results: Obese rats exhibit 
higher body weight and fasting blood glucose (183±l2 mg/dl), insulin (529± 175 
IlU/ml), triglyceride (221±7 mg/dl) and cholesterol (221±3 mg/dl) concentrations, as 
well as glucose intolerance compared to lean animals. In all groups, a decrease in 
plasma glucose throughout the study is observed. However, whereas in the group 
receiving no acarbose this is accounted for by an increase in plasma insulin (up to 
880 ±IOO IlU/ml after 11.5 months), in rats treated with acarbose the reversion of 
the diabetic state takes place without increments in hormone concentration, 
suggesting an improvement of the insulin sensitivity. In regard to glucose tolerance, 
similar results were obtained. Thus, the AGlucose area during OGTT decreases in all 
tbree groups, but the Mnsulin area increment is significantly higher in the animals fed 
without acarbose, indicating a higher insulin resistance in this group. Concerning 
lipid metabolite, rats treated with acarbose for 3.5 and 7.5 months show lower 
plasma triglyceride and NEF A concentrations, and the same is observed for 
cholesterol at the highest dosage of the drug. Conclusions: Cbronic treatment with 
acarbose of WDF rats improves the glycemic and lipidic control as well as the 
glucose tolerance, with a lower demand of pancreatic insulin than in untreated rats. 
The data suggest that cbronic modulation of glucose and insulin excursions after 
meals improves insulin sensitivity in WDF rats. Acknowledgements: This work was 
supported by Quimica Farmaceulica Bayer SA (Spain) 

835 
EFFECTS OF ACARBOSE AND GLffiENCLAMIDE ON INSULIN SENSITI
VITY AND SUBSTRATE OXIDATION IN TYPE 2 DIABETIC PATIENTS 
S. Fischer, H. Rietzsch, A. Patzak, U. Schwanebeck, M. Handeld. Medical Faculty 
ofthe Technical University Dresden, Germany. 
Glycogen and glucose oxidation are related with the degree of insulin resistance. The 
aim of this double blind study was to compare the effects of acarbose and 
glibenelamide on substrate oxidation and insulin sensitivity. 48 type 2 diabetic 
patients (mean age 59,6 years, mean BMI 27.0 kg/m2

) were randomized to 3 diffe
rent treatment regimes: 100 mg tid acarbose (n~ 17) or I mg tid glibenelamide 
(n~16) or I tid placebo (n~15). Before and after the .16 weekly treatment period we 
measured insulin sensitivity by euglycemic hyperins.ulinemic elamp technique and 
substrate oxidation by indirect c;Uorimetry. The body weight decreased in the acar
bose and placebo group, but increased in the glibenclamide group (acarbose: before 
79.0 after 77.0 kg, glibenelamide: 78.6 vs 79.5 kg, placebo: 78.4 vs. 76.9 kg), the 
postprandial insulin levels showed the same changes. Glycemic control was more 
improved in the glibenelamide group tllan in the acarbose group, but worsened in the 
placebo group. Glycogen oxidation raised in the acarbose and glibenelamide treated 
patients, but decreased in the placebo group, glucose oxidation increased in the 
acarbose group, was unchanged in the glibenelamide group and decreased in the 
placebo group (glycogen oxidation: acarbose: before 155.9 after 192.3 g/d, 
glibenelamide: 132.2 vs 173.8 g/d, placebo: 148.6 vs 135.0 gld; glucose oxidation: 
acarbose: 251.0 vs. 284.8 gld, glibenelamide: 220.9 vs. 219.9 gld, placebo: 263.9 vs 
227.0 g/d). Insulin sensitivity increased in the acarbose and placebo group, but was 
unchanged in tlle glibenelamide group with significant differences between aearbose 
and glibenclamide as well as placebo and glibenelamide (Me (mg*(kg body 
weight*insulin*minr' ): acarbose: 2.25 vs 3.26, glibenclamide: 1.83 vs. 1.71, 
placebo: 2.75 vs 3.38, p~0,003). In conelusion glibenelamide was more effective in 
improvement of glycemic control and has increased glycogen oxidation, but insulin 
sensitivity was unchanged. Acarbose has raised insulin sensitivity by improved 
glycogen and glucose oxidation. 
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ACARBOSE IMPROVES GLYCAEMIC CONTROL IN PATIENTS WITH 
INSULIN - TREATED TYPE 2 DIABETES. 

H Simpson', F Robertson-Mackay', E Montegriffo' and C Fox', Royal 
Berkshire Hospital, Readingl, Bayer plc1

, Northampton General Hospital, 
Northampton'. 

Aims: The potential benefit of acarbose in improving glycaemic control in 
patients with stable insulin-treated Type 2 diabetes was studied. 
Materials and Metbods: The trial was multicentre, double-blind, parallel-group, 
and placebo-controlled. After a two week placebo run-in period, 154 patients were 
randomised to acarbose I OOmg tds or a matching placebo for 26 weeks. There was 
a 6 week forced titration period. The dose of insulin was to be kept stable. 
Results: Patient characteristics were as follows: male 58 %, median age 62 years 
(range 34 - 75), median duration of diabetes 10 years (range 2 - 35), mean BMI 
28.5 (± 4.4 SD), and mean baseline HbA" 8.1% (range 6.3 - 10.2). The baseline 
HbA" was similar in both treatment groups. Of the patients randomised, 36 (48%) 
in the acarbose group and 7 (9%) in the placebo group withdrew prematurely due 
to side-effects. After hypoglycaemia, the most common side-effects in the 
acarbose group were gastrointestinal, these side-effects are well recognised with 
acarbose and consistent with its mode of action. There were no statistically 
significant differences between treatment groups in hypoglycaemic episodes. At 
the end of treatment, mean HbA" level was 7.8% in the acarbose group and 8.4% 
in the placebo group. An intention-to-treat comparison of the two treatment 
groups, showed a mean decrease in HbA" of 0.3% in the acarbose group and a 
mean increase of 0.3% in the placebo group (p~O.OOI), with a difference in mean 
HbA1c levels of 0.6%. There was no change in median insulin dosage in either 
treatment group throughout the study. There were no statistically significant, or 
clinically relevant differences in fasting plasma glucose between treatment groups. 
Conclusions: This study shows that the use of acarbose in patients with insulin 
treated Type 2 diabetes can significantly improve glycaernic control. 

838 
MIGLITOL IN COMBINATION WITH METFORMIN IMPROVES 
GLUCAEMIC CONTROL IN TYPE 2 DIABETICS 
M Maislos', L van Gaal', P Segal', 'Soroka University Medical Center, Beer-sheva, 
'Universitaire instelling, Antwerp, 'Hebrew University, Tel Aviv 
Aims: The majority of patients with type 2 diabetes receive oral hypoglycaemics 
such as metformin as well as dietary adjustment. We have performed a multicentre, 
randomized, double-blind, placebo-controlled, parallel group study to investigate the 
long-tenn efficacy and safety of the a-glucosidase inhibitor miglitol in patients 
insufficiently controlled with diet and metformin therapy. Materials and Methods: 
Adult diabetic patients taking metformin 1500-2550 mg/day were randomized to 
receive additional placebo (n~75) or miglitol (n~78) for at least 28 weeks. The 
miglitol dose was increased stepwise from 25 to 100 mg/day. 
Results: HbA" (%, Ih postprandial Fasting plasma 

baseline glucose (mg/dl, glucose (mg/dl, 
adjusted) baseline adjusted) baseline adjusted) 

Metformin + placebo 8.67 283.8 208.2 
Metformin + miglitol 8.26 248.7 195.3 

Ditftrence p~0.03 p~0.0007 p~0.15 

When miglitol was added to metformin, significant decreases in HbA" (p-O.03) and 
Ih postprandial blood glucose (p~0.0007) in favour of miglitol were observed. A 
trend in favour of miglitol was also seen for the secondary efficacy parameters 
fasting triglycerides (TG), postprandial TG and fasting insulin. Adverse events 
(AEs), most of which were gastrointestinal, mild and not treatment-limiting, were 
reported by only 8% more patients in the metformin + miglitol group than in the 
metformin + placebo group; there were no significant changes in laboratory 
parameters or vital signs. 19 patients (11 on metformin + miglitol, 8 on metformin + 
placebo) withdrew prematurely due to AEs. Conclusions: In type 2 diabetics, 
combination of miglitol and metformin significantly improves glycaemic control 
compared to metformin monotherapy, mainly through reduced postprandial glucose 
levels. The combination therapy is safe and well tolerated. 
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THE EFFICACY AND SAFETY OF ACARBOSE IN THE TREATMENT 
OF TYPE 2 DIABETES MELLITUS IN ELDERLY PATIENTS. 
J.-L. Chiasson, R.G. Josse, J.M. Donnan, H.C. Gerstein, D. Lau, L.A. 
Leiter, P. Maheux, G.S. Meneilly, L. Murphy, N.W. Rodger, S.A. Ross, 
E. Ryan, J.-F. Yale, T.M.S. Wolever, T. Haller, and I. Elias, The 
Canadian Diabetes University Research Group, Canada. 

The efficacy, safety and tolerability of acarbose was examined in 
elderly patients with type 2 diabetes in a multicenter, double-blind, 
placebo-controlled study. All patients were advised on a weight
maintaining diet and any oral hypoglycemic agent was discontinued. 
After a 4-week placebo run-in period, 192 patients were randomly 
assigned to receive acarbose (n = 86) or placebo (n = 94) for 12 
months; the study drug was titrated gradually up to 100 mg TID. The 
mean age was 70 years for both placebo and acarbose patients and the 
mean duration of diabetes was 4.8 and 5.8 years respectively. The 
mean baseline HbA1c was 7.1 % for the placebo group and 7.2% for the 
acarbose-treated patients. After I year of treatment, the HbA1c 
increased by 0.31 % in the placebo group and decreased by 0.27% in the 
acarbose group for a significant placebo-substracted mean acarbose 
effect of 0.58% reduction (p < 0.0001). While placebo patients had an 
increase of 0.4 mmol/L in mean fasting plasma glucose, the acarbose 
patients had a decrease of 0.3 mmollL (p = 0.0023). Acarbose patients 
had significantly lower post-prandial plasma glucose rise compared to 
placebo patients (Li AUC : 4.30 vs 6.54 mmol.h.L; p < 0.0001). Post
prandial serum insulin peaks decreased to a greater extent in the 
acarbose-treated patients (-141.6 vs -81.3 pmol/L) but did not reach 
significance (p = 0.11). Five patients (5%) on placebo and 13 patients 
(14%) on acarbose discontinued prematurely from the study due to 
adverse events; the most common adverse events in the acarbose group 
were gastrointestinal. These observations demonstrate that acarbose is 
effective in improving glycemic control in elderly patients with type 2 
diabetes and that the drug is safe and well tolerated. 

839 
IMPROVED GL YCAEMIC CONTROL WITH MIGLITOL IN TYPE 2 DIABETICS 
INSUFFICIENTLY CONTROLLED ON ORAL HYPOGL YCAEMICS 
E StandI', G Schemthaner', J Rybka', M Hanefeld', 'Schwabing Hospital, Munich, 
'Hospital Rudolfstiftung, Vienna, 'Bata Hospital, Zlin, 'Med Acad CG Carus, Dresden 
Aims: Many patients with severe type 2 diabetes do not achieve normoglycaemia even 
with both diet and oral hypoglycaemics. This multinational, double-blind, placebo
controlled study investigated the long-term efficacy and safety of the a-glucosidase 
inhibitor miglitol in patients insufficiently controlled (HbAlc :2:7.5% -:5;10.5%) on 
sulfonylurea (SU) + metformin (MET) therapy. Materials and Methods: Adult 
diabetic patients receiving glibenclarnide 7-20 mg/day + metformin 500-850 mg/day 
were randomized equally (n~77/group) to receive additional miglitol (MIG) or placebo 
for 24 weeks. The miglitol dose was increased stepwise from 25 to 100 mg/day. 
Results: HbA" (%, I h postprandial Fasting plasma 

baseline glucose (mg/dl, glucose (mg/dl, 
adjusted) baseline adjusted) baseline adjusted) 

SU+MET+placebo 8.64 277.0 192.0 
SU+MET+MIG 8.28 242.0 178.0 

Ditftrence p~0.04 p~0.0009 p~O.IO 

Against background sulfonylurea and metformin, miglitol produced greater decreases in 
HbA" and postprandial glucose than placebo. Reduction in fasting blood glucose was 
greater on miglitol but the difference was not statistically significant due to high 
individual variation. There was a trend in favour of miglitol for fasting and postprandial 
triglyceride levels. Adverse events (AEs) were reported by only 10% more patients in 
the SU+MET +MIG group than in the SU+MET +placebo group; most were 
gastrointestinal, mild and not treatment-limiting, and there were no significant changes 
in laboratory parameters or vital signs. 7 patients withdrew prematurely due to AEs in 
the SU+MET+MIG group and 6 in the SU+MET+placebo group. Conclusions: 
Addition of miglitol to SU+MET significantly improves glycaernie control in type 2 
diabetics, largely through reduced postprandial glucose levels, is well tolerated and 
avoids the need to increase the dosages of the background oral therapy. 
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840 
COMPARISON THE EFFECTS OF ACARBOSE ON LOW AND HIGH 
GL YCEMIC INDEX MEALS 
E. Ozer, E. Sencer, I.Satman, N. Din99ag, K. Kar~ldag and M.T. Yllmaz. 
Medical Faculty of Istanbul University, Division of Diabetes, 
Istanbul-TURKEY. 
Aims: The aim of this study was to evaluate the effect of acarbose (100 mg 
single dose) on postprandial glucose rise after 50 g carbohydrates from Corn 
Flakes which has high glycaemic index (Gi:I23) and All Bran which has low 
glycaemic index (Gi:72). Materials and Methods: 10 voluntary type :1 
diabetics (mean chronologie age: 51.l±5.4 yr, mean diabetes duration: 
3.7±2.4 yr, mean BM!: 27.2±3.l kg/m2

, mean HbAlc level 8.5±0.7%) 
consumed low glycemic index meal (LGI, 110 g All Bran with 200 ml milk,) 
and high glycemic index meal (HGI-60 g Corn Flakes with 200 ml milk,) 
with and without acarbose one week intervals, Blood samples taken before 
and at 30th, 60th, 90th, 120th, l80th min. after consuming the test meals within 
10 min. Glucose and insulin levels were analyzed and Incremental Area 
Under the Curve (IAUC) were obtained. Results: The postprandial blood 
glucose increase was significantly lower after the LGI than HGI (p<0.02). The 
addition of 100 mg acarbose to LGI meal significantly reduced IAUC for 
glucose (7125±2096 mg.min/dl, 5146 ± 2310 mg.min/dl, p<0.02). Beneficial 
effects of LGI meal were roughly close to the effects of acarbose when added 
to HGI meal (7125±2096 mg.min/dl., 6l60±1926 mg.min/dl). Conclusions: 
Adding a unique dose acarbose to LGI meal was even much more effective in 
decreasing postprandial serum glucose than HGI meal. We conclude that even 
in highly compliant patients to meal planing with LGI foods, adding an a,

glucosidase inhibitor to meals containing foods with LGI, may result in better 
response in avoiding high glycemic excursions. 
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EFFECT OF 6 MONTHS 
HYPERINSULINEMIA AND 

OF INSULIN THERAPY, ACUTE 
ACUTE HYPERGLYCEMIA ON 

ENDOTHELIAL FUNCTION IN TYPE 2 DIABETES 
S. Vehkavaara, S. M3kimattila, A. Schlenzka, J. Vakkilainen, J. Westerhacka, 
H. Yki-Jlirvinen, University of Helsinki, Helsinki, Finland. 
Aims. The UKPDS suggested that insulin therapy may reduce macrovascular 
events. We examined effects of insulin therapy, acute hyperglycemia and acute 
hyperinsulinemia on endothelial function in type 2 diabetes. 
Materials and Methods. We determined in vivo endothelial function I) before 
and during (at 6 mas) of metformin therapy (MET, n=6) and 2) before and during 
(at 6 mas) of metformin and bedtime intermediate acting insulin therapy (INS 
+MET, n=18). The acute effects of an insulin injection and of ambient glycemia 
were also determined by restudying 7 patients with greatest improvements in 
acetylcholine (ACh) resposes twice, after omission of their bedtime insulin 
injection ( INS-INJ) and after matching glycemia to preinsulin therapy levels 
(GLUC). 26 matched normal snbjects were studied as controls (CONT). In vivo 
endothelial function was determined from blood flow responses to intra-arterial 
infusions of endothelium-dependent (ACh IS Ilglmin) and - independent [sodium 
nitroprusside (SNP) IO Ilglmin] vasoactive agents. 
Results. 
Flow INS + MET MET INS-INJ GLUC 
(mIJdI·min) Before During Before During Yes No 

ACh IS 7.s±Of 10.8±1.6* 8.9±1.4x 9.1±I.Ox IS.Sx±2.2 9.0±I.S* IO.9±2.1 
SNP 10 11.0±O.S 13.0±O.7 10.8±2.0 10.S±2.7 13.6±1.0 12.2±1.0 14.0±1.7 

fP-Glucose 12.7±O.6x 7.3±O.3x* 11.3±1.5x 12.9±1.1 x 7.I±O.6x S.4±O.3x 12.6±O.Sx 
~<O.OS vs CONT, *p<O.OS before vs during and Yes vs No 
The increase in blood flow during infusion of ACh correlated with the increment in 
insulin concentrations during insulin therapy (r=0.49, p<O.OS). 
Conclusions. We conclude that INS + MET improves both endothelium-dependent 
(due to acute hyperinsulinemia), and -independent (due to factors other than 
changes in insulinemia or glycemia) vasodilatation. These data support the idea 
that hyperinsulinemia induced by insulin therapy is beneficial rather than harmful. 

842 
THE EFFECT OF METFORMIN ON SERUM B12 LEVELS . IS THERE 
ANY CLINICAL IMPORTANCE? 
H.Tsaglisl, I.Ioannidis'·2, A. Giakoumaki 3,A.Amantou', N.Komitopoulos', S. 
Georgiou l, E.Varsamis\ N.Katsilambros2 

2nd Opt of Internal Medicine ,Konstantopoulio General Hospital t, 1" Dpt 
Propaedeutic Medicine, Athens University Medical School Laiko Hospital 2 , 

Biochemistry Lab Konstantopoulio General Hospital'. 

Aim: Aim of this study was to evaluate the effect of metforrnin on several 
biochemical and haematological parameters and its possible clinical 
significance. Material and Methods: Twenty four type 2 overweight, newly 
diagnosed, diabetic subjects ( 10 males, 14 females, age 55±12 yrs), started 
treatment with metforrnin 850mg daily after a 3-month diet period. If 
glycemic control was not achieved after one month (HbAlc >7.5% and/or 
FBG >7.0 mmolll) the dose of metforrnin increased to 850mg twice daily. 
Blood samples were collected at baseline and 3 months after the start of 
metforrnin. Paired t-test was used for statistical analysis. Results: Results are 
presented in the table 

Baseline Aller 3 months p 
B12 pmolll 689±274 370+160 0.023 
Folic acid nglml 8.12±6.7 9.2±8.4 NS 
Cholesterol mmolll 6±0.8 5.4±O.7 0.02 
HDL rnmolll 49±14 51±1l NS 
Triglycerides mmolll 2.1±O.8 1.6±O.5 0.003 
Glucose rnmolll 12.4±3.1 7.7±2 0.04 
HbAlc % 9.5±2.8 8.6+1.1 0.03 
Mev fl 90.3±2.6 91.5±2.5 0.001 
Body Weight Kg 96.4±23 93.6±22 0.009 

ConclUSIOns: There IS a statlstl.cally Significant decrement of the serum B" 
levels, which is already present after a three-month treatment. The significant 
drop ofBI21eveis may indicate the need for regular serum B" measurements 
at least in selected patients. 



843 
METFORMIN PROTECTS GLYCOGEN STORES IN LIVER AND 
SKELETAL MUSCLES AGAINST EXERCISE-INDUCED DEPLETION IN 
RATS 
N.Wiernspergerl ,E.C.da Silva', I.J.L. Brito', C.A. da Silva' and A.A. Gon<;alves2 

ILipha-INSERM U.352, Insa-Lyon, 69621. ViUeurbanne, France; 'Dept. 
Physiology & Biophysics, I.B.-UNICAMP, 13083-970, Campinas (SP), Brazil. 

Considering that hypoglycemic drugs may interact with exercise, we studied the 
effects of metfonnin (M) on glycogen storage (GL Y) and glycemia in exercised 
rats. Material and methods: Three month old male Wistar rats were grouped 
(N~ 4) as sedentary (S, SM), exercise-stressed (ES, ESM) and trained (T, TM). 
Training consisted of 12 swimming sessions of 50 min, with 5% of their body 
weight attached to the body. ES rats swam only one. MET (2.2 mg/kg/d) was 
administered in the drinking water. After the last session, samples were taken 
under pentobarbital anesthesia to measure glycemia (mg/dL) and GLY (mg/100 
mg) in liver, soleus, gastrocnemius and left ventricle. Data (mean ± SE) were 
analyzed by two-way ANOVA (ex ~ 0.05). Results: Exercise increased glycemia 
and GLY breakdown in liver and skeletal muscles (P<0.001). MET increased 
GL Y in liver and soleus in S group and. partially, protected these tissues and 
gastrocnemius in ESM group from high hyperglycemia. and related GL Y 
depletion. Training increased GL Y but. interaction with MET was only seen in 
soleus muscle (P<0.05). Conclusion: During exercise MET protected the 
reservoir of GL Y in liver, soleus and gastrocnemius and lowered hyperglycemia. 
Interaction between training and metfonnin was demonstrated for glycemia and 
liver and soleus glycogen. (P<0.05, *ES vs S, # M vs Control, • T,TM vs S, ES, 
ESM). 

LIVER SOLEUS GASTROC. VENTRICLE GLYCEMIA 

S 3.85 ± 0.30 0.25 ± 0.01 0.30 ± 0.05 0.15 ± 0.01 118.8 ± 2.8 
SM 5.17 ± 0.03# 0.34 ± 0.01# 0.38 ± 0.02 0.15 ± 0.01 123.2 ± 3.2 
ES 1.00 ±0.04* 0.14 ±0.02 0.18 ±0.03 0.12 ± 0.01 253.3 ± 4.6* 
ESM 2.67 ±O.IO# 0.22 ±0.02# 0.24 ± 0.02# 0.06 ± 0.01 183.6 ± 3.4# 
T 5.99 ± 0.70. 0.24 ±0.04 0.53 ± 0.09. 0.31 ± 0.03+ 279.6 ± 8.3* 
TM 5.56 ± 0.90. 0.35 ±O.OH 0.45 ± 0.11. 0.28 ±0.02+ 204.4 ± 40.8* 

845 
PREVALENCE OF, AND RISK FACTORS FOR, HYPERLACTAEMIA IN 
METFORMIN-TREATED PATIENTS: THE FREMANTLE DIABETES 
STUDY. 
T. M. E. Davis. D. Jackson. M. Balme and D. G. Bruce. University of Western 
Australia, Department of Medicine, Fremantle Hospital, Fremantle, Western 
Australia. 

Aims: To assess the prevalence and effects of, and risk factors for, hyperlactaemia 
complicating metformin therapy in type 2 diabetes. 
Materials and Methods: The fasting plasma lactate was measured in 184 
metformin-treated patients with type 2 diabetes aged 37.5 to 83.8 years. All were 
participants in the Fremantle Diabetes Study, a prospective community-based study 
of diabetes care, control and complications. and represented approximately 10% of 
all patients with type 2 diabetes identified in a postcode-defined multi-ethnic urban 
population of 120,097. 
Results: All patients were taking metformin in doses ranging from 250 mg to 
5,100 mg daily. 31.5% were on metformin alone, 61.5% were also taking a 
sulphonylurea drug and 7.0% were on metformin and adjunctive insulin therapy 
with or without a sulphonylurea. The fasting plasma lactate (mean ± SD; I. 97 ± 
0.70 1D1DollL) was normal «2.0 1D1DollL) in 59.2% of the sample, between 2.0 and 
3.0mmollL in 34.2%, from 3.0 to 4.0 mmollL in 5.4% and >4.0 1D1DollL in 2 
patients (l.l %). In a linear regression model with plasma lactate as the dependent 
variable, each of body mass index, plasma glucose, HbAI, (inversely), serum 
creatinine> 125 fllllollL and a metformin dose> 1,500 mg/day were Significantly 
and independently associated with the fasting plasma lactate (P<0.032). Age, 
duration of diabetes and use of diabetes treatment other tllll11 metformin were 
variables entered into, but excluded froIll, the model. There was a sigrtificant 
positive association between plasma lactate and pulse rate (~0.008) and a weak 
inverse correlation with the serum bicarbonate (~0.063). 
Conculsions: I. Hyperlactaemia is common in metformin-treated type 2 diabetic 
patients in the c01D1Dunity and may have measureable effects. 2. Overweight, renal 
impairment and higl\ doses of metformin are associated with hyperlactaemia. 3. 
Glycaemic control may have a complex relationship with plasma lactate. 4. 
Regular monitoring of plasma lactate may be advisable in patients receiving 
metformin regardless of age and concomitant antidiabetic therapy. 

844 
EFFECf OF METFORMIN ON SERUM LEPTIN IN OBESE NIDDM PATIENTS 

MEl Gayar, N Shereba, R Botros and R FUay 
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Department of Internal Medicine, Ain Shams University, Cairo, Egypt 
Background: Leptin is a polypeptide hormone secreted by the adipocyte, and is one 
of the central regulators of body weight homeostasis. Human obesity and type-2 
diabetes are associated with insulin resistance. Metfonnin in an antibyperglycemic 
agent which acts by improving insulin sensitivity andlor promoting modest weight 
loss. Objective: To explore insulin-leptin interrelation in the context of diabetic 
control under short -term use of metformin. Study Design: Prospective case-<:ontrol 
study conducted on 20 obese women with NIDDM, treated for 1 week with 
metfonnin 1500 mg qd, withont diet modification. Fasting and post-prandial blood 
glucose, and fasting plasma insulin and leptin were measured before and after 
treatment. Baseline parameters were measured in 2 control groups; 10 lean non
diabetic women and 10 obese non-diabetic women. ~ Fasting leptin was 
sigrtificantly higher in obese diabetics (24.87 ± 20.87 ng/mI) and obese non
diabetics (13.74 ± 10.65 ng/mI) compared to lean non-diabetics (2.74 ± 1.54 
ng/mI)(p < 0.001). Fasting insulin was significantly higher in obese diabetics 
(14.68 ± 7.14 mU/mI) and obese non-diabetics (7.00 ± 2.94 mU/mI) when 
compared with lean non-diabetics (4.75 ± 1.55 mU/mI)(p < 0.05). There was a 
sigrtificant positive correlation between basal serum leptin and insulin (r ~ 0.6166, 
P < 0.001). Plasma leptin correlated positively with BMI (r ~ 0.5954, P < 0.001». 
After one week of metfonnin treatment, obese diabetic women had sigrtificant 
improvement in glycemia and significant reduction offasting serum insulin and 
leptin levels. Fasting plasma glucose dropped from 205.55 ± 89.77 mg/dl to 
174.10 ± 85.69 mg/dl (p < 0.001). Poslprandialplasmaglucosedroppedfrom 
257.75 ± 98.44 mg/dl to 213.15 ± 99.72 mgldl (p < 0.001). This was accompanied 
by lowering of basal plasma insulin from 14.68 ± 7.14mU/mito 10.53±6.16 
mU/mi (p < 0.01) and leptin from 24.87 ± 20.87 ng/mi to 15.09 ± 9.94 ng/mi (p < 
0.01). Conclusion: I) Human obesity in Egyptian individuals is a hyperleptinemic, 
leptin-resistant state. 2) Serum leptin positively correlates with BMI and serum 
insulin levels. 3) Metfonnin therapy in type-2 diabetes improves insulin sensitivity 
independent of weight reduction. 4) Metformin therapy is associated with 
reduction in serum leptin level independent of weight reduction. 5) To address 
leptin as a link between obesity and insulin resistance needs further exploration. 

846 
EVALUATION OF LACTIC ACIDOSIS RISK IN PATIENTS TREATED WITH 
MAXIMUM DOSAGE OF METFORMIN 
J. Silva-NlIDes, J. Alves, P. Bogalho, L. Gardete-Correia and J. Nunes-Correa .. 
Curry Cabral Hospital, Lisbon, Portugal. 
Metformin is not only able to control glycaemic levels in type 2 diabetics, but also 
improves other factors of the insulin resistance syndrome. The risk of lactic acidosis 
has attracted new attention since its reintroduction in the American market. Aims : 
Evaluate changes in the acid-basis equilibriwn and in the levels of lactacidaemia in 
obese patients treated with 2550 mg/day of metformin. Materials and methods: 
We compared two groups of obese patients, treated with maximum dosage of 
metformin, with a control group of 25 untreated obese non-diabetic patients 
Group 1 - 22 obese patients (20 females, age 38±l2 years, BMI~35.0±4.5 Kg/m', 
waistlhip ratio~0.85±O.08) ; Group 2 - 25 obese type 2 diabetics (20 females, age 
55±9 years, BMI~34.1±5.2 Kg/m', waistlhip rati~0.96±O.08) ; Group 3 - 25 
untreated obese non-diabetic patients (21 females, age 38±9 years, BMI~36.5±7.1 
Kg/m', waistlhip ratio~0.88±O.I). Patients with renal or hepatic pathology or with 
any condition which may cause hypoxia were excluded as weU as women in their 
fertile age not using anticonceptional methods. Patients were treated for at least 3 
(3 to 36) months and after 10 hours fasting, blood was collected in the radial artery 
and pH, lactate, anionic gap, bicarbonate, arterial blood pressures of carbon dioxide 
(pCo,) and oxigen (pO,) were detennined. Results: We found no abnornlal pH or 
lactate values in any patient. There were no sigrtificant differences between the 3 
groups in pH or lactate but we found sigrtificant differences in anionic gap, 
bicarbonate, po, and pCo,. Group 2 had higher levels of bicarbonate (p=0.01), 
anionic gap (p<0.005) and pCo, (p=0.05) and lower levels of po, (p<0.0001) than 
the other two groups; these parameters were correlated with age. No relationship 
was found between age or treatment duration and pH or lactate levels. Conclusions: 
We conclude that there is no sigrtificant risk of lactic acidosis during treatment 
with maximum dosage of metfonnin, provided that contraindications are duly 
observed. 
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847 
COMBINED METFORMIN AND INTENSIVE INSULIN THERAPY IN 

SEVERELY OBESE TYPE 2 DIABETIC PATIENTS 
A Fritsche, R.-M. Schmiilling, H.U. Haring and M. Stumvoll. Medizinische 
K1inik IV, Universitiit Tiibingen, Gennany. 
Aims: We examined the effect of adjunct metfonnin on metabolic control, 
body weight and insulin secretion in severely obese type 2 diabetic patients 
pretreated with intensive insulin therapy. Materials and Methods: The study 
had a randomized, doubleblind crossover design. 13 obese type 2 diabetic 
patients (51 ± 9 years old, BMI 39 ± 3.9 kglm2) in suboptimal glycaemic 
control pretreated with intensive insulin therapy were assigned to either 
metfonnin or placebo for 10 weeks after a two week run-in period. After a 
two week wash-out period they received the opposite treatment for 10 
additional weeks. An oral glucose tolerance test with insulin and C-peptide 
detennination was perfonned before and after each treatment period. 
Results: During metfonnin treatment HbAlc decreased from 8.5 ± 0.4 to 7.5 

± 0.3% (p=0.009) while during placebo HbAlc improved only marginally 
from 8.1 ± 0.4 to 7.6 ± 0.3% (p=O.l8). Total exogenous insulin decreased 

from 53 ± 10 to 35 ± 7 U (p=0.006) during metformin treatment. Changes in 
fasting insulin levels during placebo and metformin were not different 
(p=O.lI). Metformin had no effect on body weight and on serum triglycerides 

but decreased serum cholesterol levels from 239 ± 18 to 211 ± 14 mg/dl 
(p=0.005). During the oral glucose tolerance test the area under the curve for 
C-peptide increased during metformin (p=0.04) while no differences were 
observed for glucose and insulin. Conclusions: Addition of metformin to 
intensive insnlin therapy in severely obese type 2 diabetic patients improves 
glycaemia but not hyperinsulinaemia in comparison to intensive insulin 
therapy alone. With adjunct metformin -30% less exogenous insulin is 
required. With respect to glycaemia and lipids, adjunct metfonnin can be a 
reasonable treatment alternative in patients with type 2 diabetes already on 
intensive insulin therapy. 

849 
CONTINUOUS SUBCUTANEOUS INSULIN INFUSION IN TYPE I 
DIABETES: INSULIN-SPARING EFFECT OF METFORMIN. 
L. Meyer, I. Delbachian, P. Lehert, N. Cugnardey, P. Drouin and B. 
Guerci. Service de DiaMtologie, CIC-Inserm-H6pital J. d'Arc, CHU de 
Nancy, France. 
Aims: The effect of metformin (850 mg twice a day) was studied when 
added to insulin therapy in 62 patients previously treated for at least one 
year with continuous, subcutaneous insulin infusion (CSII). Methods: This 
study was a monocenter double blind placebo controlled parallel groups 
randomized trial of 6 months duration. Examinations took place every 2 
months. Statistical analysis was performed using AnCova under the 
intention to treat principle. Results : Patients in the metformin group 
(M, n=31) were not significantly different from those in the placebo 
group (P, n=31) with regard to sex ratio: 14FI17M vs 1 IF/20M, age: 
39.9±12 vs 41.1±1O years, BMI: 26A±4.6 vs 25.8±3.6 kg/m', HbAlc: 
7.5±0.8 vs 7.5±0.7% (mean±sd). At baseline, there was no difference in 
~otal.insulin mean dose (M vs P): 0.73±0.20 vs 0.72±0.20 U/kg/day, basal 
msuhn dose: 0.30±O.14 vs 0.27±0.08 U/kg/day, bolus dose: OAI±0.13 vs 
OA4±0.15 U/kg/day. Throughout the study period, BMI and HbAlc 
remained unchanged in both groups. Compared to baseline, total insulin 
dose at 6 months was reduced in M (mean-CI): -8.0% (-14 ; -2) vs +2.0% 
(0 ; +4.5) (p=0.005). Basal insulin dose was also reduced in M: -8.0% (-16 
; 0) vs +9.0% (0 ; +18) (p=0.015) whereas bolus dose was not 
significantly modified: -5.0% (-10 ; 0) vs + 0.0% (-7 ; +7) (p=0.08). 
Hypoglycemias « 3.3 mMlL) were also reduced in M: 2.36±2.51 vs 
3.26±2.75 events/patient/month (p=0.04). 3 patients in the metformin 
group presented minor digestive symptoms leading to interruption of the 
trial. Conclusion : These results suggest an insulin-sparing effect of 
metfonnin in type I diabetes mellitus treated with CSII. 

848 
METFORMIN'S BENEFICIAL EFFECT ON IMPAIRED 
GL YCOREGULATION IN CHRONIC GLUCOCORTICOID THERAPY 
K. Vondra, AKot'atkova, B.Bendlova, D.Ntmcova, J.VIbikovaand VZamrazil, 
Inst.ofEndocrlnology and Charles Univ. School od Medicine L Prague,Czech Rep. 
Aim:To test the possible effect of metfonnin ( M) on deviatioDS in glycoregulation 
induced by glucocorticoid ( Ge) administration. Patients. methods: II girls 
(16 -19 yrs old) on long-term Ge therapy for chronic connective tissue inflammation 
were examined, in addition to glucose tolerance, for hormones involved in 
glycoregu1atioo before and 6 months after M athninistratioo ( 1000 mglday). The 
daily dose of Ge, prior to the study, was 6.7 mg prednisone/day in average 
and 7.1 mg duriog the study. Results: Baseline after M therapy P 
BMI,kglm2 20.6+3.4 20.7+3.7 DS 
HbAlc,%,AbbottIMx 6.9+1.2 6.1+0.6 DS 
fasting glucose, mmol/l 4.3+ 0.52 4.4+0.43 DS 
fasting insulin, mIUn, IRMA 12.8+14.5 8.5+5.3 < 0.05 
fasting proinsulin, pmol/l, ELISA 3.37+2.46 1.25+0.94 < 0.001 
fasting C-peptide, nmol/l, IRMA 0.82+0.41 0.85+0.47 DS 
fasting glucagon, pmol/l, RIA 41.1+17.1 26.6+11.7 < 0.01 
fasting insuIin/fasting glucose (fiff g) 2.98+ 1.32 1.93 +1.81 < 0.05 
fasting insuIin/fasting proinsulin (f iff pi) 5.3+5.6 12.8+13.9 < 0.05 
HOMA-resistence 2.40+2.54 1.68+1.12 <0.05 
HOMA -secretion 332+256 206+107 < 0.05 
x + SO, Wilcoxon paired tests. Conclusions: Six-month administratioo of 1000 mg 
ofM was associated with: a) a decrease in insulin resistance (IR ) as 
documented by a sigoificant fall in the fasting levels of insulin , proinsulin aod also 
in the HOMA resistance and f iff g indexes. The decrease in HOMA secretion 
and the significant rise in the calculated index f iff pi during M therapy suggests 
a beneficial modulation of compensatory insulin hypersecretion while IR declined 
b) a marked decrease in fasting glucagon ( which typically rises during Ge therapy ). 
c) M was well tolerated and led to HbAic normalization in all patients without 
a diet modificatioDS.Supported by IGA grant 4849 - 3 

850 
EFFECTS OF TROGLITAZONE AND METFORMIN ON GLUCOSE 
METABOLISM, PLASMA LEPTIN AND E-SELECTIN IN TYPE-2 
DIABETES. 
OF. WAGNER, A. KAUTZKY-WILLER, B. LUDVIK, W. WALDHAUSL, 
G. PACINI and R. PRAGER. Vienna, Austria and Padova, Italy. 
Ai ms: Troglitazone (T) and metformin (M) have been shown to improve glucose 
control by increasing insulin sensitivity. We intended to compare the effects of these 
two drugs on insulin secretion and sensitivity, on body weight and plasma leptin, and 
on the endothelium specific soluble adhesion molecule E-Selectin in early Type-2 
diabetes. Methods: Insulin secretion was evaluated by an oral glucose tolerance test 
(ooT!) combined with a mathematical model. 16 patients on diet therapy (age: SS.3± 
2.0 yr: BMI: 27.S± 1.9 kg/m'; HbAlc: 8.5±0.3 %; WHR: 0.97±0.02; blood pressure: 
122.3±5.1179.5±4.1 mmHg) underwent a 75g 3br OGrr for measurement of plasma 

Iglucose, insulin, proinsulin, C-peptide,leptin and plasma E-Selectin before and after 
administrationofraodomly givenM (n=6; 1700 mg per day) orT (n=lO; 600 mg per 
day). After 16 weeks of oral treatment, a second OGrr was performed to reevaluate 
glucose tolerance. Insulin sensitivity was determiued by evaluating the dynamic area 
under the curve (AUq of glucose and insulin, while B-cell secretion parameters were 
determined by analyzing data with a mathematical model (AJP 270: E522, 1996). 
Results: After treatment, insulin sensitivity improved as indicated by a marked 
reduction in glucose AUC (M: 45.0±6.4 vs. 53.4±S.9 M.3h, p=O.OI; T: 41.9±3.4 vs. 
SI.2+4.0 M.3h, p=0.008) in spite of a similar insulin AUC (M: 36.6± 8.4 vs. 49.3± 
14.1 nM.3h and T: 4S.5±7.3 vs. 48.5±6.5 nM.3h, NS). Total insulin secretion and 
plasma proinsulin tended to decrease in all patients, while basal insulin secretion ouly 
decreased in patients on T (SS.3±7.0 vs. 67.1±8.3 pM, p<0.03). Although no change 
in BM! and ouly a marginal decrease in plasma leptin (6.9±1.0 vs. 8.1±0.8 ng/mI, NS) 
was observed, WHR was slightly lower in both groups after therapy (O.93±0.OO2, 
p<O.OS). E-Selectin decreased significantly (p<O.OS) only in patients on T therapy 
(41.2±2.3 vs. 49.9±6.1 ng/mI). Conclusions: Both drugs improved glucose control 
to a similar extent without affecting body weight or plasma leptin. E·selectin was 
related to glucose metabolism and decreased in T after therapy potentially indicating 
improved endothelial function. As basal insulin secretion was only lowered in patients 
on T treatment, this drug seems to have a more pronounced effect on insulin sensitivity, 
while M might also act by other mechanisms. 
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LOW-DOSE ROSIGLITAZONE ENHANCES GLYCEMIC CONTROL WHEN 
COMBINED WITH SULFONYLUREAS IN TYPE 2 DIABETES 
~. GOmisi, N.;. Jones', S.E. Vallance' and R. Patwardhan', iBarcelona, Spain; 
Harlow, UK; Collegeville, PA, USA 

Aims: To investigate the efficacy of low doses of rosiglitazone (RSG) when added to 
sulfonylurea (SU) therapy in type 2 diabetes (T2D). Materials and Methods: Six
month, randomized, double-blind study of 574 T2D patients receiving RSG (2 or 4mg 
as 2 divided doses) or placebo (PBO), in addition to SUo All patients had been taking 
gliclazide, glibenclamide, or glipizide for 2:6 mos. Results: RSG produced clinically 
and statistically significant reductions in HbAle and FPG, with greatest effects at 
4mg/d. Improvements in HbAlc were the same, regardless of the SU used. Decreases 
in FFA (c.15%) and increases in HDL (c.lO%) and LDL (c.5%) were seen with RSG 
4mgld. The overall incidence of adverse events was similar in all 3 groups, with no 
significant hypoglycemia or hepatotoxicity. Conclusions: RSG 4mg/d is safe, well 
tolerated, and effective when added to SU therapy. Its benign safety profile at 4mg/d 
supports the investigation of higher doses of RSG in combination with SUs. 

SU Alone SU + RSG SU + RSG 
2mg!d 4mg/d 

(n-192) (n-199) (n-183) 
HbAlc(%) 
Mean baseline 9.2 9.2 9.2 
Mean A from baseline±SD +0.2±1.I1 -0.5*±1.05 -0.9*±1.I0 
Difference from SU alone NA -0.6* -1.0* 
% with reduction ;;::0.7% 19% 39%t 60%t 
FPG (mmol/L) 
Mean baseline 11.5 11.3 11.4 
Mean A from baseline±SD 0.3±2.7 -0.9*±2.7 -2.1*±2.6 
Difference from SU alone NA -1.3' -2.4* 
% with reduction ~1.7mmollL 21% 38%t 56%t 
*P<O.OOOI; tP<O.OOOI for comparison with SU alone 

853 
THE EFFECT OF PIOGLITAZONE ON GLUCOSE CONTROL AND LIPID 
PROFILE IN PATIENTS WITH TYPE 2 DIABETES 
A.L.Mathisen, R.Schneider, C.Rubin, V.Houser, Pioglitazone 026 Study Group, 
Princetou, NJ, USA. 
Aims: To study the effect of pioglitazone (PIO), a new thiazolidinedione, on glucose 
control and lipid profile in patients with type 2 diabetes. Materials and Methods: 
This was a multicentre, double-blind, placebo-controlled study. Patients entered a 1-
week screening period followed by a 5-week single -blind placebo lead in. Patients 
were then randontised to PIO 30 mg (n=lOl) or placebo (n=96) for 16 weeks. 
Baseline values, least square mean change from baseline (A baseline) and least 
square mean change from placebo (ll placebo) are reported. Responders were 
defined as ~0.6% decrease in HbAlc or decrease in fasting blood glucose (FBG) of 
~30 mg/dl. Results: 

Treatment Baseline A baseline A placebo 
HbAlc(%) P 10.28 0.76' 

PIO 10.54 - 0.60* 1.37** 
FBG(mg/dl) P 270.1 7.7 

PIO 272.6 -49.8* -57.5** 
Triglyceride (TG) (mg/dI) P 335.1 -18.5 

PIO 400.4 -103.8* -85.2** 
HDL-cholesterol (mg/dl) P 39.3 0.3 

PIO 37.7 5.3· 5.0'* 
·p:S;0.05 vs baseline (paired t-test); *·p:s;0.05 (Dunnett's test) 
PIO significantly reduces HbAlc and FBG. Furthermore a greater number ofPIO 
patients were classified as responders in terms ofHbAlc (48% vs 11%) and FBG 
(61% vs 23%). In addition fasting TG levels were significantly decreased while 
HDL-cholesterollevels were significantly increased in response to PIO. Total and 
LDL-cholesterollevels were not significantly different from placebo. Conclusions: 
PIO monotherapy improves glycaemic control and lipid profile in patients with type 
2 diabetes. 
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852 
ROSIGLITAZONE DOES NOT MARKEDLY ALTER CYP3A4-MEDIATED 
DRUG METABOLISM 
K.A. Thompson, A.K. Miller, A.M.L. Inglis, S. Patterson, D. Jorkasky, and M.1. 
Freed, Philadelphia, PA, USA 
Aims: Over 150 drugs are known to be metabolized by CYP3A4. The effect of 
therapeutic doses of RSG, a potent thiazolidinedione, on the pharmacokinetics (PK) 
of three CYP3A4-metabolized drugs--nifedipine (N) and the oral contraceptive (OC) 
constituents ethinylestradiol (EE) and norethindrone (NE}--was studied in 2 placebo 
(PBO)-controlled studies. Materials and Methods: Studies followed a randomized 
cross-over design. In the OC study, 34 women received 2 consecutive cycles of OC 
(EE 0.035mg, NE Img) with concomitant RSG 8mg once daily (od) or PBO for the 
first 14 days of each cycle. PK sampling was performed on day 14. In the N study, 28 
men received a single oral dose ofN (20mg) or RSG 8mg od x 14d + a single dose 
ofN on day 14. PK sampling was performed over the 24 hours following the N dose. 
Dosing cycles were separated by a 14-day washout period. Lack of PK effect was 
prospectively defmed if the 90% confidence interval (CI) was contained within a 
predefmed equivalence range. Results: Coadministration of RSG resulted in no 
clinically significant changes in the PK of EE, NE, or N. Conclusions: RSG does 
not significantly alter the metabolism ofN or the OC constituents EE and NE Thus 
RSG is not expected to interact significantly with drugs metabolized by the c~mmo~ 
CYP3A4 pathway. This further supports the results found in rosiglitazone in vitro 
and animal studies. 
Mean (SD) Pharmacokinetic Parameters 
Ethinylestradiol RSG+ OC PRO +OC PE (90% CI) 
AUC(0-24) (pg·hlml) 1126 (386) 1208 (404) 0.92 (0.88, 0.97) 
Cmax (pg/ml) 123 (42) 130 (47) 0.95 (0.88, 1.02) 
Norethindrone RSG+ OC PBO+OC PE (90% el) 
AUC(0-24) (pg·hlml) 178 (67) 171 (62) 1.04 (1.00, 1.07) 
Cmax (pg/ml) 21.5 (6.7) 22.1 (6.8) 0.97 (0.91, 1.03) 
Nifedipine N RSG +N PE (CI) 
AUC(O-=) (ng-hlml) 338(135) 298(110) 0.87 (0.79, 0.96)' 
Cmax (ng/ml) 137+86 138+88 0.99 (0.68, 1.43)! , , 90Y, CI, 95Y, CI 

854 
ROSIGLITAZONE IS EFFECTIVE AND WELL TOLERATED IN 
PATIENTS ~65 YEARS WITH TYPE 2 DIABETES 
K.L. Beebe, Collegeville, PA, USA 
Aims: To review evidence of the efficacy and safety of rosiglitazone (RSG) in 
type 2 diabetes mellitus (T2DM) patients ~65 years of age. Materials and 
Methods: Pooled data from two randomized, double-blind, placebo (PBO)
controlled studies of RSG as monotherapy for T2DM. Results: In two 26-week 
trials, RSG 4mg/d and 8mg/d produced similar treatment effects on fasting 
plasma glucose (FPG) and HbAlc in patients <65 years and in those ~65 years, 
with decreases up to 4.4 mmoVL FPG and up to 1.6 percentage points HbAlc in 
patients receiving 8mg/d. Of 2,526 patients who have received RSG 
rnonotherapy in double-blind studies, 33% were ~65 years. Among these 
patients, the incidence of adverse events (AE) was similar to that reported in 
patients <65 years. Edema occurred in 3.5% of patients <65 years and 7.5% of 
patients ;:::65 years on RSG alone and in up to 1.7% of patients on PBO. Anemia 
occurred in 1.7% and 2.5% of patients <65 and 2:65 years, respectively, on RSG 
alone and in up to 1 % of patients on PBO. Hypoglycemia occurred in <1 % of 
patients on RSG monotherapy, regardless of age. Conclusions: RSG 
monotherapy is effective, safe, and well tolerated in older patients with T2DM. 

Incidence of Adverse Events 
RSG Monotherapy Placebo 

<65 ~65 <65 ~65 
Adverse Event (n=1694) (n=832) (n=404) (n=197) 
Upper respiratory infection ll.l% 7.6% 9.4% 7.1% 
Injury 7.7% 7.5% 4.7% 3.6% 
Urinary tract infection 3.2% 4.9% 2.7% 3.6% 
Back pain 3.7% 4.7% 3.2% 5.1% 
~erglycemia 3.7% 4.4% 5.4% 6.1% 
Headache 6.7% 4.2% 5.0% 5.1% 
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855 
PIOGLITAZONE HAS LOW POTENTIAL FOR DRUG INTERACTIONS 

J.M.Kortboyer and DJ.A.Eckland. Takeda Europe Research and Development 

Centre, London, UK 

Aim: Pioglitazone (PIO) is an effective antihyperglycaemic agent for the treatment 

of type 2 diabetes. It is highly protein bound to albumin. In vitro studies have 

shown no inhibition of cytochrome P450 isoenzyme by PIO. The aim of this study 

was to investigate the influence of PIO on the phannacodynamics and 

pharmacokinetics of drugs commonly prescribed for the treatment of type 2 

diabetes, and associated complications. Materials and Methods: PIO (single and 

repeat doses of 45 mg/day) was co-administered with warfarin, phenprocoumon, 

glipizide, metfonmn or digoxin in healthy volunteers. Results: PIO caused no 

significant pharmacokinetic or pharmacodynamic changes in the co-administered 

drug. Furthermore, co-administration ofPIO with any of these drugs was safe and 

well tolerated. PIO undergoes extensive hepatic metabolism by hydroxylation of 

aliphatic methylene groups, predominantly via the cytochrome P450 isoenzymes 

CYP3A4, CYP2CS/9 and CYPIAI/2. R-warfarin and its active enantiomer S

warfarin are metabolised by CYPIAI/2 and CYP2C9, respectively. The 

phannacokinetic profiles ofR-warfarin and S-warfarin were unaffected by repeat 

doses of PIO. This suggests that the drug neither inhibits nor induces these P450 

enzymes. Exposure of healthy volunteers to PIO had no effect on urinary 6-beta

hydroxycortisoVcortisol ratio (a generally accepted marker of CYP3A4), suggesting 

that CYP3A4 is not induced. Conclusion: These data suggest PIO does not effect 

the phannacokinetics and pharmacodynamics of warfarin, phenprocoumon, 

glipizide, metformin or digoxin, and does not appear to induce or inhibit the P450 

isoenzyme system. PIO has only a very small potential for drug interactions in 

patients with type 2 diabetes. 

857 
GEN:lER IlFFEROCE IN PRCMOTI()IJ a= SUBCUTAl\EQJS FAT ACCUMULATI()IJ 

WITH LONG-TERM TROGLfTAZONE TREATMENT 

Y. Mori, N. Kurokawa, H. Komiya, H. Horikoshi, J. Yokoyama, N. Tajima and 

Y. Ikeda. Dept. of Int. Med., Higashi-Utsunomiya Hospital, Utsunomiya, Japan 

Ai ms: We recently reported that trogitazone prcrnoted fat accumJation in 

subcutanerus r ather than vi scer al ad pose ti ssue. 01 the other hand, it is 

well known that there is gender dfference in body fat dstrirution. In the 

present study, we exanined gender dfference in the effect of trogitazone on 

body fat dstrirution. Materials and Methods: Forty- one type 2 dabetes 

patients with poor gycerric contra , were acmnistered trogitazone at a 

dose of 400 mglday for 12.5 ± 5.5 months. At the start of trogitazone 

tr eatment, 22 (ei ght mal e and 1 3 femal e) pati ents wer e tr eated tJy d et 

alone (T !1a.p) , and the others (10 males and nine females) with 

gibenclanide at a dose of 2.5 to 7.5 mglday (SU+ T !1a.p). BMI, HbAl c 

and body fat dstrirution, deternined tJy abOOrrinal CT at the lJI'Tblical level, 

were corrpared before and after trogitazone treatment. Resul ts: With 

trogitazone treatment, HbAl c levels decreased and BMI increased in both 

genders of the T!1a.p and in females of the SU+ T!1C4J. Concerning body fat 

dstrirutioo in the T !101.4J, visceral fat area (\!FA) was unchanged, 
subcutanerus fat area (SFA) increased significantly in males (138.5 ± 

68.0"163.6 ±78.6, p<O.OS) and in females (23S.7±83.6"284.2 ± 

100.2, p<0.0001). The increase in SFAwas more marked in females than 

in males. In the SU+ T group, \!FA was unchanged, SFA increased siginificantly 

only in females (224.1 ± 116.8" 270.8 ± 145.4, p<O.OS). Sig-ificant 

correlations between the decrease in fbA.l c and the increase in BMI and SFA 

were oI:5erved in this !1a.p. Conclusions: Sex hormone night contrirute 

to prcrnotion of subcutanerus fat accumulation with trogitazone and to 

troglitazone-mediated amelioration of insulin resistance. 

856 
ROSIGLITAZONE IS EFFECTIVE IN BOTH OBESE AND NON-OBESE 
PATIENTS WITH TYPE 2 DIABETES 
H Cranmer,! NP Jones! and R Patwardhan,' !Harlow, UK; 'Collegeville, PA, USA 
Aims: To evaluate the efficacy of rosiglitazone (RSG) in obese and non-obese 
patients with type 2 diabetes (T2D). Materials and Methods: Data was pooled 
from 3 multicentre, double-blind studies of RSG used as mono therapy for T2D, 
in which a total of 19S5 patients previously treated by diet and exercise, or oral 
hypoglycaemic therapy, had evaluable fasting plasma glucose (FPG) & Body 
Mass Index (BMI). In these studies, patients had been randomised to receive: 
RSG 4mg, Smg or glibenclamide (glyburide) (1 study); RSG 4mg, Smg or 
placebo (2 studies). The change from baseline in FPG after 6 months' treatment 
was analysed according to BMI category (obese: BMI 2:27kg·m·2

; non-obese 
<27). Results: Are tabulated below: 

Change in FPG (roM) after 6 months' treatment (last observation carried forward) 

Obese (BMI 2:27 kg·m·') Non-obese (BMI <27 kg·m·') 

N Mean±SE N Mean± SE 

Placebo ! 227 +0.76 ± 0.20 103 +0.67 ± 0.33 

RSG4mg/day 532 -204 ± 0.12 195 -1.34 ± 0.19 

RSG Smg/day 515 ·2.S6 ± 0.13 210 ·2.46 ± O.IS 

Glibenclamide 124 -2.51 ±0.22 79 -2.52 ± 0.26 

Conclusions: Although insulin resistance tends to be greater in obese patients. 
these results demonstrate that the insulin sensitiser RSG is effective in improving 
glycaemic control both in obese and non-obese patients with type 2 diabetes. 

858 
ROSIGLITAZONE DECREASES INSULIN RESISTANCE AND IMPROVES 
BETA-CELL FUNCTION IN PATIENTS WITH TYPE 2 DIABETES 
D.R Matthewsl

, A. Bakst2, W.M. Weston2
, and P. Hemyare, I Oxford, UK; 

'Collegeville, PA, USA 
Aims: To assess the effect ofrosiglitazone, a potent member of the thiazolidinedione 
class of drugs, on insulin resistance and beta-cell function in patients with type 2 
diabetes mellitus. Materials and Methods: Using data from three trials of 
rosiglitazone as mono- or combination therapy, a homeostasis model assessment 
(HOMA) was performed using fasting plasma glucose and insulin following 26 
weeks' treatment. The effect of rosiglitazone administered alone or in combination 
with sulfonylureas (SU) or metformin (MET) was determined. Results: 
Rosiglitazone alone or in combination with SU or MET significantly reduced insulin 
resistance relative to baseline whilst improving beta-cell function. In contrast, there 
was a worsening of both indices in patients treated with placebo, and insulin 
resistance increased in patients treated with SUo In addition, MET alone did not 
improve insulin resistance or beta-cell function. Conclusions: Rosiglitazone 
monotherapy or in combination with SUs or MET decreased insulin resistance and 
improved beta-cell function in patients with type 2 diabetes mellitus. 

Regimen,n I Mean Change in 0)1 Mean Change in Beta-
Insnlin Resistance*(% Cell Function*(%) 

Placebo, 158 +7.9 (1)=.078) -4.5 (1'=.32) 
RSG 2mglbd,166 -16.0 (P<.OOOOI) +49.5 (P<.OOOI) 
RSG 4mgn,d, 169 -24.6 (P<.OOOOI) +60.0 (P<.OOOI) 
SU,192 +15.0 (P<.04) +8.6 (P<.04) 
RSG Imglbd+SU, 198 -2.6 (P<.50) +22.8 (P<.OOOI) 
RSG 2ml!ibd+SU, 183 -17.4 (P<.OOOOI) +72.0 (P<.OOOI) 
MET, 113 +0.46 (1'=.89) +0.75 (1'=.85) 
RSG 4mg/od+MET,115 -3.2 (1'=.75) +40.3 (1'=.0018) 
RSG 8m~od+MET, 109 -20.4 (1'= .00 17) +94.2 (1'=.04) 
'at week 26; RSG: rosiglitazone 



859 
ROSIGLIT AZONE REDUCES PLASMA INSULIN & ITS PRECURSORS WHILE 
DECREASING GLYCAEMIA IN TYPE 2 DIABETICS 
N.P. Jones l , B. CharbonneP, F. LOnnqvist3, S. Owen' and R. Patwardhan4, 'Harlow, 
UK; 'Nantes, France; 'Huddinge, Sweden; 'Collegeville, PA, USA 
Aims: Examine the effects of rosiglitazone (RSG) on insulin, proinsulin and 32-33 
split proinsulin, which are disproportionately elevated in type 2 diabetes and which 
are indicative of {3-cell dysfunction. Materials and Methods: RSG (4mg and 8mg, 
given in 2 divided doses) was compared to optimally titrated glibenclamide 
(glyburide) (GLB) in 587 type 2 diabetics in this 12-month randomised, double-blind 
study. Results: RSG 4mg (-6.2pmoUL) and 8mg (-12.5pmoUL) reduced mean plasma 
insulin (both p<O.OOOI), whereas GLB (+14.6pmoUL) increased plasma insulin 
(p<O.OOOI) compared with baseline. All three treatments decreased mean fasting 
plasma glucose: -1.4, -2.3 and -J.7mmoUL for RSG 4mg, 8mg and GLB, respectively 
(each p<O.OOOI compared with baseline). RSG 8mg was superior to GLB in lowering 
FPG (p<0.05) and equivalent to GLB in reducing HbAlc. RSG also reduced the 
insulin precursors proinsulin (-2.9 & -4.6pmoUL for RSG 4mg & 8mg, respectively; 
each p<O.OOOI) and 32-33 split proinsulin (-5.0 & -9.lpmoUL respectively; each 
p<O.OOOI), and these decreases were proportionally greater than the reductions in 
insulin. GLB increased proinsulin (+5.0pmoUL; p<O.OOOI) and 32-33 split proinsulin 
(+2.9pmoUL; p<O.OOI), and these were both significantly different from the two RSG 
groups (each p<O.OOOI). Conclusions: As well as improving glycaemic control, RSG 
causes a significant dose-related reduction in insulin and proportionally greater 
reductions in proinsulin and 32-33 split proinsulin, whereas GLB increases these 
parameters. These results indicate that the insulin sensitiser RSG may reduce ~-cell 
stress while decreasing insulin resistance. 
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ROSIGLITAZONE IS EFFECTIVE IN POORLY CONTROLLED TYPE 2 
DIABETES PATIENTS 
B. Goldstein l and A. Salzman', IPhiladelphia, PA; 'Collegeville, PA, USA 
Aims: To evaluate the efficacy of rosiglitazone (RSG) in patients with poorly 
controlled type 2 diabetes (DM) (HbAlc ,,9% at baseline), those who are at greatest 
risk for microvascular complications of DM. Materials and Methods: Pooled data 
from 3 multicentre, double-blind studies of RSG as monotherapy for DM. A total of 
2090 patients were randomized to receive: RSG 2mg/bd, 4mglbd or glibenclamide 
for 52 weeks (n~598); RSG 4mg/od, 8mglod, 2mglbd, 4mglbd or placebo (PBO) for 
26 weeks (n~959); or RSG 2mglbd, 4mg/bd or PBO for 26 weeks (n~533). Twenty 
six-week and baseline data were available for 758 patients with baseline HbAlc 
;:::-:9%. Results: RSG significantly improved glycemic control in patients with high 
baseline HbAlc, as indicated by significant reductions in HbAlc and FPG. Across 
all patient groups, RSG significantly reduced free fatty acids (FF A), with the 
greatest reduction observed in patients receiving 4 mgfbd (p<O.OOOl). Conclusions: 
RSG significantly improves glycemic control in DM patients with elevated HbAlc, 
potentially reducing the risk of microvascular complications in these patients. The 
dose-related response demonstrated in these studies indicates that RSG can be 
tItrate d h' I I I' . hDM to ac leve OPtimal glycemiC contra III patlents WIt 

Mean Change at Week 26 
iHbA1c% vs. HbAlc% FPG (mmoI/L) FPG (mmollL) 

Regimen (n) baseline vs.PBO VS. baseline vs, PBO 

PBO (154) 0.84 -- 0.51 --
RSG 4mgiod (91) -0.05 -1.07 -1.59 -2.21 
RSG Smgiod (SI) -0.53 -1.44 -3.06 -3.42 
RSG 2mglbd (215) -0.39 -1.42 -2.68 -3.44 
RSG 4mgibd (217) -0.83 -1.84 -3.66 -4.63 

860 
A WEAK PPARy ACTIVATING THIAZOLIDINEDIONE WITH POTENT 
ANTIDIABETIC AND HYPOLIPIDEMIC ACTIVITIES 

A229 

R. K. Vikramadithyan, R. Chakrabarti, P. Misra, M. Prem Kumar, K. B. Sunil Kumar, 
A. Ghosh and R. Rajagopalan; Department of Pharmacology, Dr. Reddy's Research 
Foundation, Hyderabad, India. 

Aim; This study describes the insulin sensitizer and lipid lowering activities of a 
novel pyridine analogue of thiazolidinedione, PAT5A in different animal models. 
Materials and Methods: The insulin sensitizer potential of PA T5A was tested in 
genetic animal models namely C57BLlKsJ-db/db and C57BLlKsJ-ob/ob mice. High 
fat fed Sprague Dawley rats were used for assessing the lipid lowering activities. In 
vitro transactivation studies were performed using HEK293 cells. Twenty-eight days 
probe toxicity study was conducted in Wistar rats. Results: Administration of PA T5A 
in db/db mice for 15 days showed dose dependent decrease in plasma glucose, 
triglyceride, insulin and improvement in glucose tolerance. In this model PAT5A 
showed better activity than troglitazone and comparable glucose lowering activity to 
rosiglitazone. However, the lipid lowering activity of PAT5A was better than the 
standard compounds. In ob/ob mice model, administration of PAT5A for 14 days 
showed dose dependent reduction in plasma glucose, triglyceride and insulin levels. 
A significant improvement in glucose tolerance was also observed. In high fat fed rats 
PAT5A administered at 10 mg/kg for 3 days showed 38 and 30% reduction in plasma 
triglyceride and total cholesterol levels respectively. Both troglitazone and 
rosiglitazone failed to show any effect in this animal model. In in vitro PP ARy 
transactivation assay, PA T5A showed poor transactivation potential. It did not show 
any PPARa or 8 activating property. db/db animals treated with PA T5A showed 
decreased liver glucose 6-phosphatase activity, a key enzyme in gluconeogenesis. In 
28 days probe toxicity studies in rats at 50 mg/kg dose, no treatment related 
alterations in hematological parameters or any macroscopic and microscopic changes 
were observed in the vital organs whereas rosiglitazone treatment showed increase in 
liver and heart weight. Conclusion: Our results indicate that PA T5A is a potent 
insulin sensitizer and lipid lowering compound. The compound showed a poor PP AR 
transactivation potential. Therefore, the antidiabetic activity of PAT5A could be 
mechanistically distinct from other thiazolidinediones and will be devoid of PPAR 
related toxicity. 

862 
EFFICACY OF TROGLITAZONE IN TYPE 2 DIABETIC PATIENTS 
ADEQUATELY CONTROLED WITH GLIBENCLAMIDE 
S. Katohl, N. Tsuruokal, S. Hatal, M. Matsushima', S. Ikemoto\ Y. Inoue3, J. 

Yokoyama' and N. Tajima2 

I Kawaguchi Municipal Medical Center, Kawaguchi, 'Jikei Univ. Sch. of 
Med., Tokyo, 3Inoue Clinic, Ohme, Japan 

Aims: The high dose administration of glibenclamide (G) may result in the 
exhaustion of pancreatic beta cell function. We examined the possibility of 
dose reduction of G in the treatment of type 2 diabetes by taking G together 
with troglitazone, and investigated changes of insulin secretion, fat 
accumulation and distribution. Methods: Sixty one patients with type 2 
diabetes adequately controled (HbAlc 6.8±0.4%) with glibenclamide were 
randomly divided into troglitazone (400mglday)-added (T) group (n=30) or 
control (C) group (n=31) and followed for 24 weeks. G dose was adjusted to 
equally maintain HbA I c level. Fat accumulation to the liver was evaluated 
by mean hounsfield unit of liver (LmHU). Subcutaneous fat accumulation (S) 
and body fat composition (BF%) were measured by the abdominal CT scan 
and biD-electrical impedance analysis method respectively. Results: There 
were no significant differences in body mass index, BF%, fasting plasma 
glucose and HbA I c in both groups after 24 weeks. In T group, G dose 
(1.5±l.7mg/day), serum fasting insulin (FIRI) (6.1±2.6IlU/ml), fasting CPR 
(FCPR) (1.9±0.8ng/ml) and ALT (21.2±13.2IUlI) significantly (p<0.05) 
decreased in comparison with G dose (3.7±2.3mg/day), FIRI 
(9.0±6.461lU/ml), FCPR (2.6± 1.38ng/ml) and ALT (28.0± 13.71U/1) before 
the treatment. In C group, G dose, FIRI, FCPR and ALT did not significantly 
change. In T group, LmHU and S after the treatment increased in comparison 
with those before the treatment. Conclusion: The additional administration 
of troglitazone decreased daily doses of glibenclamide, preserved fasting 
insulin secretion and improved fatty liver. This regimen also evaded body 
weight gain. 
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863 
PHARMACOKINETICS OF PIOGLITAZONE IN PATIENTS WITH RENAL 
IMPAIRMENT 
G.Edwards and D.J.A.Eckland, Takeda Europe Research and Development Centre, 
London, UK. 
Aims: Renal impairment is a common complication of type 2 diabetes. The aim of 
this study was to investigate the pharmacokinetics of pioglitazone, an effective 
antihyperglycaemic agent for the treatment of type 2 diabetes, in subjects with 
impaired renal function. Materials and Methods: In this open label study, subjects 
with severe (creatinine clearance [CLcJ <30 rn1Imin) (n~12) or moderate renal 
impairment (CLCR~ 30-60 rn1Imin) (n~9) and healthy controls (n~6) received 
pioglitazone 45 mg/day as single or repeat doses. Results: AUC ofpioglitazone 
following single and repeat (see figure) dosages was reduced with increasing renal 
impainnent. The same was true for the major metabolites of pioglitazone, MIll and 
MIV, suggesting an increased clearance of pioglitazone in patients with renal 
impairment. This may be explained by reduced protein binding resulting in an 
increase in the free fraction of pioglitazone. Since elimination of pioglitazone is via 
hepatic metabolism, any tendency to reduced protein binding will lead to increased 
hepatic clearance, with a resultant unchanged free drug concentration. Conclusion: 
Under these circumstances, dose adjustment of pioglitazone is not necessary for the 
treatment of diabetic patients with renal failure. 
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ROSIGLITAZONE PRODUCES LONG-TERM REDUCTIONS IN URINARY 
ALBUMIN EXCRETION IN TYPE 2 DIABETES 
G. Bakris', W.M. Weston2

, E,B. Rappapon2
, M.1. Freed2

, IChicago, IL; 
'Collegeville, PA, USA 
Aims: Microalburninuria (MA; [2:30, <300f.lg/mg]) portends adverse 
cardiovascular and renal risk for patients with type 2 diabetes mellitus (T2DM). 
The effect of rosiglitazone (RSG), a thiazolidinedione that improves insulin 
sensitivity and glycemic control in T2DM, on urinary albumin excretion (UAE) 
was examined as a secondary endpoint in a 52-week, open-label, glyburide (G)
controlled cardiac safety study. Materials and Methods: Patients (n~203) were 
randomly assigned to receive G or RSG 4mg twice daily (bd). G was titrated 
(mean dose 10.5 mg/day) to achieve optimal glucose control at the investigators' 
discretion for the fIrst 8 weeks, after which the dose was held constant. The 
albumin/creatinine ratio (ACR), a measure ofUAE, was detennined from a random 
morning urine sample at baseline and following 52 weeks' treatment with RSG or 
G. From baseline to week 52, RSG-treated patients showed a statistically 
signifIcant greater reduction in FPG compared to G (-3.61mmoliL vs 
-3.11mmol/L; p<0.006), although mean t;.HbAlc was similar (-0.9±1.4% fir 
both groups). t;.ACR was assessed using all randomized patients with baseline and 
week 52 ACR values (i.e. includes MA, macroalbuminuria [MCA] and 
nonnoalbuminuria [NA]). Results: Compared to baseline, RSG-treated patients 
with baseline MA (n~14) showed a t;.geometric mean ACR of -53.7% (-77.8%, -
3.4%). By comparison, G treatment (n~16) resulted in a t;.geometric mean ACR of 
-22.6% (-43.1, 5.1). The proportion of patients with MA and MCA decreased from 
24.6% to 19.3% during RSG treatment compared to an increase from 26.6% to 
32.8% during G treatment. Conclusion: In addition to lowering glucose, RSG 
reduces urinary albumin excretion and could be of value in the treatment or 
prevention of microvascular and macrovascular complications ofT2DM, 

Treatment group Baseline Comparison to Comparison to G 
(ACR ~ f.lg/mg) ACRo Baseline (%Changelt (%Differencelt 
Glyburide (n-64) 16.1 -9.1 (-20.9,4.6) 
RSG 4mg bd (n~57) 16.1 -26.4 (-44.3, -2.7) -19.0 (-38.9, 7.4)** 

*geometric mean; tgeometric mean of ratio (95% confIdence intervals); ··p-0.14 

864 
ROSIGLITAZONE IN COMBINATION WITH METFORMIN EFFECTIVELY 
REDUCES HYPERGLYCEMIA IN PATIENTS WITH TYPE 2 DIABETES 
V, Fonseca!, N, Biswas2 and A. Salzman2

, !New Orleans, LA; 
'Collegeville, PA, USA 
Aims: To investigate the efficacy of rosiglitazone (RSG) as combination therapy in 
type 2 diabetes (T2D) patients inadequately controlled with metformin (MET). 
Materials and Methods: Three hundred forty eight patients inadequately controlled 
on MET 2.5g/d (mean baseline FPG over I!. 7mmollL) were randomly assigned to 
receive MET 2.5g/d plus RSG 4mg/od, RSG 8mg/od, or placebo (PBO) for 26 weeks. 
Results: Fasting plasma glucose (FPG) and HbAlc decreased signifIcantly in both 
RSG treatment groups, without increases in endogenous insulin levels. Thirty percent 
of patients receiving RSG 8mg/d and 22% of those receiving RSG 4mg/d achieved 
FPG of <7.8mmol/L, compared to 8% of PBO patients. LDL and HDL cholesterol 
increased in all treatment groups; however, total cholesterollHDL ratio did not 
change significantly in any group. Free fatty acids decreased signifIcantly in both 
RSG groups, but not in the PBO group. The incidence of adverse events was similar 
in all 3 groups, with no significant hepatotoxicity. Conclusions: RSG in combination 
with MET is signifIcantly more effective at reducing hyperglycemia in T2D patients 
than MET alone 

MET+PBO MET+RSG MET+RSG 
4mg/od 8mgjod 

(n~1l3) (n~1l6) (n~1l0) 

HhAlc(%) 
Baseline 8.6 ± 1.3 8.9 ± 1.3 8.9 ± 1.5 
change from baseline +0.45 ± 1.2 -0.56 ± 1.3* -0.78 ± 1.2* 

Comparison with MET -- -0.97" -U8* 

FPG (mmollL) 
Baseline 11.9±2.9 11.9 ± 3.2 12.2 ± 3.05 
change trom baseline +0.3 ± 2.5 -1.8 ± 2.6* 

I 
-2.6 ± 2.9* 

Comparison with MET -- -2.2' -2.9* 
*P<O.OOOI; all values mean ± SD 

866 
ROSIGLlTAZONE REDUCES URINARY ALBUMIN EXCRETION IN TYPE 2 
DIABETES 
M.1. Freedl, W.M. Weston\ and G. Viberti2

, lCollegeville, PA, USA; 2London,UK 
Aims: For patients with type 2 diabetes mellitus (DM), microalbuminuria (MA) is 
associated with a 4- to 6-fold risk of cardiovascular mortality and may herald 
progression to end-stage renal disease. Rosiglitazone (RSG), the most potent of the 
thiazolidinediones, improves insulin resistance and glycemic control when used alone 
or in combination with SUs, metfonnin, or insulin. The purpose of this study was to 
determine the effect of RSG on urinary albumin excretion (UAE). Materials and 
Methods: The effect of RSG on UAE (as measured by urinary albumin:creatinine 
ratio [ACR]) was examined as a secondary endpoint in 2 randomized, double-blind, 
placebo (PBO)-controlled monotherapy trials. Following a 4-week PBO run-in, RSG 
was administered for 26 weeks. ACR was measured from a random morning urine 
sample at baseline and following 26 weeks of treatment with RSG or PBO. ACR was 
assessed using analysis of covariance following log-transfonnation using the intent-to
treat population (i.e. patients with normoalbuminuria and MA) with last observation 
carried forward. Results: The subgroup of patients with baseline MA (ACR ~30, 
<300 f.lg/mg; range of geometric means 68.7-84.8) were analyzed separately. Relative 
to PBO (n~57), RSG-treated patients (n~212) showed decreases in ACR ranging 
from -19% to -28%. Conclusions: Treatment with RSG reduces albumin excretion 
and could be of value in the treatment or prevention of secondary complications <i 
DM. 

Treatment group 
(ACR ~ f.lg/mg) 

Study 011 
Pbo (n~132) 

RSG 2mg bd (n~142) 
RSG 4mg bd (n~145) 

Study 024 

Baseline 
ACR* 

17.8 
21.0 
16.0 

Comparison to 
Baseline (%Change)$ 

+3.6 (-9.1, 18.0) 
-14.0 (-25.3, -0.9) 
-21.6 (-30.6, -11.3)t 

Pbo (n~137) 14.6 -1.6 (-11.6,9.6) 

Comparison to PBO 
(%Difference)$# 

-14.5 (-30.1, 4.6) 
-25.7 (-39.2, -9.2)tt 

RSG 4mg od (n~152) 15.3 -4.0 (-14.3,7.5) -1.7 (-17.8,17.5) 
RSG 2mg bd (n~156) 15.9 -15.3 (-25.0, -4.3) -12.7 (-26.9, 4.2) 
RSG Smg od (n~161) 16.9 -7.1 (-17.2,4.3) -3.3 (-18.9,15.3) 
RSG 4mg bd (n~155) 14.4 -12.1 (-21.2, -1.9) -10.8 (-25.3, 6.5) 
*geometric mean; $geometric mean of ratio; #Dunnett test;t p<O.OOI; tt p<0.005 
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ROSIGLITAZONE GIVEN ONCE OR TWICE DAILY IS EFFECTIVE FIRST
LINE TREATMENT FOR TYPE 2 DIABETES MELLITUS 
A.S. Rebuck, S. Weill, R. Patwardhan, Collegeville, PA, USA 
Aims: To investigate the effect ofrosiglitazone (RSG), a potent PPARy agonist, on 
glycemic control in type 2 diabetes mellitus. Materials and Methods: Pooled data 
from 3 controlled trials of RSG as monotherapy for type 2 diabetes mellitus: 2 
placebo (PBO)-controlled, 1 with an active comparator. In two 26-week, randomized, 
double-blind studies, patients received RSG at total daily doses of 4mg or 8mg (once 
daily rod] or divided [bd]), or PBO. Patients had been previously treated with diet 
alone or oral antidiabetic agents. At baseline (BL), mean fasting plasma glucose 
(FPG) and HbAlc for the aggregate study population were 12.5mmol/L and 8.9%, 
respectively. Results: FPG decreased significantly in all RSG treatment groups, 
without concomitant increases in serum insulin. RSG reduced HbAlc up to 1.5 
percentage points relative to PBO; RSG 4mglbd produced the greatest decreases. The 
incidence of adverse events was similar in all treatment groups, including placebo, 
and there was no evidence of hepatotoxicity. RSG produced clinically significant 
effects on FPG and HbA 1 c, in both prior diet and prior monotherapy subsets. 
Conclusions: RSG at total daily doses of 4mg and 8mg, administered once daily or 
as a divided dose, was well tolerated and significantly improved glycemic control in 
patients with type 2 diabetes mellitus. 

BL FPG Ll.BL Difference % wlFPG 
Treatment Group (n) (mmol/L) from PBO' <7.Bmmol/Lt 
PBO (158) 12.7 1.0 - 3 
RSG 2mg/bd (166) 12.6 2.1:t 3.2t 25 
RSG 4mg/bd (169) 12.2 3.0± 4.2± 39 
PBO (173) 12.4 0.4 - 5 
RSG 4mg/od (180) 12.7 1.4§ 1.7§ 17 
RSG 2mglbd (186) 12.5 1.9§ 2.4§ 25 
RSG 8mg/od (181) 12.7 2.3§ 2.7§ 29 
RSG 4mglbd (187) 12.7 3.0~ 3.4~ 35 
*Ad'usted mean difference; tAt week 26' tP-0.0001; ~P<O.OOOI 

869 
ROSIGLITAZONE IS SUPERIOR TO GLYBURIDE IN REDUCING FASTING 
PLASMA GLUCOSE IN TYPE 2 DIABETIC PATIENTS 
F. Lonnqvise, B. Charbonne1', N.P. Jones', M.G. Abel' and R. Patwardhan', 
iHuddinge, Sweden; 2Nantes, France; 'Harlow, UK; 'Collegeville, PA, USA 
Aims: To evaluate the efficacy of rosiglitazone (RSG) monotherapy as compared 
with optimally titrated glyburide (GLB, also known as glibenclamide) Materials and 
Methods: Twelve-month, randomized, double-blind study of 587 type 2 diabetic 
(T2D) patients receiving RSG (4 or Smg/d, in 2 divided doses) or GLB (optimal 
titration). At recruitment, patients were being treated either by diet alone or by oral 
therapy, which was withdrawn 6 weeks before randomization. Results: RSG 8mg/d 
was more effective than optimally titrated GLB at producing sustained reductions in 
fasting plasma glucose (FPG) over 12 months. According to predefined criteria, RSG 
8mg/d was statistically equivalent to GLB in its ability to reduce HbAlc. The overall 
incidence of adverse events was similar in all 3 treatment groups. Symptoms of 
hypoglycemia were reported more frequently with GLB (12%) than with RSG at 
4mg/d (<1%) or 8mg/day «2%). No patients had transaminase levels >3x upper limit 
of normal. Conclusions: RSG offers a viable alternative first-line oral treatment to 
GLB. 

GLB RSG RSG 
(titrated) 4mglday Smglday 
(n=203) (n=195) (n=lS9) 

FPG (mmollL) 
Mean baseline 10.54 10.5 10.9 
Mean Ll. from baseline ± SD -1.7±2.5 -1.4±2.3 -2.3±2.5 
P value (RSG vs. GLB) 0.210 0.033 
% with reduction ~1.7mmoUL 48% 39% 58% 
% achieving <7.8mmollL 37% 36% 51% 

HbAlc(%) 
Mean baseline 8.15 8.07 8.21 
Mean Ll. from baseline ± SD -0.72±1.00 -0.27±1.04 -0.53±1.31 
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868 
ROSIGLITAZONE IS AN EFFECTIVE ALTERNATIVE TO GLIBENCLAMIDE 
AS FIRST-LINE THERAPY IN TYPE 2 DIABETIC PATIENTS 
S. Owen', B. CharbonneF, F. LOnnqvist3 and R. Patwardhan', 'Harlow, UK; 
'Nantes, France; 'Huddinge, Sweden; 'Collegeville, PA, USA 
Aims: Rosiglitazone (RSG) is an effective treatment of type 2 diabetic patients 
when given once or twice daily. The efficacy of RSG in a sub-group of patients 
treated by diet and exercise alone prior to entry into this comparator study with 
glibenelamide (glyburide) (GLB) was examined. Materials and Methods: Efficacy 
of RSG (4mg and 8mg, given in 2 divided doses) was compared to GLB 
individually titrated to provide optimal glycaemic control in a sub-set of 231 type 2 
diabetics, previously treated by diet and exercise alone, in this 12 month 
randomised, double-blind study. Results: RSG 4mg and 8mg/day reduced both FPG 
and HbAlc at month 12 compared with baseline (both p<O.OOOI). RSG 8mg/day 
was more effective than optimally titrated GLB at producing sustained reductions in 
FPG over 12 months (p=O.OOl). RSG 8mg/day and GLB reduced HbAlc by similar 
amounts. More patients in the RSG 8mg/day group (54%) than in the GLB group 
(36%) had a ~1.7mmollL (30mg/dL) decrease in FPG. More patients in the RSG 
Smg/day group (74%) than in the GLB group (49%) achieved a target FPG of 
<7.8mmollL (l40mg/dL). The results are shown in the table below. RSG was safe 
and well tolerated and did not cause hypoglycaemia (<1% vs 16% for GLB). 
Conclusions: RSG is more effective when used as first-line therapy than optimally 
titrated GLB in lowering FPG after 12 months in patients with type 2 diabetes. 

GLB RSG RSG 
4m~dar BrnWdar 

FPG (mmollL) (n-77) (n=82) (n-72) 
Mean baseline 9.2 9.4 9.5 
Mean /). from baseline ± SD -1.2 ± 1.89 -1.0± 1.92 -2.3 ± 2.10 

p-value vs GLB 0.217 0.001 
% with reduction ~1.7mmollL 36 35 54 

(30mg/dL) 
% attaining <7.8mmollL 49 45 74 

(l40mg/dL) 
HbAlc(%) 
Mean baseline 7.7 7.8 7.9 
Mean Ll. from baseline ± SD -0.86 ± 0.86 -0.58 ± 0.98 -0.93 ± 1.23 

Q-value vs GLB 0.017 0.956 
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INTRA-INDIVIDUAL VARIABILITY OF THE METABOLIC EFFECT OF 
INHALED INSULIN AND IMPACT OF AN ABSORPTION ENHANCER 
W. Klappoth, K. Rave, A. Brodesser, B. Hompesch, R. Linkeschowa, T. 
Heise, L. Heinemann. DUsseldorf, Germany 
Aims: To study the metabolic effect and its variability elicited by inhalation of 
microcrystalline solid insulin (87.2 U) combined with an absorption enhancer 
on three different study days in comparison to that of regular insulin (J 0.2 U) 
injected s.c. and to that of regular insulin (5.5 U) given i.v. Material and 
Methods: In random order 11 healthy volunteers received the three different 
insulin administrations on five study days. The metabolic effect of the 
insulin's was assessed as the glucose infusion rate needed to keep glycaemia 
constant during euglycaemic glucose clamps. Results: After inhalation of 
insulin the onset of action was substantially more rapid than after s.c. insulin 
injection and maximal action was reached earlier (86±47 vs. 182±53 min; 
p<O.OOI). The maximal glucose infusion rate after inhalation of insulin was 
comparable to that after subcutaneous insulin injection (9.2±2.6 vs. 8.8±2.8 
mg/kg/min; n.s.). The glucose infusion rates in the first 120 min after 
inhalation were significantly greater than after s.c. insulin injection (area 
under the glucose infusion rate curve: 0.88±0.25 vs. 0.59±0.20 g/kg/120 min; 
p<O.OO 1). However, the total metabolic effect after inhalation was comparable 
(2.50±0.76 vs. 2.56±0.69 g/kg/480 min; N.S.). The relative biopotency of 
inhaled insulin calculated with regard to the data from the s.c. insulin 
application was 12.0±3.5 %. Within the first 120 min after insulin application 
the relative biopotency was 18.5±3.7 %. The intra-individual variability of the 
metabolic response induced by insulin inhalation was 14±9 % for the maximal 
glucose infusion rate, 15± I 0 % for the time to the maximal effect and 16± 12 
% for the total amount of glucose infused. Conclusions: Addition of an 
absorption enhancer led to a considerably more pronounced metabolic effect 
in the first hours after insulin inhalation in comparison to inhalation of pure 
insulin. The variability of the metabolic effect elicited by inhaled insulin is 
comparable to that seen after s.c. injection of regular insulin. 

872 
PRAMLINTIDE THERAPY IN ADDITION TO INSULIN IN TYPE 1 
DIABETES: EFFECT ON METABOLIC CONTROL AFTER 6 MONTHS. 
M. Fineman, A. Gottlieb, A. Bahner, J. Parker, G. Waite, and O. Koltennan, for 
the Pramlintide Type I Study Group. San Diego, CA; Oxford UK 
Improving glycemic control in type 1 diabetes using intensive insulin therapy is 
often associated with increased hypoglycemia and weight gain. Pramlintide 
(PRAM) is a synthetic analog of the human f3-cell hormone amylin. AmyJin is 
deficient in type I diabetes. To evaluate the effects of concomitant 
pramlintide/insulin therapy on metabolic control in people with type I diabetes, 
this 26-week, multicenter, double-blind, placebo-controlled study was 
conducted in Europe and Canada. S86 subjects were treated subcutaneously with 
insulin and either PRAM 60 Ilg TID, 90 Ilg BID, 90 Ilg TID or placebo TID for 
26 weeks. Mean age was 38 yrs, mean duration of diabetes was 16 yrs and 
mean baseline HbAlc was 9.0%. Using an intent-to-treat analysis, 26 week 
changes in HbAlcwere +0.1 for placebo compared to -0.2% (p=0.007), -0.1% 
(p=O.048), and -0.1 % (p=O.IOS) for the 60 TID, 90 BID, and 90 TID groups 
respectively. A subset of subjects (those observing a reduction in HbAlc of 
;>:0.5% at 4 weeks of treatment) achieved greater decreases in HbAlc throughout 
the duration of the trial. Only 24.8% of subjects receiving insulin alone had a 
reduction in HbA" of ;>:O.S% at 4 weeks compared to 41-4S% of subjects 
receiving PRAM (p<O.OOS). At 26 weeks, those PRAM subjects had a mean ± 
sem reduction in HbAlc of 0.6% ± 0.27%, 0.4% ± 0.09%, and 0.5% ± 0.11% 
for the 60 TID, 90 BID, and 90 TID groups respectively. The most common 
drug-related side effect was mild nausea, which generally dissipated during the 
initial 8 weeks of therapy. The annual event rate for severe hypoglycemia was 
slightly higher than placebo for the 90 Ilg dose groups and was similar to 
placebo for the 60 Ilg TID group. All groups receiving pramlintide experienced 
weight loss compared to weight gain in subjects receiving only insulin. The 
mean change in body weight at 26 weeks was -1.6 ± 0.27 kg, -0.7 ± 0.30 kg, 
and -1.6 ± 0.27 kg for the 60 TID, 90 BID, and 90 TID groups respectively 
compared to +0.3 ± 0.38 kg for the insulin alone group. Thus, compared with 
placebo, the addition of pramlintide to existing insulin therapy resulted in 
clinically relevant improvements in glucose and weight control in subjects with 
type I diabetes. 

871 
EFFECTS OF A VERRHOEA BIUMBI LEAF EXTRACT ON BLOOD 
GLUCOSE AND LIPIDS IN STREPTOZOTOCIN-DIABETIC SPRAGUE 
DAWLEY RATS. 
P. Pushparaj, C.H. Tan and B.K.H. Tan'. Department of Biochemistry, Faculty 
of Medicine, National University of Singapore, Singapore. 'Department of 
Pharmacology, Faculty of Medicine, National University of Singapore, 
Singapore. 
Aim: Decoction of the leaves of the Averrhoea bilimbi Linn. (Oxalidaceae) is 
taken in Indonesia as antidiabetic medication. The present study was designed to 
investigate the hypoglycaemic and hypolipidaemic activities of an ethanolic leaf 
extract of A. bilimbi (ABe) in streptozotocin (STZ) diabetic male SD rats. 
Materials and Methods: Male SD rats aged 10 weeks (200-2S0g) were made 
diabetic by injecting a single dose of 60mg of STZlkg body weight 
intraperitoneally after a 24 hours fast. The leaves of A. bilimbi were exhaustively 
extracted with 80% ethanol, concentrated at 40°C using a rotavapor and freeze
dried to obtain a yellowish green powder. The optimal hypoglycaemic dose 
(12Smglkg bw) was determined by performing OGTT in both normal and 
diabetic rats. To investigate the effect of long term administration of ABe, 
diabetic animals (n=S-6) were treated with vehicle (distilled water), ABe 
(12Smg/kg bw) or metformin (SOOmglkg bw), twice a day for 14 days. Results: 
Similar to metformin, ABe lowered both the blood glucose and triglyceride 
concentrations by 49.8% (IS.I ± 2.7 vs 30.1± 4.7 mrnol!l, p<O.OI) and 130% 
(O.S± 0.1 vs 1.8 ± O.S mrnolll, p<O.OS) respectively when compared with 
vehicle. ABe also increased the HDL-C concentrations by 60% compared with 
vehicle (0.8 ± 0.01 vs O.S ± 0.03 mrnol!l, p<O.OS). Hence ABe increased the 
anti-atherogenic index (p<O.OOI) and HDL-C:TC ratio (p<O.OI) significantly. 
However, like in the metformin treated group, there was no change in total 
cholesterol and LDL-cholesterol concentrations whereas the lipid peroxidation 
level was significantly reduced in the kidneys of the ABe-treated rats (p<O.OI). 
Conclusion: The ABe shows hypoglycaemic, hypotriglyceridaemic, anti-lipid 
peroxidative and anti-atherogenic properties. Further studies are in progress to 
purify and isolate the active principle(s) in ABe. 

873 
PRAMLINTIDE THERAPY IN ADDITION TO INSULIN IN TYPE 2 
DIABETES: EFFECT ON METABOLIC CONTROL AFTER 6 MONTHS. 
A. Gottlieb, M. Fineman, A. Bahner, J. Parker, G. Waite, and O. Koltennan, fOT 

the Pramlintide Type 2 Study Group. San Diego, CA; Oxford UK 
Improvements in glycemic control using intensive insulin therapy are often 
associated with weight gain in people with type 2 diabetes. Pramlintide (PRAM) 
is a synthetic analog of the human f3-cell hormone amylin, which is deficient in 
type 2 diabetes relevant to the prevailing plasma glucose concentrations. To 
evaluate the effects of concomitant pramlintide/insulin therapy on metabolic 
control in people with type 2 diabetes, a 26-week, multicenter, double-blind, 
placebo-controlled study was conducted in Europe and Canada. 499 subjects 
were treated subcutaneously with insulin and either PRAM 90 Ilg BID, 90 Ilg 
TID, 120 Ilg BID or placebo TID for 26 weeks. Mean age was S8 yrs, mean 
duration of diabetes was 13.S yrs and mean baseline HbAlc was 9.4%. Using an 
intent-to-treat analysis, 26 week changes in HbAlc were -0.1 for placebo 
compared to -0.3% (p=0.068), -0.4% (p=0.079), and -0.4% (p=0.028) for the 
90 BID, 90 TID, and 120 BID groups respectively. A subset of subjects (those 
observing a reduction in HbA I c of ~0.5% at 4 weeks of treatment) achieved 
greater decreases in HbAlc throughout the duration of the trial. Only 2S.2% of 
subjects receiving insulin alone (placebo) had a reduction in HbA I c of ~0.5% at 
4 weeks compared to 47-S0% of subjects receiving PRAM (p<O.OOI). At 26 
weeks, PRAM subjects meeting this criteria had a mean ± sem reduction in 
HbAlc of 0.8% ± 0.1%, 0.7% ± 0.1%, and 0.8% ± 0.1% for the 90 BID, 90 
TID, and 120 BID groups respectively. The most common drug-related adverse 
event was mild nausea, which generally dissipated during the initial 8 weeks of 
therapy. There were no differences in the annual event rate for severe 
hypoglycemia among the groups. All groups receiving pramlintide experienced 
weight loss compared to weight gain in subjects receiving only insulin. The 
mean change in body weight at 26 weeks was -0.8 ± 0.3 kg, -1.3 ± 0.3 kg, and 
-1.4 ± 0.3 kg for the 90 BID, 90 TID, and 120 BID groups respectively 
compared to +0.1 ± 0.3 kg for the insulin alone group. In conclusion, compared 
with placebo, the addition of pramlintide to existing insulin therapy resulted in 
clinically relevant improvements in glucose and weight control in subjects with 
type 2 diabetes. 



874 
NOVEL ANTIOXIDANT PHENSUCCINAL ATTENUATES THE 
DEVELOPMENT OF DITHIZONE-DIABETES IN RABBITS 
N. Gorbenko, V. Poltorack, A. Gladkich, V. Lipson and O. Ivanova. 
Ukrainian Scientific Research Institute of Endocrine Diseases Phanna
cotherapy, Kharkiv, Ukraine 
We have previously shown that the new succinate derivative Phensucci
nal (Ph), a potent antioxidant, offers protection to pancreatic beta-cells 
against streptozotocin insult. The aim of the study was to assess 
whether Ph-treatment would correct the diabetogenic effects of dithizo
ne (D). Materials and methods: Male chinchilla rabbits were given Ph 
per os (25 mg/kg) for a week before and a week after D-injection (35 
mg/kg i.v.). Control diabetic (CD) and nondiabetic (C) groups were 
included in the study. Plasma samples were collected at day 7 after dia
betes induction and analysed for glucose and insulin. Oxidative status 
of experimental animals was assessed by determination of plasma ma
lonic dialdehyde (MDA), diene conjugates (DC) contents and catalase 
activity (CA). Results: The treatment with Ph significantly diminished 
D-induced elevation in blood glucose levels (13.8±1.7 vs CD: 
24.0±2.5, p<O.OI; C: 4.7±0.2 mmol/l) and increased insulin contents by 
30 % (p<0.05) in comparison with control diabetic animals. Ph-admini
stration suppressed oxidative stress reducing MDA contents 
(0.65±0.07 vs CD: 1.37±0.32, p<O.OI; C: 0.53±0.07 Ilmol/ml), DC le
vels (0.30±0.03 vs CD: 0.4l±0.02, p<0.05; C: 0.28±0.02 Ilmollml) and 
increasing CA 1,3-fold (p<0.02) compared to non-treated diabetic 
group. Histological examination of pancreas revealed a marked damage 
to the islet architectural pattern in diabetic control group and moderate 
morphological alterations in Ph-treated animals. Conclusions: The re
sults suggests that Ph attenuates the development of D-induced diabe
tes in rabbits, possibly, due to its antioxidant and Zn-chelating proper
ties. 

PS70 
Prolonged Acting Insulins 
876 
NEW PRINCIPLE FOR PROLONGING THE ABSORPTION OF 
HUMAN INSULIN SUSPENSION PREPARATIONS 
K. H. Jorgensen, A. Komerup Hansen and K. Buschard. Bartholin 
Instituttet and Royal Veterinary University, Copenhagen, Denmark. 

Aim: To investigate the influence on absorption of the suspension 
preparations, human NPH and Semilente, injected subcutaneously in a 
given dose, by increasing their insulin concentration five fold. 
Materials and Methods: In each of 14 experiments, 10 IV (20 Ill) 
human NPH U500, labelled with 125-I-insulin, and 10 IV (lOO[.lI) 
human NPH UIOO, labelled with 12S-I-insulin, were injected 
contralaterally to a depth of S mm in the neck of a pig, followed by 
monitoring residual radioactivity over the injection sites at 0, 2, 4, 24 
and 48 h after injection. In a second study, labelled human Semilente 
USOO and UIOO were injected and examined correspondingly in 4 
experiments. Results: For NPH, USOO vs UIOO, the time until 7S%, 
50% and 25% residual radioactivity, respectively, was (mean 
hour± SEM, with p-values of a paired t-test, n=14): T7S%: 5.0±0.S h 
vs 3.8±0.3 h (p=0.007), TSO%: 12.2±0.9 h vs 9.0±0.6 h (p=0.003) and 
T2S%: 24.2±1.2 h vs 17.9±1.2 h (p=0.001). In the second study (n=4), 
the corresponding values for Semilente, USOO vs UIOO, were: T7S%: 
2.7±0.7 h vs 1.2±0.1 h (p=O.II), T50%: S.3±1.0 h vs 2.8±0.3 h 
(p=0.07) and T2S%: 10.1±1.S h vs 5.8±1.0 h (p=0.05). Conclusions: 
The absorption of human NPH and Semilente is substantially 
prolonged by increasing their insulin concentration five fold. NPH 
USOO, in a specially adapted insulin pen, appears to be more 
appropriate for a single injection a day in basal insulin therapy than 
NPHUIOO. 
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EFFECT OF A NATURAL COMPOUND ON GLUCOSE LEVEL, UPID PROFILE AND 
TOTAL ANTIOXIDANT STATUS OF TYPE 1 DIABETIC RATS 

N. Nahar" B. Rokeya', S. Parveen', M. Nur·e-Alam', L. Ali', M. Mosihuzzaman1 and AK 
Azad Khan'. 'Dept of Chemistry, University of Dhaka; 'Research Division, BIRDEM, 122 KN 
Islam Avenue, Dhaka-1000 

Aims: A compound (GC 07) isolated from Gymnema sylvestre extract a typical ~ant used 
for the treatment of diabetes mellitus, has previously been shown to posses hypoglycemic 
effects in Type 1 diabetic rats. The compound has now been investigated for its timing of 
action during streptozotocin induced damage to rat islets. Materials and Methods: A single 
intraperitoneal injection of streptozotocin (65 mglkg body weight) was given to 3-4 month old 
Long-Evans rats. Four groups comprising 6 rats in each group were then fed with GC 07 (50 
mglkg body weight) starting at O(immediate), 3, 5, 7 days after the injection along with equal 
number of Control rats fed with 0.25% carboxy methyl cellulose (10 mllkg body weight). 
Fasting blood samples were collected on the first day before stretozotocin injection and then 
day 3, 5 and 7 as appropriate for each group. In all groups final sampling was done after 7 
days of feeding of the compound. Blood glucose was measured by glucose oxidase method 
and total antioxidant status (T AS) was assessed by a recently introduced colorimetric Kit. 
Results: GC 07 showed significant hypoglycemic effect in all the groups except the 0 day 
group. 

Parameter 0 day 
Cont Treat 

Glucose 26.7±4.2 26.9±4.1 
(mmolll) 
(n=6) 

3rd day 
Cont Treat 
22.1:1:5.9 10.4±6.6 

p<0.009 

5th day 
Cont Treat 
28.4±5.8 17.2±4.8 

p<0.002 

7th day 
Cant Treat 
27.4±7.8 17.9±5.6 

p<0.03 

TAS 0.86±.05 0.90±.04 1.17±.31 1.06±.07 0.94±.20 1.08±.06 0.91:1:.06 0.91:1:.07 
(mmolll) 
(n=6) 
Cont= Control;Treat= Treated; p= Significance compared to Control 

Conclusion: The results indicate that the compound is not probably able to prevent the 
damaging effect of streptpozotocin on pancreatic B cells but it may help in recovering the 
damaged cells. The effect of the compound on B cells does not seem to related to the tolal 
antioxidant status of the body. GC 07 merit further study regarding its mechanism of action. 

877 
PHARMACOKINETICS AND DYNAMICS OF S.e. INJECTION OF THE 
LONG-ACTING INSULIN GLARGINE (HOE 901) IN TlDM. 
M. Leporeo, R. Kurzhals*, S. Pampanellio, e.G. Fanellio, and G. B. Bollio. 
°DIMISEM, University ofPerugia, ltaly;*Hoechst Marion Roussel, Frankfurt, 
Gennany 
To establish the pharmacokinetics/dynamics of the long-acting insulin 
glargine (HOE 901), 20 TlDM patients were studied in a two-way cross-over 
clamp design in the post-absorptive state (plasma glucose, PG, regulated by 
i.v. insulin at 7.2 mmol/l) after s.c. injection of 0.3 UlKg of HOE 901 or NPH 
insulin. After s.c. injection, i. v. insulin was tapered and glucose infused to 
clamp PG at 7.2 mmolll up to 24 hours, but the study was discontinued 
whenever PG was >11.1 mmolli. Onset of action (time of reduction of i.v. 
insulin by 50%) was later with HOE 901 vs NPH (medians: 1.11 vs 0.71 h, 
p<0.08) and duration of action (end of action, i.e. PG>8.3 mmolll, minus onset 
of action) longer (medians: 22.8 vs 13.8 h, (p<0.002). Glucose infusion rate 
(GIR, mg/kg/min), PG (mg/dl) and plasma free insulin (FIRI, mU/ml) are 
reported below (time indicates hours after s.c. injection, mean ± SEM). 

Time (h) 0 6 12 18 24 

FIR! HOE 12±4 lO±2 1l±2 1O±2 8.8±3 
NPH 12±5 19±9 13±3 9±4 discontinued 

GIR HOE 0 O.9±O.7 O.7±O.7 O.7±O.8 0.6±0.7 

NPH 0 3.2±2.7 1±1.1 0 discontinued 
PG HOE 129±2 129±2 134±14 140±24 140±23 

NPH 130±1 137±1 140±15 I 78±26 discontinued 

In contrast to NPH peak (FIRI at 4 h of 22±1O mUlml, GIR at 5h of 3.3±2.6 
mglkg/min), HOE 901 had a peakless, long Jasting concentration/action 
profile closely mimicking a "square-wave" shape. Intersubject coefficient of 
variation of area under FIRI curve was lower with HOE 901 vs NPH (19 vs 
31 %). Conclusions: HOE 901 has more prolonged and peakJess activity, and 
more reproducible pharmacokinetics than NPH. 
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EFFICACY AND SAFETY OF INSULIN GLARGINE IN TYPE 1 DIABETES: A 
28 WEEK RANDOMIZED, NPH-INSULIN CONTROLLED TRIAL 
RE Ratner, IB Hirsch, TE Mecca, and CA Wilson for the US Study Group oflnsulin 
GIargine with Regular Insulin in Type 1 Diabetes. Washington, DC. 
Aims: Insulin glargine (2I A -Gly-30Ba-L-Arg-30Bb-L-Arg-human insulin) is a 
biosynthetic insulin analog with prolonged biological action compared to NPH. This 
multicenter, randomized, parallel study compares insulin glargine with NPH in type 
I DM subjects previously treated with multiple daily injections (MDI) of NPH and 
regular insulin. 
Materials and Methods: 534 well-controlled subjects (mean age 38.5 yrs, mean 
DM duration 17.4 yrs, mean glycohemoglobin (GhB) 7.7%, mean FPG 11.8 
mmollL) were treated for up to 28 weeks in 49 centers and randomized to receive 
pre-meal regular insulin and either bedtime insulin glargine, or bedtimelBID NPH. 
Results: Given good glycemic control at baseline, only a small decrease in GhB was 
noted in both Insulin glargine (-0.16%) and NPH (-0.21 %). Better glycemic control 
was achieved by insulin glargine with a reduction in FPG (-1.67mmollL vs. -0.33 
mmollL, p~O.O I) and a trend toward more subjects achieving ADA goals of therapy 
(66.4% vs. 58.9%). In the DCCT, the limitation of intensive diabetes therapy was the 
occurrence of hypoglycemia, particularly during sleep. After a one month titration 
p hase, the fre uency and severity of reactions were: *p <0.05 

Hypoglycemia < Severe Nocturnal Hypoglycemia 
2.0 mmollL Hypoglycemia < 2.0 mmollL 

Insulin 39.9% 6.6% 18.2% 
GIargine 200.5 episodes! 24.6 episodes! 65.1 episodes! 100 pt-yrs 

100pt-yrs 100pt-yrs 
NPH 49.2% * 8.6% 27.1% * 

345.4 episodes! 37.6 episodes! 101.2 episodes! 100pt-yrs 
IOOpt-yrs lOOpt-yrs 

ConclUSIOns. Insulm glargme achIeves better glycemIC control WIth fewer epIsodes 
of hypoglycemia compared to either once or twice daily NPH when used with 
regular insulin in an MDI regimen in patients with type 1 diabetes. 

880 
TIME-ACTION PROFILE OF THE LONG-ACTING INSULIN ANALOGUE HOE901 
R. Linkeschowa, T. Heise, K. Rave, B. Hompesch and L. Heinemann. Dusseldorf, Gennany 
Aims: To study the pharmacodynamic and pharmacokinetic properties of the 
subcutaneously injected long,acting insulin analogue HOE901 (30 ~g!ml zinc) in 
comparison to NPH insulin and placebo. Material and Methods: In this single-center 
double-blind euglycemic glucose clamp study 15 healthy male volunteers (age, 27±4 
years; BMI, 22.3± 1.8 kg/m') received single subcutaneous injections of 0.4 Ulkg 
weight of either HOE901, NPH insulin or placebo on three study days in randomized 
order. Glucose infusion rates (GIR) were registered over a 30-h period after 
administration. Results: The time-action profile of HOE90 I did not show the 
pronounced peak in metabolic activity seen with NPH insulin (figure; GIRn" 5.3±1.l 
vs. 7.7±I.3 mglkg/min; p<0.05). The metabolic effect (measured as areas under the 
curves (AUC)) was lower with HOE901 compared to NPH insulin in the first 4 h after 
injection (AUCO-4 h 1.02±0.34 vs. 1.48±0.34 glkg*4 h; p<O.O I), but was comparable 
over the total study duration (AUC()'30 h 7.93±1.82 vs. 9.24±1.29 g/kg*30 h; ns). 
Conclusions: This study shows that the time-action profile of the soluble long-acting 
insulin analogue HOE90 1 is smoother and does not show the pronounced peak action 
observed with NPH insulin 4-7 h after injection. 

glucose infusion rates (mg/kg/min) 
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879 
CHARACTERIZATION OF GLUCOSE TURNOVER OF INSULIN GLARGINE 
IN COMPARISON WITH REGULAR HUMAN INSULIN IN HEALTHY MALE 
SUBJECTS. 
P. Mohideen, S. Mudaliar, R. Deutsch,. T. Ciaraldi, D. Armstrong, B. Kim, B. 
Morrill, 
X. Sha, and R. Henry. V ASDHS, UCSD 3350 La Jolla Village Drive 
San Diego, CA 92161 
Aims: The long-acting human insulin analogue, glargine (21 A-Gly-30Ba-L-Arg-
30~-L-Arg-human insulin) has a carboxy terminal elongation of the p chain by 
2 arginines and replacement of asparagine in position A21 by glycine. We 
utilized the hyperinsu-linemic euglycemic clamp to assess possible 
pharmacokinetic and pharmacodynamic differences between insulin gJargine 
(IG) and regular human insulin (RHl). Materials and Methods: The study design 
was a single-dose, double-blind, randomized, cross-over trial involving lean, 
non-diabetic men (n~12). Subjects received a primed, continuous intravenous 
infusion ofIG or RHl at a rate of 40 mU!m2!min for 240 mins. Euglycemia was 
maintained at 90 mg/dl using a simultaneous variable intravenous infusion of 
20% dextrose containing D-[3-'Hj-glucose. Following insulin infusion, 
euglycemia was sustained for an additional 180 minutes to determine the rate 
and duration of the insulin effect. Results: There were no significant 
pharmacodynamic differences in the mean (±-SEM) for Aso HGO (i.e. the time 
in minutes required for 50% suppression of hepatic glucose output following 
insulin infusion) at 73.0± 23.1 vs. 56.6 ± 19.6, ~0.06, the maximal rates of 
glucose disposal (Rdmax) at 10.1 ± 0.8 vs. 9.9 ± 0.9 mg/kg/min (p>O.9), 
incremental activation (Aso) 32,4 ± 4.6 vs 42.1± 9.5 min, p>0.3 or deactivation 
CDso) 62.8 ± 5.3 vs. 57.3 ± 3.6, p>0,4 for RHl or IG, respectively. Conclusions: 
The results demonstrated no significant difference in activation or deactivation 
between intravenous IG and RHl. Thus, kinetic differences between IG and 
RHl when given subcutaneonsly are completely due to differences in absorption 
kinetics. The unique amino acid sequence of IG is thought to be respon-sible for 
the prolonged kinetics. Thus, IG may truly be a long-acting insulin which may 
mimic the body's own basal insulin secretion when administered 
subcutaneously. 

881 
A COMPARISON OF THE PHARMACODYNAMICS (GLUCOSE 
LOWERING EFFECT) OF INTRA VENOUS HOE 901 AND REGULAR 
INSULIN USING THE EUGL YCAEMIC CLAMP TECHNIQUE. 

B H Meyer l H E Scholtz l
, N van Niekerk', and B Rosenkranz2 'FARMOVS 

Research Centre, University of the Orange Free State, South Africa, 2Global 
Clinical Pharmacology, Hoechst Marion Roussel, Bridgewater, USA 
Background: Modification of the human insulin molecule by recombinant 
techniques led to the production of insulin glargine (HOE 901), a novel new 
long-acting insulin analogue, to be used as a once daily basal insulin. 
Aim: The aim of this study was to compare the pharmacodynamics (glucose 
lowering effect) of equimolar insulin glargine (HOE 901) and regular semi
synthetic human insulin, administered as a short intravenous infusion to 
healthy volunteers, using the euglycaemic clamp technique. 
Materials and methods: This was a single-dose, double-blind, randomized, 
two-way crossover study with a wash-out period of 7 days between treatments. 
Twenty healthy volunteers (5 female, 15 male), aged between 18 and 45 years 
received HOE 90 I and regular insulin (0.1 IUlkg) as a short (30 minute) 
constant intravenous infusion, after which they were clamped for 6 hours at 
their own individual fasting blood glucose concentrations. 
Results: The mean values of the primary variable AUC(o_6) of the glucose 
infusion rate (GIR) were 663.9 and 734.9 mglkg for HOE 901 and H-insulin 
respectively. The 90% confidence interval for the mean ratio 
"HOE 9011H-insulin" was 84.6-96.7% (point estimate 90.3%) which was 
within the predefmed conventional equivalence range of 80-125%. The intra
individual CV was 12% (as calculated from the mean square of error in the 
ANOV A table). Secondary variables of GIR, including GIR",n, also fell within 
the conventional equivalence range. 
Conclusion: Equimolar insulin glargine (HOE 901) and regular insulin, 
administered by short intravenous infusion, were equivalent with respect to 
their glucose lowering effect in healthy volunteers, using the euglycaemic 
clamp technique. 
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AN ASSESSMENT OF THE V ARlABILITY IN THE PHARMACODYNAMICS 
(GLUCOSE LOWERING EFFEC,!) OF HOE901 COMPARED TO NPH AND 
UL TRALENTE HUMAN INSULINS USING THE EUGL YCAEMIC CLAMP 
TECHNIQUE 
H E Scholtz!, N van Niekerki, B H Meyer! and B Rosenkranz". !FARMOVS 
Research Centre, University of the Orange Free State, South Africa, 2G1obal 
Clinical Pharmacology, Hoechst Marion Roussel, Bridgewater, USA 
Background: The lack of reproducibility in the glucose lowering effect of s.c. 
insulin preparations (more pronounced in the longer-acting insulins such as NPH 
and Ultralente), is a serious problem for most IDDM patients. HOE901 (glargine 
insulin), a new long-acting basal insulin, with a delayed and prolonged absorption 
from the injection site, might be less variable in its glucose lowering effect. 
Aim: The aim of this study was to compare the intra-subject variability in glucose 
lowering effect of s.c. HOE901, NPH and Ultralente insulin in healthy volunteers 
using the euglycaemic clamp technique. 
Materials and methods: This was a single-dose, double-blind, randomized, parallel 
(3 groups of 12) replicate design. Thirty-six male subjects, aged between 18 and 45 
years, received 2 consecutive s.c. injections (0.4 IU/kg) of one of the 3 study 
treatments (HOE901, NPH, Ultralente), with a wash-out period of7 days between 
treatments. Euglycaemic glucose clamps were performed for up to 24 hours after 
drug administration at the subject's own individual fasting blood glucose 
concentrations. 
Results: The mean values and intra-individual CV (in brackets) of the main 
pharmacodynamic variable, AUC (mglkg) of the glucose infusion rate (GIR), for 
the 2 visits of the 3 treatments were as follows: 

HOE901 NPH Ultralente 
Aue (0-24h) 2558; 2987 (32%) 3117; 2847 (19%) 2593; 2025 (38%) 
AUe (12-24h) 1264; 1217 (23%) 1019; 1101 (29%) 1071; 1213 (55%) 
Conclusion: The intra-SUbject variability of the pharmacodynamics (glucose 
lowering effect) during the entire 24-hour clamp period was the lowest with NPH, 
followed by HOE901 and Ultralente. However, during the latter part of the time
action profile (from 12 hours after injection onwards), HOE901 showed the lowest 
intra-subject variability. It is concluded that the reproducibility of the glucose 
lowering effect of HOE901 is comparable to that of NPH, but better than that of 
Ultralente. 

884 
HOE 901 (INSULIN GLARGINE) IMPROVES SATISFACTION WITH 

INTENSIFIED INSULIN TREATMENT FOR TYPE 1 DIABETES 

Elke Witthaus, Clare Bradley, John Stewart 

Aim: Insulin glargine, a new long-acting insulin, provides constant, peakless insulin 
release and is designed for once daily administration. Satisfaction with treatment 
(Diabetes Treatment Satisfaction Questionnaire (DTSQ») and psychological well
being (Well-being Questionnaire (W-BQ» were assessed in 9 European countries in 
a phase III multicentre randomised controlled open clinical trial comparing the 
effects of insulin glargine and NPH human basal insulin. Methods: The question
naires, were self-completed at baseline, and at least once at weeks 8, 20 or 28 by the 
517 patients (287 men and 230 women; mean age 39.7±12.l yrs; mean duration of 
diabetes 16.0±JO.7 yrs; mean GHb at baseline 7.9±1.2 %). Baseline scores of the 
DTSQ (mean 27.96 ± 5.65; maximum possible score = 36) and of the W-BQ (mean 
49.88 ± 9.13; maximum possible score = 66) were high in this population. Analysis 
of covariance was performed on the change from baseline scores, using treatment 
and pooled site as main effects with baseline scores as covariate. Results: Treatment 
satisfaction improved during treatment with insulin glargine at all time points and at 
endpoint (last on-treatment assessment) whereas it deteriorated slightly with NPH 
insulin. These differences were significant throughout the study (change from base
line at end point +1.27 vs -0.56; p = 0.0001). Outcomes were better with insulin 
glargine for both Perceived Frequency of Hyperglycaemia and Perceived Frequency 
of . Hypoglycaemia with statistically significant differences at week 28 and at 
endpoint for hyperglycaemia (p = 0.037 and 0.038) and at week 20 (p = 0.002) for 
hypoglycaemia. Glycaemic control, as measured by GHb, was essentially unchanged 
in both treatment groups. There was no difference in psychological well-being 
between the treatment groups. Mean W-BQ scores in these patients increased during 
the study in both groups (pvalue). Analysis of the W-BQ subscales shows that the 
observed effects on general well-being are attributable to effects on all subscale 
scores. Conclusion: The psychological outcomes observed in this study include 
treatment-independent improvements in general well-being. More substantial effects 
were seen on treatment satisfaction which was statistically significantly improved 
with insulin glargine, together with a decrease in perceived frequency of hyper
glycaemia and hypoglycaemia compared with NPH. 
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INSULIN GLARGINE (HOE 901) LOWERS FASTING BLOOD GLUCOSE IN 
CHILDREN WITH TYPE I DIABETES MElLITUS WITHOUT 

INCREASING THE RISK OF HYPOGLVCAEMIA. 

E Schoen1e on behalf afthe HOE 901/3003 study groUp 

Aim: The peakless, prolonged tiule-action profile of insulin glargine is particularly 
important for a basal insulin in type I diabetic children for whom the risk< of 
nocturnal hypo glycaemia and high fasting blood gluco •• are especially great This 
study compared insulin glargine with human NPH insulin in children with type I 
diabetes mellitus. Methods: This was a multicellter, open, randomised study with a 
parallel-groUp design. The basal insulin dosing regimen for subjects receiving insulin 
glargine was once daily (at bedtime) regardless of their prior regimen, while the 
regimen for subjects receiving NPH insulin was either once (at bedtime) or twice 
daily (in the morning and at bedtime), based <lin their regimen prior to the treatment 
phase. The daily insulin dose was ad~usted to maintain FBG between 4.4 and 
8.8 mmollL while avoiding hypoglycaemia. Human regular insulin was injected 
before mea1s according to common practice. Results: 349 subjects with type 1 
diabetes mellitus between 5 and 16 years of age were treated for 6 months, 174 with 
insulin glargine and 175 with NPH. The change in GRb was comparable in both 
treatment groups, but children treated with lnsuIin glargine had a greater mean 
decrease in FBG (-1.27 mmollL) than NPH subjects (-0.70 mmollL). This di1ference 
was statistically significant (p=0.031 5). While the overall frequency of hypoglycemia 
was similar in both treatment groUps (Insulin glargine: 79.3%, NPH: 78.9%), insulin 
g1argine treated children reported less frequent severe (22.4'10 vs. 28.6%), nocturnal 
(48.3% vs. 50.9%) and severe nocturnal (12.6% vs. 17.7%) hypoglycemia than NPH 
subjects. Insulin glargine was well tolerated and had a safety profile similar to human 
insulin, including injection site reactions and human insulin and E. coli antibodies. 
Conclusion: In children, a single, evening subcutaneous dose of insulin glargin. 
provides lower FBG values than NPH, with a diminished risk of nocturnal and severe 
hypo glycaemia. 

885 
PHARMACOKINETICS AND PHARMACODYNAMICS OF FArry ACID
ACYLATED HUMAN INSULINS IN CONSCIOUS SWINE. 
J Radziuk, J Davies, S Pye, M Barbeau, SMyers, D Flora, R DiMarchi and R Chance. 

Ottawa Hospital, Ottawa, Canada and Lilly Research Labs, Indianapolis, USA 
Airns:Fatty acyl insulins bind to plasma albumin, extending their sojourn in the circulation 
and their action, and altering their kinetics and pharmacodynamics. The dose responses 
of[N'-myristoyl Lys(B29)]- and [N' -myristoyl Lys(B28)Pro(B29)]-human insulins (CI4-Ill 
and C14-lispro, resp.) with their intravenous infusion were therefore characterized in swine. 
Materials and Methods: 20h-fasted conscious pigs underwent 6h infusions ofC14-HI, 
C14-lispro and regular human insulin (HI) at 5, 10,20 and 60 pmollkg-min (n=5 each) 
and of somatostatin at O.3f1g1kg-min, and a euglycemic clamp during and after the infusion. 
Results: (mean±sem) For the 5, 10 and 20 pmollkg-min infusions, maximal total plasma 
IRl (runoVL) were 0.19±0.03,0.47±0.04, 0.71±0.07 for HI; 2.6±0.5, 5.0±0.4, 7.0±0.6 
forCl4-Ill & 3.3±O.2, 6.9±O.8, 13.5±1.3 for CI4-lispro. Max. glucose infusion rates (mglkg
min) were 21.8±2.5, 28.4±2.3, 36.0±4.1 for HI; 13.O:t2.3, 21.5±2.1, 29.5±2.0 for CI4-HI 
and 14.1±2.5, 16.1±3.6, 29.6±2.7 for CI4-lispro. Areas under the IRl response curves 
(f1mol-minIL )were: 0.070±0.0 13,0.180±0.009, 0.259±0.038 for Ill; 0.93±0.16, 1.82±0.16, 
2.62±O.21 forCl4-Ill and l.3±O.I, 2.65±0.35, 4.97±0.46 for Cl4-lispro with total glucose 
requirements (gIkg), respectively, of6.5±O.7, 9.2±1.0 & 13.1±1.6 for Ill; 4.8±1.0, 8.5±1.0 
and 12.2±1.2 forCI4-Illand5.0±0.8, 7.2±1.5 and 14.0:t2.0 forCI4-lispro. The relationships 
between insulin area and glucose infused were highly linear for the two acylated insulins 
with a lower slope for Cl4-lispro (p<0.05). Saturating doses of these insulins (60 nmollkg
min) increased maximal and cumulative total IRI, maintained maximal glucose infusion 
rates as for the 20 nmollkg-min dose while increasing total glucose requirements to 2l.9±2.l 
and 20.8±2.0 glkg forCl4-Ill and C14-lispro, resp. and increasing the time at which glucose 
infusion was half-maximal from 510 to 900min for Cl4-HI and 560 to 950min for C14-
lispro.Conclusions: Over the therapeutic range, and viewed from the perspective of total 
circulating IRl, C 14-Ill and Cl4-lispro demonstrate the behavior of a slowly-cleared, lower
potency analog and a linear relationship between the IRl excursion and glucose requirements. 
Saturating doses are nonlinear with the dose effect expressed only as an extension of action. 
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DETERMINATION OF IN VITRO PLASMA PROTEIN BINDING OF 
INSULIN ASP ART AND INSULIN DETEMIR BY EQUILIBRIUM DIALYSIS 
A. Plum, P.S. Larsen, U.D. Larsen, J.B. Kristensen, and J.A. Jansen. Novo 
Nordisk AlS, Malov, Denmark. 
Aims: Insulin Aspart (IAsp) and Insulin Detemir (IDet) are two insulin derivatives 
in development for the treatment of diabetes mellitus. Ultrafiltration and equilibrium 
dialysis are routine in vitro techniques for the detennination of plasma protein 
binding. For IAsp and IDet, however, it is impossible to perform in vitro studies in a 
protein-free environment, due to the adherence of the peptides to the container and 
membrane surfaces. To overcome this obstacle, a step-wise equilibrium dialysis was 
devised. Materials and methods: The dialysis was performed as a sequence of step
wise, repeated experiments, involving the presence of peptide on both the donor and 
receptor side of the dialysis membrane. Each step was initiated at the concentration 
ratio corresponding to the fmal ratio detennined in the previous experiment and 
each experiment was started at equilibrium between solution and container surfaces. 
Plasma from healthy human volunteers with dmg levels at, above and below the 
expected therapeutic concentration, was used for detennination of protein binding. 
Plasma was placed into a dialysis sack (MW cut-off: 25 leDa) and deposited in a 
buffered reservoir of the peptide C25I-labelled at position 14-Tyrosine of the insulin 
A chain) at the expected free concentration in plasma. The plasma samples were 
then incubated at 37"C under gentle rotation for at least 20 h. Aliquots were taken 
from both sides of the membrane and counted for radioactivity. For IDet a pre
equilibrium of 90% was prepared by establishing a concentration ratio of ten 
between the plasma in the sack and the outer solution (free fraction). For IAsp and 
III this ratio was 1:1, imitating 0% binding. Results: The extent of binding was 
5-10% for IAsp and III and 99% for IDet, and for all insulins binding appeared to 
be constant over the entire concentration range studied. Conclusions: The study 
shows that this step-wise equilibrium technique can be used to detennine in vitro 
plasma protein binding for substances which exhibit strong adhesive and/or slow 
diffusion properties. 

888 
A PHARMACOKINETIC AND PHARMACODYNAMIC COMPARISON OF 
INSULIN ASP ART IN HEAL THY SUBJECTS A.."iD DIABETES PATIENTS 
A. Lindholm" P.D. Home2 and L. V. Jacobsen1

; INovo Nordisk AlS, 
Copenhagen, Denmark; 2The Medical School, Newcastle upon Tyne, UK 
Aims: Insulin aspart, a rapid-acting human insulin analogue, is currently being tested 
for meal-related treatment of diabetes mellitus. The pharmacokinetic and 
pharmacodynamic properties of insulin aspart were compared with those of soluble 
human insulin in healthy volunteers and in patients with Type I diabetes. Materials 
and Methods: Two trials were cartied out in healthy volunteers (aged 19-50 yr, 
BMI <30.0 kg/m', HbAlc <6.1 % and fasting plasma glucose <6.0 mmoVI). In study 
I, 19 healthy subjects received a subcutaneous dose of 0.06 Ulkg of either insulin 
aspart or soluble human insulin under fasting conditions. Study 2 was similar in 
design except that the subcutaneous dose given to the 20 subjects was 0.10 Ulkg. In 
the third study, 23 patients with Type I diabetes (aged 18-50 yr, BM! <30.0 kg/m', a 
meal-stimulated C-peptide <0.10 nmoVI, concomitant plasma glucose >7.0 mmoVI, 
no late diabetic complications) were given a subcutaneous dose of either insulin 
aspart or soluble human insulin (0.15 Ulkg). before a breakfast. Results: The mean 
C=, of insulin aspart was approximately twice that of soluble human insulin in all 
three trials. When plotted against dose, a linear relationship was found between 
trials, and between healthy subjects (dose 0.06 or 0.10 Ulkg) and those with diabetes 
(dose 0.15 Ulkg). Regarding AUC(;'''I' the results of the individual trials indicated 
similar bioavailability of insulin aspart and soluble human insulin. Insulin t",,, did 
not differ between healthy volunteers and diabetic patients (median 40 min). The 
pharmacokinetic-pharmacodynamic relationship as assessed by the time lapsed from 
C=, of insulin to Cmm of glucose (healthy volunteers) or postprandial C=, of glucose 
(diabetic patients) was 30 min and 20 min respectively (median values). 
Conclusions: Patients with Type I diabetes and healthy volunteers exhibited similar 
pharmacokinetic and pharmacodynamic responses to subcutaneous administration of 
insulin aspart. 

887 
AGE-DEPENDENT PHARMACOKINETICS OF HUMAN INSULIN AND 
INSULIN ASP ART IN YOUNG PATIENTS WITH TYPE 1 DIABETES? 
B. Olsen', H. Mortensen', A. Lindholm' and B. Hylleberg'. 'University Hospital, 
Glostrup, Denmark; 'Novo Nordisk AlS, Copenhagen, Denmark. 
Aims: The pharmacokinetics of the rapid-acting, human insulin analogue insulin 
aspart (IAsp). were compared with those of soluble human insulin (HI) in children 
and adolescents with type I diabetes. Materials and Methods: The trial had a 
randomised, double-blind. two-period crossover design. On each of the two study 
days, 9 children (aged 6--12 years) and 9 adolescents (aged 13-17 years) received a 
single subcutaneous dose (0.15 Ulkg) of either IAsp or HI, administered in the 
abdominal wallS min before a breakfast. Plasma insuhn and glucose concentrations 
were measured at intervals during the following 5 h. Results: The maximum serum 
insulin concentration was 147 ± 53.5 mUll for IAsp and 70.3 ± 32.1 mUll for HI 
(mean ± SD), p<O.OOI) and occurred earlier for IAsp; serum insulin t",,, for IAsp was 
40.0 min (IQ range 20-70 min) vs. 75.0 min (IQ range 40-180 min) for HI (p < 
0.001). This resulted in a significant difference (p < 0.05) between IAsp and HI Cm" 
(corrected for baseline glucose) of7.64 ± 5.10 and 9.41 ± 4.38 respectively. For the 
two age groups, maximum insulin levels for lAsp were approximately twice those of 
HI (table). However for both insulin types (HI and IAsp) the C= and AUC0-5 h 

values were significantly higher (p < 0.05) in the adolescent (13-17 year) group. 

IAsp - Cm" (mUll) 

HI- Cm" (mUll) 

IAsp - AUCO_5 h (mUll· h) 

HI - AUC0-5 h (mU/I·h) 

Children (mean ± SD) Adolescents (mean ± SD) 

121 ± 39 

59± 16 

240 ± 106 

179 ± 69 

173 ± 54 

82 ±40 

438 ± 245 

313±186 

Conclusions: IAsp displays a more rapid onset and shorter duration of action 
(insulin levels returned to baseline 5 h after dosing) compared with HI in children 
and adolescents, resulting in improved postprandial glucose control even when IAsp 
is administered inuuediately before a meal. The novel finding of a possible age effect 
on insulin absorption, suggested by the present results, requires further investigation. 

889 
PHARMACOKINETIC AND PHARMACODYNAMIC COMPARISON OF A 
PREMIX OF SOLUBLE AND PROTAMINE-RETARDED INSULIN ASPART 
M~A. Gall, L.V. Jacobsen, B. 80gaard and A. Riis. Novo Nordisk AlS, 
Copenhagen, Denmark 
Aims: The serum insulin profiles after a single injection of a 30170 premix of the 
rapid-acting insulin analogue, insulin aspart and protamine-retarded insulin aspart 
(Biphasic Insulin Aspart 30 [BIAsp30]) were compared with a similar premix of 
human insulin (Biphasic Human Insulin 30 [BHI30]). Materials and Methods: In 
this randomised, double-blind, two-period crossover study, 24 healthy male subjects 
received a single subcutaneous dose of either BIAsp30 or BHI30 (0.2 Ulkg) on two 
study days (4-10 days apart), following an overnight fast. Blood samples were taken 
for detennination of serum insulin and glucose concentrations at various intervals 
after dosing. End-points were chosen to represent the soluble fraction of the insulin 
(early part of the profile) and the protamine-retarded fraction (later part of the 
profile). Results: The primary end-point, the area under the insulin concentration
time curve from 0 to 90 min after dosing was significantly larger for BIAsp30 than 
for BHI30 (1403 ± 372 versus 752 ± 191 mUll h [mean ± SD];p < 0.0001). The 
time to maximum serum insulin concentration was approximately half that for 
BHI30 (60.0 [45.0-70.0] versus 110.0 [90.0-180.0] min [median, interquartile 
range];p < 0.0001) and the maximum insulin concentration was higher following 
BIAsp30 than after BHI30 (23.4 ± 5.3 versus 15.5 ± 3.7 mUll [mean± SD]; 
p < 0.0001). The serum glucose profiles showed a significantly earlier onset of the 
glucose-lowering effect and a significantly lower glucose concentration following 
BIAsp30 than after BHI30. Conclusions: The results indicate that the 
pharmacokinetic characteristics of insulin aspart, which are potentially important for 
postprandial glucose control, are preserved with insulin aspart used in a premixed 
formulation. 



890 
NO DIFFERENCE IN HYPOGLYCAEMIC SYMPTOM THRESHOLD FOR 
INSULIN ASPART AND HUMAN INSULIN IN TYPE 1 DIABETES PATIENTS 
B.M. Frier', A. Lindholm', F.M. Ewing' and B. Hylleberg'. 'Royal Infirmary of 
Edinburgh, Scotland; 2Novo Nordisk AfS, Copenhagen, Denmark. 
Aims: The aim of the study was to compare the blood glucose threshold for 
autonomic activation during hypoglycaemia induced by insulin aspart (IAsp) and 
soluble human insulin (HI). Counterregulatory, symptomatic and physiological 
responses were also compared and safety end-points were evaluated. Materials and 
Methods: The trial had a single-centre, double-blind, randomised, two-way cross
over design. On each of two study days (separated by 3-6 weeks), acute 
hypoglycaemia was induced in 17 patients (mean age 28.8±6.6 years, diabetes 
duration 2.4±1.3 years, BMI 23.6±1.8 kg/m', HbA,o 6.69±0.67%) by infusion of 
either IAsp or HI (\00 IU/mi at 2 mU/kg/min). Results: The mean blood glucose 
levels at the time of autonomic reaction, were not significantly different for IAsp, 
1.88 (range 1.3-2.6) mmol/I and HI, 1.89 (range 1.3-2.7) mmolll; (NS, estimated 
ratio ~ 0.994). Mean Cm" for IAsp was 2.84 nm01l1 and 3.69 nmolll for HI (NS); t.ru" 
occurred at 53.8 min for IAsp and 53.4 for HI (NS). No statistically significant 
differences were found between IAsp and HI in any of the secondary endpoints, 
including the AUC, Cmax and 'tmax for the cQunterregulatory honnones. Mean change 
in systolic blood pressure was 20.2 mmHg for IAsp and 15.2 mmHg for HI (NS); 
mean heart rate increased by 19 beats/min with IAsp and 22 beats/min with HI (NS); 
mean blood glucose slope was -0.081 (IAsp) vs. -0.083 (HI) mmollllmin (NS). Mean 
hypoglycaemic scores were 24.4 for IAsp and 27.2 for HI (NS). Mean cognitive test 
results for IAsp and HI (Trail Test B) were 64.4 vs. 69.6 (NS) and (Digit test) 45.8 vs. 
40.0 (NS) respectively. No serious adverse events were reported during the study. 
Conc1usions: Analysis of pharmacodynamic and pharmacokinetic measures of 
insulin and counterregulatory hannanal responses indicates that IAsp generates the 
same symptoms and counterregulatory responses as induced by HI during 
hypoglycaemia. The safety profiles of the two insulins were also similar. 

892 
INSULIN ASPART - A MEALTIME ALTERNATIVE TO SOLUBLE 
HUMAN INSULIN IN TYPE 1 DIABETES. 
B. Hoogwerf', P. Raskin', L. Jovanovic', L. Leiter" A.H. Bosss, andA. Riis'. 

'Cleveland, OH; 'Dallas, TX; 'Santa Barbara, CA; 4Toronto, Ontario; 

'Princeton, NJ, USA; 'Bagsvaerd, Denmark. 

Aims: The safety and efficacy of insulin aspart (IAsp), a fast-acting insulin with a 
shorter duration of action than human insulin (HI), was assessed in a six-month, 
multi-center, randomized, open-label study. Materials and Methods: Eight hundred 
eighty two subjects with Type I diabetes, age ;,18 years, BMI,; 35 kg/m', and 

duration of diabetes.;::: 24 months, were studied. During a 4-week run-in period, 

subjects received a standard multiple injection treatment with HI and NPH insulin. 
During the treatment period IAsp (n ~ 596 subjects) was administered immediately 

before meals, while HI (n ~ 286 subjects) was administered 30 min before meals. 

Efficacy and safety were evaluated at 6 months. Results: At baseline, mean HbA" 
(% ± SD) was similar between treatment groups (7.9% ± 1.1 for IAsp, 8.0% ± 1.3 for 

HI). At 6 months of treatment, HbA" was lower for the IAsp group (7.8 % ± 1.1) 

than for the HI group (8.0% ± 1.2; P ~ 0.005). At 6 months, the mean BG levels 

(mmolll ± SD) were significantly lower (p < 0.016 for all comparisons) in the IAsp 

vs. HI group after breakfast (8.8 ± 4.0 vs. 10.6 ± 4.4), after lunch (7.7 ± 3.4 vs. 

9.2 ± 4.0), and after dinner (8.5 ± 3.5 vs 9.5 ± 3.7), as well as before lunch (7.0 ± 3.3 

vs. 7.8 ± 4.2). Before dinner blood glucose levels were higher in the IAsp group 

(8.6 ± 3.7 vs. 8.0 ± 3.8 mmol/I; p < 0.02). The prandial blood glucose (BG) increment 

(mean difference in pre- and 90 minute post-prandial blood glucose) was siguificantly 

smaller in the IAsp group (0.2 ± 2.5 mmol/I) than in the HI group (1.6 ± 2.6 mmol/I; 

p < 0.000 I). The safety of IAsp was comparable to HI, and low frequencies of 

hypoglycemic episodes were reported for both treatments. The relative risk of 

experiencing major nocturnal hypoglycemia was 50% (95% CI: 29 - 86%) with IAsp 

compared to soluble HI. Conclusion: IAsp use resulted in lower mean HbA,,, lower 

mean post-prandial blood glucose levels, and reduced the risk of major nocturnal 

hypoglycemia when compared to HI. 
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891 
SOLUBLE INSULIN AND THE RAPID -ACTING ANALOGUE INSULIN ASPART HAVE 
SIMILAR EFFECTS UPON VENTRICULAR REpOLARlZATION. 

S. R. Heller', R.T.C.E. Robinson', N. D. Harris', R. H. Ireland l
, A. Lindholm'. 

'University of Sheffield, Sheffield, UK. 'Novo Nordisk, Copenhagen, Denmark. 

Aims Abnormal cardiac repolarization develops during insulin induced 
hypoglycaemia, which in other conditions is associated with cardiac dysrhythmias. 
An increase in sudden death of young diabetic patients has been associated with 
nocturnal hypoglycaemia perhaps as a result of cardiac dysrhythmias. Since the use 
of rapid-acting insulin analogues has been suggested to reduce nocturnal 
hypoglycaemia we thought it important to establish their effect on these aspects of 
cardiac function. Methods and Results 17 healthy males (mean±SEM age 
27.7±1.6yr, BMI 23.5±0.5kg/m') underwent identical hyperinsulinaemic 
hypoglycaemic clamps with blood glucose maintained at 5mM for 30 min followed 
by 30 min at 2.5mM. Subjects received either regular human insulin (HI) or the 
analogue, insulin aspart (IAsp) on 2 different occasions separated by 4-6 weeks. We 
made regular measurements of plasma potassium, counterregulatory honnones and 2 
measures of cardiac repolarization, QT dispersion and QTc. During each study 
potassium decreased significantly but by a similar amount (Initial and final level, HI, 
4.2±0.3 to 3.4±0.2mM,P<0.001, IAsp. 4.2±0.3, to 3.4±0.2mM, P<O.OOI). Serum 
adrenaline increased significantly and similarly after both insulins (Initial and fmal 
level, HI, 0.19±0.01, to 4.87±0.48nM,P<0.001, IAsp, O.18±0.01 to 4.99± 0.48nM, 
P<O.OOI). There were similar significant increases from baseline in QTc and QT 
dispersion after 30min of hypoglycaemia induced by either HI (QTc, 79±6ms, 
P<O.OOI, dispersion 67±IOms, P<O.OOI), or IAsp (QTc. 86±8ms, P<O.OOI, 
dispersion, 53±8ms). There was no significant difference between treatments with 
regard to effect upon cardiac repolarization, potassium concentration and adrenaline 
levels. Clearance rates for the two insulins was similar (HI mean 1.24±0.1211hIkg, 
IAsp mean l.22±0.321Ih1kg).Conclusions We conclude that regular human insulin 
and insulin aspart have similar effects upon hypoglycaemia induced alterations in 
cardiac repolarization. presumably because the effects of both regular insulin and 
insulin aspart on the sympathoadrenal response and potassium concentration were 
the same. 

893 
EFFECT OF THE INSULIN ANALOGUE INSULIN ASPART ON QUALITY-OF
LIFE AND TREATMENT SATISFACTION IN TYPE I DIABETIC PATIENTS. 

U. Bott, S. Ebrahim, S. Hirschberger*, P. Lenkel* and H.J. Sieber', Dep. of 
Metabolic Diseases and Nutrition, Heinrich-Heine-University DUsseldorf, Germany; 
*N ovo N ordisk, Mainz, Germany 

Aims: In a 6-month multicentre, multinational, randomised, open-labelled trial on 
the efficacy and safety of the rapid acting insulin analogue Insulin Aspart (IAsp) in 
type I diabetic patients, quality-of-life and treatment satisfaction were evaluated as 
crucial outcome parameters. Methods: 424 patients (46% females, age 38±12 years, 
diabetes duration 15±1l years, HbAlc 7.5±1%; mean±SD) from German speaking 
countries were randomised (ratio 2:1) either to treatment with IAsp (n~283) or 
regular human insulin (HI; n~141). All patients were on a multiple-injection 
treatment regimen with IAsp or HI as meal-related and NPH as basal insulin. Only 
patients on HI were advised to keep an injection-meal-interval of 30 minutes. Two 
validated treatment satisfaction and diabetes-related quality-of-life scales assessed 
patients' individual treatment goals, physical complaints, worries about future, social 
relations, leisure time flexibility, daily hassles, nutritional restrictions, fear of 
hypoglycaemia, blood glucose fluctuations, self-efficacy, fear of insulin analogues, 
and burdens of hypo glycaemia. Results: After 6 months, IAsp revealed significantly 
better scores in 2 different treatment satisfaction scales (p<0.005) and quality-of-life 
with respect to nutritional restrictions (p<O.OOI). Improved satisfaction was mainly 
due to higher nutritional and leisure time flexibility (p<0.001). 23% of the IAsp 
group, and 14% of the HI group achieved small but important improvements oftolal 
quality-of-life (p<0.06; criteria according to Evidence-based Medicine Working 
Group). The number needed to treat (NNT) for an important increase in quality-of
life was 10. Regression analysis of potential predictors of quality-of-life 
improvement indicated that patients who were intensely striving for physical strength 
(p<O.OI; NNT~7) or who felt less protected against hypoglycaemia (p<0.001; 
NNT~8) were most likely to achieve an important benefit from IAsp. 
Conclusions: Under these study conditions, IAsp improved treatment satisfaction 
and quality-of-life regarding nutritional restrictions. The different NNT indicate that 
the effect of IAsp on quality-of-life is not trivial. 
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894 
HUMAN INSULIN ANALOG, INSULIN ASPART, IS A MEALTIME 
INSULIN COMPARABLE TO HUMAN INSULIN IN TYPE 2 DIABETES 
J. McGill', P. Raskin', C. Kilo', A.H. Boss'and N.M. Kamp4. 'St. Louis, MO; 
'Dallas, TX; 'Princeton, NJ, USA; 4Bagsvaerd, Denmark 
Aims: The safety and efficacy of the rapid-acting insulin analogue, insulin 
aspart (IAsp), with a more rapid onset and shorter duration of action, was 
compared to human insulin (HI) in a 6-month, multi-center, randomized, 
open-label, parallel clinical trial in subjects with insulin-requiring Type 2 
diabetes. Because IAsp can be given immediately before meals, it provides 
increased flexibility and potentially improved compliance of treatment for 
individuals with Type 2 diabetes. Materials and Methods: All 182 patients 
had diabetes for at least 2 years, and had been treated with HI for at least 12 
months. At baseline there were no differences between the groups in terms 
of age, diabetic duration, or glycaemic control (HbA,c = 8.1 % ± 1.2% for 
IAsp and 7.9% ± 1.1 % for HI (mean ± SO). Following randomization all 
patients received bedtime NPH insulin, and bolus injections of either lAsp 
injected immediately before the meal (n = 91) or HI injected 30 minutes 
before the meal (n = 91). Efficacy and safety was evaluated at 6 months. 
Results: After 6 months of treatment, HbA lc levels were similar in both 
groups (7.8% ± 1.3% for IAsp and 7.7% ± 1.1% for HI, P = 0.369). IAsp 
was also comparable to HI as measured by 8-point BG profiles, prandial BG 
increments, BG variability measures, and daily insulin dose. The risk of 
minor or major hypoglycemic episodes was not significantly different for the 
two treatments. In terms of adverse events, IAsp was as well tolerated as HI, 
with a slightly higher frequency of non-serious adverse events. The majority 
of adverse events were mild, and considered unrelated to treatment. 
Conclusions: IAsp injected immediately before the meal is comparable to HI 
injected 30 minutes before the meal with regard to glycaemic control and the 
risk of hypoglycaemia in insulin-treated individuals with Type 2 diabetes. 
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WHAT ARE THE INSULIN REGIMENS USED IN FRANCE? 
F. Le Thai', N. Balarac', P. Drouin', MP. Allicar', B. Cazeneuve1

, B. Augendre' and 
B. Charbonnel4

, Lilly France, St Cloud], St Laurent I Var\ NancyJ, Nantes4
, France. 

Aims: The current practice for care of patients with diabetes in France is not precisely 
known. This survey aims at describing how French diabetes specialists manage 
insulin-treated patients and the metabolic results they obtain. Methods: "Enquere 
Schema" was a transversal national survey. During one day in Nov. 98, all 
diabetologists were asked to answer to an anonymous questionnaire. Results: Among 
the 934 physicians who were accepted to participate, 450 responded. Physicians' 
characteristics (which can be shown to be representative of the whole population) 
were: age: 43.1±7.5 yrs; 51.9% female; hospital: 48.9%; exclusive private practice: 
24% ; number of patients seen on the survey day: 2.9±2. Patients' characteristics 
were: n~1263, all insulin-treated; Wll..: 57.6% (age: 37.3±19.9 yrs ; diabetes 
duration: 13.7±11.5 yrs ; insulin treatment duration: 12.3±1l.l yrs ; complications: 
36.4%) ; !YQU: 36.8% (age: 64±11.4 yrs ; diabetes duration: 14.6±8.9 yrs ; insulin 
treatment duration: 3.4±4 yrs; with orals agents: 39.7%; complications: 63.1%). 
Metabolic results 

Type 2 patients 
Injection #1 day I 2 3 4 I 2 3 4 I 
% 2.7 42.8 41.2 13.3 25.7 56.9 14.2 3.3 I 
Type of insulin * PM R+PM R+NPH R+L PM NPH other 
% 20.1 12.1 33.2 16.5 32.1 37.7 30.2 

* PM.premlxed, R.rapld-actmg (regular or LISPro), L.long-actmg msulm. 
Conclusion: In this survey, 54.5% of the type I patients treated by a French specialist 
used a multiple daily injections regimen (;' 3) but only 17.5% of type 2 patients used 
this regimen. According to the DCCT and/or UKPDS criteria, only 1/3 of patients 
were well-controlled with a large number of patients experiencing complications. 

895 
POSTPRANDIAL ADMINISTRATION OF THE RAPID-ACTING INSULIN 

ANALOGUE INSULIN ASPART IN TYPE 1 DIABETIC PATIENTS 
G.A. Brunner', S. Hirschberger", G. Sendlhofer', A. Wutte', M. Ellmerer', L. 

Schaupp', T.R. Pieber'; 'Department of Internal Medicine, University of 
Graz, Austria; "Novo Nordisk Pharma GmbH, Germany 

Aims: We evaluated prandial glycaemia in type 1 diabetic patients after 
subcutaneous injection of human regular insulin (HI) and the rapid-acting 
insulin analogue, insulin aspart (IAsp) at different time-points. Materials and 
Methods: In a randomised, double-blind, double-dummy, 4-period crossover 
study 20 type 1 diabetic patients (12 male; age 36.4±11.2 (mean±SD) years; 
BMI 25.0±2.9 kg/m'; HbA

" 
7.6±0.8 %) were investigated. Prandial insulin 

was administered 15 min before the start of the meal [HI(_15m;n)J, immediately 
before the meal [HI(om;n); IAsP(om;n)J and 15 min after the start of the meal 
[IAsP«15m'n,J. To optimise basal insulin requirements patients were admitted 
the evening before the test meal and received an overnight Lv. insulin 
infusion to keep blood glucose levels constant at 120 mgldl. This insulin 
infusion (optimised basal rate) was maintained till the end of the experiment. 
The standardised test meal (breakfast at 8.30 a.m.) consisted of 543 kcal 
(55% carbohydrates, 17% protein, 28% fat). Dosages of s.c. HI and IAsp 
were kept constant for a single patient during the 4 experiments (mean 9 IU; 
range 6-12 IU). Results: Blood glucose excursions from baseline levels 
during the 4 hours [BGexc(O"'h~)J were highest with HI(om;n) (353 mg·dl-' ·h-'; 
p<O.05 vs. other treatments). However, BGexc(O"'h~) were not different for 
HI(_15m;n), IAsP(om;n) and IAsP«15m'n) (266 vs. 248 vs. 282 mg.dl-' ·h-'; p=n.s.). 
Maximum concentration of blood glucose (BGm,,) was lowest with IAsP(om;n) 
(209 mg/dl; p<O.05 vs. other treatments). BGm" was comparable for HI(_15m;n), 
HI(Om;n) and IAsP«15mln) (243 vs. 262 vs. 243 mg/dl; p=n.s.). No differences 
among the treatment groups were observed in terms of basal blood glucose, 
plasma insulin levels at baseline and areas under the curves of the insulin 
profiles during the 4 hours after the meal. Conclusions: With regard to 
prandial glycaemia IAsP«15m;n) is as effective as HI(_15m;n) and superior to 
H I(om;n)' Thus, postprandial dosing of insulin aspart offers an attractive and 
feasible therapeutic option for well-controlled type 1 diabetic patients. 

897 
PHARMACODYNAMICS (PD) AND PHARMACOKINETICS (PK) OF 
SUBCUTANEOUS INSULIN AND INSULIN LISPRO IN 3 ETHNIC GROUPS. 
S.D. Wise, E.S. Seah, V. Koivisto. Lilly-NUS Centre for Clinical Phannacology, 
Clinical Research Centre, National University of Singapore. 
Aims: Ethnic differences exist in the epidemiology and clinical features of 
diabetes, but no ethnic differences have been described in the PD or PK of insulin 
treatment. This study defined profiles for subcutaoeous (SC) regular human insulin 
(Reg) aod insulin lispro (LP) in Caucasian (Ca), Chinese (Ch) and Indian (I) 
subjects. Materials and Methods: Ten healthy, nondiabetic, subjects were 
recruited from each group. Groups were comparable for age, sex, body mass index, 
and training level. A randomised cross-over study was performed using a 
euglycaemic clamp for 8 h after 0.15 IU/kg SC of Reg or LP. Time of onset 
(Tonset), maximum infusion rate (Rmax), time to Rmax (TRmax), aod total 
glucose infused (Gtot) were derived from the glucose infusion rate vs time curve. 
Samples were collected for senun insulin, and PK parameters were calculated 
using noncompartmental techniques. Results: LP had more rapid effect than Reg 
in all groups. In I the PD profile was significantly delayed, most notably with Reg. 
Peak effect in I also appeared less intense, but total glucose infused was not 
different. PK did not explain these results. 
Rx Parameter Indian (l) 

Reg Rmax (mg/kg/min) 3.9 ± 1.5 
TRmax (min) 258.0 ± 46.3 
Tonset (min) 49.0 ± 8.5 
Gtot (mglkg) 551 ± 236 

LP Rmax (mg/kglmin) 4.9 ± 2.9 
TRmax (min) 113.5 ± 36.4 

Chinese rCh) 
5.4 ± 3.9 

198.0± 54.0 
34.8 ± 7.4 
642 ± 390 
6.2 ± 3.5 

81.5 ± 41.4 

Caucasian rCa) P roveralll 
6.5 ± 2.1 0.10 

153.5 ± 53.4 0.0004 
39.6 ± 8.6 0.002 
680 ± 221 
8.3± 1.7 

108.0 ± 47.0 

0.66 
0.03 
0.14 

Tonset (min) 33.5 ± 9.2 25.7 ± 5.9 22.4 ± 6.0 0.006 
Gtot (mg/kg) 605 ± 327 654 ± 336 753 ± 233 0.55 

Conclusions: A delay in onset of action and peak effect occurred in I subjects after 
SC insulin and may have implications for the timing of preprandial Reg insulin for 
I patients. The delayed profile appeared less pronounced with LP. 



898 
OPTIMIZATION OF POSTPRANDIAL BLOOD GLUCOSE WITH L1SPRO 
INSULIN IN T2DM. 
E. Torlone, C. Lalli, P. Del Sindaco, M. Ciofetta and G.B. Bolli 
DIMISEM, University of Perugia, Italy 
To assess the effects of lispro (LP) vs human regular insulin (Hum-R) on 
postprandial (PP) plasma glucose (pG) in type 2 diabetes (T2DM), II T2DM 
patients (age 50±4, mean ± SEM, BMI 26.1±0.3 kgM on oral hypoglycemic 
agents, HbA,c 7.6±0.8%) were studied on 4 random occasions (#1 no insulin, 
#2, #3 and #4, 0.15 U/kg s.c. either Hum-R at 5 min, or 30 min, or LP at 5 
min) for 7 hours (h) after a mixed meal (793 Kcal, 60% CHO, 15% proteins, 
25% lipids) at 12:30 h (0 h). Six nondiabetics were also studied with the test 
meal. Areas under curve (AUC) ofPG (mgldllmin) were (*p<0.05 vs #2): 

0-7h 0-4h 4-7h 
Nondiabetics 102±4 109±3 90±2 
T2DM#1 200±7 208±8 183±9 
T2DM#2 169±7 179±8 ISO±8 
T2DM#3 150±5 I 62±7 127±6 
T2DM#4 147±5* 154±6* 139±5* 

Hum-R improved PP-PG if given 30 min before the meal vs mealtime 
administration. LP decreased PP-PG vs Hum-R at mealtime, but not vs Hum
R 30 min because PG-AUC 4-7 h was greater with LP vs Hum-R 30 min 
(p<0.05). Plasma insulin peaked earlier, but waned earlier; plasma proinsulin, 
glucagon and C-peptide (C-pep) were all more suppressed in #4 vs #2 and #3 
(p<0.05). The late PP-PG (PG-AUC 4-7 h) with LP was lower in T2DM 
patients with greater C-pep (r=-0.76, p<0.05). Conclusions: in T2DM, PP-PG 
improves if s.c. Hum-R is anticipated vs meal ingestion. LP always improves 
PP-PG in early phase (0-4h), but in late phase (4-7 h) only in T2DM with C
pep >0.7 nmolll. "Basal" insulin is required in T2DM patients with C-pep 
<0.7 nmolll to improve interprandial PG and long-term, HbA". 

900 
Lys(B28),Pro(B29) insulin analogue improves metabolic control 
in type I diabetic subjects treated by Continuous Subcutaneous 
Insulin Infusion (CSII). 
A CONSOLI, * M. VELUSSI, * A.M. CERNIGOI and F. CAPANI. 
Universita d'Annunzio, Chieti and * Ospedale Civile, Monfalcone, 
Italy. 
Aims: use of the rapidly absorbed lispro insulin analogue in type 1 
diabetes improves early post-prandial blood glucose control. 
However, due to lispro insulin shorter plasmatic peak, patients often 
experience between meals hyperglycemia. This should not be the 
case in CSII treated diabetic patients who should gain the most 
benefit from lispro insulin treatment. The present study was therefore 
undertaken to investigate whether use of lispro insulin could improve 
metabolic control in CSII treated type 1 diabetic patients. Methods: 
39 type 1 diabetic patients (M/F= 17/22, age 24.6±3.5 yrs, 8MI= 
24.7±2.1 kg/m2) who had been treated by CSII for at least 5 years 
where asked to record their 9 points daily blood glucose profile twice 
a week for nine months, while on regular insulin for the first 3 
months, on lispro insulin for the following 3 months and back on 
regular insulin for the final 3 months. HbA1c levels were measured at 
the end of each three months period. Results: HbA1c levels 
(7.10±0.4% after the first 3 months) dropped to 6.32±O,37%, p< 
0.0001 with lispro treatment. They increased back to 7.14±0.36% 
after the final 3 months of regular insulin treatment (p<.0001 vs 
lispro). The mean coefficient of variation of blood glucose values at 
the same time pOints in different days was significantly lower during 
lispro insulin than during both regular insulin treatments (7.1±0.53 vs 
S.9±0.71; p<.001) and so was the frequency of hypoglycemia 
(9.7±1.9 vs 11.1±2.1 episodes per 30 days, p< 0.01). Conclusions: 
we conclude that use of lispro insulin in CSII treated type 1 diabetic 
patients allows achievement of optimal blood glucose control without 
increased risk of hypoglycemia. 
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899 
TREATMENT WITH INSULIN LYSPRO WITH CSII CHANGES THE 
INSULIN AND BLOOD GLUCOSE PROFILE BUT DOES NOT AFFECT 
PLASMA CONCENTRATIONS OF IGF-l AND IGFBP-l 
C. Hedman, A-C. Orre Pettersson, T. Lindstrom and H.J. Amqvist, Dept of 
Medicine and Care, The University Hospital, Linkoping, Sweden 

Aim: Changes in the GH,IGF-I, axis with low circulating IGF-I have been 
described in patients with Type 1 diabetes. The aim was to study if changes in. the 
insulin profile obtained by treatment with either insulin Iyspro or human regular 
insulin with CSII have different effects on plasma concentrations of IGF-l and 
IGFBP-l. 
Patients and methods: Twelve patients with Type I diabetes, age 47.8 ± 2.4 
(mean±SEM) years, body weight 75.7 ± 3.0 kg, diabetes duration 30.5 ± 3.2 years 
who had been treated with CSII for 12 ± 0.8 years participated in this open label, 
randomized cross-over study. The patients received their usual bolus insulin dose 
and a standardized breakfast in the morning. Blood profiles of free insulin, glucose 
andIGFBP-I were measured from 7.10 to 14.30 hours. 
Results: Insulin Iyspro gave a marked peak of free insulin with maximum 
concentration at 8.00 hrs of 135 ± 20 pmol/l while human regular insulin gave a 
wide plataeu at about 50 pmolll and no obvious peak. The AVC of free insulin from 
7.1O-9.IOhrswas 11807± 1671 during Iyspro and 4860 ± 591 (p<O.OOI) and no 
significant difference during the later part of the profile. During Iyspro the 
postprandial rise of blood glucose was smaller and the total AVC lower than during 
regular insulin, 3505 ± 446 and 5087 ± 465 repectively (p~0.006). HbA Ic was 6.4 
± 0.2 % on both treatments (ns). There was no significant difference in plasma IGF-
1 concentrations, 78.8 ± 10.6 vs 82.3 ± 10.5 ~g/l. The total IGFBP-I AVC was 
3678 ± 485 during Iyspro and 3860 ± 495 during regular insulin (ns) and there was 
no difference when dividing the profiles from 7.10-9.10 and 9.10-14.30 hrs. 
Conclusions: Insulin Iyspro given by CSII gives a different insulin profile and 
lower postprandial rise of blood glucose than human regular insulin but similar 
HbAlc. In spite of these differences there is no change of the plasma 
concentrations ofIGF-I and IGFBP-l. 

901 
DOES INSULIN LISPRO ALLOW IDDM PATIENTS THE LUXURY OF AN 
OCCASIONAL GASTRONOMIC TREAT BETWEEN MEALS? 
N. Kong, M.M. Kitchen and R.E.J. Ryder. City Hospital NHS Trust, Birmingham, 
England 
Aims: Contrary to advice diabetic patients may still indulge in the occasional 
non-diabetic treat. We investigated if an extra dose of Lis pro before 
consumption of a non-diabetic high carbohydrate treat between meals could 
attenuate glucose excursion on an intensive regimen of Lispro pre-meal and 
pre-bed Isophane insulin. Methods: 8 IDDM patients on intensive therapy 
aiming for pre and post prandial levels of glucose control between 4 - 10 
mmol/l, measured capillary glucose on up to 6 occasions half-hourly for 3 
hours after a self chosen treat (e.g. chocolate bar) eaten mid-afternoon with a 
predetermined extra dose of Lis pro. Results: Mean AVe for days with treat 
and extra Lispro were similar to days without a tteat or extra Lispro. 1462 ± 
42 vs. 1458 ± 40; p= 0.99. AVe on days where the treat was taken without 
extra Lispro were significantly greater 2169 ± 132; p < 0.001 (mean ± SEM, 
nunol min 1-1) 

14 l -+-- Treat + Lispro 
13 I ,·8" No Treat No Lispro .. ."'. 

13 ~~ ~ .-,..- Treat No Lispr0,l""'/"'--- '-,.--

, rl-_~_::.,...:O--·-·--·-·-· .. ~,---------~' .. -."-.. ~ .. -. _'_'.~"_'8_'_".~'_' ~ 
12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 

time 
Conclusions: The lack of hypo glycaemia suggests a small extra dose of 
Lispro can safely control glucose when given with a between meal treat, thus 
allowing IDDM patients, like non-diabetics, such an occasional luxury. 
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902 
EVALUATION OF THE ANTIOXIDATIVE EFFECT OF INSULIN LISPRO 
THERAPY IN IDDM PATIENTS 
M. Petkoval and P. Angelova - Gateva', IDiabetes Center, 'Institute of 
Endocrinology and Gerontology, Sofia, Bulgaria 

Oxidative stress is an important pathogenetic mechanism in diabetic complications. 
Aim: To evaluate the effect of insulin Lispro (LP) on the antioxidative status in 
IDDM patients, previonsly treated with human regular insulin (HR). 
Materials and methods: Twenty patients with mean age - 2S± 7.1 years, duration 
of diabetes - 7.SS±4.S9 years, BMI - 22.6±2.Skglm' were recruited along with age, 
sex, and smoking-status-matched control subjects. The glycaemic control was 
assessed by HbAI c, blood glucose excursions (BGE) I-and 2hr after standard meal 
(400kcal, ISg carbohydrates, 12g fat, 16g protein) at baseline and 3 months after 
LP treatment. Simultaneously the plasma antioxidant status was measure by 
thiobarbituric acid reacting substances (TEARS), superoxide dismutase activity 
(SOD), total antioxidant capacity (TAOC). 
Results: The levels of: HbAIc (4.S±O.S%) and TBARS (2.07±O.6Snmolll) were 
significantly lower, but the SOD (471.20±S3.70U/I) and TAOC (74.10±20.74U/I) 
were significantly higher in the controls compared to IDDM patients (p<O.OS). 
Postprandial I-and 2hr BGE were significantly lower after 3 months LP therapy 
compared to baseline (p<O.OOI). For the same period HbAIc level was not change 
significantly (S.12±1.64 vs S.S9±1.22%; p>O.OS). The TBARS significantly 
decreased after 3 months vs baseline (3.36±O.6S vs 4.09±1.40 nIDol/l; p< O.OS). The 
SOD increased significantly at the end of the observation as compared to baseline 
(444.33±6S.S vs 324.66±S1.4 UIl; p <O.OS). The TAOC increased after 3 months 
LP therapy vs baseline (44.24±l4.lvs 41.79±l9.7 UIl). 
Conclusions: The insulin LP therapy significantly reduced the postprandial BGE 
compared to the HR insulin as a result of which the plasma antioxidant status in 
IDDM patients was improved. 

904 
IMPROVED GLUCOSE CONTROL FOLLOWING ADMINISTRATION OF A 75% 
INSULIN LISPRO/25% NPL MIXTURE IN PATIENTS WITH TYPE I DIABETES. 
M. Pein, F. Diebler, 1. Woodworth, P. Roach, U. Gudat, M. Dreyer. Krankenhaus 
Bethanien, Hamburg, Germany and Eli Lilly & Co., Indianapolis, IN, USA. 
Aims: Insulin lispro (L) provides superior blood glucose (BG) control during the first 
3-4 hours following meals in comparison to human regular insulin (RI). However, 
adequate basal insulin replacement is necessary to provide optimal BG control 
throughout long between-meal intervals. We evaluated HM, a mixture of 75% L and 
25% NPL (an intermediate-acting protamine-based formulation of L) with respect to 
BG control during a 7-hour period following a standard test meal. Comparisons were 
made to BG control provided by L and RI. Materials and Methods: A 3-way, 
randomized, single dose, crossover study was performed in 31 patients with type 1 
diabetes. After an overnight fast, an intravenous infusion of RI was used to standardize 
blood glucose to 135 mgldL, which was discontinued 15 min after dosing the study 
insulin. At 3 separate visits, L, RI, or HM was given subcutaneously before a standard 
meal (770 kcal; 57% CHO, 29% fat, 14% protein), with L and HM given just prior to 
the meal and RI given 30 min before the meal. Blood samples were collected every 30 
min for measurement ofBG over a 7 h period following the start of the meal. The peak 
BG concentration (BGmax, mgldL) and mean BG (mnBG, mgldL) at 4, 5, 6, and 7 h 
after dosing were assessed. Results: BGmax and all mnBG measurements were 
statistically greater for RI when compared to HM and L. mnBG comparisons were 
similar for HM and L up to 5 h after dosing, but significantly lower for HM beyond 5h. 

BGmax mnBG, 0-4 h mnBG, 0-5 h mnBG, 0-6 h mnBG, 0-7 h 
RI o215±60.0 *174±52.S *176±54.3 *179±55.4 *IS2±56.3 
HM I 93±42. I 140±3S.9 1 40±4 1.3 oI42±43.6 oI45±45.6 
L IS5±34.0 141±39.1 14S±42.5 156±45.1 165±46.0 

*p<0.05 when compared to HM, L op<0.05 when compared to L 
Conclusions: Land HM provided better BG control than RI during the 7-hour 
observation period. HM provided better BG control than L when the final 2 hours of 
the 7-hour observation period were considered. 

903 
USE OF HUMALOG® MIXTURES IN THE ELDERLY: A SUBGROUP 
ANALYSIS OF SAFETY COMPARED TO HUMAN INSULIN MIXTURES. 
J. Malone, V. Arora, and J. Bue-ValJeskey. Eli Lilly & Co., Indianapolis, IN, USA. 
Aims: To examine the safety of Humalog® Mixtures in patients greater than 65 years 
of age compared to human insulin mixtures with respect to incidence of adverse 
events and hypoglycemia. 
Methods: A subgroup analysis was performed on pooled safety data from 4 
multinational clinical trials involving Humalog® Mixtures and human insulin 
mixtures (duration of exposure between 3 and 12 months). Patients were categorized 
into two age groups «65 years of age or ;,65 years of age) and comparisons were 
made between-treatments and between age groups with respect to treatment 
emergent adverse events (AE = percentage of patients experiencing one or more 
events) and hypoglycemia rate (episodes per patient per 30 days). 
Results: No significant between-treatment or between age group differences were 
observed in the median hypoglycemia rate or in the overall incidence of treatment
emergent adverse events 

Humalog Mixtures Human Insulin Mixtures p-value 
Hypoglycemia Rate AE Hypoglycemia Rate AE Hypoglycemia 

Age N Median (Mean ±SD) (%) N Median (Mean±SD) (%) Rate/AE 
;,65 66 1 

0.0 (1.4±2.7) 

1

61 63 1 
0.0 (0.9± 1.7) 

1 57 NSiNS-
<65 330 0.9 (2.l±3.5) 55 323 0.5 (2.0±3.2) 59 NSfNS 
p-value NS NS -~S NS 

-~ ConclUSIOns. The safety of Humalog MIxtures m patIents 65 years or older as 
assessed by the hypoglycemia rate per patient per 30 days and the incidence of 
adverse events is not different than that of human insulin mixtures. In addition, the 
safety of patients in the elderly sub-population as compared to the younger 
population is not different following treatment with Humalog® Mixtures or human 
insulin mixtures. 

905 
POSTPRANDIAL AND PREPRANDlAL ADMINISTRATION OF HUMALOG@ 
MIX25 PROVIDE COMPARABLE GLYCEMIC CONTROL. 
u. Hanusch, 1. Woodworth, P. Roach, and S. Ristic. Vienna, Austria, and Eli Lilly & 
Co., Indianapolis, IN, USA and Windelsham,UK. 
Aims: Humalog® Mix-25 (Mix25), a mixture of25% insulin lispro (L) and 75% NPL 
(an intermediate-acting protamine-based formulation ofL) recently received approval 
for marketing in Europe. L has been shown to provide adequate postprandial blood 
glucose (BG) control when given within 20 minutes after a meal. The administration 
of Mix25 after a meal was evaluated in this study. Materials and Methods: 20 
patients with type I diabetes were given Mix25 immediately before (Mix25 Oland 20 
minutes after (Mix25 +20) a standard meal in a single-dose, randomized, crossover 
fashion. After an overnight fast, an intravenous infusion of regular human insulin 
was utilized to standardize blood glucose to 135 mg/dL. The infusion was 
discontinued 15 min after administration of Mix25. At 2 separate visits, Mix25 was 
given subcutaneously immediately before a standard meal (315 kcal; 60% CHO, 21 % 
fat, 19% protein) or 20 min after the meal. Serial blood samples were collected for 
measurement of BG over a 5-h period. BG control was assessed by the peak BG 
concentration (BGmax, mgldL), the average BG (BGavg, mgldL) over a 5 h period 
after the meal, the time BG was greater than ISO mgldL (TBG 18o, h), and the 2 h 
postprandial BG (BG'h, mgldL). Comparisons were made by an analysis of variance 
with a significance level ofp<0.05. Results: The table summarizes mean±SD values 
for all parameters. No statistically significant differences were detected between 
Mix25 0 and Mix25 +20. 

Treatment 
HM-25,0 
HM-25, +20 

P 

BGmax 
233±31.2 
247±36.4 

0.44 

BGavg, 0-4 h BGavg, 0-5 h 
IS2±36.1 1 72±40.S 
IS9±41.3 

0.93 
179±47.5 

0.95 

2.06± 1.34 19S±41.5 
2.44±1.69 197±57.6 

0.71 0.97 

Conclusions: Mix25 given 20 min after a standard meal resulted in postprandial BG 
control that was not different from that observed following immediate pre-meal 
administration. 



PS73 
Insulin Secretion Enhancers I 
906 
NA TEGLINIDE ENHANCES THE PHYSIOLOGICAL INSULIN RESPONSE 
TO A MEAL IN TYPE 2 DIABETICS. 
J. McLeod,' Y. Hirschberg,' S. Garreffa,' L. Keilson,' and S. Mather.3 'Novartis, 
East Hanover, NJ; 2Maine Medical Center, Portland, ME; and 3LeeCoast Research, 
Fort Myers, FL, USA. 
Aims: Nateglinide (NAT) [A-4166] is a new amino acid-derivative, short-acting, 
mealtime glucose regulator in development for type 2 diabetes. This study explored 
the potential beneficial interaction of food and drug administration. Materials and 
Methods: Two cohorts in this double-blind, randomized, 2-center study received 
NAT 60 mg, then ISO mg (cohort I, rF7), or 120 mg, then 240 mg (cohort 2, n~7) 
in two 7-day periods separated by at least 72 h. 3 more subjects in each cohort 
received placebo. NAT was given 3 timeslday, 10 min before meals. Glucose and 
insulin were measured on day -I (fed), after NAT on day I (fed), and day 4 
(fasting). Results: All NAT doses were well tolerated without reports of 
hypoglycemia. All doses caused rapid, short-lived insulin release and effectively 
controlled mealtime glucose excursions compared with placebo. The integrated 
insulin response from predose (AUC-R) for 4 h postdose (or meal) is shown below 

Mean±SEM Insulin AUC-~Q.4 (!lU'h/ml) 
Treatment placebo' 60mg 120mg ISOmg 240mg 
Meal -NAT 59.1 ± 17.4 45.6 ± 14.S 44.9 ±4.6 2S.4 ± 11.3 29.7 ± 13.2 
Fasting +NA T 2.1 ± 3.6 7.1 ±4.6 7.0 ± 4.7 14.4 ± 2.S 5.3 ± 2.0 
Meal +NAT 55.4 ± 16.4 46.S ± 12.3 7S.7± 19.5 96.7 ± 20.9' lIS ± 2S.2 b 

'Pooled data from both cohorts .• P<.OI vs 60 mg, b P<.05 vs 120 mg. 
NAT before a meal stimulated insulin secretion dose dependently within each 
cohort. NAT doses of 120, ISO, and 240 mg before meals significantly enhanced 
insulin secretion compared with meals without NAT (P<.05). The insulin response 
to NAT in fasted subjects was very limited and less dose dependent than with a 
meal. Conclusions: A limited fasting insulin response and synergy of NAT with a 
meal contribute to a more physiologic regulation of mealtime glycemia and support 
a favorable safety profile vs sulfonylureas. 

908 
CLINICAL EFFICACY AND SAFETY OF NOVONORM" IN THE 
TREATMENT OF CIDNESE TYPE 2 DIABETES IN TAIWAN 
Chuang LM 'Juang JH, Wu HP, Chiang YD, 'Li KL, 'LN Jorgensen and Tai TY. 
Department of Internal Medicine, National Taiwan University Hospital, Taipei. Taiwan. 
·Division of Metabolism and Endocrinology, Chang Gung Memorial Hospital. Taipei. Taiwan. 
'Novo Nordisk Health Care Asia Pacific Centre, Singapore 

Aim: NovoNorm® (repaglinide) is a newly developed oral hypoglycemic agent 
belonging to the meglitinide family. It is the first prandial glucose regulator with a 
unique physiological insulin release profile and short- and fast-acting action. In this 6-
month, double-blind randomised study, we compared the efficacy and safety of 
NovoNorm® at two dose levels (0.5 mg and 2.0 mg) with placebo. 
Methods: A total of 92 Chinese type 2 diabetes, with mean age 56.2 ± 8.9 years, BMI 
25.2 ± 3.1 kg/m' and diabetes duration 6.6 ± 5.0 years, were recruited. They were 
randomised in a 2:3:3 ratio to I of 3 groups: placebo (n= 22), 0.5 mg NovoNorm"'(n= 
36) or 2.0 mg NovoNorm®(n= 34). The trial consists of a 2-week wash out period and 
a 24-week fixed dosing period. Majorities (78%) were treated or were previously 
treated with metformin. Although all treatment groups were comparable in 
demographics, patients in NovoNorm® group had a longer duration of diabetes than 
the placebo group. 
Results: 12 patients in placeboJroup, 31 patients in 0.5 mg NovoNorm® group and 31 
patients in 2.0 mg NovoNorm group completed the trial. Comparing with placebo, 
mean HbAlc decreased significantly by 1.20 ± 0.3% and U8 ± 0.3% in the 0.5 mg 
and 2.0 mg NovoNorm®groups, respectively (p< 0.001). Mean FPG was decreased by 
1.04 ± 0.6 mmol/l and 1.75 ± 0.7 mmollI in 0.5 mg and 2.0 mg NovoNorm®groups, 
with a statistically significant difference between 2.0 mg NovoNorm® and placebo 
groups (p = 0.009). No signiticant differences were shown between NovoNorm® and 
placebo groups in lipid profiles. Body weight was increased significantly in both 
NovoNorm® groups. The proportions of patients who reported adverse events were 
comparable between placebo and 0.5 mg NovoNorm® group and slightly higher in the 
2.0 mg NovoNorm" group. Almost all the events were mild or moderate, except for 
two patients (l each in placebo and 0.5 mg NovoNorm® groups). Hypoglycemia was 
reported by II % of patients in 0.5 mg NovoNorm®, 18% in 2.0 mg NovoNorm® and 
none in the placebo group. However, all the episodes were considered as mild events. 
Conclusion: The present study demonstrates that either dose (0.5 mg or 2.0 mg) of 
NovoNorm® is a safe and effective in improving glycemic control in Chinese type 2 
diabetic patients. However there was a dose-response relationship for effect on PPG, 
body weight, and number of hypoglycemic events. 
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907 
RELATIVE BENEFITS OF EARLY VS TOTAL INSULIN RELEASE ON 
GLYCEMIC CONTROL IN 2 RODENT MODELS OF TYPE-2 DIABETES 
C.J. de Souza, K.Gagen, W. Chen and N. Dragonas Novartis Institute of 
Biomedical Research., Summit, NJ., USA 

The relative benefits of increasing insulin early vis increasing total 
insulin release, to control glycemic excursions following an oral 
glucose load (1.35 g/kg) were assessed in 2 rodent models of type-II 
diabetes mellitus viz., the very insulin resistant Zucker fatty (ja/fa) rat 
and the lesser insulin resistant high-fat fed (HF) Sprague Dawley rat. 
Neither of these 2 animal models had significantly elevated fasting 
plasma glucose levels, but fasting plasma insulin levels were 12 X and 
2X higher, respectively. Nateglinide, a rapid onset short acting insulin 
secreting agent and glipizide a slower onset longer acting sulfonylurea 
were administered 5 min before the oral glucose load. Nateglinide 
rapidly increased insulin levels but only for a brief period of time such 
that insulin levels from -5 to 0 min. were increased but total insulin 
release over the course of the l20-min. experiment was similar to those 
in the controls. Conversely, glipizide, slower in its onset of action, did 
not increase early insulin release (-5 to 0 min.) but increased total 
insulin release relative to the controls. Nateglinide was effective in 
eliminating glucose excursions in both models with no evidence of 
sustained hypoglycemia. However, glipizide was only partially 
effective in curbing glucose excursions in the HF animals and produced 
significant sustained hypoglycemia starting at 60-min post glucose 
dose. Interestingly, in the more insulin resistant Zucker rat, glipizide 
was ineffective in curbing glucose excursions despite an overall 
increase in total insulin release during the 120-min. sampling period. 
Hence, the data indicate that independent of the level of insulin resistance, 
stimulating insulin release early and briefly is more effective in controlling 
glycemic excursions than is increasing total insulin release. 

909 
THE THERAPEUTIC EFFECT OF REPAGLINIDE COMBINED WITH 
TROGLITAZONE IN SUBJECTS WITH TYPE 2 DIABETES, 
W. W. Cheatham', P. Raskin', F. Kennedy', V.Woo', R. Jain' and A. Boss'. 'Princeton, 
NJ, 'Dallas, TX; 'Rochester, MN; 'winnipeg, Manitoba, Canada; 'Milwaukee, WI. 

Aims: This multicenter, 33-week study was designed to evaluate the efficacy and 

safety of a combination of repaglinide and troglitazone compared to each drug given 
as monotherapy. Materials and Methods: After screening and a 6-week washout 
period, 259 snbjects were randomized to three treatment groups. The study consisted 
of three segments; forced titration to fixed dose, titration until maximal dose, and 
repaglinide added to troglitazone. One hundred and eighty six subjects (for whom 
data is currently available) received either 2 mg (a.c.) repaglinide (n~59), (400-mg 
o.d.) troglitazone (n~6l) or a combination of both (n~66) for the initial 14 weeks of 
the study. The percentages of subjects not completing the 14-week treatment period 
were 5%, 16% and 12% respectively. Results: From baseline to week 14, mean 
HbA"decreased in combination therapy (8.6% to 7.3%) and repaglinide treated 
(8.9% to 7.9%) groups, however a slight increase was observed in the troglitazone 
treated (8.6% to 8.7%) group. ANOV A comparison showed that combination 

therapy was more effective for reducing HbA" levels than repaglinide (p~.02) or 

troglitazone (p~O.OOOI) alone. Repaglinide alone was superior in reducing HbA" 

levels compared te troglitazone alone (p~O.OOOl). The frequency of hypoglycemia 

(% with at least one event) was significantly higher in the combination group (36%) 
compared to repaglinide (19%) or troglitazone alone (3%). No significant change in 

liver enzyme values was observed in any of the three treatment groups with the 
exception of two patients (one in troglitazone treatment and one in the combination 

therapy group) who had elevated liver enzymes values at week 14. Conclusion: This 
study demonstrates that combination therapy (repaglinide plus troglitazone) leads to 

a better glycemic control when compared to monotherapy with repaglinide or 
troglitazone. In addition, repaglinide monotherapy was more effective in lowering 

HbA\C levels as compared with troglitazone. 
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910 
EFFICACY AND SAFETY STUDY OF REPAGLINIDE, A FLEXIBLE 
PRANDIAL GLUCOSE REGULATOR, IN TYPE 2 DIABETES PATIENTS 
K.B. Frandsen\ R. Moses', R. Gomis' and P. Clausonl• INovo Nordisk AlS, 
Copenhagen, Denmark; 'mawara Regional Hospital, Wollongong, Australia; 
3Central University, Barcelona, Spain. 
Aims: The efficacy and safety of the novel prandial glucose regulator repaglinide 
(REP) were compared with placebo in OHA-naive type 2 diabetic patients, who 
were considered poorly controlled by diet and allowed a flexible meal regimen. 
Materials and Methods: The study had a multi-centre, randomised, placebo
controlled, double-blind design. Patients (mean age 57.4 ± 9 years, BMI 30.3 ± 5 
kg/m', diabetes duration 3.0 ± 5 years, HbAI, 7.7 ± 1.7%) were randomised to 
placebo (n ~ 138) or REP 0.5 mg (n ~ 270) at mealtimes. After 4 weeks of 
treatment, the dose of REP was increased to 1.0 mg at mealtimes iffasting blood 
glucose levels were above 7.8 mmol!l. Results: After a total of 16 weeks, REP 
treatment had reduced HbAl, from 7.8% to 6.6% (~HbAl' -1.l4%;p < 0.001) 
compared to a reduction from 7.6% to 7.4% with placebo (~HbAl' -0.15%; ns). 
The decrease in HbA l, was unaffected by the meal pattern (2,3 or 4 meals daily) 
chosen by the patients. REP was equally effective in lowering HbAIo when 
analysed according to BMI «25, 25-30 and >30 kg/m') and age «65, ;0,65 years). 
There was no significant change in body weight in patients treated with REP 
(mean 83.4 kg at baseline and 83.7 kg after 16 weeks). Minor hypoglycaemia was 
reported by 17% in the REP group and 3% in the placebo group, and was 
independent of meal pattern. Conclusions: Mealtime dosing with REP is effective 
in improving glycaemic control in patients with type 2 diabetes who are 
uncontrolled by diet alone. With this strategy, patients can achieve flexibility in 
meal pattern without compromising glycaemic control or increasing the risk of 
severe hypoglycaemia. 

912 
PHARMACOKINETICS OF REPAGLINIDE IN TYPE 2 DIABETES 
PATIENTS WITH AND WITHOUT RENAL IMPAIRMENT 
V. HatorpJ, C. Hasslacher2 and P. Clausonl

• INovo Nordisk AlS, Copenhagen, 
Denmark; 2St Josefskrankenhaus, Heidelberg, Germany. 
Aims: To compare the pharmacokinetics of repaglinide after single and multiple 
dosing in type 2 diabetes patients with and without renal impairment. Materials and 
Methods: The study had a single-centre, open-label, parallel-group design. Following 
assessment of creatine clearance (CLc.), 34 patients (aged 45-75 yr) were stratified 
by degree of renal impairment into three groups (normal [NORM], mild/moderate 
[MOD] and severe [SEV]). Patients received a single 2 mg dose on days I and 5, and 
three preprandial2 mg doses on days 2-4. Blood samples were taken for 24-h (day I) 
and 48-h (day 5) serum repaglinide profiles. Results: AUC decreased with increasing 
CLCR both on days I (p~0.03) and 5 (p~O.OI). When SEV patients were exclnded, the 
correlation between AUC and CLCR on days I (p~0.88) and 5 (p~0.75) disappeared. 
The mean AUC values following single (day I) and multiple dosing (day 5) were 
similar (approx. 55 ng/ml·h) for NORM and MOD patients. AUC values in SEV 
patients were approx. 1.5 (day I) to 1.75 (day 5) times higber compared with the 
other groups; this was statistically significant. AUC increased from day 1-5 in the 
three renal fimction groups; by 5% in NORM (NS), 21% in MOD (p~0.0002) and 
27% in the SEV group (p~O.OOOI). The mean elimination rate (.l.z) and tyo values were 
similar for NORM and MOD patients on both days I and 5 whereas for SEV patients 
Az was similar on day I but lower than both groups on day 5 (p~0.014/0.017 
respectively). From days 1-5, there was little change in Az in the NORM and MOD 
groups but a significant decrease ofO.271h (p~0.019) in the SEV group, with a 
corresponding increase in mean t" from 1.5 h on day I to 3.6 h on day 5 in this group. 
The overall safety profile was similar for all three groups. Conclusions: The NORM 
and MOD renal function groups were virtually indistinguishable from one another for 
all phamJacokinetic parameters studied, while the SEV group diverged significantly 
with respect to AUC and Az. Thus, patients with mild or moderate renal impairment 
can be given Donnal repaglinide treatment, based on pharmacokinetic considerations. 

911 
THE EFFECT OF REPAGLINIDE ON TREATMENT SATISFACTION, 
WELL-BEING, AND HEALTH STATUS IN TYPE 2 DIABETES PATIENTS 
T. Fischer\ S. Bjork\ A. Ostergaard\ K. W. Langendorf\ P. Clausonl and R. 
Gomis'. INovo Nordisk AlS, Copenhagen, Denmark; 'Central University, 
Barcelona, Spain 
Aims: This study compared treatment satisfaction (WHO DTSQ), well-being 
(WHO WBQ) and health status (EQ-5D) during repaglinide (REP) (flexible meal
time dosing) and placebo treatment of oral hypoglycaemic agent-naive type 2 
diabetes patients. Materials and Methods: The study had a multi-centre, 
randomised, parallel-group, double-blind, placebo-controlled design. The two 
treatment groups were comparable for all baseline characteristics. Change from 
baseline was compared for both groups by Wilcoxon rank sum test. Results: Two 
hundred and nineteen patients in the REP group and 97 patients in the placebo 
group completed the study. WHO DTSQ (treatment satisfaction): Change in 
overall treatment satisfaction of REP patients was significantly higher than that of 
the placebo patients (p~0.025). The subscale "Understanding of Diabetes" rose 
significantly in the REP group compared with the placebo group (p~0.011). After 
Bonferroni correction this was not statistically significant. 19.9% of the REP 
patients versus 15.9% of the placebo group reported improved treatment 
satisfaction over the 16 weeks (p~0.40). WHO WBQ (well-being): On the overall 
well-being score (scale range 0-67) the REP patients improved by 0.6 whereas the 
placebo group improved by 0.1 (p~0.87). EQ-5D (health status and general 
health): 37% of the REP group and 29% of the placebo group reported better 
general health, compared with one year previously (p~0.19). Conclusions: The 
majority of the subscales and overall scores increased over time in both groups, 
suggesting that flexible meal·time dosing is well accepted by formerly naIve type 2 
diabetes patients. Moreover, the results indicate that higher treatment satisfaction 
and understanding of diabetes can be obtained with REP treatment compared with 
placebo. 
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THE NOVEL SULFONYLTHIOUREA 3-15, MAINTAINS GLYCEMIC 
CONTROL IN ZUCKER RATS DURING LONG-TERM TREATMENT 
N.S. Farrar, N.J. Chambers, G.S. Denyer and G.A.R. Johnston, The University of 
Sydney, Australia. 
3-15, a novel sulfonylthiourea, is an ATP-sensitive potassium channel modulator. It 
has been shown to improve glucose clearance in obese (fulfa) Zucker rats (a model of 
insulin resistance) following 5 days of treatment and its efficacy paraliels that of 
metformin. Aim: To establish whether glycemic control could be maintained with 3-
15 over the longer term, we studied its effects in obese and lean Zucker rats for 28 
days. Methods: An initial OGTT was performed prior to treatment. Rats were then 
treated for 28 days by oral gavage with either metformin (300mg/kg/day), 3-15 
(0. Imglkg/day) or control. At the completion of treatment, the lean rats underwent a 
second OGTT. At the same time, the right jugular vein and was cannulated for an 
IVGTT in anaesthetised obese rats. Blood was sampled via the vein at regular 
intervals over 1 h. Plasma samples were analysed for insulin by RIA and for glucose 
by the glucose oxidase method. Results: In the lean rat groups, glucose clearance 
and weight gain did not significantly differ between any of the treatments. In the 
obese rats, improvement in the glucose clearance was significantly different between 
groups treated with 3-IS (AUC: 991.602± 87.S47) or metformin (1120.436± 
103.029) compared to control (I306.22± 40.87, p<O.OS ANOVA). However, the 
basal insulin concentration was significantly decreased in the 3-15 treated group 
(33.716±7.491 ng/ml) compared to the metformin (54.576±9.5I6) and control group 
(S7.447±S.371, p<O.OS ANOVA). Maximum and 60 min insulin concentrations 
were also significantly decreased in the 3-15 or metformin treated rats compared to 
control. Furthermore, the rate of weight gain in 3-IS treated rats was significantly 
decreased compared to metfonnin and control. Conclusion: These results indicate 
that 3-15 and metformin are equally beneficial in improving glucose clearance in 
obese Zucker rats. However, 3-\5 appears to be more potent and acts without causing 
a compensatory increase in basal insulin levels. 3-15 offers the additional advantage 
of decreasing weight gain in these obese models compared to metformin. 

915 
JTT-60S, A NEW HYPOGLYCEMIC AGENT, ACTIVATES ~CELLS 
IN A STRICTLY GLUCOSE-DEPENDENT MANNER. 
S. Hashiguchi"', T. Arima' and T. Yada"'. Departments of Physiology' and 2nd 
Internal Medicine', Facnlty of Medicine, Kagoshima University, Kagoshima, Japan, 
Nat. Ins. Physiol. Sci., Okazaki', Japan. 
Aims: ITT-60B (ITT) is a new non-sulphonylurea oral hypoglycemic agent, which 
stimulates insulin release in the presence of an elevated, but not a basal, blood glucose. 
It is therefore suggested that this drug does not induce hypoglycemia and is a safer 
hypoglycemic agent than sulphonylureas. However, the mechanisms for the glucose
dependent insulinotropic action of ITT are little undeIStood In the present study, we 
examined the effect of ITT on cytosolic Ca" concentration ([Ca"l,) in rat pancreatic 
p-cells. Second, since the islets in vivo are perfused with pituitary adenylate cyclase
activating polypeptide (p ACAP), a pancreatic peptide, glucagon-like peptide-l (GIl'
I), an intestinal hormone and ACh, parathympathetic transmitter, possible interactive 
effects of JTT and these neurohormones were investigated. Materials and 
Methods: Single pancreatic ~-cells were isolated from Wistar rats and [Ca"l, was 
measured by cbalwavelength fura-2 microfluorometry under superfusion conditions. 
Resnlts: In the presence of B.3 mM glucose JTT (30-1000 J.LM) increased [Ca2'l, in 
single fl-cells in a dose-dependent manner, whereas it had little effect at 2.B mM 
glucose, thus exhibiting a strict glucose-dependency, ITT often evoked [Ca"], 
oscillations. These JTT-induced [Ca"l, increases were completely inhibited under 
Ca"-free conditions and by nitrendipine (NTD), a L-type Ca" channel blocker. ITT 
also recruited glucose-unresponsive P-cells into rCa"~]. oscillations. When JTT was 
combined with PACAP, GIl'-l or ACh, the effect of JTI on [Ca"l, was markedly 
enhanced Conclusions: ITT increases [Ca"l, in fl-cells by stimulating Ca" influx 
through L-type Ca" channels only in the presence of high glucose (5.6-16.7 mM). 
This mechanism may account, at least partly, for the insulin release by ITT. The strict 

glucose-dependent ability of ITT to activate fl-cells appears to be an advantage over 
sulphonylureas. The potency of ITT in vivo may be increased by the interaction with 
physiological neurohonnones. 

914 
ON THE INSULINOTROPIC EFFECT OF SODIUM TUNGSTATE. IN 
VITRO STUDY 
J. Rodriguez-Gallardo, RA Silvestre, E. Gutierrez, P. Garcia, E.M. Egido 
and J. Marco. Clinica Puerta de Hierro, Medical School, Aut6noma 
University, Madrid, Spain. 

Aims: To gain further insight into the insulinotropic effect of sodium 
tungstate (NaWo), we have studied: I) The insulin responses to glucose 
and to arginine in pancreases from NaWo pretreated rats. 2) The direct 
effect of NaWo on insulin release in the presence of diazoxide. Materials 
and Methods: The study was performed in the perfused rat pancreas. 
Perfusate consisted of Krebs-Henseleit buffer supplemented with dextran 
(4%), albumin (0.5%) and glucose (5.5 mM). Results: Pancreases from 
NaWo pretreated rats (50 mg/day per os, for seven days) showed a greater 
insulin response to glucose (incremental area: 112±14 ng/IS min) than 
those from untreated rats (53±7 ng/15 min; p<O.OS). However, this 
treatment did not modifY arginine-induced insulin release (l9S±6 vs. 
218±6 ngll5 min in control experiments; p=O. 8). When treated rats were 
subjected to a 5-day wash-out period (i.e., no NaWo administration), their 
insulin response to glucose was not significantly different from that of 
control rats (40±9 vs. 3S±6 ng/15 min, respectively; p=0.6). Finally, the 
direct stimulatory effect of exogenous NaWo (5 nunol/I) on insulin output 
(34±2 ngllO min) was blocked by 300 f.UIlolll diazoxide (2.8±1 ngllO min; 
p<O.OI). Conclusions: I) Pancreases subjected to chronical treatment 
with Na Wo show enhanced insulin response to glucose but not to an 
aminogenic stimulus. 2) Prolonged treatment with NaWo does not seem to 
be toxic to B-cells since the glucose-induced insulin secretion is not 
altered when the administration of this salt is discontinued. 3) The 
blocking of the insulinotropic effect of N a W 0 by diazoxide suggests that 
this salt might act on the B-cell via the ATP-dependent K+ channels. 
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EFFECTS AND SERUM LEVELS OF GLIBENCLAMIDE AND ITS 
ACTIVE METABOLITES IN PATIENTS WITH TYPE 2 DIABETES 
Jonsson A, Hallengren B, Rydberg T and Melander A. Department of 
Endocrinology, Malmo University Hospital; The NEPI Foundation; The 
Pharmacies in Skane, Malmo, Sweden. 
Aims: To study the effect and serum drug/active metabolite levels of 
glibenclamide (Ob) in patients on chronic Ob medication. 
Material and Methods: 50 patients with type 2 diabetes on regular Gb 
therapy (1.7S-14 mg). Blood samples were taken before Gb intake and 90 
min later. A standardised breakfast was served. Insulin-proinsulin levels 
were determined by ELISA without cross-reactivities. Serum drug and active 
metabolite (4-trans-OH-Gb (MI), 3-cis-OH-Gb (M2)) levels were 
determined by HPLC. Fischer's R to Z test was used for correlations, 
unpaired Student t-test for comparing different dose groups. A p value < 
O.OS was considered significant. 
Results: Positive correlations between HbAlc and daily dose (r=O.SS), 
therapy duration (r=0.48) and diabetes duration (r=0.42) were found. 
Negative correlations between dose and insulin +90 min (r=-0.S9), 0-
insulin (r=-0.S9) and D-proinsulin (r=-0.S2) and between therapy duration 
and insulin (r=-OAO) and proinsulin (r=-0.34) secretion were found. There 
were positive correlations between dose and ratio pro-insulin to insulin 
molecules (RPI) at both time points (r=0.32 and 0.30), and RPI was lower 
after Gb intake. In patients on >7.0 mg, steady state serum metabolite levels 
(MI and MI+M2) were higher than those of Gb itself. No correlation was 
found between fasting blood glucose and maximum Gb levels. 
Conclusions: In patients on chronic medication, Gb is able to stimulate both 
insulin and proinsulin secretion; the release of insulin was relatively greater. 
The effect was more pronounced in patients on a low Gb dose. In patients on 
a daily dose> 7.0 mg, serum metabolite levels of clinical relevance have 
been demonstrated; the metabolites may contribute to hypoglycaemic events. 
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917 
EFFECTS OF AGEING ON GLIQUIDONE, GLIBENCLAMIDE, 
GLICLAZIDE AND GLIPIZIDE PHARMACOKINETICS 
C. Herbaut, P. Courtois, A. Sener, A. Ture and W.J. Malaisse. Laboratory of 
Experimental Medicine, Brussels Free University, Brussels and Department 
of Endocrinology, Ambroise Pare Hospital, Mons, Belgium 
Aims: To compare the pharmacokinetics of four hypoglycemic sulfonylureas 
eliminated mainly by either the kidney or liver in middle-aged and aged 
subjects. Materials and Methods: Six middle-aged (48 ± 3 yr; mean ± 
SEM) and 6 aged (73 ± I yr) subjects, all of the latter with normal creatinine 
clearance, received each, on separate days, an oral administration of 
gliquidone (30 mg), glibenclamide (5 mg), gliclazide (80 mg) and glipizide (5 
mg). The plasma concentration of the drugs was measured before and at 8 
times (60 min to 24 h) thereafter by a standardized HPLC procedure for the 
identification and assay of hypoglycemic sulfonylureas. Results: In middle
aged subjects, the peak concentrations for gliquidone, glibenclamide, 
gliclazide and glipizide averaged, respectively, 0.81 ± 0.07, 0.14 ± 0.01, 4.76 
± 0.63 and 0.41 ± 0.06 mg/I, with corresponding peak times of 1.58 ± 0.08, 
2.58 ± 0.37, 4.17 ± 0.65 and 2.08 ± 0.40 h and half-lives of 1.61 ± 0.10, 2.63 
± 0.75, 6.96 ± 2.11 and 1.94 ± 0.45 h. The half-life of gliclazide was thus 
higher than that of the other 3 hypoglycemic agents in the middle-aged 
subjects. It was also the sole to be significantly increased (P < 0.05) in aged 
subjects, to 20.83 ± 6.31 h. Conclusions: There is no obvious difference 
between sulfonylureas eliminated mainly by either the kidney (glibenclamide, 
glic1azide, glipizide) or the liver (gliquidone) in terms of the influence of 
ageing upon their clearance, at least in subjects with normal creatinine 
clearance. 

919 
BTS 67 582 HAS COMMON AND DISTINCT BETA CELL 
ACTIONS TO SULPHONYLUREA AND IMIDAZOLINE DRUGS 

A.I. Ball, P.R. Flatt and N.H. McClenaghan, School of Biomedical 
Sciences, University of Ulster, Coleraine, BT52 ISA, N. Ireland, U.K. 

Acute and chronic effects of BTS 67 582 were examined in the insulin
secreting BRIN-BDII cell line. In acute 20 min incubations (n=6), 100-
400 flIIlolJl BTS 67 582 stimulated a 1.6-2.6-fold increase (p<O.OOI) in 
insulin release at 1.1 mmol/l glucose (1.64 ± 0.06 ngll 06 cells/20 min, 
mean ± SEM). Long-term exposure (3-18 h) to 100 Jlmolll BTS 67 582 
in culture dose-dependently decreased subsequent responsiveness to 
acute challenge with 200 Jlmolll of BTS 67 582 or tolbutamide by 28-
44% and 33-50% at 12-18 h (p<O.OOI). In contrast, 18 h BTS 67 582 
culture did not significantly affect the insulin-releasing actions of 16.7 
mmoVi glucose, 200 IlmoVl efaroxan, 10 mmolll arginine or 30 mmoVi 
KCl which evoked respective 1.4-fold, 2.6-fold, 3.6-fold and 9.8-fold 
acute responses (p<O.OOl) after normal culture conditions. However, 18 
h culture with BTS 67 582 significantly (p<O.OOI) inhibited the 1.6- and 
6.6-fold insulin-releasing actions of 10 mmolll 2-ketoisocaproic acid and 
10 mmolll alanine (by 24 and 36%, respectively). Consistent with the 
view that these effects were primarily exerted through early stages of the 
BTS 67 582 and tolbutamide signalling pathway, BTS 67 582 culture 
exerted no influence on the respective 3.8 and 9.8-fold responses 
(p<O.OOI) to 251lmolll forskolin and 10 nmol/l phorbol-12-myristate 13-
acetate. In conclusion, these data suggest that the guanidine derivative 
BTS 67 582 shares a common signalling pathway to sulphonylurea but 
not imidazoline drugs. Furthermore, downregulation of the drug actions 
may prove an important tool in dissecting the molecular sites of action of 
novel and established insulinotropic antidiabetic agents. 

918 
GLUTAMATE STIMULATES INSULIN SECRETION AFTER ORAL 
GLUCOSE LOAD IN HUMANS. 
E. Renard">, G. Bertrand">' I. Mourand">' H. Chevassus">' R. Puech">' N. Molinid3l, 
1. Bringer(l) J. Bockaert(2) and P. PetitP) 

('lDepartment of Endocrinology, Lapeyronie University Hospital, Montpellier, 
(2)UPR 9023 CNRS, Montpellier, {l)Section of Clinical Phannacology, Biomedical 
Research Center, Lapeyronie University Hospital, 34295 Montpellier Cedex 5, France. 

Glutamate has been shown to stimulate glucose-induced insulin secretion in vitro by 
acting on an excitatory amino acid receptor of the AMP A subtype. It was also shown 
to improve glucose tolerance in vivo in the rat. We performed a double-blind placebo
controlled cross-over study to investigate the effects of glutamate on plasma insulin 
and glucose concentrations during an oral (75 g) glucose tolerance test in healthy 
volunteers. Monosodium L-glutamate (lOg) was administered orally to 18 subjects 
(13 men and 5 women) with a mean age of 22 years (range: 19-28), after informed 
consent was given; one of the subjects did not complete the trial. Glutamate was 
assayed by high performance liquid chromatography, insulin and C-peptide by 
radioimmunoassay and glucose by the enzymatic glucose oxidase method. The 
increase in plasma insulin and C-peptide concentrations after glucose absorption was 
slightly higher, although not significantly, after glutamate administration than after 
placebo. However, the areas under the insulin and C-peptide concentration/time curves 
for 75 min (AUC,s), corresponding to the tmu of glutamate kinetics, were significantly 
correlated with the AUC" of glutamate concentrations (r = 0.485, P = 0.049, and 
r = 0.611, P = 0.009 respectively, n = 17). There was a great variability in plasma 
glutamate concentrations and subjects could be classified in two subgroups according 
to glutamate bioavailability. In the subgroup of subjects with total glutamate 
AUC 2: 30% as compared with the placebo period (n = 9), there was a significantly 
higher insulin (+ 30.6%) and C-peptide (+ 17.5%) response versus placebo (P = 0.03), 
which was not the case when glutamate bioavailability was < 30% (n = 8). However, 
glutamate was without significant effect on glucose tolerance. It is concluded that L
glutamate enhances glucose-induced insulin secretion in healthy volunteers in a 
concentration-dependent manner; since it does not modify the glucose tolerance, the 
clinical relevance of this pharmacological effect remains to be further assessed. 
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INSULIN DOSE DURING STEROID TREATMENT FOR 
FOETAL LUNG MATURATION IN DIABETIC PREGNANCY - TEST OF AN 
ALGORITHM 
A-BL Christensen, ER Mathiesen, E Stage and P Damm. Obstetric and Endocrine 
Clinics, Rigshospitalet. University Hospital of Copenhagen. Denmark. 
Aim: Test of safety and efficacy of art algorithm for increment of insulin dose during 
glucocorticoid treatment for foetal lung maturation in third trimester in insulin 
dependent diabetic women. Background: It is well documented in non-diabetic 
women that maternal glucocorticoid treatment can increase foetal lung maturation and 
thus reduce the incidence and severity of respiratory distress syndrome in infants 
delivered before 34 weeks. Foetal lung maturation is impaired in the offspring of 
diabetic mothers and preterm labour is significantly increased. Glucocorticoid 
treatment impairs glucose metabolism and is associated with an increased risk of 
severe dysregulation with ketoacidosis. Thus this treatment has not been used in 
diabetic pregnancies in many departments all though one could argue that the 
offspring of diabetic women from a theoretically point of view could benefit from this 
treatment. Material and methods: All insulin dependent women treated with 
glucocorticoid in third trimester for foetal lung maturation were identified 
retrospectively in the period 1996-99. The material consists of one cohort before and 
one cohort after an algorithm for increment of insulin dose was introduced in 1997. At 
day I and 2 the women received dexamethason 12 mg. im. For the second cohort the 
insulin dose was increased after the algorithm with 40; 40; 20; 10 % the 2; 3; 4; 5 day 
after glucocorticoid treatment prior to any increase in blood glucose. Additional 
insulin injections were given with preprandial levels above 8 mmol/l in both groups. 
None received tocolytica. Results: The two cohorts were comparable n=8, median age 
31 vs.31 y .. duration of diabetes 16 vs. 14 y. week of gestation 29 vs 28, 
Haemoglobin Alc 7.0 vs. 6,6%, insulin dose 64 vs. 62 IU/24h. On the 2. to 5. day 
median blood glucose was increased to 14.3; 12.3; 7,7; 7,7 vs 8,2; 9,6; 7,0; 7,4 
mmolll, respectively (p<O,05 between the groups). Insuiin dose was increased 38; 36; 
27; 17 vs. 45; 40; 31; II %, respectively. The number of blood glucose < 3 mmol/l 
was 0 (range 0-2) vs. 0,5 (0-5). None developed significant ketonuria or severe 
hypoglycaemia. Conclusion: Our algorithm for increment of insulin dose during 
glucocorticoid treatment for foetal lung maturation in insulin dependent diabetic 
women seems safe and improve blood glucose control. 

922 
MATERNAL AND FETAL OUTCOMES BETWEEN HUMA.N REGULAR AND 
HUMALOG® INSULIN TREATED PREGNANCIES IN TYPE I DIABETES 
S. Garg, M. Pennington, and J. Anderson, Denver, CO and Indianapolis, IN. 

Aims: Safety and efficacy of Humalog insulin during pregnancy is currently 
unknown. Materials and Methods: SIxty women (32 on Human Regular insulin 
since 1990 and 28 on Humalog since 1996) were closely followed for their diabetes 
care and albumin excretion rate-(AER), progression of diabetic retinopathy and 
development of toxemia of pregnancy and fetal outcomes. Results: Twelve out of 
32 and eight out of 28 subjects were on multiple insulin shot regimens in Regular 
and Humalog treated groups respectively and the remainder used insulin infusion 
pumps. Mean (±SD) age and duration of diabetes in the Regular insulin treated 
groups was 24.12±4.1 years and 16.5±6.9 years respectlvely vs. 26.4±4.1 years and 
lS.9±6.1 years for the Humalog treated group. Mean HbAlc values were 
sigmficantly lower (p<O,Ol,t-test) throughout the pregnancy in the Humalog treated 
subjects when compared with Regular insulin treated group (7.3% vs 8.6% around 4 
weeks of conception, 6.4% vs 7.3% -20 weeks of gestation and 6.2% vs 6.8% at the 
end of the pregnancy respectively). The mean AERs and eye grades were not 
dIfferent in the two groups before, during, or after deltvery. However, two subjects 
needed laser treatment during or Immediately after gestation in the Regular insulin 
treated group. Hypoglycemic episodes were significantly lower during the 
Humalog treated pregnancies when compared with Regular insulin group «O.OI,t
test). Mean (±SD) of total weeks of gestation was 35±1.7 vs 37.0±2.0 weeks in 
Regular vs. Humalog treated groups respectively (p<O.03,t-test). Apgar score, birth 
weight, and mcidence of toxemia of pregnancy were not different m the two groups. 
Fetal abnormalities included birth heart defects, craniosynostosis, SIDS, (one each) 
In Regular insulin group, and partial deafness and cleft lip and palate (one each) m 
the Humalog treated group. Conclusion: Better glycemic control with significantly 
less hypoglycemia is achieved wah Humalog treatment during pregnancy without 
any adverse effect on dIabetic retmopathy, nephropathy, or fetal outcomes. 
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921 
SUCCESSFUL OUTCOME OF PREGNANCY IN DIABETIC PATIENTS 
TREATED BY IMPLANTED INSULIN PUMP. 
V. Lassmann-Vague " P. Belicar', N. Jeandidier", E. Renard"', S. Boivin", 
P. Gross····, and M. Pinget" . 'Hopital Timone, Marseille, "Hopital Civil, 
Strasbourg, "'Hopital Lapeyronie, Monlpellier, ····Hopital General, Roubaix 

Treatment by implanted insulin pump is still under clinical investigation as the 
insulin (Genapol-stabilized U400 HOE 21 PH) has not yet completed the marketing 
approva1.So pregnancy cannot be allowed. However several French centers presently 
report 8 successful albeit unexpected pregnancies in 5 women treated by implanted 
insulin pump. At the time of pregnancy occurence, patients had a mean age of 30.5 
years, a mean diabetes duration of 21 years and late complications as severe 
retinopathy treated by laser (n=4) and nephropathy (n=2). lP treatment lasted from 6 
months to 8 years and had been indicated in all cases because of poorly controlled 
diabetes under intensive SC treatment. Throughout pregnancy mean HbAlc ( 
normal value measured by HPLC; 5±0.5% (m±SD) ) decreased from 6.9 to 6 %. No 
severe hypoglycemia was reported.Two events of moderate ketosis occured.Mean 
weight gain was 12.6 kg. Local tolerance of the implanted pump was excellent in 7 
cases. In 1 pregnancy, an aseptic seroma occured in the pump-pocket and led to 
inflammatory cutaneous reaction. Two patients had reimplantation during pregnancy 
(I for battery depleted, 1 for slowdown). Planned delivery was induced at 38 weeks 
of gestation in 5 pregnancies. Mean birth-weight of children was 3560 g. Early 
caeserian section was perfonned at 32 weeks in 1 case, 33 weeks in both pregnancies 
of the patient with hypertension. Birth-weight of children was : 3260, 1600 and 
1720 g. Some transient fetal complications were observed; infection and renal 
insufficiency (n=I), polyglobulia and icteria (n=I), hypospadias (n=I). After 
pregnancy the retinal and renal status of all mothers remained at pregestational 
grades. One patient was temporarily explanted fur cutaneous problem. Evolution was 
good for all children. So in 7 out of 8 pregnancies there was no specific problem 
related to the implanted pump. In these women, pregnancy was unrecommended 
since unallowed by regulations of clinical trials and submitted to the risk of adverse 
events due to to basically unstable and complicated diabetes. However implanted 
insulin pump allowed to achieve good metabolic control and so permitted the 
successful outcome of pregnancy in these patients with high risk pregnancy. 

923 
PERINATAL "PROGRAMMING" OF INSULIN RESISTANCE: A CRITICAL 
ROLE FOR NEONATAL INSULIN IN THE "SMALL-BABY-SYNDROME"? 
T. Harder. R. Kohlhoff*. G. Domer, W. Rohde and A. Plagemann. Institute of 
Experimental Endocrinology, Charire, Berlin, and 'Clinic of Obstetrics and 
Gynaecology Berlin-Kaulsdorf, Germany 
Aims: Low birth weight is associated with the later development of insulin 
resistance. The neonatal endocrine situation might playa crucial aetiopathogenetic 
role, not evaluated in this context so far. Children of mothers with hyperglycaemia 
during pregnancy are a risk population for later insulin resistance. We exaunined 
relationships between birth weight, insulin and insulin resistance at birth, and 
parameters of insulin secretion and insulin resistance in later life of those children. 
Materials and Methods: Data of 104 infants of mothers with insulin-dependent 
diabetes mellitus during pregnancy, born between 1980 and 1990 at Berlin
Kaulsdorf, Germany, were analysed. Oral glucose tolerance tests (oGTT; area under 
the curve of glucose, AUCG) with parallel determination of insulin (area under the 
curve of insulin, AUCI) were performed at 1-5 years of age. Using correlation and 
regression analysis, birth data were related to insulin secretion (AUCI) and 
stimulated insulin/glucose-ratio (AUClI AUCG) in childhood. Results: After 
adjustment for confounders, birth weight was negatively correlated to AUCI in 
childhood (p = 0.03). Insulin/glucose-ratio at birth was positively correlated to 
AUCI (p = 0.02). Both insulin and insulin/glucose-ratio at birth were positively 
correlated to AUClIAUCG at reexaunination (p = 0.04). The inverse relation 
between birth weight and AUClI AUCG in childhood was not significant (p = 0.12). 
In the regression analysis, birth weight was significantly negatively correlated to 
AUClI AUCG in childhood ouly when the insulin/glucose-ratio at birth was 
considered statistically. Conclusions: Neonatal insulin and insulin resistance are 
positively related to insulin secretion and insulin resistance in later life. in addition 
to the influence of low birth weight, but independent of it. The neonatal endocrine 
situation should be considered in future studies on the ,,small-baby-syndrome". 
Supported by the DFG (PL 24111-1). 
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924 
MATERNAL LEPTIN. IGF-2 AND IOFBP-3 IN DIABETIC PREGNANCY : 
RElATIONSHlPTOPREPREGNANCYBMIANDBIRTII-WEIGHf. 
L.VOLPE. G.D! CIANNI. L.MARSELU. I.CASADIDIO. ·M.FERDEGHINI. 
··S.MURRU. ··G.TETI. M.MAFFEI. P.CECCHE'ITI. L.BENZI AND R.NAVALESI. 
DEPAR1MENf OF ENDOCRINOLOGY-METABOUC DESEASE, *CENI'ER CN 
NUCLEAR MEDICINE, **DEPAR1MENf OF OBSTETRICS AND GYNECOLOGY, 
UNIVERSITY OF P1SA, ITALY 

Aims: Matemalleptin, insulin, IGF-2, IGFBP-3 levels and their relationship with 
pre-pregnancy body mass index (BM!) and birthweight were examined in 56 women, 
21 nonnal pregnants (NP), 22 with impaired glucose tolerance during pregnancy 
(ITG), 13 with gestational diabetes mellitus (GDM). Materials and Methods: 
Blood samples for leptin. insulin, IGF-2 and IGFBP-3 assay were collected in 4 
patients at before 24. in n042 at 24-32 and in n~ at 32-40 weeks of gestation. NP, 
IOT and GDM women showed no difference in the concentrations of leptin 
{NP=25.75±14.32 ng/ml. ITG=22.05±12.56 ng/ml, GDM=19.17±8 ng/ml), insulin 
{NP=9.93±6.6 )lU/ml, ITG=1O.07±5.57 )lU/ml, GDM=9.36±4.36 )lU/ml), IGF-2 
(NP= 593.74±1l2,82 ng/ml, ITG=64l.SS±220.87 ng/ml, GDM= 
538.7I±207ng/ml) and IGFBP-3 (NP=7.67±2.9I JIg/mI, ITG=7.66±2.13 JIg/mI, 
GDM= 9.57±4.13 )lg/ml). All subjects were divided into two groups based on their 

pre-pregnancy BMI: less than 25 Kg/m\gmup A, n° 39); 25-35 Kg/m'(group B, 
nOI6). Results: Group B showed leptin values significantltly higher than that of 
group A (26.35±11.62 ng/ml vs 21.54±12.62, p=O.OO8), but no difference in IGF-
2. IGFBP-3 concentrations. Moreover group B insulin levels were on average 20% 
higher than that of group A (11.67±6.29 )lU/ml, 9.06±S.24 )lU/ml respectively). 
The birth-weight was similar in two groups (A= 332S±40S g; group IF 
3379.8±S76.41 g). The correlation between serum leptin and maternal pre-pregnancy 
BMI was significant in all cases (r=O.28, p<O.03 ). Leptin levels correlated also 
with insulin levels in both groups (A: r=0.39, p=O.ool; B: r=O.72, p=O.OOI; A plus 
B: r=O.27, p<O.OOI). but not with IGF-2 and IGFBP-3. Birth-weight was not 
correlated with matemalleptin. IGF-2 and IGFBP-3 serum. Conclusions: These 
results indicate that matemalleptin IOF2. IGFBP-3 levels are not influenced by IGT 
or GDM and that prepregnancy overweight is associated with increased leptin 
concentrations in pregnancy. Moreover matemalleptin IGF-2 and IOFBP-3 are not 
indicators of fetal growth as fetalleptin and growth factors levels. 

926 
THE USE OF A NOVEL DATABASE SYSTEM FOR AUDITING AND 
PREDICTING MACROSOMIA IN DIABETIC PREGNANCIES 
D.O. Goulis 1, M. Jolly I, T.O. Teoh 1 and S. Robinson I, Section of Endocrinology 
J & Dept of Obstetrics & Gynaecology 2, St. Mary's Hospital, Imperial College 
School of Medicine, London. 

Aims: EILEITHYIA is a relational database system for auditing diabetes during 
pregnancy. Traditional parameters, such as glucose values and glycosylated 
haemoglobin (HbAJc), may not be the most appropriate factors for predicting the 
outcome of a pregnancy complicated by diabetes mellitus. Materials and 
Methods: A cohort of 40 pregnant diabetic women (median age 33.0 (IQR 9.5» 
from an inner-city, multi-ethnic population was studied prospectively until 
delivery. Seven of them had pre-existing diabetes (three (8%) type I, four (10%) 
type 2) and 33 diagnosed as having gestational diabetes (82%). Results: The 
incidence of macrosomia, defined as birth weight?; 4000 g or centile birth weight?; 
90% was significantly lower in women who have planned their pregnancies (Mann 
Whitney U, 3545 g (1200 g) vs 4140 g (645 g), p~0.03 and 53.0% (69.9%) vs 
98.5% (8.6%), p~0.04). There was significant correlation between birth weight and 
planned pregnancy (Spearman's, r~-0.66, p~0.002) and parity (r~0.44, p~0.005), 
as well as between centile birth weight and planned pregnancy (p-0.64, p~0.007) 
and parity (pO.51, p~0.002). Type of diabetes was significantly correlated with 
centile birth weight, with heavier babies born to women with pre-existing diabetes 
(types I and 2) than to women with gestational diabetes (Spearman's, r~-0.38, 
p~0.03). Finally, body mass index (BMI) was significantly correlated with systolic 
and diastolic blood pressure (Spearman's, p0.33, p~0.03). Conclusions: In 
women whose pregnancy is complicated by diabetes, unplanned pregnancy and, 
possibly, the type of diabetes are risk factors for macrosomia. Database systems, 
such as EILEITHYIA, can facilitate clinical practice and audit and identify 
predictive factors for outcome. 

925 
PREGNANCY OUTCOME IN WOMEN WITH DIABETES MELLITUS TYPE 2 
(DM Type 2) IS NOT GOOD. 
F. Dunne, P. Brydon, T. Smith, M. Proffitt, R. Holder and H Gee. Departments of 
Diabetic Medicine, Obstetrics and Statistics, University of Birmingham, Binningham 
UK. 
Aims: The aim of this study was to examine outcomes i.e. early pregnancy loss <24 
weeks, congenital malformations (CMR), stillbirths (SBR), early neonatal deaths 
(ENND) and perinatal mortality (PMR) in pregnancies complicated by DM Type 2 
and compare them to outcomes in pregnancies with DM Type I. Methods: In 1997 
we established a computerised database of information on pregnancies complicated by 
diabetes mellitus. Information was retrospectively collected to 1990 and continues 
prospectively, with 510 pregnancies recorde4 to date. Results: 57 women with 
pregnancies complicated by DM type 2 were identified representing 12% of the total 
database population. 25 were asian, 18 caucasian and 14 Afro-caribbean and other 
ethnicities. There were 48 live births (83%), 8 spontaneous pregnancy losses before 
24 weeks (14%) one tennination and one early neonatal death (1.7%). There were no 
stillbirths. 7 congenital malformations (12%) occured, 6 of wbich were cardiac. Only 
2 women attended for pre-pregnancy care. The mean booking HbA1C was 9.6% +/-
1.4 (mean +/- SO), and the mean week of antenatal booking was 10.6 +/- 3.56 (mean 
+/- SD). The early pregnancy loss rate was 140/1000 (Type 2) v 78/1000(Type I) v 
9.8/1000 for the total database population (n~51O). The CMR was 122/1000(Type 2) 
v 78/1000(Type 1).There were no stillbirths v 9.8/1000(Type l~ v 
5.8/1000(background population). The ENND rate was less at 17/1000 (Type 2} v 
19.6/1000(Type 1) and 9.2/1000(background) as was the PMR at !7/1000(Type 2) v 
29/1000(Type I) v 15/1000 (background). Conclusion: Pregnancy outcomes in 
women with established OM Type 2 are not good. Early pregnancy loss and 
congenital malformations are almost nvice that observed in DM Type 1. Although the 
SBR. ENND and PMR are better in DM Type 2 than in DM Type I they remain 
excessive when compared to the background population. A fetus of a pregnancy 
complicated by OM Type 2 is at great risk and t1tis is in part related to poor 
attendance for pre-pregnancy care, late booking for antenatal care and poor glycaemic 
control in the critical period of implantation and organogenesis. 

927 
PRENATAL OUTCOME AND CLINICO-METABOLIC INDICES IN IDDM 
PATIENTS BEFORE AND DURING PREGNANCY. 
N.Asatiani, A.Elphick*, RKurashvili, M.Dundua, M.Natsvlishvili, 
T.Chanturia, E.Shelestova, M.Ramazashvili and M.Hod'·. Diabetes Center, 
Tbilisi, Georgia, "Dept. of Obstetrics and Gynecology, Rabin Medical Center, 
Tel-Aviv, Israel; 'Novo Nordisk AlS, Copenhagen, Denmark. 
The aim - to reveal relation between prenatal outcome and clinical and 
metabolic indices in women with IDDM before and during pregnancy. 
Materials and metods: A total of 38 pregnat women were included in tbe 
study. All tbe women received preconception care. The study population was 
devided into 3 groups on the basis of prenatal outcome: Gr. 1 - 16 women 
(infant birthweigh 3.000 - 3.700g); Gr 2 - 11 women (>3.700-4.000g); Gr 3-
11 women «2.400-3.000g). Results: Maternal age: the women in Gr 2 were the 
oldest (Gr 1 - 20.7±2.4; Gr 2 - 32.3±2.1; Gr 3 - 28.3±2.0; PI-3<0.05, pz-
3>0.005). BMI (kg/mz) was the highest in Gr 2 (Gr 2 - 26.6±1.9; Gr 1 -
21.75±0.62; Gr 3 - 20.8±O.58; PI-2<0.005, P2-3<0.01). At conception good 
glycemic control was achieve, and maintained throughout the pregnancy: 
HbAlc % - Gr 1 - 7.2±O.3; Gr 2 - 7.1±0.4; Gr 3 - 7.0±0.3. In the 1-st 
trimester, insulin doses (U/kg), were higher in Gr 2 and 3(0.70±0.06 and 
O.70±O.05, respectively), than in Gr 1 (0.52±0.04; PI-2<0.01, Pl-3<0.010). In 
the 3-rd trimester the highest insulin doses were in Gr 2 (0.54±0.05, P<O.OOI), 
compared to 0.54±0.05, P<O.OOI (Gr 1) and 0.75±0.45; P<0.05 (Gr 3). During 
the pregnancy the largest weightgain was observed in Gr 3 (l-st trimester -
66.0±4.03 kg, 2-nd trimester - 79.5 ±4.61kg, P<0.05). Microalbumin (MA) was 
found in 45.4% and 18.7% (Gr 2 and Gr 1, respectivly), and proteinuria in 
18.1 % of Gr 2 patient. The highest LDLP-CH was registered in Gr 2 by the 
end of the 3-rd trimester (Gr I - 3.11±0.39, Gr 2 - S.42±0.62; Gr 3 -
3.98±0.52, P 1-2>0.01, P2-3<O.05). Conclusion: I.High BMI indices before 
conception; age over 30 yrs; weight gain more then 15 kg, insulin dose increase 
>0.90 U1kg and high LDLP-CH concetracions by the end of pregnancy may be 
considered as risk factors for excessive birth weight. 2. MA and/or proteinuria 
may be considered as risl' factors for low birth weight. 3. We did not find any 
relation between the HbAIc levels and infant's birth weight. 
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INCREASED GENE EXPRESSION OF CATALASE AND Mn-SOD IN 
EMBRYOS OF DIABETIC RATS 
J. Cederberg and U. J. Eriksson. Department of Medical Cen Biology, 
Uppsala University, Uppsala, Sweden 

Maternal diabetes during pregnancy increases the rate of dysmorpho
genesis in the offspring. Excess free oxygen radicals are thought to in
fluence the teratogenic process. In a rat model for diabetic pregnancy, 
the offspring of a malformation-resistant rat strain ("H") show very 
little dysmorphogenesis when the mother is diabetic, whereas the 
offspring of diabetic rats of a sister strain ("U") display marked growth 
retardation and morphological malformations. The embryonic catalase 
activity is higher in the H than in the U strain and maternal diabetes 
increases the difference. Aims: To determine if the gene expression of 
the radical scavenging enzymes catalase, glutathione peroxidase 
(GSHpx), y-glutamylcystein-synthetase (y-GCS), glutathione reductase 
(GR) and superoxide dismutase (CuZn-SOD and Mn-SOD) was altered 
by maternal diabetes. Materials and Methods: Expression was 
measured in day 11 embryos of normal and diabetic rats of the Hand U 
strains using semi-quantitative RT-PCR and normalised with respect 
to ~-actin expression. The sex of the embryos was determined by PCR for 
expression of the SRY-gene. Results: The expression of GSHpx, y-GCS, 
GR and CuZn-SOD did not display any differences. Maternal diabetes 
increased (p < 0.05, ANOVA) the expression of catalase (0.885 vs. 0.413 
with non diabetic mother) and Mn-SOD (3.372 vs. 0.858) in H embryos, 
but not in U embryos. SRY examination showed that the diabetes
induced difference for Mn-SOD mainly appeared in female H embryos. 
Conclusions: Maternal diabetes increases embryonic expression of 
radical scavenging enzymes in a malformation-resistant rat strain, in 
a manner that, for Mn-SOD, appears to be gender specific. 

930 
ANALYSIS OF TWO INTRA-CELLULAR EFFECTORS OF 
APOPTOSIS IN RAT EARLY EMBRYOS EXPOSED TO HIGH 
GLUCOSE 
L. Hinck, S. Pampfer and R. De Hertogh. Physiology of Human Reproduction 
Research Unit, University of Louvain, Brussels, Belgium. 

Aims: Previous investigations have shown that maternal diabetes already 
impairs embryo development during the earliest phase of gestation. Embryos 
exposed to high concentrations of glucose in vitro are characterized by a decrease 
in the number of cells and a concomitant increase in two markers of apoptosis: 
chromatin degradation (karyolysis) and nuclear fragmentation (karyorhexis). Here, 
we show that two intra-cellular effectors, caspase-3 and caspase-activated 
deoxyribonuclease (CAD), are involved in this apoptotic process. Preliminary 
observations have shown that these two effectors are expressed in blastocysts. 
Materials and Methods: Rat blastocysts were incuhated for 24 hours in 
either 6mM or 28mM glucose in the presence or absence of an inhibitor. DEVD
CHO (lOI'M) inhibits the activity of caspase-3 and Aurin (iI'M) inhibits CAD. 
After incuhation, blastocysts were examined for the proportion of nuclei 
showing signs of karyolysis (terminal transferase-mediated dUTP nick eo:! 
labeling technique) and karyorhexis (bisbenzimide staining). Results: Addition 
of DEVD-CHO was found to inhibit the increase in karyolysis induced by high 
glucose as well as the low incidence detected in control blastocysts. Addition of 
Aurin prevented the increase in karyolysis triggered by excess glucose but did not 
influence the basal apoptotic activity in blastocysts. None of these inhibitors 
prevented the increase in karyorhexis induced by high glucose. Conclnsions: 
Our data indicate that karyolysis and karyorhexis are two nuclear damages that are 
induced separately by high glucose in rat blastocysts. Karyolysis is apparently 
mediated by the activation of caspase-3 and CAD. The identity of the apoptotic 
effector(s) involved in karyorhexis will be investigated in further experiments. 

929 
EFFECTS OF PENTOSE PHOSPHATE PATHWAY INIDBITION IN MOUSE 
PERI-IMPLANTATION EMBRYOS DEVELOPING IN HIGH GLUCOSE. 
A. Leunda Casi, S. Pampfer and R. De Hertogh. Physiology of Human 
Reproduction Research Unit, University of Louvain, Brussels, Belgium. 

Aims: Increased levels of glucose are known to induce an oxidative stress in rat 
embryos during organogenesis. Here, we investigate the antioxidant defenses of 
early mouse embryos (blastocysts) by analysing the role of the pentose phosphate 
pathway, a metabolic pathway producing the NADPH required for the recycling of 
oxidized glutathion. Materials and Methods: Mouse blastocysts were 
incuhated for 24h in the presence of increasing concentration of D-glucose (imM, 
6mM, 17mM and 28mM) and then analysed for their major metabolic activities: 
glycolysis, Krebs cycle and pentose phosphate pathway using different glucose 
radioisotopes. Blastocysts were also incubated in the presence of 
dehydroepiandrostemne (DHEA) an inhibitor of glucose-6 phosphate 
dehydrogenase, the first enzyme of the pentose phosphate pathway. Results: the 
production of 3H20 from [5-3H]-glucose, which reflects glycolysis activity, 
decreased significantly with increasing concentration of glucose (p<O,O 1). The 
activity of the Krebs cycle, measured by the production of 14C02 from [6-14C]
glucose, remained unchanged. Analysis of the proportion of glucose metabolized 
through the pentose pbosphate pathway increased at the higher concentrdtion of 
glucose. In spite of these metabolic changes, the average number of cells per 
embryo was not affected in high concentrations of glUCOse. In the presence of 
DHEA, embryos developing in 28mM glucose showed no change in their cell 
number. In control embryos (6mM), the same DHEA concentration (lOOI'M) had a 
toxic effect on cell number. Conclusions: Mouse blastocysts were found to up
regulate the activity of the pentose phosphate pathway in response to high glucose 
in vitro. Inhibition of this pathway with DHEA, however, did not further sensitize 
the embryos to the influence of high glucose. 

931 
THE MINIMAL MODEL AND THE 

HOMEOSTATIC MODEL ASSESSMENT IN PREGNANCY. 
S Robinsoo, M Jolly, S Aly, J Bertie, R Arnin, V Anyaoku, N Lawrence and D Johnston. 
Section of Metabolic Medicine, Imperial College School of Medicine, Londm. 

Aim: To assess the correlation of the insulin sensitivity index (Si) derived from the 
minimal model with insulin sensitivity (%S) derived from the Homeostatic Model 
Assessment (HOMA) in the third trimester of pregnancy. Materials and 
Methods: Twenty-seven pregnant women had an insulin modified (0.02 U/kg) 
frequently sampled intravenous glucose tolerance test (glucose 0.3g!kg) at 34 
weeks gestation as part of a study investigating the role of maternal metabolism in 
determining birthweight. Ten women were Obese (0) (BM!>30kglm2

) and 17 
were Lean (L) (BMI<30kgfm2

). Specific insulin was assayed using an ELISA with 
a sensitivity of 0.55 pmoU-1 and inter-assay specificity less than 8.6% at low and 
high values. The cross-reactivity of proinsulin with the intact insulin assay is 
negligible. Glucose was assayed using an enzymatic method. The Ciba program 
was used to derive Si using the minimal model and the HOMA progranune was 
used to derive %S. Results: The Median (lQR) Si was significantly higher in L ~ 
1.5 (0.8 - 3.4) vs 0 ~ 0.6 (0.5 - 0.8) (If(min.pmol/I» xlO-4, p<O.OI. HOMA did 
not detect a significant difference in %S between L ~ 168.7 (90.7 - 273.3) vs 0 ~ 
102.2 (94 - 137.3). Spearman's rank correlation coefficient for Si vs %S, Rho ~ 
0.58, IrO.002. The data were log transformed and the Pearson correlation 
coefficient for In Si vs In %S, r ~ 0.67, p< 0.0001. There was a significant 
correlation between first phase insulin (FPI) and BM! r ~ 0.55, P ~ 0.003 and a 
better correlation between FPI and InSi r ~ -0.66, P ~ 0.0002 than between FPI and 
In%S r ~ -0.51, p ~ 0.0067. Conclnsions: There was a significant correlation 
between Si and %S but HOMA was less able to differentiate differences in insulin 
sensitivity between L and 0 pregnant women than the minimal model. Differences 
in FPI in L and 0 subjects contributes to the minimal model's ability to 
differentiate differences in insulin sensitivity between L and 0 subjects. 
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932 
HYPERTENSIVE DISORDERS IN TYPE I DLI\BETIC WOMEN 
DURING PREGNANCY. 
R.M.Bott.a,M.P.hnbergamo,M.G.hnpicdche,B.Todaro(*)and D. Greco. 
Department of Endocrinology and Metabolic Disease, Institute of Obstetrics 
and Gynecology(*),University ofPalenno.ltaJy. 
Aims: To evaluate if the type I diabetic pregnant women are at increased 
risk for hypertensive disorders. Materials and Methods: Beginning on 1 
January 1980 to 31 dicember 1998, clinical data of 276 pregnant women 
with type 1 diabetes from Diabetes and Pregnancy Center of University of 
Palenno were collected retrospectively and entered in a computerized data 
has". Age, duration and complications of diabetes, parity, pre-pregnancy 
Body Mass Index (BM!), gestational weight gain, g1ycosylated hemoglobin 
at first examination. insulin requirement per day at the beginning (IRl) and 
at the end (IR2) of pregnancy and infant body weight at delivery. The 
hypertensive disorders in pregnancy were classified according to National 
High Blood Pressure Education Program Working Group on High Blood 
Pressure in Pregnancy in 1 )Chronic hypertension(CH), 2)Preeclampsia
Eclampsia(PE), 3)PE superimposed on CH and 4)Transient 
hypertension(TH}. Statistical analysis was done using SPSS6.1. Results: 
Nine patients among 276 women (3%) were affected with CH. In the CH 
patients the duration of diabetes (5.3± 4.3 vs 2.0± l.l; p< 0.002). the IRI 
(24.1± 20.2 vs 10.0 ±14.8; p< 0.001), IR2 ( 52.6 ±43.0 vs 24.0± 29.0; p< 
0.03) were higher respect with normotensive patients. The MANOV A 
analysis show that CH is influenced by duration of diabetes (F 7.48; P < 
0.007), parity (F 5.88; p< 0.01), IRI (F 9.64; p< 0.002) and IR2 (F 11.4; p< 
0.001). Twenty patients (7%) had PE and 7 patients had (2.5%) TH. 
Conclusions: In type 1 diabetic patients the prevalence is similar to that of 
normal population. The factors that influenced the manifestation of PE are 
the complications and the duration of diabetes among the type 1 diabetic 
patients. 

934 
M.Zmudzitlska, A. Bronisz, A. Graczykowska- Koczorowska, I. Zi"ek 
The Ludwik Rydygier Medical University in Bydgoszcz 
ESTIMATION OF LIPID CHANGES IN TYPE 1 DIABETIC WOMEN. 
During normal pregnancy, serum lipid levels increase. Lipid metabolism disorders, 
related to insulin deficiency are common in type I diabetes. The aim of this study 
was to estimate lipid changes in pregnant women with type I diabetes. The su~ects 
studied were 32 patients in average age 27,O±4,9 years, suffering from this disease 
for mean 9.7±7,1 years, with good control of diabetes (mean HBAlc level during 
pregnancy =5,8±I,5%) and without macroproteinuria. All diabetic women were 
divided into two groups: l.without microangiopathy (n=22) and 2.with micro 
angiopathy (n= 10). The control group consisted of 37 pregnant women aged 
25,1±3,8 years with normal glucose tolerance. In successive periods of pregnancy 
(first trimester - Tl, second - T2, third - T3) the concentrations of serum lipids: total 
cholesterol (TC), high density lipoprotein (HDL), low density lipoprotein (LDL), 
triglyceride (TG) and additionally in 12 diabetic women also apolipoprotein§ ApoAI 
and ApoB, were measured. During T2 and T3 the diabetic group had in comparison 
to Tl, significantly elevated level of plasma: TC, HDL, LDL, TG, ApoAI and ApoB 
concentrations 

mmolll TC LDL HDL TG ApoAI ApoB 
T-l 4,78±0,93 2,87±O,63 1,33±O,43 2,54±l,19 3,I5±O,93 l,53±O,34 
T-2 5,88±0,75 3,38±0,66 173±O,32 384±140 3,88±102 242±O,89 
T-3 6,77±l,53 4,09±I,06 l,57±O,47 5,63±I,61 4,17±l,36 3,34±O,45 

*p<O,05 "p<O,OOl ONS. Mean lipid level III respectlVe tnmesters III diabellc group 
did not differ significantly from levels in control group. Mean ApoAI and ApoB 
increase level did not correspond with the mean increase level of HDL and LDL. 
Group I during TI and T2 in comparison to group 2 demonstrated lower level of TG 
concentration (P<O,05).Conclusions: Lipid changes in pregnant women with type I 
diabetes and with good control of diabetes did not differ significantly from the 
changes observed in normal pregnancy. In diabetic pregnancies with 
microangiopathy, significant differences in TC levels were not observed, however, 
this group had significantly TG level as compared with patients without 
microangiopathy. 

933 
IS 24-HOUR BLOOD PRESSURE SUPERIOR TO CLINIC BLOOD PRESSURE IN 
PREDICTING PREGNANCY INDUCED HYPERTENSION IN TYPE 1 DIABETES. 
P. Ekbom, E. Stage, P. Damm, P. Clausen, U. Feldt-Rasmussen, B. Feldt-Rasmussen, 
L. M"lsted Pedersen, K. Nmgaard, A. Svenniogsen, L. Nielsen, and E. R. Mathiesen. 
Obstetric Clinic and Department of Nephrology and Endocrinology, Rigshospitalet, 
Copeohagen and Steno Diabetes Center, Gentofte, Denmark. 
Aim: To determine if 24-hour blood pressure (BP) monitoring in early pregnancy is 
superior to clinic BP in predictiog pregnancy induced hypertension in type I diabetes. 
Materials and Methods: During 1996-1997 we recruited 79 pregnant Caucasian 
women with IDDM admitted to our obstetric clinic prior to 17 weeks' gestation. 
Women with diabetic nephropathy, anamnestic hypertension or early abortion were 
excluded. Twenty-four-hour BP monitoring was performed at 10 weeks' and 28 
weeks' gestation. Urinary albumin excretion, HbA lc and clinic BP were measured 
regularly during pregnaocy. Pregnaocy induced hypertension was defmed as two con
secutive measurements of diastolic BP >140/90 mmHg. Results: Fifteen women de
veloped pregnaocy induced hypertension (10 with proteinuria) aod 64 did not. At 10 
weeks' gestation mean age of the women was 31 (SD 5) vs. 30 (5) years, diabetes du
ration 16 (I I) vs. 13 (14) years, HbA1C 7,3 (0,8) vs. 7,4 (1,0) % and urinary albumin 
excretion 94 (range 3-752) vs. 16 (1-216) mgl24h. Clinic BP was 126171 (1319) vs. 
115/69 (11/9) mmHg (p<O,OI/NS) compared to 24-hour daytime BP 126171 (1217) vs. 
119171 (10/6) mmHg (p<0.05/NS) and the nighttime BP as percentage of daytime BP 
was 89/83 (5/6) vs. 88/86 (617) % (NS/NS). At 28 weeks' gestation clinic BP was 
130175 (1517) vs. 116171 (11110) mmHg (p<O,OOI/NS) compared to 24-hour daytitne 
BP 143174 (20/8, n=7) vs. 121171 (1017, n=31) mmHg (p<O,OOI/NS) and the nighttitne 
BP as percentage of daytime BP was 85/87 (lillO, n=7) vs. 89/85 (7/6, n=26) % 
(NS/NS). The relative risk of developing pregnancy induced hypertension with a sys
tolic BP > 120 mmHg early in pregnancy was 3,2 (clinic BP) vs. 2,1 (24-hour BP). The 
24-hour BP monitoring was resource demanding and very unpleasant for the pregnant 
women. Conclusion: Twenty-four-hour BP monitoring in early pregnancy was not 
superior compared to clinic BP in predicting pregnancy induced hypertension. 

935 
PREGESTATIONAL DIABETES REDUCES MATERNAL RED CELL 
MEMBRANE DOCOSAHEXAENOIC ACID IN MOTHER AND HER FETUS. 
Y Min, B Thomas, K Ghebremeskel, B Oilley-Shore, C Lowy, MA Crawford_ 
Institute of Brain Chemistry and Human Nutrition, University of North London N7 
8DB, GKT School of Medicine, St Thomas' Hospital, London SEI 7EH. 
Docosahexaenoic ( DHA) and arachidonic acid (AA) are major structural and 
functional components of brain, retina and blood vessels. Diabetes impairs the delta· 
6 desaturase enzyme required for DHA and AA synthesis and as plasma DHA 
choline phosphoglyceride was reduced in both maternal pregestational diabetic 
women and their fetuses at term, incOlporation of the latter into membranes may also 
be reduced in the presence of diabetes. Aim: to test for deviation in membrane 
composition in diabetic pregnant women and cord blood. Method: maternal and cord 
blood was collected from pregestational diabetic & control women. After 
centrifugation the red cells were washed with heparinised saline, the lipid extracted 
and the choline (CPG) and ethanolamine (EPG) phosphoglycerides separated by gas 
liquid chromatography. Results: There were substantial differences in DHA levels in 
maternal and cord CPG fractions (table). 
Table Red cell CPG AA % Red cell CPG DHA% 

Control Diabetic 
Mothers 11.0±0.36* n=55 9.8±0.56* n=16 . 
Cord 14.6±0.52t n=38 12.2±0.8It n=29 
* &Op=<O.OI, t&#p=<0.05,±=SEM. 

Control 
5.34±0.32a 
5.96±0.39# 

Diabetic 
3.62±O.3la 
3.99±0.38# 

Only the % DHA EPG concentration was significaotly reduced in the maternal red 
cells of diabetics 5.95±0.51 Vs 7.41±0.30 % p < 0.05. The major differences 
occurred in the CPG which is in the outer layer of the membrane and consequently in 
intimate contact with receptor activity. As DHA is cardioprotective and a key 
structural component of neural tissue, the changes seen could contribute to the 
neurovascular pathology of diabetes_ Conclusion: During pregnancy diabetes is 
associated with disturbance of essential fatty acid metabolism leading to outer 
membrane distortion and the latter may influence fetal vascular development. 



936 
THE IMPACT OF PREGNANCY ON DIABETIC RETINOPATHY 

F. Bozzoni*, A. Sabbatini, C. Corubolo', E. Borrello, N. Di Biase, S. Spagnolo, F. 
Fallucca, A. Napoli. 
Cattedra di Diabetologia, Dipartimento di Scienze Cliniche, 'II Clinica Oculistica, 
Universita "La Sapienza" Roma 
The aim of our study was to establish whether pregnancy affects the development 
and progression of DR in pregnancy. Patients and methods: We studied 48 
diabetic pregnant women (38 IDDM, 10 NIDDM, age: 29.4±4.6 yrs) and 20 non 
pregnanCwomen (19 IDDM, I NIDDM, age 32.2±5.4 yrs). Patients underwent 
ophthalmologist evaluation (photograph of fundus oculi) at I and III trimester of 
gestation and 6 months postpartum; controls were evaluated at time 0, 6, e 12 
months. Retinopathy was classified according to ETDRS criteria. We defined 
progression or development of retinopathy "de novo", upgrading of DR from early 
to late pregnancy (grade 0-5) or DR changes requiring additional 
photocoagulation. Changes were defined whether present in one or both eyes. 
Results: The progression of DR was showed in 29% of women during pregnancy 
versus 15% of the control group (X2: ns). In the control group, a progression was 
observed in 3 patients with pre-existing retinopathy. Among pregnant women, I 
patient with pre-existing retinopathy required photocoagulation therapy in late 
pregnancy, 2 patients showed a progression only in one eye, 9 patients showed 
retinal changes which persisted also after delivery, whilst 2 patients, worsened in 
pregnancy, improved at the post partum. The progression of DR was associated to: 
disease duration (17.8±6.4 vs 11.4±8.2 yrs, t-test: p=0.008), the age of diagnosis 
(l1.8±5.3 vs 16.3±8.5 yrs, t-test: p=0.03), the I trim systolic BP (123.2±7.8 vs 
116.9±l2.5 mrnHg, t-test: p=0.03) and diastolic BP during II trim (74.3±7.2 vs 
69.7±7.3 t-test: p=0.05) and III trim (77.4±6.1 vs 72.5±8.5; t-test: p=O.04), 
higher levels of HbAlc during I trim (7.2±1.5 vs 6.3±1.3% t-test: p=0.04). In the 
progressive group, 57% of the patients developed a pregnancy induced 
hypertension compared to 21% of the non progressive group (X2: p<0.05). 
Regulatory mechanisms, controlling microvascular flow, might be impaired in 
diabetes are furtherly worsened by hypertension. 

PS77 
Quality Assurance of Health Care 
938 
INFLUENCES ON QUALITY OF GLYCAEMIC CONTROL IN TYPE I 
DIABETES 
The EURODIAB Prospective Complications Study (PCS) Group 
Royal Free and UCL Medical School, London, UK and 27 European Centres 
Aims: To examine modifiable influences on glycaemic control in type I diabetes, and 
assess adverse consequences in terms of hypoglycaemic episodes. Materials and 
methods: A cohort of 1919 patients with type I diabetes with questionnaire data on 
health behaviours and centrally measured HbAlc. Results: A clear influence on 
glycaemic control was the frequency of insulin injection. Mean HbA le in those whose 
daily injection frequency was once, twice, 3-4 times, 5 or more times and continuous 
subcutaneous infusion was 8.6%, 8.9%, 8.5%, 8.4% and 8.1% respectively (p 0.0001 
for trend). Mean number of severe hypoglycaemic episodes in the last year were 0.4, 
1.3, 1.2, 1.4 and 0.5 (p=O.4 for trend). Non-severe hypoglycaemic episodes in the last 
month were 4.3, 4.1, 5.5, 5.2 and 8.5 (p=0.0001 for trend). Over 90% of patients self 
monitored their blood glucose; 54% of these at least once a day. Glycaemic control 
was better in this latter category compared to those who monitored less often or not 
at all (8.3% vs, 8.8% and 9.0%, p=O.OOOI). Severe hypoglycaemic episodes occurred 
1.5, 1.0 and 0.8 (p=0.02 for trend) times in the last year in these categories. 
Glycaernic control was also better in those who used their results to adjust the dose of 
insulin (8.5% vs 9.0%, p=O.OOOI), although frequency of severe hypoglycaemic 
episodes was non-significantly greater (1.3 vs 0.8 in the last year, p=O.I). Control was 
better in those who were members of a diabetes organisation (8.4% vs 8.6%, p=O.004), 
and in those who had attended a diabetes education session in the last year (8.3% vs 
8.6%, p=O.OI). Conclusions: Increasing the frequency of insulin injections, 
encouraging regular self monitoring and responsive adjustment of insulin dose, regular 
teaching sessions and membership of a diabetes organisation all serve to improve 
glycaemic control, but with some adverse consequence in terms of hypoglycaemic 
episodes. This information should be used to inform patients of risks and benefits of 
improved glycaemic control, and allow them to decide how tight their glycaemic 
control should be. 

937 
PROSPECTIVE POPULA nON BASED STUDY OF THE EFFECT 
OF PREGNANCY ON DIABETIC RETINOPATHY 

G Hawthorne and D Sen for Northern Diabetic Pregnancy Survey, 
Regional Maternity Survey Ollice, 25 Claremont Place, Newcastle 
upon Tyne 

Aims: To determine the progression of retinopathy during diabetic 
pregnancy relative to baseline eye examination. Methods: Prospective 
collection of population based information on pregnancies in women 
with diabetes who booked with pregnancy within the Northern region 
of England between 1994-1996. Results: 314 women booked with 345 
pregnancies between 1994-1996. The eyes were examined in 85% of 
the women during pregnancy. In 41 %, eyes were dilated and examined 
at booking and at 28 weeks gestation. Diabetic retinopathy was present 
before onset in 641345 pregnancies [18.6 %]. During pregnancy 26 
of those with background retinopathy at onset remained stable, but 
diabetic retinopathy progressed in 17/64 [26.6 %], retinopathy 
regressed in 12/64 [18.8%]. Of the 17 who developed proliferative 
retinopathy, 8 received laser treatment. New onset background 
retinopathy was reported in 34/345 pregnancies [10%], 4 progressed 
to proliferativc retinopathy. In 3/4 laser treatment was required. 
Conclusion: Significant sight threatening new onset diabetic 
retinopathy can develop during pregnancy. 26.6 % of background 
retinopathy at onset of pregnancy progresses to sight threatening 
retinopathy. Regular examination of eyes during pregnancy is 
essential as retinopathy is present in 23% of diabetic pregnancies 
and in 3.2% diabetic pregnancies laser treatment is required 

939 
LONG-TERM COMPLICATIONS OF TYPE 2 DIABETES: PRELIMINARY 
RESULTS FROM A NEW ECONOMIC MODEL 
PK Hopkinson', A Bagust', W Maier' and CJ Currie.' 'Glaxo Wellcome, 
Greenford,UK and Research Triangle Park,NC,USA; 'YHEC,York University, UK 
Aims: The worldwide economic burden of type 2 diabetes is significant and is 
rising rapidly due to a number of demographic and lifestyle factors (eg increasing 
obesity, an increasingly elderly population and decreasing physical activity). The 
major contribution to the high economic cost to society comes from the chronic 
long-term complications of type 2 diabetes. We have developed a long-term 
economic model to assess the effects of treatment on long-term complications and 
their associated costs. 
Methods: Our model is based on an earlier NIH model and uses a Markov process 
whereby patients in the model move through a succession of modules according to 
a variety of transition and event rates, so that their condition and life history is 
regularly updated until death. The rates vary by duration of diagnOSis, age, gender 
and ethnicity. Separate modules estimate micro- and macrovascular complications 
and overall mortality. Microvascular complications modelled include nepbropathy, 
neuropathy and retinopathy; the model includes coronary heart disease and stroke 
as macrovascular complications. Costs for the UK were taken from the Cardiff 
database (hospital, clinic, primary care and community costs) and from published 
sources (prescription rates, drug costs). UK disease progression data (including 
UKPDS) were incorporated. 
Results: In general, spending on all elements of health care is substantially 
increased for patients with type 2 diabetes. Hospital admissions and average length 
of stay are both increased and attendance at hospital clinics is more frequent. 
Patients with type 2 diabetes visit their primary care physician three to four times 
more frequently than other patients. The overall cost per patient for patients with 
type 2 diabetes under 70 years is over twice as great as for those without the 
disease. 
Conclusions: We have used a new long-term cost-effectiveness model to assess 
the economic burden of type 2 diabetes on the health care system in the UK; the 
incorporation of appropriate data will allow its use in other countries. The model 
can also be used to determine the effects of risk factor modification and to 
compare the cost-effectiveness of alternative therapeutic strategies. 
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940 
Stability and feasibility of using a fingerprick blood spot HbAlc% 
assay versus standard venous sampling 
S. SAILESH, V. PATEL, D. HAYES, B. COCKRILL. Diabetes 
Centre, George Eliot Hospital, Nuneaton, U K. 
Aim: To assess the stability and feasibility of using a fingerprick 
blood sample to analyse HbAlc. Materials and Methods: In 50 
patients samples were collected from a fingerprick directly onto filter 
paper (20J.ll) and compared with a simultaneous venous EDTA sample 
(2ml). HbAlc% was analysed from the elutant by HPLC on day 0, 3, 7 
and day 14 and compared to venous HbAlc% on day O. Results: The 
statistical method used was a modified Delta analysis. There was an 
excellent correlation (p<0.0l) between the venous and filter paper 
HbAlc% at day 0 (r = 0.968), day 3 (r = 0.952), day 7 (r = 0.962) and 
at day 14 (r = 0.891). The mean difference was -0.38 (95% CI -0.52 
to -0.25), at day 0, -0.42 (95% CI -0.59 to -0.2 6) at day 3, -0.50 
(95% CI -0.67 to -0.34) at day 7 and -0.13 (95% CI -0.38 to +0.10) at 
day 14. The mean percentage difference on days 0, 3, 7 and 14 was 
4.46%, 4.82%, 5.55% and 9.04% respectively. Of the 55 postal 
samples the average difference was -0.25 (95% CI -0.41 to - 0.08).The 
coefficient of variation for the two assays was 3%.Conclusious: 
Postal HbA 1 c % assessment by filter paper provides a reliable, 
convenient, inexpensive and patient friendly method which avoids the 
need for pre-clinic venous sampling. It is particularly useful when 
close and frequent monitoring is needed. This assay needs to become 
more widely available and will help achieve optimal glycaemic 
control. 

942 
TeleDiab - A Telemedicine approach to Diabetic Care 

Authors - DR Owens l
), AW Savill') andMG Smithersl

) -1)Uandough Conunuuity 
NBS Trust, Cardiff, 2)Centre for Health Informatics, University of Wales, Swansea 
Aims - To assess the feasibility of using PC based video telecouferencing (PCVf) 
technology to facilitate diabetic retinopathy screening. 
Materials and Methods -PCVf was used to enabled secondary care (hospitals) 
and primary care (general practices) to share patient managemeut Hypothetical 
patient data was used consisting of colour retinal images (normal, non diabetic eye 
disease and diabetic retinopathy of varying severity) and a structored management 
questionoaire. This data was jointly discussed using PCVT between clinicians. 
Equipment consisted of entry level MS WIN95 PCs fitted with video couferencing 
card and telephone baudset. Conunnnications were via ISDN2 telephone lines. 
Software consisted ofMS NetMeeting, PCCTutbo (Olsy) and a database developed 
in-house using MS Visual Basic. The system provided the facility to transfer files 
and share database and imaging software. Included in the software were tools to 
assist with the discussion of features of retinal images which allowed for example. 
lesions to be selected and annotated. Seven General Practices were recruited and 
provided with equipment and training in the use of PCVT. Effectiveness was 
assessed by comparing GPs ability to grade a standard set of retinal images prior to 
and after a PCVT session. User activities during PCVf sessions were recorded. 
Results - (I) Response by all GPs to the clinical use of PCVT was positive (2) 
Clinicians' confidence in the operation of PCVT improved with use; (3) peVT 
sessions lasting longer than 45 minntes resulted in user fatigue; (4) The mean 
duration for discussion of each patients management was initially 6 minutes 8 
seconds (StdDev.=2:1, n=28) but later reduced to 5 minutes 2 seconds 
(St.Dev.=1:4, n=20) as the user became experienced with the system.. (5) The 
preferred tools used to aid discussion of retinal images were: (a) text annotation; (h) 
pointer; (c) ellipses; (d) zoom. 
Conclusions -.Two major factors which influenced effectiveness were: (I) Clinical 
- the greater the clinical knowledge of retinopathy the more effective the PCVT 
session; (2) Computer literacy - the higher the competence with MS Windows the 
more effective the session. Use ofPCVT has the potential to provide a contribution 
to the delivery of education for health care professionals in diabetes care. Use of 
PCVT can facilitate conunuuications between primary and secondary care so that 
diabetic retinopathy screening may be efficiently managed and co-ordinated. 

941 
DO WOMEN WITH TYPE 2 DIABETES REQUIRE MORE 
INTENSIVE CARE FOR THEIR DIABETES THAN MEN? 
W.Gatling, S. Budd, and M.A.Mullee. Department of Diabetes, Poole 
Hospital NHS Trust, Poole, Dorset, UK and Medical Statistics and 
Computing, University of Southampton, Southampton, UK. 
Aims: To investigate whether sex of the patient affects the outcome of 
newly diagnosed type 2 diabetes. Methods: All the cases (363) of 
newly diagnosed type 2 diabetes presenting in one year from 185,000 
people were identified. Patients were diagnosed through nonnal health 
care processes and no active screening occurred. Glycaemic control, 
weight, blood pressure and lipids were measured. Results: Three 
hundred patients (83%) attended the diabetes education programme. 
Body Mass Index was si¥nificantly higher in women than men at 
diagnosis, mean 31.0 kg/m versus 28.9 kg/m2 

, p=O.OI. Three months 
after diagnosis, there was significant weight loss of -1.lkg (95% CI -1.5 
to -0.6, p<O.OOI). Women and men lost a similar amount of weight. 
HbA I c was not significantly different between men and women at 
diagnosis. Glycaemic control improved, for all patients mean HbAlc 
fell from 10.3% at diagnosis to 8.1 % at 3 months. At review, women 
had significantly higher systolic blood pressure than men, 142.8 mm Hg 
compared to 136.4 mm Hg (mean difference 6.4 mm Hg 95% CI 2.0 to 
10.8, p=0.004). Diastolic blood pressure was not significantly different. 
At 3 months, total cholesterol levels, but not triglyceride, were 
significantly higher in women, mean 6.1 mmolll compared to 5.5 
mmolll, mean difference 0.6 mmolll (95% CI 0.3 to 0.9, p<O.OOI). At 
one year, glycaemic control remained inadequate with 77% of women 
and 64% of men with HbAlc > 7% (NR 4.1-6.5). Conclusion: 
Management of type 2 diabetes in the first year failed to achieve good 
glycaemic control and women fared worse than men. 

943 
CAN THE TARGETS FOR BLOOD PRESSl}R.E CONTROL IN THE UNITED 
KINGDOM PROSPECTIVE STUDY BE ACHIEVED IN ROUTINE CARE? 

R,R.Davies and A.Sandford. Manchester Diabetes Centre. 
Aims: Intensive blood pressure (BP) control in the United 
Kingdom Prospective Diabetes Study (UKPDS) achieved a 
mean BP of 144/82mmHg with dramatic improvements in 
clinical end points. Audits of care have suggested that 
routine physician intervention results in poor blood pressure 
controL We have assessed whether a protocol guided, nurse 
practitioner, blood pressure management system could 
achieve better results in BP control. Materials and 
Methods: Patients were recruited from routine diabetes 
clinics with a BP of >145/85 and seen monfuly with blood 
pressures measured in the sitting position, by an automatic 
machine, the Omron 705-CP. Three BP readings were 
taken, the mean of the second and third readings recorded. 
Stepwise introduction of a thiazide diuretic, ACE inhibitor 
and alpha blocker in patients without major morbidity was 
supervised by a nurse practitioner. Results: To date 95 
patients have entered the clinic: 10 Type I and 85 Type 2; 
age 64 ± 9 years (mean±SD); body mass index 29±4.4. 
Initial mean systolic BP was 166±18.7 and diastolic 
90±14.6. At visit 2 equivalent readings were 163±18.8 and 
92±l3.5; visit 3 150±16.9 and 84±l2.6; visit 4 149±l3.5 
and SO± 9.4; visit 5 143±12.6 and 81± 2.7. Mild side effects 
caused medication changes in 10 patients. Conclusions: 
Results to date suggest nurse practitioner management of 
hypertension in diabetic patients is both safe and effective. 



944 
MEETING THE CHALLENGE OF IMPLEMENTING DIABETES STANDARDS 
OF CARE 
C.Clark and LStutz Roche Diagnostics, P.O. Box 50457, Indianapolis, Indiana 
46250-0457, USA. 
Aims: The majority of diabetes care is delivered in the primary care setting. Studies 
reveal large gaps between recommended standards of diabetes care and current 
practices in these settings. We have developed an innovative team care, health 
management approach to diabetes care using an internet-based computer program to 
facilitate diabetes standard adoption by PCPs in a large HMO. Materials and 
Methods: The program began with providers generating consensus on standards for 
metabolic control, screening for eye, foot and renal complications, hyperlipidemia 
and hypertension. Best practice provider and patient education was included in the 
program. Patients are screened and stratified according to risk and interventions are 
reported by software designed for this 12-month study. A unique feature of this 
program is a "tracker", who assures that recommendations are carried out and who 
follows the patients in the program. We have enrolled over 300 patients followed by 
over 20 PCPs at two sites. Results: Given our primary hypothesis to reduce mean 
Hb b I 05% th d h b 'fi Alc oy at east 0, our SIx-mon ata as een slgm lcant. 

Accountability Measure Baseline 6-month 
Patients receiving >1 HbAlc test/year 79% 100% 
Patients with the highest risk HbAlc level (>9.5%) 20% 15% 
Patients receiving a lipid profile once in 2 years 66% 100% 
Patients with blood pressure <140190mmHg 30% 53% 

ConclUSIOns: ProVIders feel secure that routIne tasks are not bemg overlooked and 
that they can spend more time dealing with current and preventive medical issues. 
Patients feel more knowledgeable and more able to take on the responsibility of their 
care. In addition to improving the ability of the clinic personnel to comply with 
standards that they have agreed are vital to good clinical care, the program provides a 
record of the care given enabling HMO management to document adherence to the 
standards required by various accrediting agencies (e.g. HEDIS, Facct, DQIP). 

946 
THE USE OF OUTCOME RESEARCH TO ASSURE DIABETES TREATMENT ~UA· 
lITY. 
T. Jensen, L. Musaeus, B. Molsing, B. Lyholm and T. Mandrup·Poulsen. Steno Oiabe· 
tes Center, Gentofte and Novo Nordisk, Bagsv<erd, Denmark. 
Aim. Intensified metabolic control, careful monitoring of late diabetic complications 
and intervention against cardiovascular risk factors improve the prognosis of IDOM 
and NIDDM patients. Gost·benefit analyses have shown that intervention and inten· 
sified care in diabetic patients are at least as favourable as in the non·diabetic po· 
pulation. In the coming years the challenge in the treatment of diabetes will be to 
apply these results into the general diabetes population, and the aim of the present 
study was to analyse the treatment quality in a routine outpatient clinic. 
Methods. We have investigated outcome data in 2011 IODM·patients living in 
Copenhagen County and followed at Steno Diabetes Center in the period 1995· 
1997. The mean age and diabetes duration were 49 years and 20 years, respective· 
Iy, and 54% of the patients were males. 
Results. HbA 1 c was measured at least once yearly in more than 99.5% of the pa· 
tients and the mean annual number of measurements were 3 in each patient. Urinary 
albumin excretion was measured in 87.0%, 87.1 % and 80.5%, and blood pressure in 
71.4%,76.7% and 79.8% in the years 1995, 1996 and 1997, respectively. Foot· 
inspection was performed in 41.1 %, 46.1 % and 44.8% of the patients. The mean 
HbA 1 c (normal range 4.1·6.4%) were 8.8%, 8.7% and 8.6%, respectively. The fre· 
quency of patients with an HbA 1 c·value below 140% of the mean value in non· 
diabetics « 7.5%) were 14.6% in 1995, 15.4% in 1996 and 17.7% in 1997. 
Conclusion. In unselected 100M·patients followed at the outpatient clinic at Steno 
Diabetes Center, some but not all important clinical variables are measured with e· 
qually high frequency. Further analyses may help to explain, why there is such a dif· 
ference, and hopefully, to explain how the tendency to improved metabolic control 
can be further extended. 
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945 
COMBINED CONTROL OF INSULIN TREATED PATIENTS IN GENERAL 
PRACTICE AND A DIABETES CLINIC. A QUALITY ASSURANCE STIJDY. 
S. VADSTRUP and V.SIMONSEN. Dept. of Medicine, Nykobing Hospita~ DK-
4800 Nykobing F, Denmark. 
Aims.Insulin treated patients have in our country traditionally been controlled in 
specialized diabetes clinics (DC). Due to the increasing number of insulin treated 
patients, beyond the capacity of many clinics, we wanted to test the quality of 
combined control in general practice (GP) and DC. 
Materials and Methods. About 90 % of 71 practitioners (P) within a region of 
125000 inhab.and a range of 60 km from DC, paticipated. They should control of 
their own patients each 3 months. All patients were seen at DC once a year. The Ps 
and the diabetes team met before start of the study and then once a year to coordinate 
clinical guidelines. Lab. values were exchanged electronically. The results from DC 
were sent to GP with recommandations. The patients had a small record for use both 
at DC, GP and at home. The study was designed for 2 years and the values compared 
with values from the control at DC the preceeding 2 years. Only insulin treated 
patients without major problems were included. They could contact DC at all times. 
Results. 73 insulin treated patients were included and the results of 50 patients 
passing the first year control at DC before april 99 are reported. 3 patients left the 
study and returned to DC, one patient died at home, cause of death unknown. Of the 
remaining 46 patients, 23 were already treated with antihypertensive drugs. The 
diabetes duration was 19 years (3-71) mean age 58 years (28-80). All except one 
patient had normal creatinine levels. Albumin/creatinine ratios were measured: 2.5 - 5 
named borderline-, values> 25 named macro-. The ratios at start of study and at one 
year showed: normals 26/21, borderline 1/7, micro- 6/8, macroalbuminuria 13110. 
HbAlc values (mean) were 8.5 and 8.2 the preceeding two years at DC. 8.4 at start 
of the study and 8.0 measured in GP each 3 months and 8.1 at one year in DC (NS). 
Almost all patients wanted to continue the combined control after ending the study 
Conclusion The quality of combined control was equal to that of DC alone.Control 
of albumin excretion and blood pressure seems to be improved by combined control 

947 
THE DIAS COMPUTER MODEL UNCOVERS FREQUENT INSULIN 
"FAILURE" IN POORLY CONTROLLED TYPE I DIABETES. 
B.C.Turner, E.Jenkins, OJ.Hejlesen, S.Andreassen, R.Hovorka, D. Kerr and 
D.A.Cavan. Royal Bournemouth Hospital, Dorset, UK. 
Aim: To evaluate the accuracy of blood glucose modelling by the Diabetes Advisory 
System (DIAS). Materials and Methods: DIAS is a decision-support program for 
Type I diabetes, representing glucose and insulin metabolism by a compartmental 
model. Patients record pre-prandial and bedtime blood glucose (BG), insulin doses, 
and meal carbohydrate over 4 consecutive days. From these data the program 
generates a simulated continuous BG profile. We analysed simulations from 20 
patients (12 male) seen in out·patients with unexplained high blood sugars: mean 
(SD) HbA,< 10.4(1.8)%. age 37(1I)yrs, diabetes duration 15(8)yrs, and insulin dose 
0.8(0.2)U/kgld. 19 patients were on basal-bolus regimens (4 using Lispro), and one 
on twice-daily pre-mixed insulin. Dietary collection and analysis were supervised by 
a dietitian. Results: Recorded BG values ranged from 2.0 to 28.9mmol/l, and only 
one insulin dose was declared as omitted by a patient. The mean discrepancy 
between simulated and observed BG (D) ranged from 1.7 to 6.5mmoVI per patient, 
with an average (for all 310 BG results) of 3.7(3.2)mmoVI. In correlation analysis 
(simulated vs observed BG), r ~ 0.50 (P<O.OOI). In 16 patients we found that 
selective removal of insulin doses (median 3, range I to 6 doses over 4 days) 
considerably improved the fit of the DIAS simulation; in an extreme case the patient 
on pre-mixed insulin appeared to have received only 3 of 8 doses. Only 3 patients 
had obvious injection site abnormalities. These I'omissions" in the 16 patients 
significantly improved the accuracy of the modelling of BG values, not only above 
10mmoVI (D~3.2 vs 5.2mmoVI, P<O.OOI) but also across the whole BG range (r ~ 
0.70 vs 0.37, P<O.OOI). The average discrepancy for all 20 patients fell to 
2.7(2.6)mmol/l (P<O.OOI). Conclusions: Blood glucose modelling using DIAS 
indicates a high rate of insulin "failure" in poorly controlled Type I diabetes, which 
may result from omission of injections or non-absorption of insulin. This computer
based analysis may improve detection of such problems in clinical practice. 
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STAGED DIABETES MANAGEMENT·: IMPLEMENTATION IN GERMANY 

A. Klinge, K.W. Strauss' and M. Dreyer. Dept. of Diabetes and Metabolic Diseases, KH 
Bethanien, Hamburg; 'Becton Dickinson Europe, Brussels 

Aim: Diabetes mellitus is a frequent chronic disease which needs stage adjusted diagnostic 
and therapeutic interventions. The St. Vincent's-Declaration has set the goals of these 
interventions on an population-based approach. Therefore these procedures should be 
made available for primary health care providers. SDM stresses attention to time lines 
and glycemic targets, with rapid modification oftherapies until an effective therapy stage 
is achieved. The actual gennan SDM flow charts establish individual therapy goals in 
relationship to the age of the patient with a split for geriatric and non-geriatric patients. 
Materials and Methods: We have evaluated the effects of the introduction of Staged 
Diabetes Management in Hamburg, Germany. From a certain time point on 370 patients 
with diabetes mellitus (type I and 2) where enrolled in 12 GP offices (SDM n~196, 
control n~174). The randomisation was perfonned per centre. Data collection was done 
at the day of inclusion and after 3 and 6 months. Results: During the study period the 
HbA I c showed a significant decrease in both, the SDM- (0,66) and the control-group 
(0,45), (7,62 vs. 6,98% and 7,26 vs. 6,81%; p<O,OOI). In the SDM-group the greatest 
decrease (-0,80) can be shown in the younger « 65 y.) type 2-patients (7,47 vs. 6,67%; 
p<O,OOOI). Contrary in the control-group the greatest decrease (-0,54) was found in the 
group ofthe elder (> 65 y.) type 2-patients (7,17 vs. 6,63%; p<O,OOI). The occurrence of 
severe hypoglycemic episodes in the elderly type 2-patients was 0,06/patientlyear in the 
SDM-Group and 0, 16/patientlyear in the control-group. The number of self-glucose
monitoring of type 2-patients increased in the SDM-group from 0,41 to 0,91 tests per 
day. In the control-group there was no significant change in the frequency of self-glucose
monitoring (0,55 to 0,57 tests per day). As an important second-line effect the satisfaction 
of therapy (-12 vs. +43) and the quality oflife (-6 vs. + 12) increased during 6 months in 
type 2-patients treated with help of the SDM-guidelines (both measured with the Bradley 
questiormaire).Conciusions: This controlled study revealed a significant improvement 
of glycemic control, an increase in the safety of therapy and the quality of life especially 
in type 2-patients by the introduction of SDM in the primary health care setting. 

950 
COMPATIBILITY AND IMPLEMENTATION OF DIABETES QUALITY MANAGEMENT 
SYSTEMS IN GERMANY 
H. Steinfatt, M. Friske and R. Landgraf Diabeteszentrum Klinikum lnnenstadt, University of 
Munich, Germany 
Aims: The capability of seven diabetes quality management systems (DPV 4.0, DiabCare Data 
1.5, mediNET QM 1.69, FQSD 1.12, Diqual 2, Q-Med Diabetes~, DiabCare Fax System) to 
aggregate and analyse structured diabetes data sets was investigated. Particulary the ability to 
contribute data to a national diabetes register and to allow center-external benchmarking was 
examined. Materials and Methods: The software-producers were asked to specify their 
systems by structured questionnaires and to supply the latest versions of their software. Then 
the records of 20 diabetes patients of Klinikum Innenstadt were entered into the systems. 
According to ISO/IEC 9126 a metric was established to test each system with respect to 
functionality, robustness, useability, efficiency, changeability and interoperability. The DiabCare 
Basic Information Sheet for adults (BIS) served as standardized data set of European 
consensus. The percentage of matched BIS-items was counted for each system. BIS
compliance and the way of data-interchange were taken as measures of the possible 
integration into an overregional quality-network. Results: According to ISO/IEC 9126 a great 
diversity between the seven systems has been shown. The following table summarizes the 
number of implementations at GPs, at hospitals, the percentage of BIS-compliance and the 

b f num er 0 central servers of the tested systems. 
DPV DC 1.5 MediNET FQSD Diqual Q-Med DC Fax 

GPs 300 104 100 150 122 122 104 
Hospitals 150 37 200 50 148 148 37 
BIS-items 92% 100% 100% 100% 51% unknown 100% 
Servers 1 1 2 1 1 1 1 

ConclUSIons. 1091 tnstltutlons In Germany can aggregate data WIth over 90% BIS-compltance. 
Secure internet communication, standardized quality indicators and a unique code for the 
specification of participants are necessary for the transmission to central servers and a 
prerequisite for the realisation of a national diabetes register. 

949 
Staged Diabetes Management: Improvements in Health Status and Patient Self
Management Skills Among Patients in a Managed Care Setting. L. Blonde', R. 
Guthrie!, T. O'Brien2

, M. Testa\ R. Zimmerman\ M Sandberg!, A. Rein\ M. 
Wargo', and B. Ginsberg'. 'The Ochsner Clinic, New Orleans, LA, USA; 2 Becton 
Dickinson and Company, Franklin Lakes, NJ, USA; 3 Harvard School of Public 
Health, Boston, MA, USA; 'Covance Health Economics and Outcomes Services, 
Washinglon, DC, USA. 

Staged Diabetes Management™ (SDM) provides comprehensive practice 
guidelines designed to improve diabetes care and is usually focused on primary care 
physicians. We compared the one-year outcomes of93 patients with Type 2 diabetes 
managed by diabetes nurse educators using SDM with those of 73 patients receiving 
usual care (UC) from their general internists. Mean baseline HbAlc values were 
8.58% in the SDM and 8.34% in the UC group (NS). The SDM patients experienced 
greater improvements in glycemic control than the UC group. After 12 months, the 
mean change in HbAlc was -1.13% in the SDM group and -0.47% in the UC group 
(p<.005). 

A sUrvey instrument completed by patients indicated that the SDM patients were 
more knowledgeable about diabetes than the UC group and demonstrated greater 
adherence to self-management activities. After 12 months, 86% of the SDM patients 
but only 49% of the UC patients knew the definition ofHbAlc (p<.02). Fifty-eight 
percent of SDM patients measured their blood glucose levels at least twice daily 
compared to 27% of the UC patients (p<.001). Daily foot examinations were 
perfonned by 77% of the SDM patients compared to 58% of the UC patients. 

Resource utilization data were collected for the SDM patients. Over 12 months, 
the mean amount of face-to-face tbme spent by nurse educators was 240 minutes per 
patient with an additional 126 minutes per patient of telephone contact. During the 
first three months, the mean amount offace-to-face contact was 42 minutes while the 
mean amount of telephone contact was 50 minutes. During the final three months 
there were 40 minutes offace-to-face contact and 28 minutes of telephone contact, 
demonstrating decreased resource utilization requirements as glycemic control 
improved and patients learned more about their diabetes. Additional analyses 
including physician visits, ER visits, and hospitalizations are being performed. 

This study demonstrated that a team of diabetes nurse educator care managers, 
endocrinologists and primary care physicians using SDM can improve glycemic 
control, patients' knowledge of diabetes and self management activities. 

951 
THE PROSIT·PROJECT: A QUALITY MANAGEMENT 
SYSTEM FOR PRIMARY DIABETES CARE IN GERMANY 
W. Schramm', R. Landgraf', R. Renner', R. Hardenberg', M. Gousmann' and A. 
Konigl, lKlinikum Innenstadt, University of Munich, 2Klinikum Munchen-Bagen
hausen, 'PROSIT-Projektleitung Niedersachsen, 'Fachkommission Diabetes Bayero 

Aim: The fmteinuriaScreening and Intervention project started in three Gennan states 
in order to improve diabetes care in patients with microalbuminuria (MAU). Methods: 
In this project general practitioners (28%) and diabetes specialists (72%) screen for 
MAU and enroll the positive tested patients into an intervention programme. The 
structured documentation of all patients is sent to a central server, processed by using 
optical mark sense recognition scanners and an automatic evaluation is generated with 
individual treatment recommendation for each patient. Every three months the central 
office sends data reports and recommendations to each project participant. Evaluation 
of aggregated data helps to assist local and regional quality initiatives. Results: Currently 
2,838 diabetics from 143 practices were evaluated at least once within the PROSIT
project. Counted from the baseline they are in different stages of the project. Results of 
674 diabetics with four PROS IT-evaluations (baseline and three quarterly follow-ups 
as of February 1999, x ± SD) from 92 practices in the PROSIT-project are presented: 
HbAlc: 7.3 ± 1.4% (initially 7.7 ± 1.7 %, p<O.OOI). 16% of patients with HbAlc > 
8.5% (initially 27%, p<O.OOI). Systolic blood pressure: 144 ± 18 mmHg (initially 
147 ± 20 mmHg, p=O.OOI). Diastolic blood pressure: 81 ± 10 mmHg (initially 84 ± 
11.0 mmHg, p<O.OOI). 55% of patients reach blood pressure values ~ 140/90 mmHg 
(initially 47%, p<O.OOI). Total cholesterol (fasting): 216 ± 42 mg/dl (initially 225 ± 
46 mgldl, p<O.OOI). Triglycerides (fasting): 164 ± 104 mg/dl (initially 185 ± 128 mg/ 
dl, p<O.OOI). MAU: No significant changes were noted forthe development of average 
MAU both in quantitative or semi-quantitative measurements. Micral-Test II (n=470): 
24% of patients improved in at least one colour block, 27% worsened, 49% remained 
stable. No changes in smoking habits were reached (10% vs initially II % smoking). 
Conclusion: Although the PROS IT-project is not a clinical study but the implementation 
of scientific knowledge into routine patient care, the data show relevant improvements 
in diabetes care even after this short intervention period. The project is continued under 
the auspices of the WHOIIDF St. Vincent Action Plan. 



952 
MANAGEMENT OF TYPE 2 DIABETES IN GENERAL PRACTICE: A 
RISK FOR THE PATIENTS' HEALTH? 
S. SchmauS, F.x. Hierl and R. Landgraf 
Klinikum Innenstadt, University of Munich, Munich, Gennany. 
Aims: Improved glycemic control and blood pressure reduce the incidence of 
diabetic complications. Management of type 2 diabetes mellitus beyond specialized 
units is mostly insufficient. We screened patients with type 2 diabetes seen for the 
fIrst time in our diabetes care unit with regard to diabetes duration and therapy, 
glycemic and blood pressure control and manifest diabetic complications. Methods: 
SO patients (23 m, 27 f, age 61,3±1l,3 years, diabetes duration 8,2±8,1 years) prior 
treated by a GP were included in the order of their arrival in our unit. Beside 
intensive interrogation and physical examination, detailed blood and urine analyses 
including HbAlc and nephropathy screening were performed. 20 patients had a 
follow up after a mean of S months. Results: Mean HbAlc levels were 8,6±2, I %. 
46% had not attended a diabetes education program. In patients with HbAle> 7% 
(80%, n=40) only 34% did a selfmonitoring of blood glucose levels, 70% had no 
diabetes diet, 42,S% were not treated with OADs. 8 patients had insulin treatment, 4 
with none or inadequate selfmonitoring. 28% of all patients had arterial 
hypertension. At the time of presentation 44% had systolic blood pressure> ISO 
mmHg, 18% > 170 mmHg. We found a manifest diabetic nephropathy defined as a 
mieroalbuminuria (> 20mgll urine) in S6% only 21,4% had adequate treatment. 24 
% had clinical symptoms of neuropathy, 16% of periphery arterial occlusive disease, 
16% missing foot pulses, SO% had reduced vibration threshold. In 8 patients diabetic 
retinopathy was known. At the time of follow up, all 20 patients had attended our 
diabetes education program and did adequate self-monitoring. HbAle-levels had 
improved signifIcantly to 7,4±1,4% (initially 9,3±2,7%, p=O,OOl). Systolic blood 
pressure (I44±14,S mmUg vs. IS3±24,9 mmHg) and microalbuminuria 
(IS,3±3S,Smg/dl vs. 1O,7±23,6 mgldl) had also improved even though not 
signifIcantly. Conclusion: Management of Typ 2 diabetes by non specialized GPs is 
even in a country with a good health care system mostly unsatisfactory. Diabetic 
complications are frequently manifest when patients present in specialized diabetic 
care units. When treated by specialists the vascular risk profile can be improved 
quickly. Patients should therefore present earlier in specialized care units. Further 
training in diabetes care for GPs is necessary and an interdisciplinary care is 
absolutely required. 

954 
METABOLIC CONTROL OF TYPE 2 DIABETIC PATIENTS 
REGISTERED WITHIN PRIMARY HEAL TH CARE IN HUNGARY. 
G. Jermendy', T. Hidvegi and L. Ger6 for the Hungarian HbAlo 
Screening Study Group. Bajcsy-Zsilinszky Hospital', Budapest, 
Hungary 

Aims: To obtain hard data about the overall metabolic control of type 2 
diabetic patients with oral antidiabetic treatment, a HbAlo mass
screening was performed in Hungary. Materials and Methods: 
Clinical characteristics were recorded and HbAto values were measured 
by affinity chromatography (normal range: 4.4 - 6.4 %, interlaboratory 
coefficients of variance 2.1 - 3.9 %) in 10145 type 2 diabetic patients 
(age ~75 years; 41.6 % men, 58.4 % women) with oral antidiabetic 
drugs (duration of treatment 2:3 years). All the diabetic patients were in 
the care ofGPs (n=978) and the screening procedure was conducted by 
diabetes centres (n=26) nation-wide. Results: The clinical 
characteristics of the screened diabetic populations were as follows 
[mean values (5.0-95.0 % CI)]: age 62.2 (46.0-74.0) years; duration of 
diabetes 10.3 (4.0-21.0) years, duration of oral treatment 9.4 (3.0-20.0) 
years, BMI 30.2 (22.9-39.0) kg/m2

, waist-hip ratio 0.93 (0.81-1.05). In 
46.3 % of patients HbAto values (2:7.5 %) referred to fair or poor 
metabolic control. Apart from dietetic instructions and modification of 
current oral antidiabetic treatment (n=3590), insulin therapy (bedtime 
with sulphonylureas or insulin alone) was initiated after the screening 
in 2186 patients. Conclusion: In order to achieve and maintain good 
metabolic control, more appropriate treatment with adequate patient 
education should be provided for type 2 diabetic patients registered 
within the primary health care system in Hungary. 

953 
LONG-TERM EFFECTIVENESS OF A QUALITY SYSTEM ON GL YCAEMIC 
CONTROL AND CARDIO-VASCULAR RISK PROFILE FOR PATIENTS WITH 
TYPE 2 DIABETES IN GENERAL PRACTICE. 
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C.M. Renders G.D. Valk, J.Th. M. van Eijk and G. van der Wal. Institute for Research 
in Extramural Medicine, Vrije Universiteit, Amsterdam, The Netherlands. 
Aim: Several studies have reported positive effects of quality systems. However, these 
studies often concern a short follow-up period. This study was conducted to assess the 
long-tenn effectiveness of a qnality management system on glycaemic control and 
cardiovascuiar risk profile of patients with type 2 diabetes treated in general practice. 
Materials and Methods: A non-randomized trial was carried out in which 384 GP
treated patients in the intervention, and 8S patients in the control group were followed for 
3 Y, years. In the intervention group guidelines for the care for patients with type 2 diabetes 
were implemented in two regions of the Netherlands. Implementation of the guidelines 
was supported by: post-graduate education, peer review, feedback and evaluation of 
provided care. After the baseline measurement in 1993, patients were measured after I yo, 
2 Y, and 3 Y, years offollow-up. Data on glycaemic control (fasting blood glucose, HbA I c) 
and cardiovascuiar risk profile (blood pressure, HMI, cholesterol, HDL-cholesterol, 
triglycerides) were assessed. To analyse the data, linear generalized estimating equations 
were used. Moreover among the patients who underwent all four measurements the 
change in percentage of patients with an acceptable/good control was studied. 
Results: The quality system had a positive effect on the level ofHbAlc (/3=-0.25 
[O.SI ;0.00]) after correcting for sex, region, age, level of education, duration of diabetes, 
mode of treatment and the baseline measurement. After an initial increase of the 
percentage of patients with an acceptable/good HbAlc «=7.5%) from 56.8% to 73.6%, 
the effect diminished to a percentage of 6S.S% after 2Y, years and increased again to 
70.3% after 3Y, years. In the reference group the percentage of patients with 
acceptable/good HbAlc declined from 87.8% to SO.O% after 3 Y, years. There was no 
effect on fasting blood glucose and on the cardiovascular risk profIle. 
Conclusion: It can be concluded that the quality system has a long-tenn favourable effect 
on glycaemic control of patients with type 2 diabetes treated in general practice. A 
positive long-tenn effect on cardiovascuiar risk profile couid not be demonstrated. 

955 
QUALITY OF DIABETES CARE IN A GENERAL PRACTICE NETWORK 
UA Muller', J. Junghiinel', S. Kohler' , C. Kohler", V. Jorgens', M. Schu
mann4 and G. Use5

. 'University of Jena, Dept. of Internal Medicine II, Jena; 
'ASSOCiation of General Practice Thuringia, 'University of Dusseldorf, Dept. 
Metabolic disorders and nutrition, Dusseldorf; 4Software Development and 
Consulting, Marburg, 5Hoechst Marion Roussel, Bad Soden, Germany 

By implementing methods of quality management in Germany there is good 
knowledge on quality of care of diabetes type 1. But no pupulation based data 
are availably concerning type 2 diabetic patients. Aim: Assessment of quality 
of care and the partiCipation rate in structured diabetes education of ID.! pa
tients with diabetes as the baseline of an appropriate intervention strategy. 
Methods: From 1011998 to 3/1999 a diabetes networ1<. was created between 
15 GP's and the regional diabetes centre. Data on ID.! patients with diabetes 
were collected with PC-Software DIQUAL3.0. HbA 1 c Qast 3 months) is ex
pressed as relative HbA 1 C (Original value/mean mean normal of the regional 
method). Results (intermediate, March 29th 1999): 733 diabetic patients (age 
67.7y, duration 10.1y) were assessed in 9 practices (45-114 patlGP). Compli
cations: Blind 0.3%, lower limb amputation 1.2%, diabetic foot ulcer 5%, 
raised serum creatinin 10.1. 32% of patients partiCipated in a education pro
gramme: type 2 patients without insulin: 18.1 %, type 2 patients with insulin 
therapy 62.1%, type 1 patients: 100%. HbAlc values were available in 82.1% 
of all patients. Relative HbA 1 c was 1.36 in type 2 patients without insulin ther
apy, 1.52 in type 2 patients with insulin therapy and 1.57 in patients with type 
1 diabetes (muHiply relative Hbal c with the mean normal of your method to 
compare the results!). FundOSCOPY (last 12 month) was performed in 59.9%. 
BP was measured (last 3 month) in 98.4%. Mean BP (systldiast) was 
133.34/78.95 in patients without and 147.50/83.01 mmHg in patients with an
tihypertensive medication (BP<=140 and <90mmHg 35.9%). Only 3.4% of 
patients were in shared care with a diabetologist. Conclusion: Diabetes care 
in the general practice using a regional networ1<. is much better than expected. 
The majority of typ 2 diabetic patients without insulin therapy reach the HbA 1 c 
goal of the UKPDS. Hypertension care should be improved. There is a urgent 
need for a structured hypertension programme in general practice. 
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956 
EFFECT ON GLYCAEMIC CONTROL OF FOUR YEARS SHARING CARE 
BETWEEN GENERAL PRACTITIONER AND ENDOCRINOLOGIST 
HW de Valk, JG Blankestijn, HJ de Bruin and OW Erkelens, University Hospital and 
Stichting Artsen Laboratorium, Utrecht, The Netherlands 
Aims: Optimal glycaernic control is a major goal in the treatment of patients with type 
2 diabetes. Many patients are seen by general practitioners (GPs). Guidelines have 
been issued to support GPs. To help GPs implementing these guidelines, a 
collaboration scheme between a hospital-based endocrinologist and GPs has been 
designed in which GPs receive repetitive advice without the need for referral of 
patients, making the scheme more widely applicable: patients are seen by the GP only. 
Material and methods: Annual HbAlc levels of 4 years (0 to 4) were analysed using 
ANOVA for repeated measurements (R) or Studnt t-test (T) where appropriate (tim- or 
bidirectional change during study). The group was subdivided according to initial 
control: adequate (AC: HbAlc<7%) or inadequate (IC: HbAlc >7%) and to new (N: 
< I year) or longstanding (L:> I year) diabetes. Change in percentage using medication 
were compared between 0 and 4 using Chi' -test. 
ResuIts:A total of263 patients were evaluated: 163 females (60.6%); mean age 65.3 
years (range 33-87), median duration of disease: 2.4 years (range 0.1-33.4). HbAlc in 
the total group fell from 7.25±2.26 to 6.32±\.54 (I; T: p<O.OOI), rising to 7.00±\.59 
(4; R: p<O.OOI). In 55 patients with IC+N: HbAlc fell from 9.75±2.00 to 6.l7±\.33 
(I; T: p<O.OOI), rising to 6.77±\.33 (4; R: p<O.OOI). In 63 patients with IC+L, 
HbAlc fell from 8.90±\.53 to 7.23±1.74 (I; T: p<O.OOI), rising to 7.81±\.66 (4; R: 
p<O.OOI). In both AC groups, HbAlc steadily rose: N (43 patients): 5.52±0.78 to 
6.75±\'25 (R: p<O.OOI) and L (108 patients): 5.7I±O.91 to 6.74±1.65 (R: p<O.OOI). 
Use of sulphonylurea increased from 63.6 to 77.7%, biguanides from 13.4 to 24.5%, 
both p<O.OO I; initially no patients were on insulin; 5.2% started with insulin. 
ConcIusion:Long-term collaboration between GPs and endocrinologist without 
referral leads to early improvement glycaernic control in patients with inadequate 
control followed by a gradual rise as seen in patients with intially good control. This 
steady rise may reflect the natural evolution of the disease. 

PS79 
Education 
958 
Metabolic control did not deteriorate between one and three years 
after the initiation of insulin therapy in type 2 diabetic patients -
importance of a structured teaching and treatment programme 
s. F. Madani*, UA. Muller*, R. Muller', W. Hunger Dathe*, V. 
Jorgens**, M. GriiBer** -Dept. of Internal Medicine II, Friedrich
Schiller-University Jena and **WHO-Collaborating Centre for 
Diabetes, Heinrich-Heine-University Dusseldorf 
We already published a prospective controlled study evaluating the 
effects of the same structured education programme one year after the 
initiation of insulin therapy during hospitalisation and on an 
ambulatory basis. No differences were observed after one year. Now 
we evaluated the patients 3 years after the initiation of insulin therapy. 
Results: Mean age of 122 patients 65.9 ± 8.8 years, years since 
diagnosis 12.3 ± 5.4 years. HbAI c values are expressed as relative 
values compared to mean normal value of non-diabetic persons ( = 1). 

Patients relative HbAlc Body weight in kg 

All pat. 
Ambul. 

(122) 
(54) 

Inpatients (68) 

Initially 1 year 3 years initially 1 year 3 years 
2.08 1.65* 1.61* 77.2 78.7* 80.6* 
2.08 
2.09 

1.63* 
1.67* 

1.65* 
1.58* 

78.5 
76.1 

79.3" 
78.2* 

79.7" 
81.3* 

"= n.s. = - = p < 0.05 against initial values 
Conclusions: Three years after the ambulatory initiation of insulin 
therapy the results are still similar compared to matched patients who 
participated in the same programme on an inpatient basis. In contrast 
to the UKPDS, HbAlc did not increase but remained constant 
between one and three years after the initiation of insulin therapy. This 
may be explained by the structured teaching and treatment 
programme, resulting in a high compliance to self monitoring and self 
adaptation of the insulin dosage by the patients. 

957 
TARDIS: A SURVEY MEASURING THE PREVIOUSLY UNDER
ESTIMATED ECONOMIC BURDEN OF TYPE 2 DIABETES IN THE UK 
IJ Bottomley, 2S Gillam, 'J Holmes and 'M Murphy (on behalf of The TARDIS 
Steering Committee and UK centres): ISmithKline Beechiun Pharmaceuticals, 
Welwyn Garden City, UK; 'The King's Fund, London; 'Economists Advisory 
Group, London;4British Diabetic Association, London 
Aims: The UK Government aims to modernise health and social services. There 
is an increasing focus on the patient and carer perspective. The TARDIS (Type 2 
Diabetes: Accounting for a Major Resource Demand In Society in UK) survey 
will provide a basis for future allocation of health and social services resources. It 
will measure the economic and quality of life impact of type 2 diabetes on 
patients and their carers. The focus is the person with diabetes rather than the 
cost of diabetes per se. Material and Methods: TARDIS is a cross-sectional 
postal survey ofa random sample of 1500 people with type 2 diabetes (and their 
carers) using population-based diabetes registers in four UK centres. The survey 
examines direct resource use in primary and secondary care, indirect costs, 
treatment satisfaction, health status and carer burden with validated instruments. 
The survey questionnaire was piloted in the centres. Results: Experiences and 
outcomes from TARDIS will be reviewed. The design and logistics of the 
survey, value of the pilots, instruments to capture direct and indirect costs and 
quality of life data, initiatives to maximise response, mechanisms to explore the 
extent of responder bias and relevance of comparison of TARDIS results with 
normative data will be discussed. Conclusions: The impact of type 2 diabetes 
in the UK is significant yet most likely underestimated. The new primary care 
groups need to manage the total costs of the person with diabetes and understand 
the patient viewpoint in delivering services and achieving desired treatment 
outcomes. TARDIS is a timely survey that will allow a better understanding c{ 

how the overall economic burden of type 2 diabetes is composed in the UK with 
its focus on understanding primary care costs as well as other direct costs, but 
also indirect and intangible costs for patient and carer. 

959 
THE IMPACT OF A CULTURALLY ADAPTED EDUCATIONAL PROGRAM 
ADDRESSED TO PAKISTANIAN IMMIGRANTS WITH TYPE 2 DIABETES. 
D. Roien, M.Hussain and J. Vibe-Petersen. Endocrinological Out Patients' Clinic, 
Department of Medicine I, Bispebjerg Hospital, Copenhagen, Denmark. 

Aims: Due to a persistent problem of significantly worse gIycaernic control in 
ethnic groups compared to the Danish population an educational initiative was 
carried out: I) to assess the effect of a culturally adapted educational program 
addressed to Pakistanian immigrants with type 2 diabetes and 2) to inform the 
Pakistanian population in our area that they have a special health problem,as up to 
20-25 per cent in their group living in western industrial countries have type 2 
diabetes. Materials and Methods: Media were taken in use: local ethnic 
newspapers, radio and TV. Four information meetings were performed. The Gp·s 
of the area were informed about the possibility of transferring their Pakistanian 
patients to the culturally matched group education. Furthermore all immigrants 
from Pakistan who already frequented the Out Patients' Clinic were invited to 
participate in the gronp sessions. The sexes were separated: IS men and 12 women 
with a mean duration of type 2 diabetes of 7.6 (SD 7.8) years were participating in 
groups of 4-8 members, 2 hours weekly for 5-6 weeks. During these sessions a 
culturally adapted educational concept was evolved : I) a guide for diabetes 
educators containing usefull wordings, 2) a leaflet for the patient and the 
Pakistanian family and 3) high quality visuals assisting the learning. Results: 
contrary to former experience the attendance was now 95 % and 85 % for men and 
women respectively. Along with the group sessions the mean HbAlc (ref. 4.2-
6.4%) for women was rednced from 9.7% (SD 1.3) to 9.0% (SD 1.3) (P=0,013) and 
for men from 10.7% (SO 2.7) to 9.5% (SD 2.2) (P=O,OOI). After a period of six to 
twelve months the HbA I c' s were retested. Compared with the initial values the 
glycaernic control was now for women: 9.1 % (SD \.5) (p=0, 130» and for men: 
10.7 % (SO 3.0) (p=0,255),. Conclusions: this culturally adspted educational 
program is effective, but mainte-nance of knowledge is essential for keeping good 
glycaemic control. 



960 
TEACHING AND TREATMENT PROGRAMMES IN TYPE 2 DIABETIC PATIENTS 

WITH IMPAIRED NEUROPSYCHOLOGICAL FUNCTION-AN INTERVENTION TRIAL 
A Braun, R. Schiel, UA MOiler, A Hofer' and K. Leppert', University of Jena Medical 
School, Depl. of Inl. Med. II and 'Insl. for Med. Psychology, Jena, Germany 
Following the SI. Vincent Declaration action programme all the patients with diabetes 
should take part in treatment and teaching programmes (TIP). In two pilot-studies with 
a total of 259 elderly type 2 diabetic patients we found that more than 50% of all the 
patients successively attended our clinic and participated in a TIP showed impaired 
neuropsychological function with partial learning disabilities. Hence, this seems to be 
the most important reason for patients' disability for diabetes self-management with 
resulting poor quality of diabetes care and high incidences of complications. From July 
to December 1998 in all the patients with type 2 diabetes (n=62, age 64,5±8,1, diabetes 
duration 12,7±9,8 years, HbAlc 9,8±1,6%, HPLC, Diamat®, normal range 4,4-5,9%) 
successively attended our clinic for the participation in a structured TIP, not only a 
'heuropsychologal examination with the assessment of the patients' laerning ability was 
performed, but also diabetes knowledge, the ability for self-management and patients' 
quality of life (according to Bott et al.) were studied. In the mean, patients' 
neuropsychological score was 79,1±8,8 (range, 100,0-47,0). 15/62 patients had scores 
below the 2. percentile «73,0; 68,6±6,3). In these patients partial learning disabilities 
were found. After participating in the TIP these patients had less diabetes knowledge 
(scores: 9,4±3,6 vs 11 ,5±3, 1 in the other patients, p=0,032) and lower results in the 
questionnaires to assess the ability for diabetes self-management (16,6±5,3 vs 20,4±4,4 
pts., p=0,008). There were no differences between the groups as regards age, diabetes 
duration, HbAlc or actual blood glucose. Performing multivariate analysis, there were 
strong associations between patients' age (c=-0,21, p=0,0043), the scores of the 
neuropsychological function (c=0,14, p=0,036) and patients' ability for self-management 
(R-square=0,19). Following these results before participation in a TTP it seems to be 
mandatory to assess patients' neuropsychological function and learning ability. Elderly 
patients with impaired neuropsychological function and partial learning disabilities 
should participate in modified TTP's. Such TTP's must consist in more exercise, more 
time for training of self-management and repeatmenl. Based on our findings in a 
prospective, randomized trial with 100 elderly patients and impaired neuropsychological 
function and partial learning disabilities the previous and a modified TIP will be 
compared. The first results will be presented. 

962 
A MULTIDISCIPLINARY INTENSIVE EDUCATION PROGRAM 
(M,I.E,P.): EFFECT ON METABOLIC CONTROL, SYMPTOMS AND 
QUALITY OF LIFE IN DIABETES (A PILOT STUDY). E.E. Blaauwwiekel, M. 
Hania, S.M.H.J. Scholten-Jaegers. T.P. Links, Univ. Hasp. Groningen, dept. of 
Endocrinology, Rehabilitation Centre Beatrixoord, Haren - The Netherlands. 
Summary: 
Introduction: Conventional care of patients with DM exists of regular visits to an 
endocrinologist/internist, a diabetes nurse, a dietician and when necessary 
completed with a paramedical professionals. In most patients this conventional care 
system is sufficient. However, in a part of the population persistent worse metabolic 
control exists possibly caused by psychosocial problems. 
Methods: We started a Multidisciplinary Intensive Education Program (10 days in 5 
weeks, 2 refreshmentdays 6 and 12 weeks afterwards), designed to provide intensive 
care for this difficult group of patients, focussing on changing diabetes related 
behaviour and health locus of control, performed by a team of medical and 
paramedical diabetes workers. The targets of the program were to optimise 
metabolic control (HbAlc), to reduce the number of diabetes related symptoms 
(Diabetes Symptom Checklist; DSC type 2) and to obtain a higher quality of life 
(RAND-36). These parameters were obtained before starting of the program 12 
weeks after finishing. 
Results: Seventy-three patients were evaluated (male 34, female 39, mean age 48.9 
years; SD 14.2). HbA I c improved in the whole group (8.13 % vs. 7.62 %; p < 
0.00 I). The number of diabetes related complaints was low, nevertheless a 
significant improvement in fatigue and cognitive distress was found in patients < 40 
years (p < 0.001) and in male (p < 0.05).With respect to quality oflife, the patients 
experienced only few limitations in physical functioning at baseline. Patients < 40 
years and patients with high education were limited in social and mental 
functioning, which improved after the program (p < 0.0 I and p < 0.05). The health 
perception increased in the whole group (p < 0.0001), vitality increased in patients < 
40 years or with high education (both p < 0.05). An increase in Internal Health 
Locus of Control in the whole group was found, especially in patients between 40-
60 years (p < 0.0001) and in men (p < 0.001); a decrease in External Health Locus 
of Control was found in patients between 40-60 years (p < 0.01). 
Conclusions: This explorative cohort study suggests that MIEP is effective 
concerning optimising metabolic control, reducing diabetes related symptoms and 
improving quality of life by influencing behaviour, even three months after 
finishing the program. 

961 
MANAGING TYPE 2 DIABETES BY GROUP EDUCATION: A 2-YEAR 
FOLLOW-UP. 

A255 

M. Trento, P Passera. M Tomalino. M Bajardi. P Vaccari, F Pagnozzi, F Pomero, GM 
Molinatti and M Porta. Dept. ofInternal Medicine, University of Turin. Haly. 
Aims: Most busy and/or understaffed clinics offer patients hurried consultations, 
which arc unlikely to result in appropriate everyday health conducts. We verified if 
conventional doctor-patient consultations can be substituted by sessions of group 
therapeutic education (GTE), with Ihe aims of: I) prolonging the time spent by 
patients with the health care team while not increasing working hOUTS, 2) eliciting 
favourable group dynamics, and 3) empowering patients to cope with everyday 
situations Ihat pose risks for people wilh diabetes. Patients and Methods: Controlled 
randomized clinical trial, 2-year follow-up. Informed consent was obtained from 112 
non insulin treated patienls. Fifty-six were allocaled to 6 education groups. for which 
a detailed programme. materials and plans had been prepared beforehand, while 56 
controls continued formal consultations. Both GTE sessions and conventional visits 
were held 3-monlhly, Ihe former lasting about I hour and the latter about 15 minutes. 
Results: At baseline, GTE and control palients had similar HbA,o (7.21±1.34 and 
7.36±1.43, respeclively), bul BMI was higher in the fonner (29.8±4.3 vs. 28.0±4.3, 
p=O.03). After 2 years, patienls on GTE, but nol controls, had decreased their BMI 
(29.0±4.5, p=O.OOI4 vs. baseline) and their HbA,o was lower Ihan that of the controls 
(7.47±1.34 vs. 8.31±1.76, p=O.1l15), among whom it had worsened (p<O.OOOI). GTE 
patients had also increased HDL cholesterol (49.6±12.2 vs 52.9± 13.8, p<O.OO(5) and 
improved quality of life (inilial and final DQOL questionnaire scores: 70.95±l9.97 vs. 
56.05±15.49, respeclively, p<O.OOO I), knowledge of diabetes (GISED questionnaire, 
14.86±7.87 vs. 25.20±5.76. p<O.OOOI), and induced more appropriate health 
conducls, as assessed by a purpose-built questionnaire (Condotte di Riferimento. 
II.02±2.71 vs. 16.36±2.45, p<O.OOOI). Qnestionnaire scores did not change 
significantly among the controls. The time spent to see patients in GTE, check their 
blood test results and case notes before sessions, and examine those in need of 
indi\'idual attention was not greater than that spent to examine the control subjects. 
The patients found GTE sessions stimulating and the health personnel el~oyed a less 
repetitive approach to carc. Conclusions: stmctured group education may be not 
simply a usefill adjunct to traditional consultations but be effective on its own in 
reducing \veight and maintaining good metabolic control in the medium tenn. 

963 
ACUTE DIABETIC COMPLICATIONS IN PATIENTS RECEIVING 
EMERGENCY MEDICAL TREATMENT 
E. ThieBen, E. - H. Egberts, A. Holstein 
1st Department of Medicine, Lippe - Detmold Clinic, Detmold, Germany 

Aims: In order to improve the often inadequate quality of treatment given t6 
diabetic patients in emergency situations and as a means of obtaining reliable 
information on the prevalence of such events. we established a standardised 
diagnostic and treatment procedure for an emergency catchment area in 
Germany covering 160,000 inhabitants. Methods: Emergency-response doctors 
and paramedics first received a one-off intensive course of instruction from a 
diabetologist on the diagnosis and treatment of severe hypoglycaemia and 
diabetic coma. Subsequent to that, during the period 1.1.1997 to 20.3.1999, a 
rapid, reflectometric blood glucose test from venous blood was carried out on 
all patients within the catchment area wbo received emergency medical 
treatment (exceptions were: patients who were already dead, those requiring 
reanimation, and young children). Results: Blood glucose was determined in 
3599 patients (84%; age 56.7 ± 43 years; 54% male; glucose 7.15 ± 3.7 
mmol/I) of the 4283 patients receiving emergency treatment. The prevalence of 
diabetic emergencies in the entirety of emergency-response callonts was 3%; 
100 severe hypoglycaemias and 14 diabetic comas were recorded. Comparison 
with the 19588 emergency medical callouts in the years 1984 to 1996 in the 
same catchment area revealed a steady rise not only in the total number of 
emergency medical responses but also in the incidence of diabetic emergencies. 
The quality of treatment also improved. In severely hypoglycaemic patients the 
amount of 40 % glucose administered Lv. was raised (40 ± 20 ml versus 28 ± 
20 ml; p < 0.001), those with snlphonylurea hypoglycaemias were infused with 
further glucose and clinically monitored. Following hypoglycaemic events in 
patients under CSII, the insulin pump was disconnected. In some cases, 
paramedics arriving first on the scene ahead of the doctor instituted effective 
measures by administering glucagon s.c. or glucose Lv, Conclusion: Training 
the emergency response tearn significantly improved the quality of treatment 
given in diabetic emergencies. 
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964 
Lipohypertrophy in insulin treated patients and some questions marks. 
Authors: R.Perciuo, C.Dumitrescu, Hospital "N.Malaxa", Clinic of Diabetes 
and Metabolic Diseases 
Aim of the study was to identify some factors which may lead to lipohyper
trophy in insulin treated patients. Methods : 55 patients, insulin treated and 
diagnosed as having lipohypertrophy were questioned and examined about it. 
They have been randomized of 130 insulin treated patients with lipohyper
trophy. Lipohypertrophy was apreciated as palpable and visible subcutane-ous 
swelling larger than 1 x 1 em in a single or multiple injections sites. Results: 
female-29.1%, male-70.9%, age: 26.72+- 12.86 years (range: 4 .. .59 years), 
diabetes duration: 123.31 months (2 .. .432 months). More than 90% of patients 
were normal and uoderweight persons. 7.27% patients presented HBAlc < 
7.5%, 12.7% had HBAlc between 7.5 and 8%, and the rest had more than 8%. 
74.5% of patients had no proper insulin injection technique. 40% of patients 
used more than 20 times a needle of pen or a syringe. 43.63% of patients and 
41.81% received three, respectively four insulin injections per day. 80% of 
patients had no rotation of insulin injection sites. 89.09% experienced more than 
two sites of lipohypertrophy. 92.7% were diagnosed with hypertrophyc form. 
91.3% of patients with multiple sites of lipohypertrophy received more than two 
standard educational programs as inpatients. Conclusions: Lypohypertrophy 
might appear even after two months of insulin therapy, but usually within 5 .. 7 
years. Lipohypertrophy seems to be related with improper injection technique 
and no rotation of insulin injection recommended sites. It seems to be no 
relationship between lipohypertrophy and the number of insulin injections 
within a day. HBAlc bad a value greater than 8% for more than 80% of 
patients. It seems to ask for a further education and does not seem to be related 
with the presence of lipohypertrophy. A complementary specialised education 
process as well as individual instruction especially for children and underweight 
persons is needed in order to minimize this insulin therapy complication .. 

966 
PREVENTION OF SEVERE HYPOGL YCAEMIA IN TYPE I DIABETES 
CHILDREN. A PROSPECTIVE INTERVENTION STUDY 1995-98. 
Nordfeldt S Ludvigsson J, 
Dept of Pediatrics, University Hospital, Linkoping, Sweden 
Aims: Incidence of severe hypo glycaemia is high also with modem 
treatment, and may peak in spring season. May a prevention strategy 
using self-study material reduce severe hypoglycaemia, with uochanged 
or improved metabolic control? 
Patients and Methods: The yearly 122-132 patients of an 
intensively treated geographic open population aged < 19 years, with 
age at onset 0.5-16.9 years (mean 7.5, SD 4.0) were asked to register 
every severe hypo glycaemia with unconsciousness (U) and deliver data 
at visits quarterly. In early 1997, two letters and two self-study 
brochures regarding diabetes treatment and prevention of severe 
hypoglycaemia were mailed to all. Yearly mean HbAlc levels and U 
incidences were calculated before-after, and incidences corrected for 
missing registration periods (2-8 % yearly). 
Patient's attitudes to the intervention were measured by open 
questions and visual analogue scales in 1998. 
Results (Mean±SD, ••• p<O.OOOl): 
Year n Age Duration 

..l22l. 122 12.5±4.4 4.9±3.7 

..1.22.§.. 129 12.4±4.3 4.8±3.7 

..l22L 132 11.9±4.3 4.6±3.8 

HbAlc 
7.1±1.I 

7.3±1.2 
7.0±1.I 

1998 129 11.8±4.1 4.3±3.6 6.4±1.1··· 

Vlpat % with U 
0.17 12 

0.22 

0.15 
0.14 

12 

10 

7 
Patient's attitudes to the intervention were predominantly positive. 
U events in spring/early summer period tended to decrease. 
Conclusiou: Mailed letters and self-study brochures regarding 
diabetes treatment and prevention of severe hypoglycaemia may be a 
useful complement to regular visits and contribute to improved 
metabolic control. 

965 
SELF MONTORING BLOOD GLUCOSE AND METABOLIC CONTROL - AN 
UNCLEAR RELATIONSHIP 
S.Skeie, G.Thue and S.Sandberg. University of Bergen, Department of public 
health and primary health care, Noklus, Bergen, Norway 
Aims: Self-monitoring blood glucose (SMBG) is a cornerstone in diabetes 
treatment. A link between 5MBG and level of metabolic control is, however, not 
clearly established. We therefore assessed the possible associations between 
patient characteristics, patterns and quality ofSMBG and level of metabolic 
control measured with HbAk. 
Materials and Methods: 422 patients with were included from a hospital 
outpatient clinic (n~159) and general practice (n~263). 177 had type I diabetes and 
237 type 2, 8 had unknown type. Mean diabetes duration was 17 years for type I 
and 9 years for type 2. Ail patients performed two self-measurements of blood 
glucose (BG) with their own meters, responded to a questionnaire about 5MBG 
and had blood samples drawn for HbA 1 c analysis. Analytic quality ofBG 
measurements was assessed by comparison with a glucose dehydrogenase 
reference method. Effects of the variables on metabolic control was measured by 
chi-squared tests and logistic regression analysis adjusting for age and sex. 
Results: 48% performed 5MBG >3 times/week and 50% claimed to be self
educated in 5MBG. 75% consider their meter to be reliable and 63% did not 
perform meter controls. Proportions of age, gender, diabetes type, 5MBG 
frequency or educational mode were not significantly different from expected at 
defmed HbA10 -levels. Patients with a 5MBG history of 6 years or less had a 
significantly lower HbA10 (p<0.05). A 5MBG precision level of20% or better 
significantly increased (p<0.OO5) the chance of reaching HbAk <9%. 
Conclusions: 5MBG educational mode, 5MBG frequency, type of diabetes or 
5MBG beliefs seem to have limited influence on HbA10 -level. High 5MBG 
analytic precision can possibly increase chances of a lower HbA 1 c. Educational 
efforts in 5MBG are thus warranted, focusing not only on analytic performance but 
on actions to be taken by people with diabetes as well. 

967 
CONTINUOUS CARE AND EDUCATION FOR TYPE 1 DIABETIC 
PATIENTS. ONE-TO-ONE CONSULTATIONS OR GROUP 
SESSIONS? 

Rosario Garcia, Rolando Suarez 
National Institute of Endocrinology. Havana, Cuba, 

Aims. The clinical effectiveness of a 3 years follow-up of 
interactive group sessions (IGS) was evaluated in 40 newly 
diagnosed insulin-dependent diabetic patients comparing to 40 
controls followed in one-to-one standard routine consultations 
(SRC). Design: IGS were developed on quarterly scheduled group 
meetings (± 10 patients with relatives and Health Care Providers) 
to check metabolic parameters and to exchange perceptions, 
feelings and experiences on coping with diabetes by using problem 
solving techniques and a patient-centered approach. SRC 
consisted on quarterly routine consultations with the specialist 
where direct counseling were giving according to individual needs. 
Diabetes knowledge and feelings were measured by validated 
questionnaires and metabolic parameters were taken from the 
clinical record. Results: After 3 years, diabetes knowledge, skills 
and behaviours had significantly improved in both group but 
patients in IGS scored consistently higher (p < 0,001) than those 
attending SRC. Feelings on treatment responsibility, self 
confidence and autonomy were significant higher in IGS comparing 
to SRC «p < 0,000). HBA 1c mean levels have decreased from 
12,4 to 6,9% in IGS vs 11,9 to 8,6% in SRC (p < 0,002). There 
also were less diabetic emergencies in the IGS. Conclusion: 
Continuous diabetes care by IGS was more efficient to develope 
knowledge and skills and to empower patients to cope with 
diabetes daily care improving the blood glucose levels and 
diminishing the need of emergency services. 
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Psychosocial Aspects 
968 
DIABETES COGNITIONS QUESTIONNAIRE (DCQ): DEVELOPMENT, 
PSYCHOMETRIC PROPERTIES AND CLINICAL APPLICATIONS. 
J.L. Henry, M.Kangas, S.Colagiuri, & P.H.Wilson. University of New South Wales, 
Australia. 
Aims: To develop and validate the Diabetes Cognitions Questionnaire (DCQ), a 
self-report measure designed to assess the cognitions associated with adjustment to 
diabetes. Certain cognitive content is associated with poorer psychosocial 
functioning in individuals with chronic medical illnesses, such as diabetes. Cognitive 
theorists argue that poor psychological adjustment is mediated by the interpretations 
and attributions that diabetes patients make about their condition. Evidence indicates 
that depressed and non-depressed diabetes patients can be distinguished by their 
cognitive responses. Accordingly, the DCQ was developed to facilitate both research 
and therapy activities that involve cognitive responses of these patients. Specifically, 
the DCQ may enhance our knowledge about the role of cognitive style in coping 
with diabetes, assist clinicians in the identification of maladaptive cognitive 
responses in diabetes patients, and serve as a useful measure of change in outcome 
research on the application of psychological approaches in the management of 
diabetes. Method: Items for the DCQ were generated on the basis of clinical 
experience obtained during interviews with patients with diabetes. The original DCQ 
(64 items) was administered to 76 individuals with non-insulin dependent diabetes 
mellitus (NlDDM), and was subsequently revised (30 items) and administered to a 
further 85 NlDDM patients. Results: The DCQ possesses high internal consistency 
(Cronbach's alpha ~ .88). Factor analysis yielded two factors: Negative and Positive 
Cognitions. Internal consistency for the two factors was found to be high ( Negative 
~ .93; Positive ~ .94 ). Item- total correlations for the two subscales exceeded .55. 
Conclusions: The DCQ has sound psychometric properties and is currently being 
used as an index of cognitive style in a cognitive-behavioural therapy study for 
patients with NlDDM. Research and clinical applications of the DCQ will be 
discussed in terms of integrating cognitive responses into more effective 
management of adjustment to diabetes. 

970 
IMPROVEMENT OF TIlE QUAliTY OF LIFE AFTER AN EDUCATIONAL 
PROGRAM IN PATIENTS W1TII TYPE 2 DIABETES MELLITUS 
J.M. Gonzalez-Clemente, G. Galdon, B. De Pedro, Ll. Fontanals and 
A. Mifiarro. CAP Les Corts. C. Sanitaria Clfnic. Barcelona. Spain. 
Evaluation studies of the impact on the quality of life (QOL) of diabetes 
educational programs (DEP) are scarce, especially at a primary care 
level. Aim: To study the impact of a DEP on the QOL in type 2 diabetic 
patients attended at a primary care unit (PCU). Methods: In 1998, 113 
type 2 diabetic subjects were selected out of 1022 subjects with diabetes 
in a PCU in an urban area (28000 people). Exclusion criteria: Age> 75 
yr, dementia, deafness, severe late diabetic complications. DEP was 
performed according to the DESG recommendations. Before and 3 
months after performing the DEP, the following data were recorded: 
BM!, fasting plasma glucose, lipid profile, HbAlc, symptoms of 
anxiety and depression (HADS test), knowledge about diabetes (ECODI 
test) and QOL (SF-36 and DQOL tests). Data on sex, age, diabetes 
duration, treatment, monitoring, and late diabetic complications were 
also collected. Results: Five patients were excluded (irregular class 
attendance). 108 subjects were evaluated (47 women, 64.8±O.8 yr, 
8.5±O.8 yr of diabetes, 29.2±O.7 kg/m2, 16 with retinopathy, 38 with 
nephropathy and 13 wih ischaemic heart disease, 71 on glucose self
monitoring, 17 on insulin treatment). After the PED, of the 8 SF-36 
scales, the scales of general mental health (66.7±2A vs 71.9±2.3, 
p=O.05) and general health perceptiotts (54.6±2.1 vs 58.8±2.2, 
p=O.02) improved and the remaining scales showed no change. Of the 4 
DQOL scales only the scale of satisfaction improved (33.5±1.1 vs 
29.9±0.9), whereas the others did not change. An improvement in 
HbAlc (6.7±O.1 vs 6.2:tO.I%, p=O.04) and in diabetes knowledge 
(l5.3±O.5 vs 18.9±OA, p=O.OO) but not in weight loss was observed. 
There was no correlation between improvement in QOL scales and 
improvement in HbAlc and diabetes knowledge. Improvement of QOL 
was not related to late complications, monitoring or treatment 
Conclusions: DEP improved several scales of the QOL independently 
of its beneficial effect on metabolic control and diabetes knowledge. 
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PSYCHOMETRIC PROPERTIES OF TIlE WORLD HEALTH ORGANISATION 
QUALITY OF LIFE QUESTIONNAIRE (WHOQOL) IN DIABETIC PATIENTS 
M.Pibernik, S. Szabo and Z.Metelko, Vuk Vrhovac Institute, Zagreb, Croatia 

The aim of the study was to analyse psychometric properties of the WHOQOL-lOO, 
a multidimensionally conceptualized, generic, 100-item quality oflife instmment in a 
pilot sample of 64 NIDDM patients (age 60.3+/-10.1 yrs; 54% women; disease 
duration 10 +/-5.2 yrs; education 10+/-5.2 yrs; 78% married). While covering the 
subjective perception and evaluation of overall QOL and general health, as well as 4 
broad domains (psysical health, psychological state, social relationships, 
environment), the instrument may be useful in integrating the individual's QOL 
perception. The properties tested referred to reliability, validity in discriminating 
patients with different disease characteristics, responsiveness to change and 
convergent validity. Methods: Reliability was determined by Chronbach's alpha 
coefficients of internal consistency. Discriminant validity was determined by 
comparing the groups of patients with poor and satisfactory controL the first of them 
being switched to insulin therapy (intervention group-l vs control group-C, each 
consisting of 32 patients). Responsiveness to change was determined by comparing 
the two groups after a two-month follow-up period. Convergent validity was 
determined by comparing the WHOQOL data with data collected with the WBQ 
(C.Bradley). Results: The obtained alpha coefficients were 0.70-0.79 for the Social 
domain, 0.80-0.89 for the Psychological domain and 0.90-0.99 for the domains 
referring to Physical health and Environment. The groups characterized by different 
disease characteristics (I test vs C test) rated their QOL differently, primarily in the 
physical and psychological domain (p<0.01; p <0.05). After a two- month follow-up 
period the intervention group improved some quality of life determinants (I test vs I 
retest; p<O.05 for the Psychological domain), while no differences were found in the 
group which had not changed diabetes therapy (C test vs C retest; all p >0.05). The 
obtained correlations between the WHOQOL and the WBQ were statistically 
significant (general WB- WHOQOL: 0.78 (Physical domain); 0.80 (psychological); 
0.66 (Social relationships) and 0.78 (Environment). The correlations between the 
WHOQOL domains and the WBQ subseales were statistically significant and in 
expected directions. Conclusion: The WHOQOL-IOO is a reliable and valid 
instmment for the QOL assessment in diabetic patients. 

971 
COMPARING CRITERION REFERENCED QUALITY OF LIFE SCORES WITH 
SOCIODEMOGRAPHIC AND DISEASE RELATED VARIABLES IN TYPE 2 
DIABETES 
P. Topsever, S. Salman, A. Azll<, K. Kar~ldag, Y. Diindar, A. Sengul, E. Ozer, i. 
Satman and M.T. Yllmaz. Mannara University, Istanbul, Turkey 

Aims: To detennine the ;criteri~n validity of the SF-36 healtll survey in type 2 
diabetes, to compare qualily of life (QOL) scores of groups identified by criterion 
referenced scoring with ille SF-36 and examine possible relationships between tllese 
scores With certam soclOdemograpluc and disease related variables. Materials and 
Methods: 187 type 2 diabetic (hospitalized and outpatients) were interviewed using 
ille SF-36 heaWI survey to assess healill status and related QOL. Second 
questionnatre was applied to determine general sociodemographic and disease related 
mdependent variables.Information about metabolic and clinical variables were 
obtained from ille medical records. Criterion validity was assessed by dividing 
patients mto two groups (group I good heaWI, group 2 poor health) according to their 
'U1swers to ille first Item of ille SF-36 questionnaire, asking respondents to evaluate 
tllelr overall he.ll ill: and comparing ille scores of these two groups for ille remaining 
seven SF-36 multI-Item scales detennining functional status and and well-being. 
Results.: worsenmg self rated healill was statistically significantly associated witll 
decreasmg SF-36 scor~s, indicating g~eater heallh problems. Bad health perception 
was also aSSOCIated Willi a higher inCIdence of chronic diabetic complications and 
sedantery Itfestyle, whereas tile metabolic profile of both groups was ratller similar. 
Indicators of decreasing QOL perceplion for group I evaluation were more tllan one 
comorbid condition besides diabetes and Ille presence of diabetic relatives in the 
family. Poor educational level and type of lherapy (combined) were adversely 
alTecttng QOL perception of patients wlto rated their heaWI as poor.For boUI groups 
decreaslllg SF-36 scores were mainly associaled willi tile presence of chronic 
comphcatlOns (nephropathy with hypertension). Conclusions: The SF-36 healtll 
survey, wluch is a generic QOL questionnaire, combines both: a wide scope and high 
psychometric qualities such as internal criterion validity and sensitivity to change, 
tllUs becoming as eligeable in diabetic healill relaled QOL outcome research as 
disease specific instruments. 
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QUALITY OF LIFE IN DIABETIC NEPHROPATHY: 
COMPARISON OF GENERIC VS CONDmON-SPECIFIC 
MEASURES. 
L Vileikyte, T Apostolou, B Tomensoo, CH Bundy, R Gokal and 
AJM Boulton, Manchester Royal Infirmary, Manchester, UK 
In the few previous studies assessing quality of life (QOL) in diabetic 
nephropathy, generic measures were invariably used, but there is 
interest in determining whether condition-specific measnres are more 
able to detect subtle variations in QOL. Aims: to compare the 
performance of a generic scale (SF 36) with a condition-specific scale 
ofknown validity (Renal Quality of Life Profile:RQLP) and to assess 
QOL in patients with differing degrees of renal dysfunction. 
~ Four age-matched groups were studied: group A (n~ 19): 
diabetic patients on peritoneal dialysis (CAPD); group B (n~26): 
non-diabetic CAPD patients; group C (n~20): diabetic patients with 
renal transplants, and group D (n~ 20): diabetic patients with 
impaired renal function. No differences in other complications or co
mOlbidities were observed across the diabetic groups. Results: the 
worst QOL was reported in CAPD patients on some SF 36 and most 
RQLP domains, compared to groups C and D: e.g., SF 36, social 
functioning: p<0.05; RQLP, eating/fluid intake: p<O.OOl. Diabetic 
patients on CAPD had worse QOL compared with non-diabetic 
CAPD patients, e.g., RQLP, leisure domain: p<0.05. QOL of 
transplant patients was as good as that in group D patients. The 
subscales of the two measures variably correlated with each other 
(range r--O.04 to 0.67), indicating only a modest degree of overlap, 
and RQPL discriminated better between the groups. Conclusions: 1) 
this first study comparing measures in renal patients confirms that 
each examines QOL from differing but complimentary perspectives, 
supporting their use in combination, and 2) diabetes imposes an extra 
burden on QOL in patients with renal disease. 

974 
HOW CONCERNED ARE PEOPLE ABOUT THEIR DIABETES? 
A.K. Baksi', D.A. Gonnley' and the WHO/IDF Patient Empowennent Workshop, 
'Isle of Wight, UK; 'ColIegevilIe, PA, USA 
Aims: The St. Vincent Declaration stated that the goals of improving the health and 
preventing complications in people with diabetes would only be achieved with the 
active participation of such individuals through patient empowerment. In an effort to 
measure current attitudes of diabetes patients towards patient empowerment, a survey 
was conducted in the UK. The survey included questions regarding feelings about 
diabetes. Material and Methods: A mail survey was conducted in the UK in July 
1998 with a national sample of 453 diabetic patients. Respondents were randomly 
selected from national household survey lists and telephoned to detennine their 
willingness to participate in the study. They were then sent a self-completion 
questionnaire to fill out and send back. Results: Three-quarters of these randomly 
selected patients somewhat or strongly agreed with the statements "I feel in charge 
of my diabetes" and "My diabetes is well-controlled". Patients treated with insulin 
or oral agents were equally likely to agree with these statements. Insulin users were 
more likely to indicate worrying about future health problems than oral medication 
users (69% vs 51%). About one half of patients agreed that diabetes has required a 
lot of adjusting of their lifestyle. Oral medication users were somewhat less likely to 
state that their lifestyle has required a lot of adjusting (50%) compared to insulin 
users (55%). Conclusions: Many diabetes patients appear to believe that their 
diabetes is well under control. Future health problems are not a significant concern 
for 3 of 10 insulin users and 5 of 10 oral medication users. Only about half cr 
diabetes patients feel that they have made major changes to their lifestyle as a result 
of their diabetes. The WHO/IDF Patient Empowennent Workshop believes that 
outcomes in diabetes can be significantly influenced by patients' behavior. People 
with diabetes may fmd increased motivation to change their lifestyle through 
empowerment. 

I feel in control of my diabetes 
My diabetes is well controlled 
I worry about future health problems 
My lifestyle has reguired a lot of adjusting 

0/0 agreeing "somewhat" or 
"strongly" with statement 

Insulin Users Oral Med Users 
(n~169) (n~284) 

77 78 
77 75 
69 51 
55 50 

973 
DO PEOPLE WITH DIABETES DESIRE A ROLE IN DIABETES 
TREA TMENT DECISIONS? 
D.A. Gonnley', A.K. Baksi2 and the WHO/IDF Patient Empowennent Workshop, 
'Collegeville, PA, USA; 'Isle of Wight, UK 
Aims: The st. Vincent Declaration stated that the goals of improving the health and 
preventing complications in people with diabetes would only be achieved with the 
active participation of such individuals through patient empowennent. In an effort to 
measure current attitudes of diabetes patients towards patient empowerment, a survey 
was conducted in the UK. Material and Methods: A mail survey was conducted in 
the UK in July 1998 with a national sample of 453 diabetic patients. Respondents 
were randomly selected from national household survey lists and telephoned to 
determine their willingness to participate in the study. They were then sent a self
completion questionnaire to fill out and send back. Results: Approximately 90% cr 
diabetes patients treated with insulin only and 80% of patients treated with oral 
agents for diabetes felt they should be told about diabetes treatment options by their 
physicians and should be involved in treatment decisions. The majority of patients 
felt confident they were capable of making some choices themselves regarding their 
treatment. Insulin users (91 %) were more likely than oral medication users (78%) to 
feel confident about making some choices themselves. However, less than half cr 
insulin-only patients and less than 15% of orally treated patients felt they knew more 
about how to control diabetes than their professional caregivers. Conclusions: Most 
people with diabetes want their health-care professionals, especially physicians, to 
discuss and involve them in diabetes treatment care decisions. Patients still look to 
their health care professionals as the ultimate experts in this area. The WHO/JDF 
Patient Empowerment Workshop believes the quality of diabetes care will improve 
if more patients and physicians openly discuss diabetes treatment options together 
and patients are allowed a role in treatment decisions. 

I should be told about treatment options 
I should be involved in treatment options 
I feel confident to make some choices myself 
I feel I know more about how to control 
diabetes than most professionals 
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0/0 agreeing "somewhat" or 
"strongly" with statement 

Insulin Users Oral Med 
(n~169) Users (n~284) 

87 80 
91 78 
90 71 
46 14 

EATING DISORDERS IN YOUNG FEMALES WITH IDDM 
T. Hrachovinova, L Csemy, A. Jirkovska, D. Bartaskova and F. D. Krch. 
School of Social Sciences of Charles University; Institute for Clinical and 
Experimental Medicine, 1" and 2nd Medical Faculties of Charles University, 
Prague, Czech Republic 
Aims: To identify the eating habits and attitudes in young adult women with 
IDDM compared with non-diabetic control subjects. Materials and 
Methods: A total of 86 IDDM female patients and 135 female control 
subjects were examined by the Eating Attitude Test (20-item EAT, Garner, 
1991) and the Eating Disorder Inventory (EDI Garner, Olmsted, Poilivy, 
1983). The mean age of the group of diabetic patients was 25.5 ± 5.6 yrs; 
mean HbAlc 8.9% ± 2.4; mean duration of diabetes 11.6 ± 6.2 yrs, mean 
BMI (kg/m2) 23.6 ± 3 (versus 22.1 ± 3.7 in healthy controls). The two 

groups did not differ in age, height, marital status, and education. Results: 
In the Eating Attitude Test, diabetic patients showed significantly more 
often (p < 0.001) disturbed eating attitudes; in addition, they exhibited a 
more marked tendency toward a dietary behaviour (p < 0.0001) and bulimia 
(p < 0.05) than healthy females. In the test, 16% of diabetic patients had a 

higher than the critical score which is considered pathognomic for eating 
disorders, another 6% of females showed values very close to the critical 
score (overall, 22% of diabetic patients). A positive correlation (r ~ 0.36, P 
< 0.01) between HbAlc and the EAT score indicates a relationship between 
the degree of diabetes control and disturbed eating attitudes. Female diabetic 
patients report a statistically significantly more frequent tendency to be 
deceptive about their diet (p < 0.001) and less intensive hunger. In the 
Eating Disorder Inventory, female diabetic patients score higher in Drive for 
Thinness (p < 0.001), Interpersonal Distrust (p < 0.05), and Ineffectiveness. 

Conclusions: The results of the study suggest diabetes is associated, in a 

high proportion of female patients, with disturbed eating, eating attitude and 
habits, which may lead to subclinical and clinical eating disorders. 
(Supported by IGA MZ CR grant No. 4200-3) 
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Title: PSYCHOSOCIAL PROBLEMS IN ADOLESCENT DIABETIC PATIENTS. 
Authors: MC GMvels, BSW, PhD, F Lithner MD, PhD. University of 
Umea and Karolinska Hospital, Sweden. 
Aim: To investigate psychosocial/social problems and needs of psychosocial 
intervention in adolescent diabetic patients (18-22 years old) referred from 
a children's department to a diabetes unit for adults during a five year period. 
Metbods: A questionnaire exploring social situation, experience of diabetes, 
qnaIity oflife and self-esteem was given to all patients in the study group at 
their first visit to the diabetes unit for adults. Tbey also met the diabetes team 
members, the medical social worker included. By means of a semi-structured 
interview, psychosocial problems were detected and needs of intervention were 
decided. For patients with problems that had a continuous contact with the social 
worker, the psychosocial treatment process was followed by means of a special 
form. The other patients were followed using data registered by other members 
of the team in conjunction with their ordinary diabetes check-ups. 
Results: Fifty patients (52 % men) participated in the study. 38 % had a diabetic 
duration of> 10 years. Twenty-four patients (46 % men) were considered to have 
psychosocial problems. Types of problems were eating-disorders, denial, fear of 
injections, family problems, work-related problems, financial problems, alcohol 
abuse and criminality. A few also had serious mental problems. Compared to the 
other patients, patients with psychosocial problems (PPP) more often came from 
a dysfunctional family. Fewer of tbem had a boy- or girlfriend (25 vs 41 %). 
They worried more about the disease and their future (58 vs 33 %). They also 
more often felt "different" than other people (50 vs 38 %) and tried to hide their 
diabetes. 
Conclusion: In this study almost half of the young patients had problems that 
required different kinds of psychosocial interventions. For a favourable prognosis 
it is important that such problems are detected and treated as early in the course 
of diabetes as possible. Findings of this study indicate that a social worker and! 
or a psychologist should be natural members of every diabetes team, especially 
those treating young people. 

PS81 
Gestational Diabetes 
978 
SHORT STATURE AND GESTATIONAL DIABETES: VARIABILITY 
BY LEVEL OF ADIPOSITY, 
L.Branchtein, M.C.G.Matos, D.Gaio, T.Yamashita, J,M,D.C.Pousada, 
B.B.Duncan and M.L Schmidt, for the Brazilian Gestational Diabetes Study 
Group. Federal University of Rio Grande do Sui, Porto Alegre, BraziL 

Aims: To examine the association between maternal stature and gestational 
diabetes mellitus (GDM). Materials and Metbods: . We performed a 2h 
75g oral glucose tolerance test, defining GDM by World Health 
Organization criteria in 4997 consecutive Brazilian women ;ao years old, 
pregnant for -21-28 weeks, without history of diabetes outside pregnancy, 
attending general prenatal care units in six state capitals in Brazil from 
1991 to 1995. Results: Those in the shortest quartile of height ($15Icm) 
had a 60% increase in the odds of having GDM, independently of prenatal 
clinic, age, global obesity, family history of diabetes, skin color, referral 
pattern, waist circumference, gravidity, previous gestational diabetes, 
education, ambient temperature, and gestational age when compared to the 
tallest quartile (p=0.005). For those with above-median skinfold 
thicknesses this association was highly significant (OR=I. 74, P=0.006), but 
not for those with below median thicknesses (OR= 1.22, p=0.5 I). We found 
a similar association for short stature with high 2h glycemia (;:'7.8 mmoVl; 
OR=l.61, p=0.005), but not with high fasting glycemia (;:'5.5 mmolll; 
OR=0.97, p=0.90). Conclusions: Maternal short stature is independently 
associated with gestational diabetes. The association occurs for post-load 
glycemia but not for fasting glycemia,and for adipose women, but 
minimally for lean women. 

977 
SOCIAL STATUS AND PROGNOSIS OF PEOPLE WITH TYPE I DIABETES ON 
INTENSIFIED INSULIN THERAPY 
L Miihlhauser, H. Overrnann, R. Bender, M. Blank, p, Sawicki, V. Jorgens, 
M. Berger. University ofDiisseldorfand University of Hamburg, Germany, 
Aims: To assess standardized mortality ratios (SMR) and predictors of 
mortality and severe diabetic complications in type I diabetic patients on 
intensified insulin therapy in relation to social status, Methods: All 3674 
patients (insulin treatment before age 31) who had participated in a 5-day 
inpatient treatruent and teaching programme for intensification of insulin 
therapy between 9/1978 and 12/1994 were followed for 10 ± 3 (mean ± SO) 
years; 50% were women, age at baseline 27 ± 11 yrs, diabetes duration 11 ± 
9 yrs. Patients were divided into 3 groups according to social status, i.e, an 
additive variable of the highest educational level achieved and the present or 
last employment level. Results: Vital status and data on blindness, renal 
replacement therapy and amputation were available for 3570 (97%) patients; 
251 (6,8%) patients had died. The following SMR were calculated by using 
the respective geographic area (North Rhine Westphalia) as reference 
population: Men: Social status I (highest), 2.15 (95% CI 1.53-2.94); social 
status II, 5.51 (3.86-7.63); social status III (lowest), 6.04 (4.57-7.83); 
Women: Social status I, 4.11 (2.71-5.98); II, 8.52 (5.13-13.31), III, 6.19 
(4.08-9.01). Using the Cox proportional hazards model, the following risk 
factors of mortality as assessed at baseline were identified: nephropathy (at 
least macroproteinuria), smoking, diabetes duration, cholesterol, social 
status, age, sex, and systolic blood pressure. In addition, the following risk 
factors of the combined enpoint - blindness or renal replacement therapy or 
amputation - were identified: nephropathy, foot complications, HbAlc, 
smoking, cholesterol, systolic blood pressure, advanced retinopathy, 
antihypertensive drug therapy, and social status. Conclusions: Low social 
status is a risk factor of both mortality and severe diabetic complications 
among persons with type I diabetes on intensified insulin therapy. 
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COMPARISON OF ANTEPARTUM AND EARLY POSTPARTUM 
CHARACTERISTICS AS PREDICTORS OF TYPE 2 DIABETES 
FOLLOWING GESTATIONAL DIABETES, 
T,A, Buchanan, A,H, Xiang, S. Tan, RK, Peters, E. Trigo, S.L. Kjos, 
W.P. Lee, and S. azen, Los Angeles and Torrance, CA. 

Aims: To compare antepartum and early postpartum metabolic 
characteristics as potential predictors of type 2 diabetes in women with 
gestational diabetes mellitus (GDM). 

Methods: We conducted glucose clamps, and intravenous (IVGTT) and 
oral (OGTT) glucose tolerance tests during the third trimester and OGTTs 
within six months postpartum in a cohort of Latino women with GDM, 
Cox regression analysis was used to identify independent predictors of 
diabetes during follow-up in 94 women without diabetes <6 months 
postpartum whose diabetes status was ascertained 8-52 months (median 39 
months) later. 

Results: The women developed diabetes at an average rate of 9.2% per 
year. When antepartum variables were considered alone, independent 
predictors of diabetes were: OGTT I-hour glucose (high=increased risk, 
p=O,OOOl) and OGTT early insulin response (low=increased risk, 
p=0.015). When postpartum variables were considered alone, independent 
predictors of diabetes were: OGTT glucose area (higher=inereased risk, 
p=O.002), OGTT early insulin response (low=increased risk, p=O.OI) and 
body mass index (EMI, higher=increased risk, p=0.014). When antepartum 
and postpartum variables were considered together, three independent 
predictors were: antepartum OGTT I-hour glucose (higher = increased 
risk, p<O,OOOl), postpartum OGTT early insulin response 
(lower=increased risk, p=O.OOI), and postpartum fasting insulin 
(high=increased risk, p=0,04). 

Conclusiou: Early postpartum measures of poor B-cell function (OGTT 
insulin response) and insulin resistance (high fasting insulin) were major 
predictors of type 2 diabetes after GDM during a median follow-up of 39 
months, The findings highlight the importance of poor B-cell 
compensation for chronic insulin resistance as an early defect in the 
pathogenesis of type 2 diabetes after GDM. 



A260 

980 
HEAL TH REAL TED QUALITY OF LIFE IS ASSOCIATED WITH INSULIN 
LISPRO USE IN GESTATIONAL DIABETES MELLITUS (GDM) 
S. Hie, L. Jovanovic, J. Mezic, D.l Pettitt, E.l Bastyr, Sansum Medical Research 
Institute, 2219 Bath Street, Santa Barbara, CA 93105, USA 
Aims: Insulin therapy is required when normoglycemia is not achieved by diet alone 
in GDM. This study assessed the behavioral response to insulin therapy using the 
Health Related Quality of Life questionnaire including: I. meal time flexibility, 
2. activity/convenience, 3. perceived glucose control, 4. insulin injection lag time 
preference, 5. compliance with treatment and 6. patient satisfaction. 
Methods: Nineteen women with GDM were randomized to lispro therapy, and 22 
were randomized to human regular insulin. Glycemic control was evaluated by 
HbA", home blood glucose measurements, and a prevalence of blood glucose 
<55 mg/dl and ~I 20 mg/d!. The Quality of Life questionnaire was administered at 
the end of the study. We also assessed carbohydrate intake before and during insulin 
therapy. All patients were counselled to have 40"10 carbohydrates in their meal plans. 
Results: Insulin lispro siguificantly improved HbA" and reduced hypo and 
hyperglycemic episodes without inereased immunogenecity. Patients in the lispro 
group had siguificantly higher flexibility regarding the meal time and planning of 
daily activities (p=O.OO5, for each). Patients in both groups felt they had excellent 
glucose control with the insulin therapy. Only II (50%) women with GDM on 
regular human insulin were compliant regarding prescribed timing of insulin 
injections, but 14 (63.6%) would have preferred to have different timing. In contrast, 
18 (94.5%) patients on insulin lispro were compliant (p<O.OOI). The preferred time 
for insulin injection for both groups was less than 10 min before meals. All woman 
were satisfied with their health education. Patients on regular insulin maintained 
their carbohydrate intake at the constant level (39.4±2.5% before, and 40.1±3.1% 
after insulinisation), whereas patients in the lispro group increased their carbohydrate 
intake (from 39.l±2. 7% to 47 .4±2.2%). 
Conclusion: In conclusion, among women with GDM, insulin lispro not only 
improved glucose control, but also siguificantly increased compliance, probably due 
to the shortened lag time between injection and meal. Also, meal flexibility and 
activity of daily life were all improved with lispro. 

982 
PREDICTIVE FACTORS FOR INSULIN TREATMENT IN 
WOMEN WITH GESTATIONAL DIABETES MELLITUS 
AFagulha, M.Carvaiheiro, LFagulha, E.Marta, E.Sobral, C.Baptista, 
ToMartins, M.MA.Ruas. University Hospital of Coimbra, Portugal 
Aims: to compare clinical aod metabolic parameters in two groups ofGDM 
women: treated with diet alone (group 1) or with diet and insulin (group 2) 
aod to determine predictive factors for the initiation of insulin treatment. 
Patients and methods: the data of 122 GDM women were retrospectively 
analyzed. The women underwent a diet containing 25 KcalJKg!24h and 
insulin was started when fasting g1icemia and 2h postpraodial were 
respectively> 105 or> 120mg/dl. 84 women were treated with diet alone 
aod 38 were treated with diet and insulin. Results: the characteristics 
compared in group I and group 2 were respectively: age (yr.) 30.02±5.65 
Vs 31.97±5.73 p=O.04, prepregnancy BM! (Kg/m2) 24.93±5.l2 Vs 
28.03±5.24 p<0.0001, fasting glicemia (mg/dl) 77.92±14.88 Vs 
99.08±41.98 p<0.0001, glicemia at the screening test (mg/dl) 
167.62±29.83 Vs 182.64±34.95 p<0.0001, 3h-100g OGTI at 0' 
83.02±22.91 Vs 100.05±35.l5 p<O.OOOI, at lh 207.30±31.4 Vs 
221.23±34.7 p<0.0001, gestational age at GDM diagnosis (wk.) 29.83±8.33 
Vs 24.71±7.75 p<0.0001, HbAlc (%) 4.93±O.72 Vs 5.58±1 p<O.OOOI, 
neonatal birth weight (Kg) 3.21O±0.55 Vs 3.338±0.48 p=0.05. Total 
cholesterol, triglicerydes and weight gain during pregnancy were similar in 
both groups. Logistic regression analysis showed that gestational age at 
GDM diagnosis (OR 0.88 [95% CI 0.80-0.97], p=O.015) aod 0' (3h-100g 
OGTI) glicemia (OR 1.03 [95% CI 1.0-1.06], p=0.028) were the 
independent risk factors for the initiation of insulin treatment. Conclusion: 
the GDM women who started insulin therapy were older, had a higher 
prepregnangy BMI, fasting g1icemia, glicemia at the screening test, at 0', at 
Ih-OGTT and HbAle, when compared with the GDM women treated with 
diet alone. Gestational age at GDM diagnosis and glicemia at 0' -OGTI 
were the predictive factors for insulin treatment in gestational diabetes. 

981 
RISK FACTORS FOR INSULIN TREATMENT IN GESTATIONAL 
DIABETES MELLITUS. 
I.Camps, M.D. Salcedo, F.Rius and M.Rubio. Internal Medicine
Endocrinology. Hospital Arnau de Vilanova. Lieida. Spain. 
Aims: To detect risk factors for insulin treatment in women with gestational 
diabetes mellitus (GDM). 
Patients and Methods: 197 pregnant women with GDM diagnosed 
according to the NDDG criteria were studied. Diet treatment (OT) was started 
in all patients and insulin treatment (IT) was added if preprandial capillary 
glucose levels were above 100 mg/dL andlor one hour postprandial glucose 
levels were above 140 mg/dL. Differences between DT and IT groups were 
assessed (x' test or t-test) and a logistic regression analysis Was performed to 
investigate risk factors for insulin therapy. 
Results: GDM in the IT group (n=34) was diagnosed earlier (27 ± 5 vs 29 ± 4 
weeks of gestation, p<0.05) than in the DT group. IT patients were more 
obese (27.1 ± 5.0 vs 24.7 ± 4.7 kg/m', p<0.05), had higher basal and l-h 
glucose values on the OGTT (94 ± 15 vs 84 ± II mg/dL and 221 ± 27 vs 206 
± 25 mg/dL, p<0.05) and higher frequency of fIrst-degree relatives with 
diabetes than DT patients (47 % vs 26%, p<0.05). There were no differences 
in age, previous spontaneous abortions, parity, 2-h or 3-h OGTT plasma 
glucose levels. Continuous variables were then dicotomized, being cut-points 
for plasma glucose levels on the OGTT the mean + I SD of the values 
obtained in the DT group (95-231-209-176 mg/dL).Variables independently 

associated with a higher risk for IT were pregestational obesity (BMI '" 27 
kg/m';RR2.38, 95% C.I.1.03-5.46), higher fasting and I-h glucose values 
(RR 2.52, 95% c.I. 1.02-6.22; RR 2.70, 95% C.I. 1.08-6.75), and a positive 
family history of diabetes in fIrst degree relatives (RR2.16, 95%C.I.O.95-4.3). 
Conclusions: Obese pregnant women with higher fasting and l-h blood 
glucose levels and with a positive family history of diabetes are at increased 
risk for requiring insulin therapy. These patients should be followed tightly to 
initiate insulin treatment as soon as it is needed. 

983 
MATERNAL AND FETAL OUTCOME IN GESTATIONAL DIABETES 
MELLITUS 
D.Acosta~ L. Cerrillos"'; A Soto; D.Quijada*; F. Mmales; H Silva; N.Garcia-Hemandez; 
F. Villamil and R.Astorga. Department of Endocrinology ang Gynecology*' University 
Hospital Virgen del Rocio. Seville. 
Aims: To analyze the clinical fmdings, the obstetric results and the post-partum metabolic 
evaluation in a group of women with Gestational Diabetes Mellitus(GDM). 
Material and methow: We studied 354 women in which we evaluated age, parity, family 
history (FH) of Diabetes Mellitus (DM) and Hypertension Arterial (HT A), menstrual 
function, body mass index (BMl), initial HbA I c and in the last trimester of gestation, 
pattern of delivery, fetal results, and post-partum metabolic evaluation by TTOG. 
Resuhs: The mean age was 32,3±4,87 years: BMi of26,7±5,23 klm2. Diaguosis ofGDM 
was stablised at the 25± 8th week of preguancy and the initial value of HbA I c was of 
4.99±0,6 %. In 244 patients (68,9%) there was aFH of OM type 2 and in 26 (7,3 %) of 
DMtype 1. The FH detected antecedentsofHTA and GDM in 55 (15,5%) and 34 (9,6%) 
patients respectively. There were \06 primigravidas (29,9%) and 248 multigravidas 
(70,1%) of which 94 (37,9%) had one or more previous abortions and 46 (18,5 %) had 
delivered previously one or more infants of more than 4000 gms birth weight. Previous 
GDM was found in 57 (22,9%). Menstrual bystory was anormal (oligomenonea -
secondary amenorrea) in 84 patients (23,7 %). HbAlc was 4,8±O,63 and4,0±1,6 in 1be 8th 

and 9th month respectively. Obstetric results were 5 first trimeter spontaneous abortions, 
12 preterm deliberies, an 337 term births. In 196 (55,4%)Cases, the iniciation onabor was 
spontaneous, while in \02 patients (28,8%) it was induced. Cesarean section was 
performerd in 52 (14,6%). The incidence ofmacrosomic infants was 6,7 % (24 cases). We 
were able to perform metabolic assessment in 198 (55,9%) patients six months after 
delibery and we have diaguosed 9 cases ofDM (4,54%) , and 48 cases of impared glucose 
tolerance (IGT) (24,2 %). 
Conclusions: With this results, we have arrived at the following conclusions: 1 )Presence 
of diabetes is very frequent in the family history of GDM. 2)A high incidence of multiparity 
between these patients. 3) Oligomenorrea -secondary amenorrea is frequent in patients 
with GDM. 4) The high prevalence of IGT detected in the post-partum control makes 
necessary to stablish a program for assessment of this entity. 
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OUTCOME OF DIABETIC PREGNANCY IN RELATION TO 
ANTENATAL GLUCOSE TOLERANCE TEST 
IpL. Selby, IEB. Jude, lAM. Biggs, IS. AI-Sabbagh, 2S. Kumar, 2J. 
Rowbotham, 2WE. McKenzie, 'PM. Dodsou, 2AH. Barnett and 1M. 
Maresh. Department of Diabetes and Obstetrics, IManchester Royal 
Infirmary and 'Birmingham Heartlands and Solihull Hospitals, UK 
Aim: To study the relation of antenataJ fasting and 2-hour post glucose (75 
gm), plasma glucose levels on diabetic pregnancy. Patients and Methods: 
Patients (11=228) attending the diabetic pregnancy clinic in three centres 
(Solihull, Birmingham and Manchester) were retrospectively entered into 
the stndy and data obtained from case notes. Gestational diabetes/impaired 
glucose tolerance was defined according to WHO criteria. All patients 
were seen regularly at the diabetic pregnancy clinic and had daily (x4) 
home blood glucose monitoring (BM). Treatment (diet or diet and insulin) 
was advised according to BM and glycosylated haemoglobin (HbAlc). 
Results: 50 of the 228 babies were macrosomic (>4kg). Fasting GTT and 
third trimester HbA I c was higher in the macrosomic group (5.9 ± I. 9 vs 
5.3 ± 1.3 mmoVI; p<0.05; 5.6 ± U vs 5.1 ± 0.9%, p<0.005); but not with 
2-hour glucose or 2'd trimester HbAlc. Patients who had higher fasting 
and 2-hr GTT were more likely to be treated with insulin (p<O.OOI). 
Spearman's Rank correlation revealed significant correlation between birth 
weight and HbAlc in 2nd or 3"' trimester (p<O.OI) and fasting GTT 
(p<0.05); birth weight did not correlate with 2-hr GTT. Fasting GTT was 
able to predict overt diabetes (2-hr GTT >1 UmmoVI) (area under ROC 
curve 0.741±0.08) but not IGT (2-hr G~7.8 and <IU). Conclusion: 
Although fasting blood glucose can identify patients with diabetes in 
pregnancy it cannot be used to determine all patients requiring intensive 
monitoring. Therefore we conclude that a formal GTT is still indicated in 
the diagnosis of gestational diabetes. 

986 
GESTATIONAL DIABETES MELLITUS: IS SELECTIVE SCREENING 
WORTlIWBlLE? 
R. Corcoy, E. Pall, E. Pascual, A Garcia-Patterson, M Albareda, 1. Cermeiio, 0. 
Altirriba, J.M. Adelantado, J, Ubeda, A de Leiva S. Endocrinologia, Pediatria i 
Obstetricia H. Sant Pau. Barcelona. 
Fourth WOIksho!>"Conference on Gestational Diabetes Mellitus (GDM) 
Recommendations introduce the concept of selective screening: it would not be 
required in women fuIfiIling all the following: ethnic group with a low prevalence of 
GDM, no diabetes in first-degree relatives, less than 25 years, normal weight before 
pregnancy and no history of either abnormal glucose metabolism or poor obstetric 
outcome. Aims: to assess if this policy is worthwhile in our center, analysing: 
I) How would this strategy influence the detection of GDM and 2) What are 
the characteristics of women who would not be diagnosed. Materials and 
Methods: The first issue was stndied in the 917 pregnant women delivering 
in the Ceoter in 1992 (universal GDM screooing, NDDG criteria). For the 
second issue we stndied the whole cohort of 1635 women with GDM 
(delivery 1986-98) and compared the outcome between those where the 
diagnosis would be skipped (N = 21) or retained (N = 1614). Results: I) In 
1992, 7.0% womoo would not have undergone GDM screeoing, had it been 
selective. The main reason to not skip screening was age, as ooly 12.6% of 
the population was younger than 25. One hundred and ten women (12.0%) 
were diagnosed ofGDM, two of whom would have been undiagnosed. 2) In 
womeo with GDM, the characteristics and outcome in women with 
potentially skipped or retained diagnosis are as follows: insulin Tx 38.1 % vs 
52.9%, hypertension ()OJ. vs 6.5%, preterm delivery 4.8% vs 7.0%, caesarean 
section 4.8% vs 20.5%, 1 min Apgar <7 0% vs 6.5%, macrosomia 0% vs 
4.4%, large for gestational age infimts 0% vs 8.4%, small for gestational age 
infimts 19%.0 vs 7.30/0, neonatal hypoglycemia 5% vs 6.0%, hypocalcemia 
0% vs 1.4%, hyperbilirrubinemia requiring Tx 0% vs 3.9%, respiratory 
distress 0% vs 2.9%, perinatal mortality 0% vs 0.5%, overall adverse 
outcome 31.3% vs 45.7% differeoces not reaching statistical significance in 
any case. Conclusions: We conclude that selective screening is reliable in 
identificating women at low risk of GDM but implies a more complex 
screeni11g policy that would avoid screening in a negligible subset of the 
pregnant population. 
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EVALUATION OF RISK FACTORS FOR THE DEVELOPMENT OF 

GESTATIONAL DIABETES MELLITUS (GDM) IN GREECE. 
M Alevizaki, E.Anastasiou, S.I. Grigorakis, G. Philippou, G. Michalopoulou and 
A. Souvalzoglou. 1st Endocrine Section and Diabetes Centre, ALEXANDRA 
University Hospital, 11528 Athens, Greece. 
Aims. Undiagnosed GDM is associated with increased risk of perinatal 
morbitity. Consequently, the early identification of women at risk is important. 
The aim of the present study was: a. to evaluate the recognised risk factors for 
GDM independently in a Greek population and b. to define the prevalence of 
GDM in a "low risk" subgroup. Materials and methods: 3513 Greek pregnant 
women without known DM underwent a 100g OGTT in the third trimester, 
between 1990-1998. For GDM diagnosis the Carpenter-Coustan criteria were 
used. Age, pre-pregnancy BMI, family history of DM, smoking habits before 
and during pregnancy and the number of previous deliveries were recorded. 
Adjusted for the above mentioned variables relative risks (aRR) and 95% C.1. 
were calculated by logistic regression. Results. Multivariate analYSis showed 
that maternal age >25 years Significantly increased the risk for GDM (p for 
trend <0.001). For age 26-30yrs: aRR, (95% C.I.) 2.26, (1.54-3.36), age 31-
35yrs: 2.57, (1.53-4.32), age 36-40yrs: 4.17, (2.07-8.43), age>40yrs: 5.15, 
(2.03-13.07). Higher BMI also increased the risk for GDM (p for trend <0.001). 
BMI20.1-22: aRR=0.96 (0.63-1.46), BMI 22.1-25: 1.27 (0.85-1.88), BMI 25.1-
30: 1.55 (1.04-2.32), BMI 30.1-35: 2.99 (1.94-4.6), BMI >35 kg/m2

: 3.7 (2.3-
6.1). Positive family history for DM significantly increased the risk to develop 
GDM: paternal history: aRR=1.33 (1.03-1.71), maternal history: 2.38 (1.88-
3.02), history on both sides: 2.43 (1.37-4.33). Multiparity became a significant 
risk factor only when there were 24 previous deliveries: 2.19 (1.18-4.06). 
Smoking was not independently associated with an increased risk to develop 
GDM. Finally, 150/3513 women belonged to the "low risk" group (age <25, BMI 
<25, no family history for DM, non-smokers, first pregnancy). 12/150 (i.e.8%) 
were defined as GDM. Conclusions: Advanced age (>25 yrs) and higher BMI 
(>25) progressively increase the risk for GDM. Maternal family history for 
diabetes mellitus is a significant independent risk factor for GDM. Universal 
screening for GDM seems worthwhile including the "low risk" group, at least in 
the Greek population. 

987 
WHICH FASTING GLUCOSE CUT POINT SHOULD BE USED WHEN 
DIAGNOSING GESTATIONAL DIABETES? 
M.C.G.Matos, L.Branchtein, A.J.Reichelt, L.Nucci, M.M.Teixeira, 
A.Costa-e-Forti and M.I.Schmidt for the Brazilian Gestational Diabetes 
Study Group. Federal University of Rio Grande do Sui, Porto Alegre, 
Brazil. 

A 2h glycemia of7.8 mmoVI during a 75g OGTT has been recommended 
by World Health Organization committees for the diagnosis of gestational 
diabetes (GDM), although outside pregancy this value defines a milder than 
diabetes condition. However, for fasting glycemia, the values used outside 
pregancy - 7.8 mmoVI or, more recently, 7.0 mmoVI- have been 
recomended for GDM diagnosis. Aims: To evaluate fasting glucose cut 
points against 2h glucose values obtained during a standard OGTT in 
pregnancy. Materials and Methods: We enrolled 5564 consecutive 
Brazilian women 20 years or older without diagnosis of diabetes mellitus 
outside of pregnancy between their 21 st and 28th gestational weeks, 
performing a 75g OGTT on 4997. Results: 

2h Glucose 
(mmolll) 

7.8 
11.1 
11.7 
12.3 

Percentile 
(%) 
93.3 
99.7 
99.8 
99.9 

Fasting Glucose 
(mmoVI) 

5.5 
6.7 
7.0 
7.8 

A fasting value of about 5.5 mmoVI corresponds, percentilewise, to a 2h 
value of7.8 mmoVI. Conclusions: WHO fasting cut points for diagnosis of 
GDM of7.8mmolll, and even of7.0mmolll, are too high to be useful during 
pregnancy. Although 2h and fasting values still require validation against 
clinical outcomes, a lower fasting value may prove more appropriate. 
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Autoimmunity-Children 
988 
THYROID AUTOIMMUNITY IN CHILDREN AND ADOLESCENTS WITH 
TYPE 1 DIABETES 
Ciampalini P, Corbi S, Spera S, Giannone G*, Benedetti S*, Borrelli P and Crino A 
Dept of Pediatric Endocrinology - Unit of Autoimmune Endocrine Disease, *Lab of 
Radioimmunoassay, Bambino Gesu Hospital- Research Institute- Rome - ITALY 
Introduction. The association of type I diabetes mellitus (IDDM) with autoimmune 
thyroid diseases (AID) has been well described in many works, but there is little about 
the clinical course of patients with biochemical signs of thyroid autoimmunity, 
especially in pediatric age. Aim of the study. Evaluating thyroid autoimmunity and the 
prevalence of ATD in IDDM pediatric patients. Patients and methods. IS4 unselected 
children and adolescents (72 m, 82 I), aged 0.9+19.3 yrs (mean age 8.7±4.S yrs) at 
IDDM onset. Patients were diagnosed in our clinic and are controlled every 2 months. 
Thyroid function (FT3, FT4, TSH) and antithyroglobulin and antiperoxidase 
autoantibodies (TA) were checked in each subject at diagnosis of IDDM and 
subsequently every 6 months during the follow-up. Results. Patterns in subjects with 
positive TA, respectively at onset of IDDM (Group A) and during the follow-up 
Group B), are showu in the table: 

age at follow-up abnormal 
positive n° sex onset of diagnosis neg pos goiter thyroid 

TA I (mil) IDDM of AT])(*) (nO) TA TA -(nO) function 
Group A 16 917 8.1+3.8 10(62%) 4 2 7 S 
Group B 21 SI16 7.1±4.8 S (23%) 13 3 4 3 

(*) p<O.OS 
AID (chronic thyroiditis) was diagnosed in IS patients with IDDM out of IS4 (9.7%). 
In 3 cases ATD was diagnosed before IDDM (1.5±l.S yrs), in S at its onset and in 7 
after its diagnosis (4.S±2.2 yrs). At diagnosis of AID, 7 patients were euthyroid, 6 had 
subclinical and I clinical hypothyroidism, I had subclinical hyperthyroidism. lOllS 
subjects with A TD had some goiter-. Thyroid fimction was normal and goiter absent in 
21 patients with positive TA only. 2 further subjects had high TSH levels and negative 
TA, no goiter, normal ecography, FT3 and FT4. Conclusions. There is a high 
prevalence of thyroid dysfunction in children anJ adolescents with type I diabetes 
mellitus (39/IS4~2S%). Positive TA at onset of IDDM can be related to an eventual 
appearance of ATD, while during the follow-up, it could be a transitory serological 
marker of autoimmunity or the fIrst sign of a poliglandular autoimmune disease. TA, at 
high title and long standing, require rigorous controls of thyroid function for revealing a 
precocious gland dysfunction and beginning, eventually, an appropriate therapy. 

990 
Screening for coeliac disease in a paediatric diabetic population in 
Austria 
Rami Bl, Schober El, Hueppe A', Granditsch O',Huber.W\ ,Bittmann Bl, 
Jaeger A 3 

Department of Pediatrics' ,University of Vienna, Department of Pediatrics, 
Hospital Eisenstadt',G Preyer Children's Hospital,] ViennaAustria 

Diagnosis of unrecognised coeliac disease in patients with insulin-dependent 
diabetes mellitus is potentially important and prevalence rates of up to 10 % 
coeliac disease in diabetic patients have been reported. 
A cohort of 400 Austrian children and adolescents with insulin-dependent 
diabetes mellitus (age range 3-22 yr.) was screened for coeliac disease using 
the 19A- anti-endomysial antibody test or in IgA deficient patients the IgG 
anti gliadin antibody test. Twelve patients (3 %) had increased anti 
endomysial antibody titres and two patients (0.5 %) with 19A deficiency had 
IgG antigliadin antibodies. All of them, with one exception due to refusal, 
underwent intestinal biopsy. Six patients had clear histologic evidence of 
coeliac disease (1.5 %), while three showed minor histological changes (0.8 
%) and four had a normal mucosa (1.3 %). Only one child presented with 
mild clinical symptoms. There was no difference in the HbA 1 c level 
between antibody positive and negative cases and subsequent gluten free 
diet did not change the metabolic parameter. 
Conclusion. The prevalence of clinically unrecognised "silent" coeliac 
disease is increased in Austrian diabetic children compared to the 
prevalence of symptomatic coeliac disease in the Austrian population (1.5 % 
vs. 0.33 %). But the prevalence of coeliac disease in diabetic children in 
Austria is distm,ctly lower than in several other countries. Screening with 
anti endomysial antibodies is recommended to identify diabetic children at 
risk, although the therapeutic benefit of dietary treatment in asymptotic 
"silent" cases has to be evaluated. 

989 
THYROID ANTIBODIES IN CHILDREN WITH NEWLY DIAGNOSED 
TYPE I DIABETES 
M. Czemiawska, W. Andrzejewski, A. Teodorczyk, M. Lawnik, B. Mianowska, 
M. Krokowski and J. Bodalski, Institute o[Pediatrics, Medical University ofLodz, Poland 
The objective of tltis study was to estimate the prevalence of thyroid antibodies: 
antithyroglobnlin antibodies (TG-Ab) and thyroid peroxidase antibodies (TPO-Ab), 
and their association with markers of autoimmune pancreatic damage: islet cell 
antibodies (ICA) and glutamic acid decarboxylase antibodies (GADA), in children 
with newly diagnosed type I diabetes mellitus. 
Material and methods: 7S patients (39 female and 36 male) aged 9.9±4.3 years (from 
2 to 18 years) with newly diagnosed type I diabetes, who were hospitalized in years 
1996-1998 in the Department of Pediatrics of the Medical University of Lodz were 
included into the study. In all patients TG-Ab and TPO-Ab (immunoenzymatic 
method) as well as ICA (indirect immunofluorescence method) and GADA (indirect 
microimmunofluorescence method) were measured. In all patients the levels of free 
triiodothyronine (IT]), free thyroxine (IT,) and thyrotropin (TSH) were determined. 
Results: In 10 patients (13.3%) elevated levels of TPO-Ab were found, and in 4 of 
them (S.3%) levels of TG-Ab were elevated, as well. At the moment of diabetes 
diagnosis ICA were positive in 78.9% and GADA in 74.3% of patients. The ICA 
levels did not differ significantly between the group with elevated and normal 
thyroid antibodies (mean value 60.5±69.8 JDF and 61.3±102.6 JDF respectively). 
The GADA levels were significantly higher in patients with elevated thyroid 
antibodies (mean value 101.3±66.0 AU, median value 110.0 AU) than in patients 
with normal thyroid antibodies (mean value 46.6±51.7 AU, median value 26.0 AU. 
p<0.02). In two girls with positive TPO-Ag hyperthyroidism in the course of 
Graves' disease was diagnosed. In one boy from this group, without any clinical 
symptoms of hypothyroidism, elevated TSH was found. 
Conclusions: I) In more than 13% of children with newly diagnosed type I diabetes 
the levels of thyroid antibodies (TPO-Ab and/or TG-Ab) are elevated, 2) There is a 
tendency to simnltaneous occurrence of elevated thyroid antibodies and GADA, 3) 
Young patients with newly diagnosed type 1 diabetes, and particularly those of them 
with high GADA levels, should be screened for thyroid autoimmune process. 

991 
GLYCEMIC CONTROL AND GROWTH BEFORE AND AFTER 
DIAGNOSIS OF COELIAC DISEASE IN CHILDREN AND ADOLESCENTS 
WITH TYPE 1 DIABETES 
T. Saukkonen, S. Vliisanen, H.K. Akerblom, E. Savilabti, and the Childhood 
Diabetes in Finland Study Group. Hospital for Children and Adolescents, University 
of Helsinki, Helsinki, Finland. 

Aims: To study the effects of undiagnosed coeliac disease (CD) on one hand and 
introduction of gluten-free diet on the other hand on the glycemic control and 
growth parameters in children and adolescents with type I diabetes. Subjects and 
methods: CD was found in 18 out of 776 subjects with type 1 diabetes (mean age 
11.4 years, range 5.9 - 18.7 years) by screening for reticulin antibodies, confirmed 
by jejunal hiopsy. We analyzed height standard deviation scores (HSDs), relative 
weights (% deviation from population median weight for height and sex) and levels 
of glycated hemoglobin Al or Alc (GHbAl) at the diagnosis of CD and I year 
before and after that. Individual growth curves were analyzed from birth to the 
present time. Resnlts: No significant change in GHbAllevels was found preceding 
the diagnosis of CD. In subjects with a short duration of diabetes (.:3.5 years, n~8), 
a tendency towards deteriorating glycemic control after the diagnosis of CD was 
noticed (mean 19.8±32.6% increase in GHbAI, p~0.12). This probably was at least 
partially due to problems associated with the change of diet, because much smaller 
increase in GHhA I was seen in tltis group during the I year period before diagnosis 
of CD (mean 3.2±16.1 %, p=O.61). Failure in height and weight gain was found only 
in one subject, and it was improved by gluten-free diet. In the other subjects growth 
was not disturbed; mean HSDs (±SD) was 0.07 (±0.87) 1 year before diagnosis of 
CD, -0.02 (±0.88) at diagnosis of CD, and -0.08 (±0.87) I year after diagnosis of 
CD (p~0.47). Introduction of gluten-free diet led to an increase in mean relative 
weight from 4.3±18.1 to 8.2±15.4 % (p=0.02). There was an inverse correlation 
between the change in relative weight and the change in GHhAI after the diagnosis 
of CD (~-O.574, p=O.02). Conclusions: Undiagnosed CD is rarely associated with 
progressive deterioration of glycemic control or growth in children and adolescents 
with type 1 diabetes. Introduction of gluten-free diet tends to impair glycemic 
control in subjects with short duration of diabetes. We recommend careful 
counselling and fOllow-up for these subjects. 
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SCREENING FOR CELIAC DISEASE IN CZECH DIABETIC CHILDREN 
Z. Sumnlk, R. KotaIova, M. Loudova, O. Cinek, M. Snajderova, S. Kolo~kova, 
J. Vavfinec, Department of Pediatrics, 20d Medical School, Charles University 
Prague, the Czech Republic 
Aims: 
IDDM is often associated with other autoimmune disorders, among which celiac 
disease (CD) has especially high prevalence. The aim of the stndy was to develop a 
routine CD screening protocol for diabetic children, based on combination of 
genetic and immunological markers. 
Material and methods: 
341 patients with IDDM aged 1-17 were investigated for presence of anti-gliadin 
IgG and IgA antibodies in the first, and for endomysial antibodies (EmA) in the 
second step. In EmA positive individuals, enterobiopsy and the HLA-DQ, -DR 
genotyping was performed. IS3 diabetic children without CD were HLA class II 
genotyped as a control group. 
Results: 
17 of341 children (S.O%) were positive for EmA. Enterobiopsy and HLA typing 
were performed in IS of them. Small bowel mucosa atrophy as a diagnostic sigu of 
CD was found in 11 children (3.2% of the group). In 4 the enterobiopsy finding 
was normal, includiug activities of lactase and other iuvestigated enzymes, and 
diaguosis of latent CD was concluded. All IS children were positive either for 
DQAI*03-DQBI*0302, or DQAI*OS-DQBI*0201, or both. 12 of 15 children with 
CD were DQAI*05-DQBI*0201 positive (conferring OR for CD 4.0 (CI 95% 1.1-
IS) against diabetic children without DQAI*05-DQBI*0201). 10 chiJdreu were 
DQAI*03-DQBI*0302 positive, without significantly increased OR. 7 children 
carried HLA DQAI*03!OS, DQBI*020110302, without significantly increased OR. 
Conclusions: 
Prevalence of celiac disease S. 0% in diabetic children emphasises the need of 
regular screening. The HLA DQAI *OS-DQBI *020 I, carried by SI % of Czech 
diabetic children without CD, was found to significantly increase the risk for CD. A 
routine screening protocol differentiated according to the HLA class II genotype is 
proposed. 

PS83 
Nephropathy: Risk Factors 
994 
PROGRESSION PROMOTERS AND TARGET BLOOD PRESSURE IN TYPE 1 
DIABETIC PATIENTS WITH DIABETIC NEPHROPATHY 
P.Hovind. P. Rossing. L. Tarnow and H·H. Parving. 
Steno Diabetes Center (SOC). Gentofte. Denmark. 
Aim: To evaluate putative promoters of progression in Type 1 diabetic patients with 
diabetic nephropathy. Material and methods: All albuminuric Type 1 diabetic pa· 
tients (n - 304) followed at SDC for at least 3 years, (median(range)) 6.7 (3·20) 
years, who had at least 3 measurements (8 (3·31)) of glomerular filtration rate 
(GFR)(51 Cr·EDTA technique), were identified. GFR was measured yearly in 194 
male/lID female patients, age 36 ± 11 (mean ± SD) years, diabetes duration 22 ± 
8 years. 274 patients were treated with antihypertensive drugs, 180 predominantly 
with ACE inhibitors. Results: During the investigation period the decline in GFR 
(~GFR) was 4.1 ± 4.1 ml/min/year. A multivariate analysis revealed a significant 
correlation between the rate of decline in GFR and average values obtained during 
follow up of mean arterial blood pressure (MABP), HbA 1 c and albuminuria (R' adj -
0.27, P < 0.01). No association with age, sex, retinopathy, smoking status, choles· 
terol, height, type of antihypertensive medication (ACEI vs non·ACE!) and ~GFR 
was demonstrated. Patients were stratified in quintiles by average value of MABP 
and by HbA lc above and below the median during the investigation period' 

~GFR (ml/min/vear). Mean(SE) 
MABP(mmHa) 90.8 98.0 102.0 105.5 112.0 

HbAlc <9.2% 1.4 (0.4) 1.5 (0.5) 3.6 (0.6) 4.4 (0.7) 6.0 (0.9) 

HbAlc>9.2% 3.3 (0.6) 3.5 (0.6) 4.6 (0.4) 6.1 (0.8) 7.5 (1.0) 

Conclusions: Our study demonstrates, that artenal blood pressure, albuminuria and 
glycemic control act as progression promoters, and suggests a target MABP of 
approximately 94 mmHg. Remission of diabetic nephropathy, i.e. ~GFR equal to 
natural ageing process (app. 1 ml/min/year), may be feasible when the treatment 
strategy combines strict blood pressure and glycemic control. 

993 
CELIAC SPRUE AND 100M IN PREGNANCY 
Sabbatini A, Barbato M*, Viola T*., Fonnisano M*, Borrello E., Oi Biase 
N., Napoli A., Fallucca F. 
Cattedra di Oiabetologia, Oipartimento di Scienze Cliniche, *Servizio Spec. 
Gastroenterologia Pediatrica, 
Universitit "Ia Sapienza" Rorna 

The celiac disease (CO) is associated with various obstetric an 
gynaecological abnormalities and shows a higher prevalence in insulin 
dependent (IDOM) diabetic patients. The impaired metabolic milieu of 
diabetic pregnancy affects the development of the foetus so that whatever 
disease influences the diet and nutrients, may add a further damage to the 
conceptus and worsen the prognosis for the mother and foetus. Therefore we 
investigated 3 pregnant women affected by CO and 100M and the presence 
of the Endomysial Antibodies (EMA) was studied in 63 IDOM pregnant 
women. In these women we evaluated: age of onset and duration of diabetes, 
insulin requirement, abortions, hypoglycaemic reaction, the newborn's time 
of delivery, any complication during pregnancy. The global prevalence of 
celiac disease (3 overt and 5 EMA positive) in our diabetic pregnant women 
(CO-100M) was 12%. In the CO-IDOM women as compared to EMA 
negative-IDOM women we observed longer duration of disease (23.4 ± 8.4 
vs 14.2 ± 6.9 yrs; p<0.02) and younger age at the onset of diabetes (6.3±4.7 
vs 14±6.7 yrs; p<O.OI). In addition higher levels of blood glucose were 
found in CD+IDOM versus Ema-negative-100M during the first and 
second trimester (l48±27 vs 124±29 mgldl; I trim; p<0.05; 129 ±5 vs 121 ± 
25 mgldl; p<0.05 II trim. In CO-100M, severe (grade 3 and/or 4 ) 
hypoglycaemic reactions were increased (30% vs 9%; p<0.05). In addition 
we observed history of abortion and/or intrauterine death in about 50% in 
CO-IDDM vs 23% in the Ema-negative (p<0.05). These results suggest that 
clinicians need to be aware of this disease because it could have implications 
for the correct management of pregnancy in a high risk diabetic population. 
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INCIDENCE RATES OF ENDPOINTS IN TYPE 2 DIABETIC PATIENTS BY 
LEVEL OF SYSTOLIC BLOOD PRESSURE AND DURATION OF DIABETES 
LM. Stratton, LA. Adler, D.R. Matthews, R.R. Holman and R.C. Turner for the 
UK Prospective Diabetes Study Group, Diabetes Research Laboratories, 
Radcliffe Infirmary, Woodstock Road, Oxford, OX2 6HE 
Aims To examine the event rates for different endpoints in the UKPDS by 
updated mean systolic blood pressure by time from diagnosis of Type 2 
diabetes. Methods The UK Prospective Diabetes Study was a randomised 
controlled trial of therapies for blood glucose and blood pressure control, 
which ran in 23 centres in the UK between 1977 and 1997. From this study 
4831 newly diagnosed Type 2 patients (mean age 53 years) who had data 
available for systolic blood pressure, age, race, gender were analysed in a 
Poisson regression model, with endpoints of any diabetes related endpoint, 
diabetes related death, all cause mortality, myocardial infarction, stroke, 
microvascular diasease,peripheral vasular disease and amputation. Mean 
updated systolic blood pressure was fitted in the model. Results For each 
endpoint the event rate increased monotonically with systoliC blood pressure, 
and with duration of diabetes. Conclusion Treatment of elevated blood 
pressure has been shown to reduce the incidence of any diabetes related 
endpoint. The epidemiological evidence shows there may be potential to 
reduce the complications across the range of systoliC blood pressure. 
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996 
CIRCULATING ADVANCED GLYCATION END PRODUCTS AS A MARKER 
OF LONG-TERM GLYCEMIC CONTROL AND DIABETIC NEPHROPAlliY. 
Z. Makita, M. Takeuchi, Y. Kamada, and T. Koike, Dept. of Internal Med. 
II, Hokkaido Univ. School of Med., Sapporo, and Dept. of Biochem, 
Faculty of Pharmaceutical Science, Hokuriku Univ., Kanazawa. Japan 

Aims; Advanced glycation end products (AGE) play an important role in 
the pathogenesis of diabetic complications. Thus, evaluation of AGE may 
serve both for assessing glycemic control and the risk of diabetic 
complications. Materials and Methods; \\e have recently prepared 
polyclonal antibodies that recognized CML, pentosidine, and non-CML 
(non-pentosidine) AGE. Using these antibodies, we made ELISAs for 
detecting CML, pentosidine, and non-CML AGE. Serum levels of CML, 
pentosidine, and non-CML AGE were assessed in 22 Type 2 diabetic 
patients with microalbuminuria (Mi), 15 Type 2 diabetic patients with 
macroalbumiuria, (Ma), and 36 nondiabetic controls (N). Also, the mean 
fasting plasma glucose (FPG) level and HbAlc level, as well as CML, 
pentosidine, and non-CML AGE, were monitored monthly for 12 months 
in 18 Type 2 diabetic patients. Results; The strongest correlation was seen 
between HbAlc and the mean FPG for the previous month. However, the 
strongest correlation of the serum non-CML AGE or pentosidine levels 
was with the mean FPG over the previous 3 months (r=0.51O, and 
r=0.352, respectively,). The levels of non-CML AGE and pentosidine, but 
not CML, increased with the progression of diabetic nephropathy (non
CML AGE; N: 19.3±6.8, Mi: 25.5±8.7, Ma: 39.3±16.4 U AGFlrnl, 
p<O.OI, Pentosidine; N: 198.8±52.6, Mi: 214.5±55.8, Ma: 266.2± 
145.4 pmol/ml). Also, the % increase of the albumin excretion rate over 
the previous one year was significantly correlated with the non-CML 
AGE and pentosidine in levels over the past 3 months. Conclusions; 
These data suggested that measurement of circulating non-CML AGE 
and pentosidine may provide a longer-term index of the circulating 
glucose concentration compared with HbAI c. In addition, circulating 
non-CML AGE and pentosidine might be useful markers for assessing 
the risk of progression of diabetic nephropathy. 

998 
FACfORS INFLUENCING PROTEINURIA IN PATIENTS WITH 
TYPE 2 DIABETES 
E.Janeczko-Sosnowska, ·Z.Lewandowski, D.Janeczko, "J.Kopczynski 
Departments of Gastroenterology & Metabolic diseases, and of 
"Epidemiology, Warsaw Medical University 

Diabetic nephropathy ensues as a complication of both Type 1 
(insulin-dependent) and Type 2 (non-insulin-dependent) diabetes 
mellitus. In Caucasians the prevalence of nephropathy, assessed on the 
basis of proteinuria, ranges between 12% and 16% of diabetics.The aim 
of the study was to estimate both the prevalence and incidence of 
proteinuria, and to find factors related to it during long-term follow-up 
investigation of Type 2 diabetes. In 4420 patients (1990 males and 2430 
females) aged 30-68 years, with diabetes of 1-10 years' duration, 
proteinuria was found in 29% persons. Its presence was related to poor 
metabolic control of diabetes, arterial hypertension, and ecg-revealed 
cardiac ischaemia. After 16 years of follow-up (16-26 years of duration 
of diabetes), the prevalence of proteinuria was 32%, with the risk 
correlates identical to those at the initial investigation. In patients with 
longest duration of diabetes (22-32 years) proteinuria amounted to 53%. 
The death experience of the cohort revealed that initial proteinuria 
>300 mg/d! reduced survival by 90%, whereas its level 0550 mg/dl 
allowed 75% of patients to survive. The data revealed a higher 
proteinuria in patients with Type 2 diabetes than is usually reported in 
other investigations - and show that its presence was similar to the levels 
found in Type 1 diabetes. It was shown that the presence of heavy 
proteinuria (~50 mg/d!) increased with duration of the diabetes. It was 
related to the risk of ischaemic heart disease, together contributing to 
greatly reduced chances for survival. 

997 
RENAL FUNCTION IN NIDDM WITH CORONARY HEART 
DISEASE 
IP Courreges, P.Pradier, IBacha, E.Aboud, L. Andre, R.Lamarca. 
Service of internal medecine - diabetologia - vascular diseases. 
Centre hospitalier - Bd Dr Lacroix - 11100 NARBONNE -FRANCE 

Renal deficiency (RD) in NIDDM iS,also, a cardio vascular risk factor. The aim of this 
work is the determination of renal function (RF) in NIDDM population with severe 
coronary heart disease (CHD). 
In a prospective study, 40 consecutives NIDDM, 22 F/12M, with severe CHD 
(myocardial infarction, angioplasty,surgery) (C) were investigated and compared with 
70 consecutives NIDDM without CHD (T).RD creatinine clearance (clCR) s 60 
mllml and/or micro (mA)/macro (MA)-albuminuria (mMA) > 100 mg/24h is found in 
82,5 % (n = 33) (C) VS 54 % (n = 38) (T) (P < 0,001) and is more important in C (P< 
0,001) . CR (llmolll) : 125 ± 78 vs 74 ± 25 et cl CR (mllmn) :64 ± 33 VS 85 ± 26, 
mMA (%) . 73,5 VS 44 (rnA. 50 % VS 38,6 % - NS - MA : 22,5 VS 5,7 % - P < 
O,OI)albuminuria (mg/24h) . 435 ± 774 VS 248 ± 502-NS. NIDDM with severe RD are 
mainly found in C (%) . CR 2 150 l'IDolll : 15 VS 1,4 and mMA . 23 VS 5,7,while 
blood pressure level (mmHg) is highter : SBP . 151 ± 16 VS 134 ± 10 and pulse 
pressure (PP) : 68 ± 15 VS 58 ± 13 (DBP and MBP-NS).in C renal artery stenosis, 
(RAS) prevalence is important: 28 % (n ~ II) VS 2,9 % (n = 2). as well as other 
severe macroangiopathies (SMAg Total % . 40 VS 10,7 - P < 0,01). Are also different 
(P < 0,01) C VS T age (yr) : 70,8 ± 6,3 VS 67 ± 9,2, diabetes duration (yr) : 15,6 ± 9 
VS 9,7 ± 5, sex ratio (FIM) . 1,2 VS 2,2, retinopathy prevalence (%) . 62.5 VS 41,4. 
RF of the only NIDDM with nephropathy (C- n= 32 VS T- n = 38) is more impaired in 
C (P < 0,01) . CR (!lmol/l) . 139 ± 95 VS 82 ± 30, cl CR (mllmn) 58 ± 34 VS 79 ± 
42, Ma (%) . 28 VS 10, while are highter SBP: 144 ± 14 VS 137 ± 12 and SMAg 
prevalence (44 VS 15 %) especially RAS . 34 % VS 5,3 % 
Conclusion In NIDDM with severe coronaropathy, renal deficiency is frequent 
(83%),important, and often associated with other severe macro-angiopathy, especially 
renal artery stenosis (28%). These results suggest to look at renal arteries during 
coronarography in this population. 

999 
CARDIAC DEATII IN JAPANESE TYPE 2 DIABETIC PAT1ENTS 
DURING END-STAGE RENAL DISEASE TIlERAPY 
A S3to, T. Nakagami, O. Tomonaga, T. Babazono, and Y. Iwamoto, Diabetes 
Center, Tokyo Women's Medical University, Tokyo, Japan 
Aims: The excess mortality in diabetic end-stage renal disease (ESRD) is 
mainly due to cardiovascnlar events. The objective of this study was to 
determine prevalence and prognosis of cardiac disease during ESRD therapy and 
to detect risk factors of cardiac death in diabetic patients entering ~ dialysis. 
Materials and Methods: An inception cohort of 243 consecutive Japanese 
Type 2 diabetic patients with ESRD had echocardiography and clinical 
assessment performed at tbe start of dialysis therapy. We followed 
prospectively 227 patients (159 men, mean age 58 (SD:lD) years), who survived 
6 months after inception of dialysis for a median of 48 months (range:6-117). 
Main outcome measure was cardiac death. Resnlts: At baseline, 53 patients 
(23%) had clinical manifestation of cardiac diseases (coronary artery disease, 
valvular failure, hypertrophic cardiomyopathy). In addition, 155 (89%) patients 
had left ventricnlar hypertrophy in patients without clinical cardiac disease at the 
start of dialysis. During follow-up 109 patients died, and cardiac death was the 
highest event of mortality (40%) in this cohort. Cardiac death occurred more 
frequently in patients with clinical cardiac diseases (relative risk 3.98, p<0.05) 
at baseline. In Cox's proportional hazard model, factors affecting cardiac death 
before 48 months (median survival) were: fractional shortening (hazard ratio 
0.93, 95% CI: 0.88 to 0.98), HbA,o (1.47, 1.11 to 1.94), age (1.07, 1.01 to 
1.12), and male gender (2.73, 0.96 to 7.75) after adjustment for body mass 
index, known diabetic duration, mean arterial blood pressure, left ventricular 
diastolic dimension, wall thickness, serum albumin, and hematocrit. 
Conclnsions: Clinical and echocardiographic cardiac diseases, present at start 
of ESRD therapy, predict cardiac death in Japanese Type 2 diabetic patients. 
Decreased systolic function, metabolic control, and male gender are associated 
with high risks of early cardiac death during dialysis. 
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ANALYSIS OF RISK FACTORS FOR RISE IN SERUM 
CREATININE IN TYPE 2 DIABETES WITH NEPHROPATHY 

M. Higa, E. Kosugi, and K. Nakanishi. 
Department of Medicine, Saiseikai Kanagawa-ken Hospital, 
Yokohama, Japan. 

[.;\lM] To evaluate the risk factors for rise in serum creatinine (S-Cr) in 

type 2 diabetic patients with nephropathy. [METHOD] The subjects were 14 

diabetic patients with overt proteinuria who had a S-Cr value of 1.5 mg/dl 

at the start of the study. They were divided into 2 groups according to the level 
of S-Cr at the third year of the study; 4 patients had a S-Cr level under 1. 6 
mg/dl (NC group), and in 10 patients the Jevel was over 1.7 mg/dl (C group). 

In 2 groups blood pressure (BP), HbAic, lipid, hematocrit (Ht) and serum 
albmnin (Alb) were compared over a 3 year period. [RESULTS] There was 

no significant differences in age, sex, duration of diabetes, method of diabetic 
treatment, and kind of antihypertensive and antilipidemic agent between the 2 

groups. In the C group, systolic BP in the third year was 149.4:t20.9 mmHg, 
which was higher than the NC group (139.0:1: 16.5 mmHg). There was a 
significant decrease in systolic BP during the 3 year period in all patients in 
the N C group, whereas 5 patients in the C group showed elevated systolic BP 

(p<0.01). The HbAlc level at one year before the investigation was 
higher in the C group (9.3 ± 1.3%) than the NC group (7.1 ± 0.6%). 

Triglyceride (TG) levels in the third year were significantly higher in the C 
group (347.9:t 297.4mg/dl) than the NC group (237.4 ± 86.7mg/dl) 
(p<0.05). In multiple regression analysis, the only independent factor 
associated with the rise in S-Cr was HbAlc level. [CONCLUSION] Diabetic 

control, systolic BP and TG level appeared to ilrfluence deterioration in renal 
function in type 2 diabetes with nepirropath}, with diabetic control being the 

most i.mportant factor . 

1002 
SERUM SIALIC ACID CONCENTRATION IN YOUNG INSULIN DEPENDENT 
DIABETES MELLITUS PATIENTS 
A. Szadkowska, M. W. Mirecka, E. Czerniawska and J. Bodalski 
Institute of Paediatrics, Medical University ofLodz, Poland 

Aims: Elevated concentrations of serum sialic acid, a potent cardiovascular risk 
factor in general population, had been found in adults with IDDM especially in 
albmninuric patients. The aim of the study was to estimate the serum sialic acid 
concentration in young patients with IDDM. Materials and Methods: We studied 
54 persons at the age 15-24 years: 21 non-diabetic controls, 32 IDDM patients with 
normoalbuminuria and 12 with incipient nephropathy (UAE 20-200flg/min) matched 
for sex, age and body mass index. Duration of diabetes was 11.5±3. 7 years. Fasting 
blood samples were taken for sialic acid (colorimetric assay), cholesterol, HDL and 
LDL cholesterol, trigliceride, creatinine, glycated haemoglobin, and plasma 
fibrinogen and erythrocyte sedimentation rate. Results: Microalbuininuric patients 
had a higher serum sialic acid concentration (mg/mI) than non-diabetic controls 
(0.6l± 0.16 vs. 0.5±O.07; p<O.OI) and normoalbuininuric patients (0.6l± 0.16 vs. 
0.49±O.14; p<0.05). There was no significant difference between controls and 
normoalbuininuric patients. In the microalbuininuric group sialic acid concentratiou 
correlated significantly with HbAlc (FO.6; p<0.05) and cholesterol (FO.6; p<0.05). 
Comparison between paired group showed that serum trigliceride and cholesterol 
were significantly higher in group with microalbmninuria compared with the 
normoalbuminuric patients and controls. Retrospectively we measured the senun 
sialic acid concentration in frozen 4 years earlier serum of 21 exainined diabetic 
patients who were then normoalbuininuric. 11 patients who became 
microalbuminuric had then higher level of sialic acid concentration than 10 patients 
who remained normoalbuminuric (I.OI±O.4 vs. 0.63±O.2; p<0.05). Conclusion: The 
observations suggest that the serum sialic acid concentration is elevated in diabetic 
patients with microalbuminuria. An increased sialic acid concentration may be 
predictive for onset of microalbuminuria. 
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SODIUM-LITHIUM COUNTERTRANSPORT IS INCREASED IN NORMO
ALBUMINURIC TYPE 1 DIABETES BUT IS NOT ASSOCIATED WITH 
OTHER RISK FACTORS FOR MICROANGIOPATHY 
L.D.Elving, G.Vervoort, J.F.M.Wetzels, J.A.Lutterrnan, P.Smits and J.H.M.Berden. 
Department of Medicine, University Hospital Nijmegen, The Netherlands 
Aims: Increased sodium-lithium countertransport (Na-Li CT) activity has been 
reported to be associated with diabetic nephropathy. The mechanism underlying this 
association is not fully elucidated. Na-Li CT is a genetic marker of esential 
hypertension, linked to insulin-resistance and may reflect Na-H exchange activity. 
We studied the kinetic parameters of Na-Li CT activity in 53 normoalbntninuric type 
I diabetic patients (DP) and 45 matched control subjects (C). Other risk-factors for 
microangiopathy are studied and correlated with Na-Li CT activity. Methods: We 
measured Na-Li CT activity (maximum velocity (V...,j and sodium affinity (Km» 
according to the "Canessa" method. Endothelial function was assessed by infusion of 
acetylcholine. Blood samples were collected for HbAlc, glucose, insulin and lipids. 
Blood pressure was measured intra-arterially. Renal hemodynamics were measured 
by inulinIP AH clearance. Plasma volume was measured by 13\ I -albntnin. Outcomes 
were evaluated in DP by comparing the highest and lowest quartile of V_and Km. 
Results: V m~ was increased in DP (779±265 mmol Li/hr/l and 630±236 in C, p 
<0.01). Km was decreased in DP 64±16 mmol/l vs 76±27 in C, =0.01). 

controls DP DP DP DP 

45 
630±236 
76±27 

13 
1140±152 
68±10 

13 
467±55 
50±16 

13 
857±258 
84±10 

Km low 
13 
558±240 
44±7 

There were no differences between the highest and lowest quartiles of V_or Km 
with respect to blood pressure, renal hemodynamics, AER, plasma volume, 
endothelial function, HbAlc, glucose, insulin and lipid profile. Conclnsion: Na-Li 
CT is increased in uncomplicated type 1 diabetes and characterised by an increase in 
V_and a decrease in Km. The increase in Na-Li CT nor the increase in sodium 
affinity is associated with changes in endothelial function, blood pressure, renal 
hemodynamics or plasma volume. Na-Li CT seems to be an independent risk marker 
of diabetic nephropathy. 
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Nephropathy: Gene Polymorph isms 
1003 
[ACKCF<XNrRlBUfWCFTWOENDOfHEUALNITIU:::.oXJDESYNfHASE(<Nl3)GENE 
PCLYMCRPHISMS TO DlABETI::: NEPHR<l'ATIfY IN TYPE I DIABETES. 
L Wcrl<Hs; S. H$!j; R. 8dIam; Y. Gillis; B. Bo1midc a-d M Mare -Q\ tdill"oftho GENEDIAB 
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ofISl ptiem MIl no I:N (<mtrols)md336 MIl vairus stgs dI:N (QlSI5): 104 MIl irI:ij:iat (l I:N) 126 
MIlCSlllibd(EI:N)a-d I()5M1l~ I:N)di:tl<!icnqiIqldw. FdlOrl'Wstu:k: "" <ndkrl298 
I)pe I di3m:ptiem IlIl:rdq!: ardinic "fir man a1Ixme w.s tho CXIJll1DJ>ofa.m 1MB dfmI iii tho 
~ lim cD>stglotrN to a hijlj..- me. Time to ~ Qr.<S ""'" caIaJlmf using tho K>rb>
MirCSiItm; mdMafdCox k:g.ri<1m w.s use:! fr <DlIpIi= a.m IMB.m: 9IVMi be!\\un ~ 
~: eN:lS 4a'4b w.s d!mnimI ty PeR mdtho GIu29I!A!p ty PeR md lISlidicn MIl IJa1l[ md 
Mx:l. RBdts: Carooltrristu:k: Ihlew.s no <ifml:ein thodismlUim; dlrepJlyrncJrhl<;ms be!\\un tho 
cfifmt I:N ~ ti fr ttmI = O.()5 md 0.02, P = aSl md p=aro, fr eN:lS4ab an Gha98Asp 
~)FdlOrl'Wstu:k:It~25lptiem(8I%)lRInoil'l,35(11%)I .. Hil'I, IS (6"/0) Eil'I, 
a-d6(2%)A IN Mmndlllimaf":llow.qlw.s 6)U1S ~ 2-9} Wefm:lno<ifml:efr.m IMB.m: 
,..ma~toeN:lS 4a'4b ~ 295) crGha98Asp ~ (kW<rl< t = 0.45, md 262, p = 

a$mdp=a"lJ,~~·~~ __ ~~~~ ____ ~ __ ~~~~~~~ 
ea.e.mlrolslud n 0 

I.DN E.DN 
trn4 lb 78 (/5.0) 91 (/28) 

In 25Q;1.0) 32(25.6) 
III I 1.0 2 I. 

Conclusion: These results do not support the hypothesis that 
polymorphisms contribute to susceptibility of ON in type I diabetes. 
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Endothelin-1 (ET -1) gene Bsl I polymorphism is associated with the 
development of diabetic nephropathy in patients with type 2 diabetes 

W. Saucha, B. Skwarna, M. Zychma, E. Zukowska-Szczechowska, w. Grzeszczak 
Department of Internal Medicine and Diabetology, Zabrze, Poland 

Results of studies on the role of endothelins in the pathogenesis of essential hypertension 
are conflicting. On the other hand, endothelin receptor agonists seem to ameliorate 
proteinuria in animal models of diabetic kidney disease. Thus, polymorphisms in the 
"endothelin system" (endothelins and endothelin receptors) are plausible candidates for the 
genetic component of the predisposition to diabetic nephropathy. 
The aim of this study was to investigate the association between ET-I gene polymorphism 
and nephropathy in type 2 diabetic patients. Material and methods. The protocol included 
373 lmrelated type 2 diabetic subjects selected from a group of 941 patients. TIle group 
consisted of subjects with renal status established according to albnmin to creatinine ratio. 
Patients were divided into 3 groups. 112 (all available samples) subjects with proteinmia, 
and random samples of normoalbucninuric and microalbuminuric patients, n=135 and 
n=126, respectively (normoalbuminuric patients with known diabetes dmation of at least 
\0 years formed the control group). All patients were Caucasians, inhabitants of the same 
city and attendants of the same diabetic clinic at the time of examination. DNA was 
obtained !i·om peripheral blood leukocytes. The polymorphism was determined by 
polymerase chain reaction and restriction fragment length protocol nsing Bsl I 
endonuclease. 

Genotype Normoalbuminmia Microalburninuria Proteinuria 
n-135 n=126 n=1I2 

l.l 63 (46.67 %) 63 (50.0 %) 56 (50 %) 
1.2 61 (45.18 %) 54 (42.S6 %) 37 (33,04 %) 
2.2 II C8.15 %) 9 C7.14 %) 1911696 %) 

Results. We observe significant difference in genotype distribution between the 
investigated groups: the 2.2 genotype was found to be significantly more frequent among 
proteinuric cases, when compared to patients with microalbuminuria, as well as to 
normoalbuminuric controls (chi' test p<0.05), but with no difference between normo- and 
microalburninuric patients. Conclusions. Results may suggest the role of ET-I 
polymorphism in the predisposition to more advanced stages of nephropathy (clinically 
manifested as overt proteinuria) in type 2 diabetic patients. 

1004 
A HUMAN INDUCIBLE NITRIC OXIDE SYNTHASE (iNOS) PENTA-REPEAT PROMOTER 
POLYMORPHISM CONFERS LOW RISK OF DIABETIC NEPHROPATHY IN 100M 
J. Johannesen, L. Tarnow, H.-H. Parving, J. Nerup and F. Pociol. Steno Diabetes Center, 
Gentofte, Denmark 

In the pathogenesis of diabetic nephropathy nitric oxide (NO) has been proposed to induce 
glomerular hyperfiltration characteristic for early stage of diabetic nephropathy. In the later 
stages of diabetic nephropathy, endothelial damage due to the accumulation of advanced glu
cosylation end-products (AGEs) may inactivate NO with a subsequent decrease in glomerular 
function. iNOS has been identified in glomerular mesangial cells, vascular smooth muscle cells 
and vascular endothelial cells. Recently, a penta-repeat polymorphism (CCTn)" within the 
human iNOS promoter was identified. One of the alleles (14 repeats, A14) was suggested to 
confer low risk of diabetic retinopathy in a mixed NIDDM and IDDM population. Furthermore, in 
a promoter activity assay the same allele correlated with an increased promoter aCTIvity as 
compared with other alleles. In an assay using radioactive PCR amplification of the polymor
phism, followed by PAGE, we tested for this polymorphism in a large IDDM population with 
overt diabetic nephropathy (n;358; M/F: 213/145; UAE: 614 (10·14.545 mgl24hrs.); duration: 
28 ± 8 years) and in a matched IDDM population with persistent normoalbuminuria (n;193; 
M/F: 119/74; UAE: 10 (1-30 mgl24hrs.); duration: 27 ± 8 years). In total 10 alleles were identi
fied. No significant difference in distribution of alleles was observed comparing IDDM patients 
with or without diabetic nephropathy (Chi-square: 14.51, df: 9; p;O,11). The A 14 allele fre
quency was significantly lower in the nephropathy group, 0.05 vs 0.09 in patients with normoal
buminuria (Chi-square: 6.00, df: 1; p;O,01). The OR for nephropathy in IDDM patients carrying 
the A14 allele is 0.54 (95% CI: 0.32 - 0.89). Comparing the overall allele distribution and the 
frequency of A 14 in IDDM patient with or without nephropathy stratified for status of retinopathy 
(nihil, simplex, proliferative) no differences were observed. In conclusion, the A14 allele in the 
penta-repeat polymorphism of the human iNOS promoter region is associated with low risk of 
diabetic nephropathy in Caucasian IDDM patients. We could nol confirm previous association 
between this polymorphism and another microvascular complication: diabetic retinopathy 

1006 
Pm. YMORPI-ITSMS IN TIlE GENES ENCODlNG FOR BRADYKININ RECEPTORS IX) NOT 

COt.'1RIDUTE TO TIlE INCREASED RISK OF NEPHROPATHY IN TYPE 2 DIABETIC PA TlENTS 
W Grzeszczak M J Zychma, E Zukowska-Szczechowska 
Dept. of Intern. Med. and Diabetology, Silesian School of Medicine, Zabrze, Poland 

Aim: Kinins acting via specific receptors - B 1 R and B2R constitute a vascular system 
regulating blood pressure and local hemodynanlics, and modulate tissue inflammatOlY response 
and cell proliferation. Recent findings suggested a nephroprotective role of kinin peptides; it 
was also pointed, that beneficial effect of ACE-inhibitors is in part a result of their ability to 
potentiate kinin activity. Case-control as well as family based comparisons have shown a non
specific, protective effect of B IR gene promoter G-699C polymorphism, and possibly. B2R 
exon 2 C lSI T polymorphism against the development of chronic renal failure in the course of 
glomeru1ar or tubulo-interstitial diseases. However, the role of these polymorphism' in the 
predisposition to different stages of diabetic nephropathy remains to be determined. Meterials 
and MetilOds In this study, BIR gene promoter G-699C and B2R exen 2 CI81T 
polymorphisms were genotyped in type 2 diabetic patients with renal status determined 
according to measurements of urinary albumin/creatinine ratio, serum creatinine concentration 
and a review of medical records: 153 patients with microalbuminuria, 109 with overt 
nephropathy (anlong them 49 with raised serum creatinine). and a control group ofl61 patients 
with normoalbuminuria and diabetes duration;" 10 yr'. Result'!: We observed no significant 
differences (X' test) in the distributions of the examined polymorphisms between the study 
groups When patients with raised serum creatinine levels were analysed separately. 
surprisingly, a tendency towards higher frequency ofBIR GC and CC 'protectiVe" genotypes 
was observed (34.7%, p='O.06 vs. normoalbuminuria), most likely due to a random distortion in 
a small samole size 

norma micro overt 
B I R promoter G-699C % % % 

GG 783 78.4 74.3 
GC+CC 'protective' 21.7 216 25.7 

I B2Rexon2 CI8IT 0' %, % Yo 

CC 871 83.9 88.2 
CT+TT protective' 129 16.1 11.8 

ConclUSIons. These data may suggest, that kalhkrem - kinm system, and bradykillln receptor 
polymorphisms are not one of the key mechanisms leading to renal damage in tile course of 
type 2 diabetes -



1007 
POLYMORPHISM IN THE 5'-END OF THE ALDOSE REDUcrASE GENE IN 
DIABETIC ADOLESCENTS AND YOUNG ADULTS WIlli MICROALBUM!NURIA. 
J.Nazim', H.Dziatkowiak', M.Sanak2

, G.Cieslik3 'Polish-American Children's 
Hospital, 'Department of Medicine, Jagiellonian University School of Medicine, 
3Yoivodship Diabetic Outpatient Department, Krakow, Poland 

Aim: to investigate the genetic risk factor for the development of diabetic 
nephropathy early in the course of type I diabetes. Materials and Methods: DNA 
was isolated from 63 patients aged 13.5-27 years with type 1 diabetes from 8.3-21.5 
years and 47 healthy controls. (OT), dinucleotide repeat polymorphic marker in the 
5' -end of the aldose reductase gene was determined using PCR based acrylamide gel 
electrophoresis genotyping. Results: 9 allele were identified in the group of patients 
(Z-IO to Z+6). A higher frequency of the Z-2 allele was found in the group with 
persistent microalbuminuria (PMA) (n=8) compared with two other groups of 
patients with normoalbuminuria (NA) (n=4l) and intermittent microalbuminuria 
(IMA) (n=14), and with controls (C), (PMA-62.5%, IMA-39.3%, NA-43.9%, C-
18.1%). The PMA group had also the increased frequency of Z-2/Z-2 genotype in 
comparison with the other groups (PMA-37.5%, NA-2.4%, IMA-O%, C-O%). Three 
adolescents with microalbuminuria of early onset (below 10 years of diabetes) and 
rapid progression were homozygotes for Z-2 allele. Conclusions: These preliminary 
results suggest that aldose reductase gene may be involved in the susceptibility to 
early development of diabetic nephropathy. 

1009 
MITOCHONDRIAL GENOTYPE SUSCEPTIBLE TO TYPE 1 DIABETES 
PREDISPOSES PATIENTS TO DEVELOP DIABETIC NEPHROPATHY 
Y Uchigata, J Miura, T Okada, J-S Gong, J Zhang, M Tanaka, and Y Iwamoto. 

Diabetes Center, Tokyo Women's Medical University School of Medicine, Dept. 
Pediatrics, Kochi Medical School, and Gifu International Institute of Biotechnology, 

Japan 
Oxidative stress by infiltrating inflammatory cells plays an essential role in the 

destruction of pancreatic j3 cells in type 1 diabetes mellitus and continuous hyper
glycemia induces generation of reactive oxygen species leading to diabetic vascular 
complications. Mt5178A genotype was reported as one of the longevity genotypes and 

is suggested to be more resistant than Mt5178C genotype against oxygen radicals. To 
examine whether or not this polymorphism influences development of type 1 or type 2 

diabetes and its diabetic complications, we analyzed the frequencies of MtS178N 
Mt5178C by PCR-RFLP withA/u I in 385 type 1 diabetic patients selected randomly 
among follow-up patient and 687 type 2 diabetic patients recruited randomly from out
patients for 2 days in our Diabetes Center. The frequency of MtS178C in 385 type 1 
patients was significantly higher than that of 163 healthy control who had normal 

glucose and lipid metabolism (p=0.03, Odds ratio 1.52, 95%CI 1.04-2.22). In the 116 

type 1 patients with diabetic duration of more than 20 years, the MtS178C frequency 

in Nephropathy group (UAE : first morning urinary albumin exc1'etion > 12 mg/gCr) 

was statistically higher than that in No Nephropathy group (UAE~ 12 mg/gCr) 

(p=0.004, Odds ratio 3.25, 95%CI 1.49-7.09). There were no differences in the 

Mt5178NMtS178C frequency between three retinopathy stages in these patients. On 

the other hand, the frequency of MtS178C in type 2 patients was not significantly 

higher than healthy control. The life table analysis with respect to the onset age of type 

2 patients showed no significant difference between 2 genotype groups. The analysis 

with respect to development of proliferative retinopathy and persistent proteinuria 

showed that the frequency of MtS178C increased more than that of MtS178A within 

around 15 year diabetic duration, which was not significant. These results suggest that 

Mt5178C is susceptible to type 1 diabetes and IDDM patients with Mt5178C are more 

predisposed to diabetic nephropathy than those with Mt5178A. 
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POLYMORPHISM SCAl OF THE ATRIAL NATRIURETIC PEPTIDE GENE, 
DIABETIC NEPHROPATHY AND HYPERTENSION IN TYPE I DIABETES. 
M. Nannipieri, G. C. Viberti 0, S. De Cosmo#, V. Trischitta#, G. ?iras# and E. 
Ferrannini. Department of Internal Medicine, University of Pisa, Italy. °Guy's 
Hospital, London, UK, and #S.Oiovanni Rotondo Hospital, Foggia, Italy. 
Aim: Development of diabetic nephropathy (DN) seems to be partially under genetic 

control. Atrial natriuretic peptide (ANI, jointly affects kidney function and blood 

pressure homeostasis, and might be involved in the susceptibility to DN and 

hypertension (HT). We evaluated the relationship between the Seal polymorphism of 
the AN? gene and DN and HT in type 1 diabetic patients. Materials and Methods: A 

fragment of 133 bp of the hANP gene was amplified by polymerase chain reaction 

(primers: sense, 2158-2185; antisense, 2330-2349 of published sequence). Allele 

frequencies of this polymorphism were studied by RFLP analysis with Seal enzyme. 

~: Of 635 type I patients, 116 had microalbuminuria OlA) and 115 had 

established DN; 58 healthy controls (C) were included. In the whole type I cohort, 

the wild (A2) and mutated (AI) alleles had frequencies of 0.73 and 0.27, and 

genotypes were in Hardy-Weinberg equilibrium. Allele frequencies (A2 vs At) were 
0.82 and 0.18 in normoalbuminuric patients (NA); 0.89 and O. I I in 1lA; 0.94 and 

0.06 in DN, and 0.80 and 0.20 in C (p<O.OOOl for the difference between DN and the 

other groups). This difference persisted when the analysis was restricted to the 

patients with diabetes duration >15 years (p=O.OOI). Moreover, alleles A2 and Al 

were 0.82 and 0.18 in normotensive and 0.91 and 0.09 in hypertensive patients 

(p=O.OOO I). While no differences were found in the distribution of the two alleles 

according to HT in subjects with DN, Al allele frequencies were 0.07 and 0.13 in NA 

patients with and without HT, respectively (p<O.004). These results were confirmed 
in NA with long diabetes duration. Conclusions: In type 1 diabetic patients, the A l 

allele of AN? gene is significantly less frequent in patients with DN. Moreover, in 

NA subjects the A l allele is less frequent in the presence of HT. Thus, this 

polymorphism may playa role in protecting type I diabetic patients against kidney 

disease and hypertension. 

1010 
Role of PC-1 gene polymorphism (K121Q) in the progression of renal 
disease in type 1 diabetic patients. 
A. Argiolas, S. De Cosmo. L Zucaro, S. BaCCi, G. Miscio, M. ThomasM, GC 
VibertiM , GP Piraso, R. Trevisan', P. Cavallo Perin§, V. Tassi and V. 
TtischiUa. 
Place: Division of Endocrinology IRCCS, CSS San Giovanni Rotondo, 'Unit 
for Metabolic Medicine, Hospital Brotzu, Cagliari, 'Chair of Metabolic 
Medicine, University of Padoa, §Chair of Intemal Medicine, University of 
Turin, Italy and MUnit for Metabolic Medicine, GKT School of Medicine, 
Guy's Hospital, London, UK. 
Environmental and genetic factors are both involved in the progression of 
diabetic nephropathy (DN). Insulin resistance is associated with diabetic 
nephropathy and is present in non-diabetic parents of type 1 diabetic 
patients. PC-1 glycoprotein interferes with insulin action and we have 
recently desctibed a polymorphism of its gene (K121Q) which is associated 
with insulin resistance in the general population. Because of this 
observation, we have examined the relationship between this novel 
polymorphism of PC-1 and progression of DN in type 1 diabetic patients. In 
seventy-seven type 1 diabetic patients with DN followed prospectively for 
an average of 7 yrs (range: 2,5-19) with six monthly measurements of 
creatinine clearance (CrCl)(Cockrofi formula) we compared the rate of CrCl 
decline according to the PC-1 genotype (KK n=55 vs KQ+QQ n=22). Gene 
polymorph isms were determined by PCR. The average rate of decline of 
CrCl was 5.8±4 mllmin/yrs. Patients with the genotype PC-1 KK showed a 
slower rate of disease progression (KK: 5.1±5 vs KQ+QQ: 7.3±4 
mllmin/year p<O.05). The effect of the PC-1 genotype was independent by 
known environmental promoters of progression of DN such as blood 
glucose and blood pressure control. In conclusion the candidate gene 
examined in this study is associated with the progression of DN. PC-1 
genotyping may be, therefore, useful for identifying type 1 diabetic patients 
at risk of rapidly development of end stage renal failure. 
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PS85 
Nephropathy: Morphology and ACE 
genes 
1011 
GLOMERULAR ULTRASTRUCTURE IN TYPE 1 DIABETES. 
P Fioretto, M Mauer, I Barzon, M Dalla Vestra, E BortolO5O, A Saller, R Nosadini 
and G Crepaldi. University of Pad ova, Italy and of Minnesota, MN, USA. 
Ultrastructural measures of glomerular lesions are related to renal dysfunction in type 
I diabetes (DI) but much less is known on these relationships in type 2 diabetes (D2). 
Aims.: to evaluate glomerular structure in D2. ~: we performed kidney biopsy 
and renal function studies in 73 D2 pts: 49 had albumin excretion rate (AER) 20-200 
(microalbuminuria-MA) and 24 >200 (proteinuria-P). The structural data were 
compared to those of 27 normal age matched kidney donors (C) and 64 D 1: 22 had 
MA and 42 P. Electron microscopic morphometric analysis was used to estimate 
glomerular basement membrane (GBM) width and mesangial [Vv(mes/ glom)], 
matrix [Vv(MMIglom)) and cell [Vv(MC/glom») volume fractions. ~ Known 
D2 duration was longer in P than MA (l6±6 vs 11±6 yrs, p<.OO5) while age, HbAlc 
(8.4±1.6 in MA and 8.9±1.5% in P) and GFR (l01±29 mllmin11.73 m2 in MA and 
92±35 in P) were similar in the 2 groups. All stmctural parameters were abnormal in 
MA [GBM width: 432±102 run, C: 310±38, p<.OOI; Vv(meslglom): .26±.06, C: 
.19±.03, p<.OOI; Vv(MM/glom): .13±.04, C:.09±.02, p<.OI, except for 
Vv(MC/glom): .09±.03, C: .09±.02, ns). Glomerular lesions were more advanced in P 
than in MA [GBM width: 557±120, p<.001; Vv(mes/glom): .33±.lO, p<.002; 
Vv(MM/glom): .17±.06, p<.005; Vv(MC/glom): .11±.04, p<.05). Log AER was 
directly related to GBM width (r.40, p<.OOI), Vv(mes/glom) (r.36, p<.005), 
Vv(MMIglom) (r.34, p<.OO5), Vv(MC/glom) (r.23, p<.05). GFR was inversely related 
to Vv(meslglom) (r.49, p<.OOI), Vv(MM/glom) (r.46, p<.OOI), Vv(MC/glom) (r.38, 
p<.OOI) but not to GBM. Although these structural/functional relationships were 
significant in D2 they were imprecise and less strong than in D I. This was explained 
by a significant proportion of D2 pts with MA and P having normal glomerular 
parameters: indeed more D2 than DI pts with MA had normal Vv(meslglom) values 
[22/49 (49%) D2 vs 1122 (4.5%), Chi-square, p<.OOI). Similarly more D2 than Dl pts 
with P had normal Vv(mes/glom) [7/24 (29%) in D2 vs 0/42 in DI, Chi-square 
p<.OOI). Conclusjons' I) All structural parametes are related to AER while only 
Vv(mes/glom) and its components are related to GFR. Thus, in D2 as in DI 
mesangial expansion is a crucial structural change, leading to loss of renal function. 2) 
Glomerular lesions are less advanced in D2 than in D I pts and a substantial number of 
D2 pts have normal glomemlar structure despite MA or P. This is in agreement with 
our light microscopy studies demonstrating that a proportion of D2 pts have more 
advanced tubnlo-interstitial and vascnlar than glomemlar lesions. 

1013 
THE CAUSES OF ALBUMINURIA IN CAUCASIAN NIDDM PA
TIENTS WITHOUT DIABETIC RETINOPATHY 
PK Christensen1, Sv larsen2, T Horn2, S OIsen2 and H.·H. Parving1, 1Steno Diabetes 
Center, Gentofte, 2Department of Pathology, Herlev hospital, Herlev, Denmark. 
Aims: To evaluate the causes of albuminuria in NIDDM patients without retinopathy. 
Materials and Methods: 347 consecutive NIDDM patients with persistent albuminuria 
I> 300 mg/24 h) was recorded. Fundus photo 180%) and ophthalmoscopy was perfor· 
med. 93 127%) had no retinopathy and a kidney biopsy was performed in 52 156%) of 
these patients. The biopsies were evaluated by light, electron and immunofluorescent 
microscopy by three masked nephropathologists. Patients were not referred for a kidney 
biopsy if; contra indications In-13, 14%), or albuminuria < 1 g/24 h In-15, 16%) or if 
the age was > 65 years In - 7, 8%). The remaining 6 (6%) did not want to participate. 
Results: The biopsy revealed diffuse and/or nodular diabetic glomerulosclerosis in 69% 
of the patients 128 male/7 female), while the remaining 31% 113 male/3 female) had non· 
diabetic glomerulopathies, such as; different types of glomerulonephritis (n-7, 13%) and 
normal or near normal glomerular structure In - 9, 18%). Baseline was defined as the time 
of first GFR measurement. The interval between known onset of persistent albuminuria 
and first GFR measurement was 1 10·6) vs 1.5 (0·6) years, median Irange) in patients 
with and without diabetic glomerulosclerosis, respectively. At baseline we found no signi· 
ficant difference in sex, age 56 (8) vs 53 (10) years, mean (SD), body mass index 30 (4) 

vs 31 (8) kg/m2, known duration of diabetes 616) vs 4 (3) years, GFR 95 (29) vs 89131) 

ml/min/1.73 m2 , albuminuria 1304 (169-4731) vs 1050 (181·5176) mg/24 h, blood 
pressure 150/87 (16)119) vs 145/89 116)119) mm Hg, prevalence of hypertension 89 vs 
100 %, haemoglobin Alc 8.2 (1.6) vs 9.0 (2.5) % and serum total cholesterol 7.1 (2.4) vs 

6.3 (1.6) mmol/I, between patients with and without diabetic glomerulosclerosis. 
Conclusion: Albuminuric NIDDM patients without retinopathy require further evaluation, 
that is, kidney biopsy, since the chance for a non·diabetic glomerulopathy is approxima' 
tely 30%. A separation between the two main types of glomerular lesion was not possi· 
ble based on demographic or clinical nor laboratory data. 

1012 
RENAL BIOPSY IN PROTEINURIC TYPE-l DIABETIC PATffiNTS 
ZA Latif. MG Kibriya and MA Sayeed. BIRDEM, Dhaka, Bangladesh. 
Background: In type2 diabetes (DM), detection of non-diabetic glomerular disease 
(NDGD) is important from therapeutic point of view. Aim: To identifY the 
proteinuric type-2 DM patients at greater risk of having NDGD and thus requiring 
renal biopsy. Materials & Methods: Patients with Type-2 DM irrespective of 
duration, proteinuria >~ 1.5 gm/24 hr. without urinary infection or heart failure. 
preserved and symmetrical kidney size with either "absense of diabetic retinopathy 
(DR)" or "presence of erythrocyturia" were considered. Total 46 patients (m~25, 
f=21) of mean (±SD) age 54.4±8.04 years with known diabetic duration of 9.17± 
6.26 years had ultrasound guided renal biopsy during the period of July 1995 to 
June 1997. Results: Clinico-morphological associations are shown below: 
Biopsv D.Retinopathy Ervthrocyturia Hypertension Proteinuria 

n -ve +Ve -ve +Ve -ve +Ve (gm/day) 
DN 19 16 16 16 6.9± 2.1 
NDGD 27 22 14 13 24 4.9±2.9 
Positive predictive value (pPy), negative predictive value (NPV), sensitivity (SEN) 
and specificity (SPEC) of "absence of DR" (diagnostic accuracy 82.6%, p<O.OOI) 
and "<-7yr of diabetic duration" (diagnostic accuracy 71.73%, p~0.004) for 
NDGD are shown below: 

Criteria "D.Retinopathv-ve" Criteria IIDuration ofDM<=7yr" 
For all patients male female For all patients male female 

PPV (%) 88.0 66.6 100.0 85.0 83.3 85.7 
NPV (%) 76.2 81.3 60.0 61.5 78.9 14.3 
SEN (%) 81.5 66.6 88.8 62.9 55.5 66.6 
SPEC (%) 84.2 81.2 100.0 84.2 93.7 33.3 
Logistic regression also confirmed the independent association of "absence of DR" 
(p-0.0006) and appearance of proteinuria "within 7 years of diabetic duration" with 
presence of NDGD in Type-II DM. Conclusion: Renal biopsy is strongly 
reccmmended in type-2 DM if proteinuria appears without appearance of diabetic 
retinopathy or within 7 years of known diabetes onset. 

1014 
THE ROlE OF MACROVASCULAR DISEASE IN THE PATHOGENESIS OF 
RENALDAMAGElNTYPE2DIABEIICPATlENTS. 
ASaIler,MDaIIaV~G.Bombooaro,D.Sacadoti,Manesura-Corona,AMarangon, 

P Fi<xetto, G.Crepddi, RNooadinilJnivelsi1y offidJva, Italy. 
Type2 diOOeiicpW11s(D)with1lli=l1lunimia(MA) Jm.e ~nm1 ~ Q1ly 
-3O"1oofMAD Jm.efMJia!ldiOOeiic~(QI), VIbiIe-3O"1oJm.ereocnoonaI!IDldure 
(C1) er awical jBIt'Ins of iI]juty (0lI) with nxxe SIM're tuIJuIo.in1t:J: mer VlSlIbr 11m 
gl.amula'dmg;s (-3O"/o} !tis pc6'libIe1hat~ JeSro; ald!lllall kidney si2e ae We 
1o~. Ams: 10 ewluaetretdeof~ in ~ nmI Iesirns. 
Medtods: we ~ 41 D 56±7 yrs cdd(pral±SD) with!mlll1 creaitDl <2Jqifdl ald 0Cn:mJaI 
all:.umin exaelicni3e(AER+) (2().(i628~)ald 9noona\ ~ (N) 4J±ol6 yrs. cddIn all J*; 
we ewhBOO: AER, gkm:n»a' fiItrmm i3e (GFR) ~ pam. deaan: of 51 Q-EDfA, renaI 
bloodflow(RBF)~deaan:0f99TcMAG3ald~kidneyticp>y1irligtttniaumpy. 

KidooyVlllutre(KV:) aOO ta3io1iveiOOeK(Rl) ooin1alchr'renaIataies \\Ue tnea9.Il1rl ~ nwa
~. In II J*;we~renaI~usiq;a!lXXe!o)'!Rm (040)10 ooaIys! dian 
ald iOOiIai (pmilima\)!igps ofV<Sllla' Iesirns. Reildfi' 16(39'10) J*; \\Ue aIlocairl irID CI, 
13(31.7%) in ClI axI12(293%) in an. AgJ:: aldHbAlc\\Ue simila"in tre 3 ~ VIbiIe krxl\m 
D<kmirn. wa;~ina 11m in ClIaldan (7.7±7.8vs 14.3±8.5, 126±7.4 yrs, p<.05). M<m 
bIood~wa;Joo.ve:inN 1IminD (91±7 vs 105±8, 106±8, 1007, mmHg. p<.005) ald 
simila"in tre3 ~ofD. GFR wa;higberin a 11m in ClI (1~5 vs 87114, nilininI1.73m2, 
p<.05) aldinmnxliaein an(94±37, ns). RBFwa;higberin a 11m in ClI ald an (51&162 vs 
4:25o@,409±145,nilininI1.73m2,p<.05)withmdifiimresbet\\wJ.ClIaldan.ADDhOOKV 
higber1lmN (311±79, 339±64, 295±42 vs21986, m111.73m2, p<.005); ax! mDll D ~ 
an mled 10 Jm.e &IlIiIer kidooys(IRl.06). RBFIml ofKV wa;high;rin a 11m in ClI aldan 
(1.9ID.5 vs 1.5±0.4, 1.5±0.5, m1lnin'!:n1, p<.05) witIru difiimres bet\\wJ. ClI aOO an. RI \\Ue 
higberinD1IminN (RI: .7±.1, .7±.1, .7±.1 vs .6±.04, p<.(05) ald 11= wa;m diJIimK:e bet\\wJ. 
tre 3 ~ ofD. ~ !lXXe wa; gn:mr in ClI ald an 11m in a (10.5±2.1, 9.5±2 vs 
5±2.3, p<.05) wiIInt difiimres bet\\wJ. ClI aOO an. RBF wa; itMI!dy reIaOO 10 tre 
~!lXXe(F.83,p<.05}~ 1)~aldiocreasOORIaep-esertinaIl 
D with AER+; mDll D, tOOse in an ml 10 Jm.e &IlIiIer kidooys 2) Lowo;r RBFIml ofKV ald 
higber ~ s:m; ldb. ~ of~, ae ohaved in D with fMJia!l 
diOOeiic gIcrnruIqxihy(ClI)aldaypiQinmiJeSro;(CIH), lxtnctin ~in a 



1015 
INFLUENCE OF INSERTIONIDELETION POLYMORPHISM IN THE 
ANGIOTENSIN CONVERTING ENZVME GENE ON THE PROGRESSION OF 
DIABETIC GLOMERULOPA1HY IN IDDM PATIENTS WITII 
MICROALBUMINURJA. 
Rudberg SI, Rasmussen L2, Bangstad H-I', Osrterby R'. 'Dept of Woman and Child 
HeaJth, Karolinska Institote, Stockholm, Sweden, 2Lab for Molecular Patholgy and 
'Electron Microscopy Lab, Aarhus University Hospital, Denmark, 'Dept of 
Pediatrics, UllevaJ University Hospital, Oslo, Norway 
Aim: To investigate the influence of ACE-gene I/D polymorphism and its 
interaction with antihypertensive treatment (AHT) on the progression of diabetic 
glomerulopathy. 
Methods: Thirty patients > 15 years old, with IDDM duration> 5 years and 
persistant microalbuminuria > 15 uglmin had renal biopsies taken at baseline and 
after 26-48 months offollow-up. Thirteenl30 patients (4 with II-genotype and 9 
with ID+DD-geno(ypes) had been randomised to AHT (either enalapril or 
metoprolol) during stody. ACE-genotype was determined by PCR Glomerular 
structoral changes were measured by stereological methods. 
Results: Eight patients had 11-, 19 ID-, and 3 patients DD-genotype. Basement 
membrane thickness (BMT), matrix star volume and overall diabetic 
glomerulopathy index (index DGP) were increased over stody period in patients 
with ID+DD-geno(ypes only (p<0.001, p=0.01 and p<0.001 respectively). In 
patients with ID+DD-genotypes progression of BMT and index DGP were 
increased in those without as compared to those with antihypertensive treatment 
(p<0.001 and p=0.02 respectively.) In multivariate analysis ACE-genotype, AHT 
and mean HbAlc had an independent influence on progression ofBMT (p=0.02, 
p=O.OI and p<O.OOI respectively). When including an interaction term ACE
genotype by AHT, this variable and stody mean HbAlc had significant influences 
on progression ofBMT (p<O.OOI). The same was true when index DGP was the 
dependent variable (p=0.01). 
Conciusion:Young IDDM patients with microalbuminuria carrying the D-allele 
have an increased progression of diabetic glomerulopathy. An interaction between 
this allele and abscens of antihypertensive treatment seems to be present. Our data 
need to be confirmed in large scale stodies. 

1017 
ANGIOTENSIN CONVERTING ENZYME GENE lID POLYMORPHISM AND DIABETIC 
NEPHROPATHY IN IDDM CHILDREN AND ADOLESCENTS. 
Kotova AK. Kuraeva TL, Mishina II, Gorashko NM, Nosicov VV, Petercova VA. 
Endocrinological Research Center, Moscow, Russia. 
Aims: to study association between 110 polymorphism of the angiotensin-converting 
enzyme (ACE) gene and diabetic nephropathy (ON) in children and adolescents with 
100M. Materials and methods: In order to enlarge the difference between ON «case» 
and ON «control» phenotypes the DN«case» group were formed of 100M children and 
adolescents with early (leSS then 10 years after the diagnosis onset of ON (8,5+1,4) 
(mean+stdev)) and DN«control» group was formed of those, who had no signs of ON 
and diabetic retinopathy after 10 years of 100M (11,8+1,4). Groups didn't differ by 
age (15,7+2,5) and sex. Results: the clinical characteristics of the groups and data of 
ACEllenotvpino are oiven in table 1. 

ON «case», n=42 ON «control», n-30 p 
Insulin dose, IU/ko 0,98+0.26 0,88+0,24 0,05 
SBPIDBP, mmHo 122,2+ 12,2/79,8+1 0 112,8+122/74,8+6,6 0,002/0,01 
Heioht SDS -1,02+1,5 -0,3+1,3 0,02 
Retinopathy 86% 0% 
Cataract 23,3% 0% 0,0004 
Limited Joint Mobility 37,2% 20% 0,05 
Delayed puberty and 23,2% 6,6% 0,02 
short stature 
Diabetic neuropathy 97,7% 90% 0,1 
Necrobiosis lipoidica 6,9% 0% 0,04 
II 12,8% 41,6% 0,008 
ID 61,5% 25% 0,003 
DD 25,6% 33,3% 0,7 
liD 43,5%/56,4% 54,2%/45,8% 0,12 
IID 43,5%/564% 54,2'%145,8% I 0.12 

ConclUSion. ON «case» group has more speCifiC and nonspecific diabetiC 
complications and higher HBA 1. That confirm the major role of increased glycaemia 
on early development of complications of 100M. But lID genotype of ACE gene and its 
influence on RAS system activity is seemed to play some role in DN pathogenesis 
where II genotype contribute to protection from early DN development in children and 
adolescents. 
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ANGIOlENSIN I-CONVERTING ENZThffi (ACE) GENE 

POLYMORPHISM AND RESPONSE TO ENZThffi INHIBmON. 
G.ISivous', E.P.Kasatkina', L.M.DemuroV', VVNosikoV'. 'Russian Academy 
for Advanced Medical Education, 2National Research Centre "GosNII 
Genetika," Moscow, Russia. 

Resenlly, an incertion deletion (lID) polymorphism of the gene ACE was 
shown to accolUlt fur 44% of the interindividual variability of plasma ACE levels. 
DD genotype is associated with higher plasma ACE levels and therefore a higher 
activity of the intrarenal renin - angiotensin system. We studied influence of the 
insertion/deletion (lID) gene ACE polymor-phism on antiproteinuric effect of two 
ACE inhibitors - ENALAPRIL in dosage of 5 or 10 mg/24 and RAMll'RIL in dosage 
of2,5 or 5 mg/24 - in yOlUlg patients (ranged in age from 11 to 21, duration of 
the disease from 2 to 18 years) with diabetic nephropathy. 57 patients was with 
microalbuminuria and II ones with proteinuria All the patients had normal 
blood pressure (BP) level. Creatinin and urea levels were normal. Glycolized 
hemo-g1obin HbAI and albuminuria levels were detennined by standard 
methods, lID gene ACE polymorphism analysis was performed by isolating 
DNA from peri-pheral blood cells using polymerase chain reaction technique. 
The therapy was continued from 12 to 36 weeks depending on achievement of 
normal albuminuria level. Reliable difference between the antiproteinuric effect 
of the enalapril and ramipril was not observed Hypotensive effect of therapy 
was developed only as tendency fur decrease of the BP levels. Regression analy
sis had shown up: Antiproteinuric effect was reached in II genotype patients at 
minirmun duration of the treatment and it depended on the rate of the compen
sation of the carbobydrate metabolism. More prolonged therapy was required for 
reaching the antiproteinuric effect in patients with ID genotype. The effectiveness 
of drugs decreased significantly in DD genotype patients independently on the 
duration of the treatment and the rate of the compensation of the diabetes. Thus, 
intetference between the antiproteinuric effect of ACE inhibitors, the quality of 
metabolic control and the ID gene ACE polymorphism was observed. 

1018 
CONTRIBUTION OF ANGIOTENSIN I CONVERTING ENZYME lID 
POLYMORPHISM TO THE DEVELOPMENT AND PROGRESSION OF 
NEPHROPATHY IN TYPE I DIABETES. 
S. Hadjadj; R. Belloum; Y. Gallois; B. Bouhanick; G. Berrot; L. Weekers; F. Alhenc
Gelas * and M. Marre - Centre Hospitalier Universitaire, 49033 ANGERS cedex I -
*INSERM U 367, PARIS - FRANCE 
Aim: To prospectively analyze the role of the lID polymorphism of the angiotensin I 
converting enzyme (ACE) gene for the progression and development of diabetic 
nephropathy (DN). Patients and methods: From 1989 to 1996, we enrolled in a 
prospective folllow-up study 310 type I diabetic patients attending our clinic (age at 
disease onset< 40 years; diabetes duration>2 years; age 34 +1- 13 yr (m +/- SD) and 
sex ratio 0.57 (179 men, 131 women». The following variables were recorded every 
4-6 months until 1998, or death: physical examination, Systolic 1 Diastolic Blood 
Pressure (SBP 1 DBP), Urinary Albumin Excretion (UAE), HbAlc and plasma 
creatinine (Cr). The lID polymorphism was determined by double PCR. The main 
outcome was the occurrence of a renal event defmed as the progression from one stage 
of DN to a higher one: absent (normal UAE, Cr<150 ~olll), incipient 
(microalbuminuria, Cr<150 ~olll), established (proteinuria, Cr<150 jlmolll), 
advanced (Cr> or =150 jlmolll), terminal (renal replacement therapy). Results: At 
baseline, 251 patients (81 %) had no DN, 35 (J 1%) had incipient, 18 (6%) established, 
and 6 (2%) advanced nephropathy. The liD polymorphism of the ACE gene was in 
Hardy-Weinberg equilibrium (54 11, 149 lD, 106 DD, X2=0.02; p=0.89) and not 
related to the stage of DN (X2=5.51; p=0.48). Median duration of follow-up was 6 
years (range: 2-9). During follow-up, 2 11, I lD and 5 DD patients died (X2=4.34; 
p=O.II). Two 11 patients progressed in nephropathy compared to 32 ID and 16 DD 
patients (log-rank 11 vs lD vs DD = 8.57; p=0.014), with a protective effect of the 11 
genotype (log-rank 11 vs lD or DD = 6.95; p=0.0085). To stody if ACE lID 
polymorphism affects the development of DN, we restricted the analysis to those 
patients having no nephropathy at baseline. The effect of the ACE genotype remained 
significant (log-rank 11 vs lD vs DD = 6.30; p<0.05, and 11 vs lD or DD = 6.28; 
p<0.02). Using the Cox's proportional hazards model for the 310 patients, the ID or 
DD genotype compared with the 11 genotype (relative risk (RR): 11.47, 95% CI: 1.57-
83.91; p<0.02), the increase in I nun Hg of baseline SBP (RR: 1.04; 95% CI: 1.01-
1.07; p<0.008) and the increase in 1% mean HbAlc during follow-up (RR: 1.32; 95% 
CI: 1.05-1.67; p<0.02) were independent risk factors for renal event, while gender, 
baseline UAE, diabetes duration, DBP or age at diabetes onset were not. Conclusion: 
The 11 genotype of the ACE gene is independently associated with a low risk of 
development and progression ofDN in type I diabetes. 
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1019 
Time-Dependent Medullary Thick Ascending Limb-Specific Na,K,ATP3lie 
Activty In Streptozotocin-Induced Diabetes Mellitos In Rat 
M. Tsimaratos, T. Coste, A. Djemli, D. Dufaye!, A. Gerbi, R. Barone, P. Vague and D. 
Raccah. University Laboratory of Diabetologia. Timone Hospital. Marseille. France. 
In rat, the medullary thick ascending limb (MfAL) Na,K,ATPase activity increases 
early after induction of diabetes by streptozotocin. This increase in Na,K,A TPases 
activity is in contrast with the concomitent decrease observed in the nerve, the red 
blood ceU, and the cardiac mYOClte. The Mf AL represents a high fraction of the 
inner stripe of outer medulla. Long-term evolution of Mf AL Na,K,A TPase activity 
during e"'Perimental diabetes is unknown. The aim of our stody was to confirm the 
change of Mf AL Na,K,ATPase acthity after induction of diabetes, to observe the 
time-dependant evolution of Na,K,ATPase activity and to determine wheather this 
increase was dependent on a specific nephron segment. Material and methods: 
We studied the renal Na,K,ATPase activity respectively 6 (6W) and 12 weeks 
(l2W) after induction of diabetes. Three groups were studied, one group served as 
control. Both kidneys were carefully dissected under binocular loop. Whole kidney 
tissue, whole medulla tissue, cortical tissue and the inner stripe of the outer 
medulla representing Mf AL were isolated. Na,K,A TPase activity was measured by 
spectrophotometric determination of inorganic phosphate released from ATP, with 
or without ouabaIn. Results were expressed as nmolPi/mgprotlh. Results: Diabetes 
resulted in an increase of kidney weight after 6W and 12W (I,66±O,22 gr vs 
2,01±0,2 gr p<O,OI), as compared with controls (I,48±O,15 gr). Cortical tissue 
weight showed an increase between controls and 6W (0,74±0,25 vs 0,94±0,27 gr 
p<O,OI) but no further increase at 12W (1,09±0,4 gr). There were no differences in 
Na,K,ATPase activity measured in the whole kidney tissue, the cortex or the whole 
medulla preparations in all groups. Conversely, diabetes resulted in an increase of 
the Mf AL Na,K,A TPase activity 6W after the injection of streptozotocin 
(63287±21260 vs 31651±1J430 p<O,OI). At 12W, a decrease of Na,K,ATPase 
activity versus the controls was observed (7532±2470 vs 31651±lI430 p<O,OI). 
Conclusion: Our results contirm a diabetes-induced increase of Mf AL 
Na,K,A TPase activity after 6W of diabetes. After l2W, a deerease in Mf AL 
Na,K,A TPase activity is observed. This biphasic time-dependent evolution is likely 
to play a role in the adaptative mechanisms of kidney to diabetes. The renal 
Na,K,A TPase activity after induction of diabetes in rat is time-dependant and 
Mf AL-specific. 
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EFFECTIVE RENAL PLASMA FLOW AND FILTRATION FRACTION IN NON
DIABETIC AND NEWLY DIAGNOSED TYPE 2 DIABETIC SUBJECTS 
R.L. Ollerton2

, R.A. Playlet, S.D. Luziot, W.D. Evans3
, A. Burch3 and D.R. Owens l

. 

'Diabetes Research Unit, LJandough Hospital, Cardiff, Wales, 'University of Western 
Sydney, Nepean, Australia, 'University of Wales College ofMedicine. 
Aims: to determine 95% reference ranges for effective renal plasma flow (ERPF) and 
filtration fraction (FF) for non-diabetic subjects and to apply these to subjects with 
newly diagnosed type 2 diabetes. Materials and Methods: ERPF and glomerular 
filtration rate (GFR) were determined using '''I-iodohippurate and 5lCr-EDTA 
respectively and corrected for body surface area in 81 non-diabetic Caucasian subjects 
(4IM, 40F) and 211 Caucasian subjects with newly diagnosed type 2 diabetes (150M, 
61F). FF~GFRJERPF (%). 95% reference ranges for ERPF and FF were calculated 
from non-diabetic subject data as mean ± kxSD where k is the appropriate tolerance 
factor for the sample size. Sex- and age-adjustments were investigated and the 
resulting 95% reference ranges applied to the diabetic subject data. Results: Non
diabetic subjects were aged 51 (30 to 74) years (median (range» with fasting plasma 
glucose (FPG) 5.3 ± 0.5 mmolll (mean ± SD), BMI 26.2 ± 4.8 kg/m', ERPF 545 ± 
121 mllmin/(1.73m'), GFR 102 ± 19 mllmin/(1.73m') and FF 19.1 ± 2.8%. Age- but 
not sex-adjustment, was necessary for ERPF, giving a reference range from 540-
3.76xage to 1223-9.38xage mllmin/(1.73m'). The reference range for FF was from 
13.5 to 24.7%. Diabetic subjects were aged 54 ± 9 years with FPG 11.7 ± 3.2 mmolll, 
BMI 29.5 ± 4.9 kg/m', ERPF 522 ± lI8 mllmin/(1.73m'), GFR I I 7 ± 22 
ml/min/(1.73m') and FF 22.8 ± 3.1%. Applying the reference ranges, 8/211 (4% 
95%CI[2-8%]) diabetic subjects had elevated (i) and 101211 (5%[2-9%]) depressed 
(J,) ERPF. 53/211 (25%[20-32%]) subjects had iFF. Of these, using previously 
calculated GFR reference ranges, 13/53 (25%[14-39%]) had iGFR and within range 
(H) ERPF, 33/53 (62%[48-75%]) had HGFR and ERPF while 7/53 (\3%[6-26%]) 
had HGFR and .I-ERPF. Conclusions: Age-adjustment is necessary for reference 
ranges for ERPF but not for FF. Sex-adjustment is not necessary for either. idiabetic 
FF is due to iGFR in 25% of cases and to J,ERPF in 13% of cases with iFF. 

1021 
UNEXPLAINED DECREASE IN GLOMERULAR FILTRATION RATE 
AFTER REPEATED MEASUREMENTS IN TYPE 1 DIABETIC PATIENTS 
A. Siebenhofert, A. Meinitze~, H. Brandmaier l

, G. Brunner l
, 1. Plank l

, T.R. 
Pieberl, lDep. of Internal Medicine, Diabetes and Metabolism, University Graz, 
Austria, 'Dep. Of Surgery, Div. Of Laboratory Medicine, University Graz, Austria 
Constant infusion sinistrin (inulin) clearance with urine collection has been accepted 
as the golden standard in measuring glomerular filtration rate (GFR). To avoid urine 
collections single shot plasma sinistrin clearance methods have been devised. AIM 
of our study was to test the reproducibility of repeated single shot sinistrin clearance 
measurements in type I diabetic subjects and healthy controls. METHOD: Two 
GFR measurements (GFRI, GFR2) were done immediately consecutive. For 
detennination of GFR we used a new single injection sinistrin clearance method 
which showed good correlation with classical constant infusion techniques with 
urine sampling. The calculation was performed by a two compartment modelling 
and the analysis of sinistrin showed no interference with glucose up to 1000mg/dl. 
RESULTS: 17 type I diabetic subjects (mean and SO), age 41 (10.7), systolic blood 
pressure (BP) 122 (12.0) mmHg, diastolic BP 78 (6.1) mmHg, diabetes duration 18 
(10.1) years, HbAlc 8.6 (1.0)%, albuminuria 23.4 (31.7) mg/24h and 6 healthy 
controls age 26 (2 6) systolic BP 117 (75 3) diastolic BP 75 (6 I) were examined 

GFRI GFR2 ,., p-
(Mean and SO) (Mean and SO) GFRl-GFR2 value 

Diabetic patients 130.9 (16.0) 118.3 (20.5) -12.6 0.000 
Control subjects 111.7 (11.4) 112.2 (12.2) +0.5 0.319 .. 

In controls we found an excellent repeatability between GFRI and GFR2 (Altman 
and Bland, mean of difference: I (SD2) mllminll .73m'), however there was a highly 
significant and clinically relevant decrease in the second GFR reading in diabetic 
patients. This change could not be explained by protein intake, albuminuria, HbA I c, 
glycaemia or blood pressure. CONCLUSION: In contrast to normal subjects, in 
type I diabetic patients single injection sinistrin clearance technique showed a 
decrease in GFR on repeated measurements. Overestimation of GFR by the first 
sinistrin clearance may be possibly caused by an incomplete distribution of sinistrin 
in slow compartments, such as extracellular fluid compartment, muscle or fat tissue 
in diabetic patients. 



1022 
VARIABILITY OF ALBUMIN EXCRETION RATE IN 
PATIENTS WITH TYPE 2 DIABETES 
P. West and H Tindall. Department of Diabetes and Chemical 
Pathology, North Middlesex Hospital, London, UK. 

The presence of microalbuminuria indicates not only early renal 
damage but also an increased risk of cardiovascular disease. Aims: 
The aims of the study were to assess the within patient variability of 
overnight Albumin Excretion Rate (AER) in patients with type 2 
diabetes and persistent microalbuminuria (MA). Patients and 
Methods: 20 patients with type 2 diabetes and MA (AER>20Ilg/min) 
were reviewed on 2 occasions one month apart. At each visit 3 
consecutive overnight AERs were provided. Results: Median (range) 
age of patients was 61.2 [43-73] years, duration of diabetes 4.2 [1-12] 
years and HbAlc 8.0[6.5-11.0]%. The median (range) BP was 147 
(I10-190)mmHg systolic and 85 (78-108)mmHg diastolic with AER of 
42 (22-133) Ilg/min. There was good reproducibility of AER over the 
short time period with mean +/- SD AER between the two visits of 
58.6 +/- 181lg/min vs 56.2 +/- 211lg/min (r=0.95;p<0.001). A 
significant correlation between AER and diastolic (r=0.89;p<0.001) 
but not systolic (r=0.16;NS) BP or HbAlc (r=0.18;NS) was obtained. 
Conclusions: These results confirm that within patient variability of 
AER in patients with type 2 diabetes and persistent MA was negligible 
and that a single AER measurement was reliable and reproducible. 
Between patient variability, however, was high, ranging from 22 -
1331lg/min. This correlated only with diastolic but not systolic BP and 
may have reflected the variable systolic but not diastolic readings 
obtained. 

1024 
DOPAMINE-INDUCED AER INCREASE MIGHT BE A 
PREDICTOR OF MICROALBUMINURIA IN TYPE I DIABETIC 
PATIENTS: A TEN-YEAR FOLLOW-UP STUDY. 
G. Penno, R. Anichini, S. Bandinelli, E. Boldrini, R. Giannarelli, F. 
Piazza, L. Pucci, R. Navalesi and O. Giampietro. Dept. of 
Endocrinology and Metabolism, Dept. of Internal Medicin, University 
of Pisa, Italy. 
Aims: To evaluate the predictive power of the dopamine test for 
microalbuminuria in type I diabetic patients. Materials and 
Methods: A low-dose (2.5 Ilg/kg/min) i.v. dopamine (DA) infusion 
(30 minutes) has been administered to 62 type I normotensive, 
normoalbuminuric diabetic patients (28M, 34F; age 27±10 years, 
duration of diabetes 9±5 years) and 22 healthy controls. During DA, 
albumin excretion rate (AER) increased both in controls (from 3.74±1.0 
to 21. 7±2.81 Ilg/min) and in diabetics (from 6.09±2.81 to 31.3±34.9 
Ilg/min). Prevalence of "responders" (19 out of 62; 31 %), arbitrarily 
defined as those subjects who showed aDA-induced AER increase 
within the higher quartile (>40 Ilglmin) increased with diabetes duration: 
2117 (12%),6/17 (35%) and 11128 (39%) in subjects with <5, 6-10 and 
> 10 years of disease, respectively. Results: Follow-up (ll±1.8 years) 
was longer than 5 years (range 5-14) in S3 patients (duration of diabetes 
at follow-up 23±8 years). Microalbuminuria developed in 10 patients 
(19%),5 out of 39 "non-responders" to dopamine (13%) and 5 out of 
14 "responders" (36%) (X2=3.53, p=0.06). Hypertension (>140/90 
mmHg) developed in 7 patients (13%),4 "non-responders" (10%) and 3 
"responders" (21 %) (ns). Retinopathy was present at baseline in 44% of 
subjects; after exclusion of the six patients with proliferative retinopathy 
at baseline who cannot progress, progression of retinopathy was no 
different between the two groups. Conclusions: The increased 
transglomerular leakage of albumin acutely induced by low-dose 
dopamine infusion might predict the development of microalbuminuria 
in normotensive normoalbuminuric subjects with type 1 diabetes. 

1023 
BRAIN NATRIURETIC PEPTIDE INDUCES 
MICROALBUMINURIA IN TYPE 1 DIABETES. 
K. McKenna, D. Smith, W Tormey, CM. Kesson and CJ 
Thompson. Diabetes Dept, Beaumont Hospital, Dublin, 
Ireland. 
Background Atrial natriuretic peptide (ANP) increases the 
urine albumin excretion rate in type 1 diabetic (DM) subjects. 
Brain natroiuretic peptide (BNP) is structurally and 
functionally related to ANP, but it is not known ifBNP also 
alters UAER. Aims To ascertain if intravenous infusion of 
BNP alters the UAER in subjects with type 1 DM and normal 
UAER. Materials and Methods We present the results of a 
randomised, double blind, placebo controlled study of the 
effects ofBNP on the UAER. Eight type 1 diabetic subjects 
with normal UAER were studied on three occasions. Subjects 
were euglycaemic clamped and subsequently water loaded to 
steady state diuresis (20 mls kg'! orally plus urinary losses). 
When in steady state, a one hour intravenous infusion of; 
placebo, ANP 0.025 Ilg kg-!minute-!, or BNP 0.025 Ilg kg-I 
minute-! was administered. Urine was collected at 15 minute 
intervals for estimation of albumin creatinine ratio (ACR). 
Results were analysed by ANOV A. Results ACR was 
unaltered by placebo (1.3 ± 0.5 to 1.2 ± 0.4 mg mmori, mean 
and SD, p> 0.9) , but increased compared to placebo with 
infusion of both ANP (1.2 ± 0.4 to 13.4 ± 8.6 mg mmori, p = 
0.0004), and BNP (1.1 ± 0.4 to 9.8 ± 8.4 mg mmori, p = 0.0001). 
Conclusion Intravenous infusion ofBNP and ANP increase 
the UAER in type 1 diabetic subjects with normal UAER. 
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1025 
LIMITATIONS OF THE MICROALBUMIN/CREATININE RATIO IN 
DETECTING EARLY MICROALBUMINURIA IN TYPE 1 DIABETES 

S. Karunakaran, R. J. Morris and J. C. Levy. The Oxford Centre for Diabetes, 
Endocrinology and Metabolism, Radcliffe Infirmary, Oxford, UK 

The ratio of urinary microalbumin to creatinine (MCR) on a spot clinic sample of 
urine in Type I diabetic patients is an accepted screening test for microalbuminuria. 
Raised MeR> 2.5 - 3.5 have been used as thresholds for treatment of normotensive 
patients with ACE inhibitors, but greater predictive value might be obtained by 
establishing a rate of progression of MCR of over 5% per year (progression to 
proteinuria in 30 years). Aim: To determine the degree to which thresholds derived 
from group data may need fe-evaluation in the light of within-subject variation in 
clinical tests when applied to individual patients. Methods: We have assessed the 
within-subject variation of microalbumin concentrations (MAC) and MeR in a 104 
type I diabetic patients (64 M:40 F, median (range) age 39 (19 - 74) years, duration 
21 (I-50) years), attending a routine hospital diabetic clinic from duplicate samples 
taken 6-12 months apart. Results: No significant rise in MeR was evident over this 
period. Logarithmic transformation of MAC and MCR produced uniform within
duplicate variance across the respective ranges of values 1 - 267 mg.rl and 0 - 46 
mg.mmor l

, allowing calculation of an unbiased common within-subject SDs (SDw). 
SDw for log MCR (0.32) was 24% lower than that for log MAC (0.42), but 
represents a I SD range for a single determination of MCR of 48 - 210%, 
irrespective of the value of MeR. In an individual patient, to have 85% confidence 
that the underlying MCR exceeds 3 mg.mmor l

, the MCR on a single sample should 
exceed 6.3 mg.mmor1 or the mean of two consecutive samples should exceed 5.1 
mg.mmor1. To have 85% confidence that the underlying progression was greater 
than an annual increase of over 5% per year, the increase in an individual, if 
calculated by regression from 6 monthly values over 3 years, should exceed 45%. 
Conclusion: Assessment of the degree of microalbuminuria in an individual patient 
should take account of quantitative evaluation of the within-subject variation. This 
may significantly affect individual thresholds for clinical intervention. 
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1026 
PRACTICAL ASPECTS OF SCREENING FOR EARLY RENAL 
IMPAIRMENT IN DIABETIC PATIENTS. 
1. Nadas, K. Farkas, A. Dar6czy, E. Peterfai and G. Jermendy. 
Bajcsy-Zsilinszky Hospital, Ferenc Csolnoky Hospital and Biorex; 
Budapest-Veszprem, Hungary 
Aims: Controversy still exists regarding the type of urine specimen to be 
used for detecting early renal impairment of diabetic patients. To assess 
reliability, albumin concentration (AC), albumin to creatinine ratio (AiC 
ratio) of first void urine sample and 24-hour urinary albumin excretion 
(UAE) in timed specimens were measured and compared. Materials and 
Methods: AC, AlC mtio and UAE were determined by immunoturbidimetric 
method 3 times within 3 weeks in 192 adult diabetic patients with suspected 
early renal impairment (men/women 136/56; IDDMINIDDM: 90/102; age: 
51.4±10.8 years; duration of diabetes: 15.3±9.1 years; serum creatinine: 
94±20 f.lIl1oVl; BM!: 27.9±4.6 kg/m'; HbAlo: 8.5±1.5 %; actual blood 
pressure: 138±14/83±9 mmHg; X±SD). Results: According to the UAE 
values one third of patients (31.2%-30.70/0--34.4%) were normoalbuminuric 
«30 mg/24 hours), more than half of the patients (55.80/0--57.30/0--53.6%) 
proved to be microalbuminuric (30-300 mg/24 hours) while the remaining 
group of patients (13.00/0--12.00/0--12.0%) were macroalbuminuric (>300 
mg/24 hours) at the three measurements, respectively. The probability of the 
results of the consecutive measurement being in the same range of 
albuminuria as the previous one was 80.4 % with UAE values, 73.3 % with 
AlC ratio and 76.6 % with the AC determination. Using log-transformed data 
the strongest correlation was found between AlC mtios and AC values in all 
series (r=0.92 - 0.88 - 0.86; p<O.OOI). Conclusion: Beside the standard 
method of UAE measurement in timed urine samples, the use of the more 
convenient urinary spot collection for AC and AlC mtio determination could 
also provide reliable results for detecting early renal impairment of diabetic 
patients. 
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GLYCOSAMINOGLYCANS PREVENT THE ENHANCED TGF-lll GENE 
EXPRESSION BY GLUCOSE IN MESANGIAL CELLS 
Weigert, C" Facchin S,'·2, Baggio, B', Gambaro, G', Brodbeck:, K', Haring, HU'. 
Pfeiffer, A', Schleicher, EI 
I Dept. of Internal Medicine IV Tiibingen; Germany, 2 Dep. of Nephrol. Univ. 
Padova; Italy, 'Medical Center Hospital Bergmannsheil Bochum; Germany 
Aims: In diabetic rats therapy with glycosaminoglycans (GAGs) ameliomte 
development of glomerniosclerosis and albuminuria. Becanse GAGs prevent also 
the enhanced expression of TGF -JlI by high glucose in cultured mesangial cells the 
aim of our study is to clarify the molecular mechanism of the rednced TGF -Ill 
synthesis. 
Materials and Methods: Porcine mesangial cells were transiently tmnsfected with 
a plasmid containing the human TGF-JlI promoter fragment -453/+11 fused to the 
luciferase gene to determine the effect of GAGs on the TGF -JlI promoter activity in 
normo- and hyperglycemic conditions. Electrophoretic mobility shift assays 
(EMSA) were performed to study the different binding of nuclear proteins to AP-l 
sites in the TGF-lli promoter after treatment with GAGs. The effect of the GAGs 
on the translocation of different PKC isoforms as possible mediators of the glucose
mediated stimulation were shown in western blots. 
Results: The presence of GAGs prevented the glucose- and PMA-stimulated 
activation of the TGF-JlI promoter dose- and time-dependently, 10 Ilg!m! medimn 
were sufficient to abolish the np-regulation completely. The same concentration of 
GAGs inhibited the enhanced binding of nuclear proteins by PMA to AP-I binding 
sites of the TGF-lll promoter, which mediates the glucose and PMA-effect. Binding 
of the ubiqnitons transcription factor Spl to a consensus sequence, however, is not 
influenced by GAGs. 10 Ilg GAGs 1m! medium prevented also the PMA-stimulated 
translocation of the Ca2+-dependent PKC isoforms from cytosol to the membrane 
fraction of mesangial cells. 
ConclusioDS: The results revealed a down-regulation of the glucose-enhanced 
TGF-BI gene expression by GAGs through a reduced promoter activity. This 
reduction is possible mediated by a PKC-dependent mechanism, which leads to 
inhibition of AP-l DNA binding activity. 

1027 
INSULIN SENSITVITY IN TYPE 1 DIABETICS WITH MILD 
NEPHROPATHY IS NOT ASSOCIATED WITH THE DEGREE OF 
ALBUMINURIA 
M. Svensson and J.W. Eriksson, Dept. of Medicine, Umea University 
Hospital, Sweden 
Aims and methods: Microalbuminuria can be a part of the insulin 
resistance syndrome and in addition diabetic nephropathy may cause 
insulinresistance. To elucidate insulin sensitivity and clearance in type 1 
diabetics with mild nephropathy we utilized the euglycemic 
hyperinsulinemic clamp technique (insulin infusion at 56 mU/m'/min) 
to study nine male and seven female patients, age 42.9±2.7 (mean± 
SEM) years, diabetes duration 30.2± 2.7 years, HbAlc 7.I±O.3 % and 
BMI 24.5±0.6 kg/m'. Albumin excretion rate (AER) was measured in 
two overnight urine collections and glomerular filtration rate (GFR) was 
determined by SICr EDTA clearance. Results: AER was 149± 41 
l1g/min (range 24-448) and GFR 105±4.2 mlImin/1.73m' (range 81-
135) considered normal. Ten patients had micro- (20-200 I1g/min) and 
six macroalbuminuria (>200 l1g/min). Insulin sensitivity (M-value) 
was 7.2±0.7 mg/kg/min, insulin sensitivity index (ISI=100 x Mlplasma 
insulin) 8.4±0.8 and insulin clearance (MCR-I) 17.7±1.0 mlIkg/min. 
Regression analyses showed no association between AER and M 
(r=0.03, p=0.91), lSI (r=0.03, p=0.90) or MCR-I (r=O.03, p=0.93). 
AER was associated with HbAlc (r=0.60, p=O.OI) and serum 
triglycerides (r=0.48, p=0.06), both indicators of metabolic control. 
Insulin sensitivity was correlated to diabetesduration (r=0.50, p=0.05) 
but not EMI (r=-0.35, p=0.17), probably because all patients were 
non-obese. Conclusion: In type I diabetics with mild nephropathy 
(elevated AER but normal GFR) the degree of albuminuria does not 
seem to be directly linked to the degree of insulin resistance but as 
previously descibed to glycemic control. 

1029 
LATENCY-ASSOCIATED PEPTIDE INHIBITS TGF- 8 ACTIVITY IN 
HUMAN MESANGIAL CELLS 
H. Tada, K. Nomura, K. Kuboki, M. Tsukamoto and T. Inokuchi 
Toho University, Tokyo, Japan 
[Aims) TGF- 81 has been thought as a key factor of the matrix 

accumulation in diabetic nephropathy. We investigate whether latency
associated peptide(LAP) inhibits TGF- 8 1 activity and suppresses the 
glucose-induced increase in the synthesis of extracellular matrix proteins 
in cultured human mesangial cells(HMCs). 
[Materials and Methods) HMCs were cultured with either 5 or 33 

mmol/I glucose in the absense or presense of the recombinant LAP. TGF-
81, fibronectin(Fn), thrombospondin(TSP) produced by HMCs were 
measured by ELISA. Active TGF- 81 was evaluated by the binding 
ability to soluble type II receptor. 
[Results) LAP inhibited the binding ofTGF- 81 to soluble type II 

receptor in vitro system. Effective dosages of LAP for 50% inhibition of 
TGF- /3 1 activity was approximately la-fold molar exess. The addition of 
LAP to HMCs resulted in the dose-dependent decrease in active TGF- /3 1 
secreted from HMCs. TGF- /3 I-induced increase in Fn production from 
HMCs was also prevented by LAP in a dose-dependent manner. Exposure 
of HMCs to 33mmol/I glucose resulted in an increase in both Fn and TSP 
production compared with 5 mmol/I glucose. The glucose-induced 
increase in the production of Fn and TSP was prevented by the 
concomitant incubation with LAP, whereas no significant changes were 
noted when LAP was added to HMCs cultured with 5 mmol/l. 
[Conclnsions) LAP suppresses the glucose-induced overproduction of 

extracellular matrix proteins by inhibiting active TGF- /3 1 in HMCs. 
These findings warrant further in vivo study on the effect of LAP in 
diabetic nephropathy. 



1030 
ENHANCED GLUCOSE TRANSPORT INDUCED BY HIGH GLUCOSE AND TGF-

J3IN GLOMERULOSCLEROSIS- VS. HYPERTENSION-PRONE RATS 
G. Leto" F. Pricci'·2, C. laccbini" l. Amadio" S. Cordone" P. Mene" F. Pugliese', 
U. Di Mario' and G. Pugliese'. 
'Dip. Scienze Cliniche, 'La Sapienza' Univ., and 21st. Sup. di Sanita, Rome, Italy. 
Increased gluccse transport in response to high glucose and hyperglycemia-induced 
TGF-J3 overexpression, possibly via upregulation of Glut-1, may participate in the 
acc4mulation of mesangial extracellullar matrix (ECM) occurring in diabetes. We 
previously showed that high glucose-induced ECM upregulation is more pronounced 
in mesangial cells (MC) from rats of the Milan normotensive strain (MNS), 
glomeruloscierosis(GS)-prone, than in MC from rats of the Milan hypertensive strain 
(MHS), which do not develop renal disease. Aim. To assess whether MC from MNS 
rats of 1 and 8 months of age (i.e. before and after GS onset) show increased 
activation of glucose transport system, as compared with MC from age-matched 
MHS rats, thus ccntributing to the abnormal glucose-induced ECM overproduction. 
Materials and Methods. MNS and MHS MC were grown for 3-5 days under high 
glucose (HG, 30mM) vs. normal glucose (NG, 5.5mM) levels. At confluence, MC were 
exposed to either TGF-J3 (50pM) or vehicle. After 24h, facilitative gluccse transport 
was measured as 3H-deoxyglucose (3H-DG) incorporation into monolayers over 30 
min. Results. When grown in HG vs. NG, MC from 8-month old rats showed 
enhanced in 3H-DG uptake, with increases which were significantly more marked in 
MNS·than in MHS MC (+31% vs. +14%, p<0.05). TGF-p also stimulated 3H-DG 
inccrporation in both MC lines, with more pronounced increases in MNS than in MHS 
MC (+71% vs. +45% in NG and +104% vs. +54% in HG, p<0.001). Similar results 
were obtained in MC from 1·month old rats. Conclusions. These results indicate that 
predisposition to GS in MNS rats is associated with abnormal MC glucose transport 
activity in response to HG or TGF-J3, which is already detectable before disease 
onset. This mechanism, possibly genetically determined, may amplify the effects of 
HG and associated TGF-J3 upregulation on ECM overproduction, thus leading to 
excess matrix deposition under conditions of hyperglycemia. 

1032 
VASCULAR ENDOTIlELIAL GROWlli FACTOR EXPRESSION IN 
MICRODISSECTED GLOMERULI OF TYPE 2 DIABETIC PATIENTS. 
E. BortoIoso, D. Del Prete, F. Anglani, P. Fioretto, G. Gambaro, B. Baggio, * F. 
Antonucci, R. Nosadini and G. Crepaldi Dept. of Medical and Surgical Sciences, 
University of Padova, Padova and • Division of Nephrology, Feltre, Italy. 
VEGF is mitogenic for endothelial cell and a potent enhancer of albumin 
permeability. In normal human kidney VEGF is expressed by glomerular podocytes 
and its binding to glomerular endothelial cells might be a paracrine regulatory 
mechanism of glomerular filtration barrier. It is expressed in 3 splice variants, 
characterized by 121, 165 and 189 33, that differ in their diffusibility 
(121) 165> 189), in their mitogenic effect (165) 121) and, possibly, in their action on 
glomerular permeability. It is unknown whether VEGF could contribute to 
determine diabetic glomerutopathy. Aims. Since to date there is no quantitatively 
and qualitatively informations on VEGF expression in glomeruli of diabetic 
patients. OUf aim was to evaluate VEGF mRNA expression in microdissected 
glomeruli obtained from kidney biopsies of diabetic patients. Material and 
method •• We studied 12 type 2 diabetic (D2) patients. Data are expressed as 
mean±SD. Age was 54.2±4 years; D2 duration was 9±7.1 years; HbAlc was 
9.18±1.3%; 7 patients had microalbuminuria (20-200 J.l.g/min) and 5 proteinuria 
(>200 J.l.g/min). Biopsies were analysed by light, electron and immunofluorescence 
microscopy and divided in 2 groups: D2 with (5 pts) and without (7 pts) typical 
diabetic glomerulopathy. 4 to 15 glomeruli were microdissected from I mm' cf 
cortical tissue of each renal specimen; VEGF mRNA expression was studied by 
RTIPCR comparative kinetic approach using, for quantitative analysis, the G3PDH 
gene as internal standard. We used 2 different sets of primers, spanning or not the 
splice sites of VEGF gene, in order to identi.tY the 3 different isoforms and to 
quantify VEGF mRNA at glomerular level. Results. We found no differences in 
VEGF mRNA levels between patients with and without diabetic glomerulopathy 
(VEGF/G3PDH: 0.74±0.39 vs O.90±0.67, n.s.); the predominant isoform in all 
patients was the smaller and more diffusible one (VEGFI21); the 1211165 isoforms 
ratio was significantly higher in glomeruli characterised by typical diabetic leasions 
(6.7±2.8 vs 2.5±1.6, p<O.049). Conclusions. Our data suggest that typical diabetic 
glomerulopathy is not associated to a quantitative alteration of VEGF mRNA 
expression, but is related to a greater expression of the most diffusible VEGF 
isoform. TIlis might lead to resident glomerular cells abnormalities. 

1031 
THE ROLE OF OXIDATIVE STRESS INDUCED NF-kB IN THE 
DEVELOPMENT OF DIABETIC NEPHROPATHY 
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K. lino, M. Yoshinari, M. Iwase, T. Asano, K. Sonoki, M. Wakisaka, 
Y Takata, M. Fujishima. Second Department of Internal Medicine, 
Faculty of Medicine, Kyusyu University, Fukuoka, Japan and 
Department of Internal Medicine, K yushu Dental College 
Aims: To reveal the role of oxidative stress in the development of 
diabetic nephropathy, the transcription factors of glomeruli in diabetic 
rats were examined and the effect of antioxidant was tested. 
Materials and Methods: We mesured the activities of redox-sensitive 
transcription factors, nuclear factor-kB (NF-kB) and activating protein
I(AP-I) with electrophoretic mobility shift assay in the control rats and 
streptzotosin-induced diabetic rats which were treated or not treated with 

N-acetylcysteine. The changes in the transforming growth factor {3 

(TGF- {3) m-RNA contents and the urinary albumin excreation (UAE) 
were also examined. Results: Increased activity of NF-kB, but not 
AP-I was found in the glomeruli of 4 and 12 weeks diabetic rats 

(p<0.05). The m-RNA content of TGF- {3 was increased in the 
glomeruli of 4 and 12 weeks diabetic rats, and their U AE was increased 
in 12 weeks diabetic rats (p<0.005). The oral administration of N
acetylcysteine prevented the elevation of activity of NF-kB without any 
change in the plasma glucose concentration (P<O.OI), the m-RNA 

content of TGF- {3 and the UAE (Control 1.3 ±0.3 mg/day, DM 3.5 ± 

0.7, DM+NAC 3.9±0.3) were not improved. 
Conclusion: These results suggest that elevated oxidative stress is 
involved in the activation of the NF-kB in glomeruli of diabetic rats, but 
may not have a role in the development of nephropathy. 

1033 
PLASMA sTNFRl LEVELS AND INCIPIENT DIABETIC 
NEPHROPATHY IN TYPE 2 DIABETES MELLITUS 
1.M. Mauri, W. Ricart, M. Valles, c. Gutierrez, 1. Vendrell, and 1.M. Fernandez
Real. Hospital Universitari de Girona "Dr Josep Trueta" and Tarragona. SPAIN. 

Aims: Different cytokines have found to be involved in the development 
of experimental diabetic nephropathy. Circulating levels of the soluble 
fraction of tumor necrosis factor receptors (sTNFRs) are thought to 
reflect prevailing TNF-a action. We aimed to study plasma sTNFRs in 
relation to histological kidney changes in type 2 diabetes mellitus. 
Materials and Methods: Twenty-two patients (16 men) were 
prospectively studied [mean age 56 years (range 32-64), mean diabetes 
duration 13 years (1-29), body mass index 26.9 kg/m' (23.1-32.9), 
HbAlc 7.7% (5.4-12.6)]. Functional and renal optic histomorphometric 
studies were performed in all patients. 
Results: The results disclosed a mean isotopical glomerular filtration rate 
of 126 cc/min (85-177), urinary albumin excretion of 39 mg/day (14-
154), mesangial expansion 0,20 % (0.10-0.30) and interstitial fraction of 
16,6 %. (6,5-32.5). Plasma sTNFRI concentration correlated with 
mesangial expansion (r=0.59, p=0.004) and with interstitial fraction 
(r=0.58, p=0.005). After controlling for age, only the correlation with 
mesangial expansion persisted significant (r=0.46, p=0.038). Plasma 
sTNFR2 levels were not associated with histological changes. 
Conclusions: the results of the present study suggest that TNF-a might 
be involved in the progression of diabetic nephropathy. 
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1034 
PROTEASE ACTIVITY FOR URINARY INSULIN-LIKE GROWTH FACTOR 
BINDING PROTElN-3 IS INCREASED IN D1ABEfIC NEPHROPATHY 
M. Shinada, A. Akdeniz*, P. Panagiotopoulos*, G. Jerums' and L.A. Bach. 
Department of Medicine and Endocrinology Unit', Austin Hospital, Heidelberg, 
Victoria 3004 Australia 
The insulin-like growth factor (lGF) system has been implicated in the 
development of animal models of diabetic nephropathy. IGF binding protein-3 
(IGFBP-3) modulates IGF actions and proteolysis of this IGFBP decreases its 
binding affinity for IGFs. Aim: This study aimed to investigate the protease 
activity for IGFBP-3 in urine from diabetic patients with micro- (albumin 
excretion rate:20-200.u g/min) and macroalbuminuria (>200 .u g/min). Materials 
and Methods: We examined urine in patients with type II diabetes (n=33 , 
age:55.8±8.7 years, 16womenll7men) and in healthy volunteers (n=9, age:37.6 
± 14.5 years, 4women/5men). Aliquots of 24 hour urine collections were dialyzed 
and lyophilized. IGFBP-3 wa, analyzed by Western Immun0bkltting (WIB). 
Proteolysis assay was performed using iodinated recombinant human IGFBP-3 as 
a substIate and measuring the percentage disappearance of intact tracer. Results: 
WIB showed IGFBP-3 bands sized 37-46 kDa, 30 kDa and 14-21 kDa in control 
mines and in urine from normoalbuminuric diabetic patients. The 14-21 kDa 
band was a proteolytic fragment. The urine of diabetic patients with micro- and 
macroalbwninuria contained less intact IGFBP-3, whereas levels of fragmented 
IGFBP-3 were increased. The urinary protease activity in micro- (n=12) and 
macroalbuminuric (n=12) groups (77±26% and 84±24%) was significantly 
higher than those (29±9% and 49± 15%) in the normoalbuminuric (n=9) and the 
control groups (p=O.OOOI). The protease activity was inhibited by several 
protease inhibitors. Conclusion: Diabetic nephropathy is associated with 
proteolysis of urinary IGFBP-3. Since similar changes were not observed in 
patient~1 sera, this is likely to reflect changes in the ki-dney or urinary tract and 
may result in increased bioavailability of IGFs in the kidney. 
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1036 
ECONOMIC EVALUATION OF ANGIOTENSIN CONVERTING ENZYME 

INHIBITORS IN THE PREVENTION OF DIABETIC NEPHROPATHY 
A.H Barnett

l
, V.A Law 2 and P.P Lecomte3 l.Oept of Medicine, University of 

Birmingham & Heartlands Hospital, Birmingham, UK, 2. Zeneca Pharma, 
Wilmslow, UK 3. Lewin Group, Bracknell,UK 
Introduction: 2-4% of the population are diabetic, accounting for 7% of national 
health spending. Diabetic nephropathy is a common long term complication 
associated with high morbidity and mortality. Aims: To assess the cost
effectiveness of the early use of ACEi treatment compared to no ACE treatment in 
Type I diabetic patients. The hypothesis is that the early use of ACEi will delay or 
prevent disease progression (diabetic nephropathy) to End-Stage Renal Disease 
(ESRD) and is cost saving. Method: A Markov model was created to simulate 
progression over 30 years and commences 5 years after diagnosis ofIDOM. 
Transition probabilities and resource use were derived from the literature and 
clinical experts. Results: Patients treated with an ACEi remained in the 
normoalbuminuric health state for longer (19.1 Versus 1304 I years respectively) 
indicating that disease progression for patients treated with an ACEi was slower 
than the comparator group. Treatment with ACEi's costs £414 more than the 
comparator over 30 years. The higher cost for initial ACEi treatment is 
counterbalanced by the cost of ESRD in the no ACEi group. One extra year of life 
gained using ACEi's would cost £164. ACEi treatment will increase average 
survival by 2 I % thus patients treated with ACEi's can expect to survive on average 
2.54 years longer than the comparator group giving an additional 3.2 years oftime 
free from dialysis, death or transplantation. The time spent on dialysis or post 
transplant for the ACEi treated group is 004 years compared with 1.1 years for the 
no ACEi group. Furthermore, 5 and 25 patients would need to be treated with ACE 
inhibitors to prevent one additional death and one additional case ofESRD over 30 
years respectively Conclusions: The use of ACEi 5 years after diagnosis ofIDOM 
and for a 30-year period is cost-effective compared to treatment without an ACE. 

1035 
TRANSMEMBRANE ELECTRON TRANSFER IN DIABETIC 
NEPHROPATHY. 
E Matteucci, V Cinapri, S Quilici, G Forotti, 0 Giampietro, Pisa, Italy. 
Erythrocytes (RBC) reduce extracellular ferricyanide to ferrocyanide by 
transmembrane transfer of reducing equivalents involving ascorbate 
recycling. A cellular redox balance should link membrane thiol and 
plasma thiol. Since ascorbate regeneration is largely glutathione (GSH) 
dependent and cells have been suggested to be GSH depleted in diabetes 
mellitus, we measured RBC GSH, plasma sulfhydryl groups (SH 
groups) and ferricyanide reduction in 30 type 1 diabetic patients (age 
34±1O y, disease duration 20±8 y; 10 without diabetic complications, 10 
with retinopathy, 10 with nephropathy) and 30 matched healthy 
volunteers (36±10 y). Fasting plasma glucose was lS±7 mmolfl (vs S±l 
in controls, p<O.OOl), HbAlc 8.4±l.S% (vs S.4±0.3, p<O.OOl), RBC 
GSH 0.76±0.12 mglrnl packed RBC (vs 0.88±0.18, p<O.Ol), SH 
groups 40l±72 nmolll (vs 444±S6, p<O.OS), ferrocyanide generation 
lS±S fllIloVrnl RBC h (vs 13±S, ns). In comparison with 10 matched 
normoalbuminuric diabetics, ten patients with diabetic nephropathy had 
similar fasting plasma glucose, HbAlc, and SH groups, yet lower RBC 
GSH (0.73±0.08 vs 0.8S±0.11, p<O.OS) and higher ferrocyanide 
generation (l8±4 vs l4±S, p<O.OS). The rate of transmembrane transfer 
of reducing equivalents was associated with the urinary albumin 
excretion rate (UAER, R 0.3, p<O.OS). We conclude that erythrocyte 
glutathione content as well as plasma thiol are reduced in albuminuric 
type 1 diabetic patients, who also show the highest rate of 
transmembrane electron transfer. We suggest that depletion of cellular 
GSH could reflect the extent to which cells support higher reducing 
equivalent recycling. Cytosolic reductive stress, produced by impaired 
oxidation ofNADH to NAD, increases production of superoxide. It is a 
candidate mechanism of early glomerular dysfunction, manifested as 
increase in blood flow and albuminuria. Erythrocyte transmembrane 
electron transfer may be a useful tool to directly monitor cytosolic redox 
state and, moreover to evaluate efficacy of preventive interventions. 

1037 
THE EFFECT OF LOSARTAN ON URINARY ALBUMIN 

EXCRETION IN TYPE 2 DIABETIC PATIENTS 

C. Yokota, Y. Okuda, M. Odawara, K. Yamashita, N. Yamada, 

and K. Kawai*. Department of Endocrinology and Metabolism, 

University of Tsukuba, *Kawai Clinic, Tsukuba, Japan 
Albuminuria has been becoming the early indicator of nephropathy in 
diabetic patients. ACE inhibitors have beneficial effects on the reduction 

of urinary albumin excretion (UAE). Losartan is a novel angiotensin II 
receptor antag:mist, which is an advanced form of ACE inhibitors. Aims: 
We have investigated the effect of Losartan on UAE in type 2 diabetic 

patients. Subjects and Methods: We divided the subjects into 3 groups: 

1) 13 subjects who received 50 - 100 mg daily of Losartan alone or with 
Ca++ antagonists (Arnlodipine or Nifedipine), 2) 15 who received ACE 
inhibitors such as Captopril or Enalapril, and 3) 20 who received Ca++ 

antagonists for 15 weeks. Systolic blood pressure was controlled between 

120 ~ 139 mmHg Results: Eleven of 13 subjects who received Losartan 

has shown significant reduction of UAE from 60 ± 14 to 45 ± 13 mgJgJ:r 
(p<0.05) (mean ± SEM). Five of 13 decreased UAE less than 20 mglgJ:r. 
Twelve of 15 subjects who received ACE inhibitor decreased UAE from 

58 ± 11 to 4S ± 13 mgJ'i12r (p<0.05). However, subjects who received 
Ca++ antagonists showed no change in UAE from 58 ± 24 to 64 ± 19 

mgJgJ:r. In comparison with Losartan and ACE inhibitor groups, there 

were no significant differences in the effects on reduction of U AE. 

Conclusion: These results suggest that Losartan, as similar to ACE 

inhibitor, could have a beneficial effect on the early st~ of diabetic 
nephropathy in the prevention of overt diabetic nephropathy. 



1038 
LOSARTAN REDUCES ALBUMINURIA IN NORMOTENSIVE TYPE I 
AND TYPE 2 DIABETIC PATIENTS 
O. A,bay, A. Mazlum, E. Kural, S. Giindogdu. Department of Internal 
Medicine, Division of Endocrinology, Cerrahpa~a Medical Faculty of istanbul 
University, istanbul, Turkey. 
In order to examine the effect of an ACE inhibitor, enaiapril, and an angiotensin 
II antagonist, losartan on albuminuria, urinary albumin excreation (UAE) were 
measured at baseline, after 6 weeks losartan 2S mg/day, a 30-day washout period 
and 6 weeks enalapril treatment respectively, in 20 normotensive patients (age 
39.8 ± 13 years, 10 women and 10 men) with type I (n~ll) and type 2 (n~9) 
diabetes mellitus with persistent albuminuria. At baseline and after the each 
treatment period the following measurements were performed: body weight, 
office blood pressure, plasma glucose, urea, creatinine, sodium, potassium, 
transaminases (AST, ALT), lipids (total cholesterol, HDL and LDL fractions, 
triglycerides), albuminuria (three 24 h. collections) and creatinine clearance. 
Both the treatments were well tolerated. The significant and similar declines in 
the means±SD levels of UAEs were observed after both enalapril and losartan 
treatment: 

Before vs. after enalapril 
Before vs. after losartan 
Enalapril vs. losartan 

UAE (mg/day) 

490±IS8 vs. 363±122 
38S±1I3 vs. 32S±101 
%2S.9 decrease vs. %IS.S decrease 

0.03 
0.014 
0.07 

The body weight, blood pressure, plasma glucose, urea, creatinine, sodium, 
transaminases (AST, ALT) and lipids (total cholesterol, HDL and LDL 
fractions, triglycerides) were unchanged after the both treatment. The creatinine 
clearances were significantly reduced whereas serum levels of potassium were 
increased after both enalapril and losartan treatment. In conclusion losartan is 
effective as well as enaJapril in the treatment of normotensive diabetic patients 

with persistent albuminuria. 

1040 
BENEFICIAL EFFECT OF NITECAPONE, AN ANTIOXIDANT AND 
INHIBITOR OF CATECHOL-O-METHYLTRANSFERASE ON RENAL 
DYSFUNCTION IN DIABETIC RATS 
A. Komer A-Ch Ekl5f, G. laremko M. Lal, G. DiBona and A. Aperia 
I" Dept. Pediatrics, Semmelweis Medical University, Budapest, Hungary, Dept. 
Woman and Child Health and Dept. Pathology, Karolinska Institute, Stockholm, 
Sweden 
The cause of diabetic complications is multifactorial. Oxidative stress is 
considered to be one of the most important pathophysiological factors. Here we 
have tested the effect of Nitecapone (N), a compound that is both an antioxidant 
and an inhibitor of the dopamine metabolizing enzyme catechol-O-methyl 
transferase (COMT), on renal dysfunction in rats with streptozotocin induced 
diabetes. Daily administration of N abolished hyperfiltration and increased 
sodium excretion via a dopamine dependent inhibition of tubular Na +, K+ 
ATPase activity. (Glomerular filtration rate in N treated [N+] versus N untreated 
[N'Jrats: 2.5±0.1 vs. 3.3±0.3 ml/min, p<0.04; fractionated sodium excretion in 
N+ vs. N' rats: O.4±O.IS vs. 0.22±0.08 %, p<O.OS). The effect of N on 
albuminuria and on the development of glomerulosclerosis was studied in rats 
with genetic predisposition to salt sensitive hypertension, which are known to 
develop advanced diabetic nephropathy. N administration significantly attenuated 
increased albumin excretion rate (N+ vs. N'rats: 3,4, range 0.03-9.8 vs. 10.9, 
range.I-26.0 mg/IOO ml GFR, p<O.OI) and the incidence of focal 
glomerulosclerosis (4.2±O.8 vs. 7.3±I.I %, p<O.OS) As a sign of oxidative stress, 
gene expression of the enzyme superoxide dismutase (SOD) was significantly up
regulated in the diabetic rats. Treatment with N has completely normalized the 
increased gene expression. The beneficial effect of N itecapone might be 
attributed both to antioxidant and COMT inhibiting activity of the compound. 
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1039 
LONG-TERM RENOPROTECTIVE EFFECT OF NISOLDIPINE AND LlSINOPRIL IN 
PATIENTS WITH DIABETIC NEPHROPATHY 
LTarnow, P.Rossing, C.Jensen*, B.V.Hansen, and H.·H. Parving. Steno Diabetes Center, 
Gentofte and ·UNI·C, Aarhus, Denmark 
Aims: To compare the long·term effect on glomerular filtration rate (GFR) of a long· 
acting calcium antagonist (nisoldipine) versus a long·acting angiotensin converting 
enzyme inhibitor (lisinopril) in diabetic nephropathy. Material and Methods: We 
performed a 4·year, randomised, double·dummy, controlled study comparing nisoldipine 
(20·40 mg once daily) with lisinopril (10·20 mg once daily) . double·blinded for the first 
year and single· blinded hereafter. Diuretics were required in 14 patients in each group. 
Included was 51 hypertensive Type 1 diabetic patients with diabetic nephropathy. Three 
patients dropped out during the first month, and results for the remaining 48 patients are 
presented. Rate of decline in GFR (Cr·EDTA) and 24·h ambulatory blood pressure 
(TM2420, A&D) was determined every 6 months. Albuminuria (ELISA) from three 24·h 
samples was measured with 3 months interval. Results: At baseline, the two groups 
were comparable: GFR (mean(SEll 85 (5) and 85 (6) ml/min/l.73m', mean 24·h blood 
pressure 108 (3) and 105 (2) mmHg, and albuminuria (geom.mean (95%CI)) 1554 (980· 
2465) and 1 033 (760·1406) mg/24h in the lisinopril and nisoldipine group, respectively. 
The mean follow·up time was similar, 45 months in the lisinopri( and 43 months in the 
nisoldipine group. Mean arterial blood pressure was similarly reduced in the two groups 
to 100 (2) and 103 (1) mmHg in the lisinopril and nisoldipine group, respectively (NS, 
comparing changes between groups) . The rate of decline in GFR during the 4 years did 
not differ between groups: 6.5 (1.1) and 5.5 (1.6) ml/min/year in the lisinopril and 
nisoldipine group, respectively (NS). Two patients in the lisinopril and three patients in 
the nisoldipine group entered therapy for end stage renal failure. Albuminuria was 
reduced (% reduction from baseline) 52 % (95%CI: 14 to 73) in the lisinopril group, 
whereas it increased 12 % (·10 to 40) in the nisoldipine group, p < 0.001. Conclusions: 
Long·term treatment with lisinopril and nisoldipine have similar beneficial effects on 
progression of diabetic nephropathy in hypertensive Type 1 diabetic patients. 

1041 
EFFECTS OF AMINOGUANIDINE ON GLOMERULAR BASEMENT 
MEMBRANE ANIONIC CONTENT: AN ELECTRON MICROSCOPIC STUDY 

D.G YaYllb H.C> Ersoz, M TWlcer, M Sargon, B Kii9iikkaya ,R Ahlskah and Sema 
Akalm. Marmara University Department of Endocrinology and Metabolism 
Istanbul, Turkey 

Aminoguanidine (AG) has previously been shown to prevent glomerular basement 
membrane thickening and albuminuria in diabetic rats. The aim of this study was to 
investigate the effect of AG on: I-glomerular basement membrane (GBM) thickness 
2-heparan sulfate (HS) content which represents anionic charge and 3-urinary 
albumin and HS excretion, in Streptozotocin induced diabetic rats. Materials and 
Methods: After diabetes induction female wistar rats were divided into 2 groups. 
Group A (n~11) received I gIL aminoguanidine carbonate in drinking water, group 
B( n~ 12) was given ooly tap water. Control rats received AG (group C,n~8) or tap 
water (group D,n~8). At the end of an 8 week period 24-hour urine collections were 
made and kidneys dissected. Urinary albumin was measured by electrophoresis, 
glycosaminoglycan excretion was detected by 1,9 dimethylene blue based 
spectrophotometry. Glomerular basement membrane HS content was measured by 
alcian blue stained particle cOWlt by electron microscopy. 
Results: albuminuria urinary HS GBM thickness alcian blue stained 

mg/d mgld f! 
Group A 162,S±21,8 IOSO,6±19S'" 114,6±4,1 
Group B 277,4±37,S' 2075,6±505 • 224±20,' 
Group C I06±27 899,4±IS8 95,7±7,6 
Group D 82,4±IO,7 956±68,7 97,3±4,3 
'p<0,05,"p<O,01 vs other groups,'" p<O,OI vs group B 

particle cOWlt 
90,6±0,6 

36±2,4" 
93,8±1,1 
98,6±1,7 

Diabetic rats showed a lower count of alcian blue stained particles on GBM while 
AG treated diabetic rats had counts similar to healthy rats. Couclusion: 
Aminoguanidine prevents the decrease in GBM anionic charged molecules and 
GBM thickening. This can be one of the mechanisms by which AG decreases 
albuminuria in diabetic rats. 
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1042 
THIAZOLIDINEDIONES PREVENT STREPTOZOTOCIN-INDUCED 

DIABETIC RATS FROM DEVELOPMENT OF NEPHROPATHY 

H. Yamashita, Y. Nagai, T. Takamura, E. Nohara and K. Kobayashi. 
First Department of Internal Medicine, School of Medicine, Kanazawa 
University, Ishikawa, Japan. 
We have recently found that thiazolidinediones (TZD) suppress the 
cytokine-induced production of monocyte chemoattractant protein-l from 
cultured mesangium, and assumed that TZD may ameliorate the 
progression of the diabetic nephropathy. Here, we tested this hypothesis 
in vivo. Spontaneous hypertensive rats (SHR) (Sw) were rendered 

insulinopenic diabetes by intravenous injection of streptozotocin (STZ) 

(50mg/kg). Diabetic rats were divided into three groups as follows: 
(1) STZ-SHR given normal chow (STZ), (2) STZ-SHR given chow 

mixed with 0.1% troglitazone (STZ+tro), (3) STZ-SHR given chow 
mixed with 0.001 % pioglitazone (STZ+pio). Non-diabetic SHR were 

divided into three groups as well: (4) SHR, (5) SHR+tro, (6) SHR+pio. 

TZD affected neither blood pressure (BP) nor blood glucose levels (BG). 
Albumin excretion rate (AER) markedly increased in STZ (SHR, 
0.55±0.03; STZ, 1.6S±O.23mg/day/creatinine clearance (Ccr)). TZD 
treatment significantly decreased AER at 12 weeks of treatment 
(STZ+tro, 0.S4±0.26; STZ+pio, 0.71±0.09) without affecting CCL 

Histologically, TZD significantly inhibited the STZ-induced mesangeal 
expansion and loss of anion sites on glomerular basement membrane. In 
conclusion, TZD decreased AER without affecting BP, BG and CCL 

These results lighten novel therapeutic aspect of TZD on diabetic 

nephropathy. 

1044 
Effects of Tolrestat and Aminoguanidine on Cataract Formation, Retinopathy 
and Nephropathy of Diabetic Rats 
A.Yoncm, O. Azal, B. CakYr, MF Erdogan, A.CorakCY and Ie Ozdemir. Gulhane 
School of Medicine, Department of Endocrinology and Metabolism, Ankara, 
Turkey. 
Aims: Drugs which interfere with sorbitol pathway and non-enzymatic 
glycosylation are under intense research to prevent chronic degenerative 
complications of diabetes. In this study ocular and renal diabetic complications of 
rats were investigated in a 24 weeks trial with tolrestat or aminoguanidine. 
Materials and Methods: We investigated ocular and renal histopathological 
changes of male, Sprague-Dawley rats made diabetic with streptozocin. Study 
groups were made up of 10 nonna! controls (NC), 10 diabetic controls (DC), 10 
diabetic tolrestat (DT) (25 mglkg/day) group, 10 diabetic aminoguanidine (DA) 
(lgr/L in drinking water) group. Weekly ocular examinations and histopathological 
findings of the lens, retina and the kidneys had been stndied in all four of the 
groups after sacrification of the surviving rats by the 24th week of streptozocin 
diabetes. 
Results: None of the surviving 10 rats developed cataracts, retinal or renal 
histopathological changes from NC group. Surviving 5 rats from DC group all 
developed cataracts where as only one of the surviving 6 rats from DT group 
developed cataracts (p~O.OI5). All 5 surviving rats from DA group also developed 
cataracts although at a slower rate than the DC rats. Retinal histopathological 
findings were indifferent in between the diabetic groups by the end of the 24th 
week. DC showed outstanding mesangial proliferation, diffuse and focal 
glomerular basal membrane (GBM) thickening where as DA group showed no 
mesangial changes and minimal diffuse GBM thickening. DT group had similar 
findings with DC group although mesangial changes were less prominent in this 
group. 
Conclusions: Our resnlts show that chronic degenerative complications of diabetes 
conld be partially prevented or delayed by the inhibitors of sorbitol pathway in the 
short term and non-enzymatic glycosylation in rats but on the long-term 
modification of glucose by other pathways may cause similar complications. 

1043 
REVERSAL OF GALACTOSE-INDUCED RENAL HYPERPERFUSION 
IN RATS BY ALDOSE REDUCTASE INHIBITOR ZOPOLRESTAT 
P. J. Oates and C. A. Ellery, Department of Metabolic Diseases, Pfizer Inc., 
Central Research Division, Groton, CT, USA. 
Aims: Chronic elevation of renal blood flow and capillary pressure may be 
an important pathogenic factor in the development of diabetic nephropathy. 
Although prevention of renal hyperperfusion in diabetic and galactosemic 
rats with aldose reductase inhibitors (ARls) has been reported, the 
reversibility of pre-existing renal hyperperfusion with an ARI has not been 
shown before. Materials and Methods: Male Sprague-Dawley rats were 
given free access to diet containing either 30% dextrin (Group D; n=l1) or 
30% D-galactose (Group G; n=21) for 14 days, at which time 14 of the 
galactose-fed rats were treated for 6 days with ARI zopolrestat (Alond'") (Z) 
at -25 mg/kg BW/day mixed into the galactose diet (Group Z; n=14). At 
day 20 each rat was anesthetized with Inactin, 100 mglkg, i.p., the left kidney 
was exposed via laparotomy, and superficial renal cortical blood flow 
(SRBF) was measured via laser Doppler flowmetry (Perimed PF3, Sweden). 
Results: Rats fed the galactose-rich diet had a slightly decreased body 
weight [mean±SD (n)]: 285±15 g (7) vs. 304±17 g (II), Group G vs. Group 
D (p<0.05, t-test), which was unaffected by Z: 288±14 g (14), Group Z. The 
galactose diet caused a 23% increase in left kidney weight: J.6±0.1 g (7) vs. 
1.3±O.1 g (II), Group G vs. Group D (p<0.05), which was unaffected by Z: 
J.6±0.1 g (14), Group Z. SRBF was elevated 9% in the galactose-fed vs. 
dextrin-fed group: 284±9 (7) perfusion units (PFU) vs. 261±18 (II) PFU, 
Group G vs. Group D (p<0.05). Galactose-induced hyperperfusion was 
completely reversed by Z: 260±23 (14) PFU, Group Z (p<0.05 vs. Group G; 
NS vs. Group D). A repeat study yielded very similar results. Conclusions: 
These results demonstrate for the first time in an experimental model of 
diabetes that treatment with an ARI (Z) can reverse pre-existing renal 
hyperperfusion, a possible etiological factor for diabetic nephropathy. 
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ETHNIC DIFFERENCES IN DIABETIC NEPHROPATHY - THE UKPDS 
RJ Stevens, AI Adler, JS Yudkin, SE Manley, CA Cull, RR Holman, and RC 
Turner, Diabetes Research Laboratories, Oxford University 

Previous epidemiological studies have suggested that diabetic nephropathy 
occurs more commonly in South Asian and Afro-Caribbean individuals than in 
whites, but prospective data are sparse. Aims: To evaluate whether South 
Asian (SA) and Afro-Caribbean (AC) individuals with type 2 diabetes are more 
likely than whites to develop nephropathy. Methods: 4692 individuals (83% 
white, 10% SA and 7% AC) aged 25 -65 years in the United Kingdom newly 
diagnosed with diabetes and without albuminuria were included. Proportional 
hazards regression was used to evaluate the association between ethnicity 
and nephropathy defined as microalbuminuria (> 50 mg/L) or more severe 
renal dysfunction, ascertained by two consecutive annual measurements. 
Ethnicity was evaluated alone, as well as in a model (n=2599) adjusted for the 
potential confounders of age, sex, haemoglobin Ai c, systolic blood pressure, 
waist hip ratio, smoking, triglycerides and retinopathy measured 3 months 
following diagnosis of diabetes. Results: 947 individuals developed 
nephropathy during a median 9.5 years of follow-up. In a univariate model, 
neither SA nor AC ethnicity was associated with increased risk. However, 
significant ethnic differences existed between risk factors for nephropathy; 
e.g., relative to whites, South Asians were younger at diagnosis of diabetes 
and had lower blood pressure. Adjusted for potential confounders, relative to 
whites, South Asian ethnicity was associated with an increased risk of 
nephropathy with a hazard ratio of 1.4 (95% confidence interval 1.1-1.9); no 
increased risk was observed for Afro-Caribbean individuals. Conclusions: 
South Asian ethnicity was independently associated with an increased risk for 
nephropathy suggesting that in this group, prevention and management of 
hyperglycaemia and hypertension is of particular importance. 

1047 
OUTCOME OF DIABETIC NEPHROPATHY IN TYPE 2 
DIABETES: ETHNIC DIFFERENCES 
A. Srivatsa, B.B. Jude, S.G. Anderson, lK. Cruikshank, R. Gakal and 
A.J.M. Bouhon, Diabetes Renal Clinic, Manchester Royal Infirmary, 
Manchester, UK 
Aims: To study the natural history of diabetic nephropathy in type 2 
diabetes mellitus with special reference to ethnic differences. Patients and 
Methods: Type 2 diabetic patients referred to a specialist diabetes renal 
clinic with proteinuria eO.5g) were entered into the study. All patients 
notes were analysed retrospectively. Results: 169 (100 Caucasians, 69 
non-Caucasians) type 2 diabetic patients were entered into the study and 
were followed up for median (range) 4 (2-10) years. 39 (39%) Caucasians 
and 23 (33%) non-Caucasians died. Caucasians had lower geometric mean 
HbAlc at referral [9.9 (9.4-10.4) vs 10.8 (10.1-11.6)%; p=0.03], higher 
baseline proteinuria [2.1 (1.7-2.6 vs 1.7 (1.2-2.4) g/24hr; p=0.07] and 

baseline creatinine [145.8 (130.1-163.3) vs 123.2 (105.5-143.8) lJlllol/l; 
p=0.02]. Caucasian subjects who died had higher baseline creatinine 
[188.4 (152.7-233.4) vs 158.9 (102.8-245.7 lJlllol/l; p=0.05]; coronary 
artery disease (CAD) [61 vs 38%; p=0.04] and proteinuria [3.4 (2.5-4.7) vs 
2.0 (1.1-3.5) g/24hr; p<0.05] compared to non-Caucasians. No differences 
were noted for baseline HbAlc, cholesterol, systolic BP and duration of 
diabetes and proteinuria. In a Cox multivariate analysis, Caucasians had a 
hazard ratio (95% Cl) of 1.9 (1.2-3.0); p=0.005, for proteinuria, which was 
independent for age [1.0 (0.9-1.1)], HbAlc [1.8 (0.4-9.4)], CAD [2.0 (0.9-
4.5») and baseline creatinine [2.6 (1.3-5.2); p=O.OI). In a similar analysis 
for non-Caucasians none of the risk factors were significantly related to 
risk of mortality. After adjusting for ethnicity, age, HbAlc, CAD, and 
baseline creatinine, baseline proteinuria was still associated with mortality 
[HR = 1.4 (1.1-1.9); p=0.02). Conclusion: Proteinuria in type 2 diabetes is 
associated with a poorer prognosis regardless of ethnicity. The worse renal 
state at presentation in Caucasians is ill-understood, and needs further 
study. 

1046 
ETHNIC DIFFERENCES IN A DIABETIC RENAL CLINIC IN BIRMINGHAM, 
UK 

A 277 

J. Webber, D.C. Wheeler, RE.J. Ryder, K.G. Taylor and S.L. Jones. Department of 
Diabetes, EndOCrinology and Lipid Metabolism, City Hospital Birmingham, UK. 
Aims: To examine whether there were differences in the characteristics of patients 
referred to a diabetic renal clinic based on their ethnicity. Materials and 
Methods: A retrospective analysis of all patients referred to a diabetic renal clinic 
over an eighteen month period. 151 patients with diabetes (102 male) were referred 
because of persistent proteinuria andlor a raised creatinine. Results: Mean age at 
referral was 61.2 ± 1.06 years (range 16.9-85.1) and duration of diabetes was 14.2 
± 0.7 years (range 1-40). 131 (87%) patients had type 2 diabetes. 69 (45.7%) 
patients were of Asian origin (A), 46 (30.5%) were White Caucasians (WC) and 36 
(23.8%) were of Afro-Caribbean extraction (AC). These proportions are similar to 
those attending the general diabetes clinics at City Hospital (A 42.8%, WC 36.8%, 
AC 20.4%). Prevalence of persistent dipstick positive proteinuria in the main 
diabetes clinics (sample size 525 patients) did not differ in the three groups (8.0% 
(A), 8.8% (WC), 8.4% (AC). The Asian patients were younger than both the other 
groups (57.7 ± 1.7 (A) vs 63.6 ± 1.9 (WC) vs 64.5 ± 1.6 (AC) years; p~0.012 
ANOVA), but did not differ in their knmm duration of diabetes. 33 patients had 
renal biopsies (19 (A), 9 (WC), 5 (AC)).A diagnosis of diabetic nephropathy 'MIS 

confirmed in 16 (10 (A), 2 (WC), 4 (AC)). The next most common diagnosis 'MIS 

IgA nephropathy (8 patients (6 (A), 2 (WC)). Conclusions: The vast majority of 
the patients had type 2 diabetes. Based on previous studies we were surprised that 
the prevalence of proteinuria 'MIS not higher in the Asian or Afro-Caribbean 
patients and that Asian patients were not over-represented in our renal clinic. 
There may of course be a bias in referrals of diabetic patients to this hospital-based 
diabetes clinic. Previous findings of a higher incidence of proteinuria and diabetic 
renal disease in Asian patients in Leicestershire (mainly of Gujurati origin) were 
not confirmed in this clinic where the Asian patients are mainly of north Indian, 
Pakistani and Bangladeshi origin. 

1048 
DECLINING INCIDENCE OF NEPHROPATHY (BUT NOT RETINOPATHY) IN 
TYPE I DIABETIC SUBJECTS IN CANTERBURY, NEW ZEALAND. 
C.M.Florkowski, R.S.Scott, 'P.J.Graham and C.L.Moir. Lipid & Diabetes Research 
Group and 'Department of Community Health and General Practice, Christchurch 
Hospital, New Zealand. 

Aim: The incidence of nephropathy in type I diabetes is declining in some but not all 
populations. Our aim was therefore to investigate whether there has been any change 
in the incidence of nephropathy (and retinopathy) in the Canterbury, New Zealand 
population and whether this can be related to glycaemic control or other factors. 
Methods: We identified 265 subjects with type I diabetes (and age of diagnosis < 20 
years) from a population-based register which was originally established in 1984. 
Subjects were divided into three 7-year groups according to year of diagnosis; 1970-76 
(n~73), 1977-83 (n=90) and 1984 onwards (n~ I 02). The time of onset of nephropathy 
(onset of persistent reagent-strip positive proteinuria or albumin "- 300mgll) or diabetic 
retinopathy (any clinical grade) was established from clinical records. 
Results: Cumulative incidence (SE) of nephropathy at 15 years was 10.5(3.3)% for the 
70-76 group and 4.8(10.7)% for the 77-83 group. At 20 years, cumulative incidences 
were 24.1(5.4)% for the 70-76 group and 12.7(19.4)% (by extrapolation) for the 76-83 
group. At 25 years (by extrapolation), cumulative incidences were 40.5(7.9)% and 
24.8(23.8)% for the 70-76 and 77-83 groups respectively. For retinopathy, cumulative 
incidences at 10 years were 22.5(4.4)% and 29.4(5.7)% for the 70-76 and 77-83 groups 
respectively and (by extrapolation) 26(5.8)% for the 84 onwards cohort. By 25 years 
(by extrapolation), cumulative incidences of retinopathy were 97.6(1.7)%, 98.3(1.5)% 
and 99.9(1.7)% respectively. For successive groups, the mean (SE) HbAIc (available 
from 1985) for all results were 7.7(1.4)%, 7.9(1.9)% and 7.6(1.6)% respectively, NS. 
Conclusions: The incidence of nephropathy, but not retinopathy is therefore declining. 
G lycaemic parameters are well matched between the 3 groups. It is postulated, 
therefore that other factors such as more aggressive blood pressure screening and 
management are responsible for the observed fall in the incidence of nephropathy. 
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1049 
COURSE OF NEPHROPATHY IN TYPE-2 DIABETES IN BANGLADESH 
MG Kibriya, MA Sayeed and AK Azad Khan. BIRDEM, Diabetic Association of 
Bangladesh. 
Aim: To evalnate the course of clinically dermed diabetic uephropathy (DN) and 
clinically suspected non-diabetic glomerular disease (NDGD) in Bangladeshi 
patients with type-2 Diabetes (DM). Material & Metbod: Consecutive 432 overt 
proteinuric type2 DM patients (m=260, 1'=172) with bilateral symmetrical renal 
involvement attending dedicated renal clinic for diabetic patients between October 
1997 to August 1998. Mean (±SD) age was 55.2±10.2 yr. and mean known duration 
of DM was 9.5±7.2 yr. Diagnosis of DN & NDGD was based on presence/absence 
of diabetic retinopathy and renal biopsy in selected cases. Result: Of tbe studied 
subjects, 261 had DN and 17l had NDGD. NDGD was more frequently found in 
female patients than male (47.1% vs. 34.6%, p=O.013). Duration ofDM was longer 
in DN (10.7±7.5 vs. 7.6±6.3 yr. , p<O.OOI). Proteinuria was also higher in DN 
(2.4±2.1 vs. 2.0±2.0 gm/day, p=0.049). About one-third patients (DN=75, 
NDGD=65) presented with nephropathy at the time of detection of diabetes. For the 
rest (DN=186, NDGD=106) the time elapsed to develop nephropathy (TN) varied 
from 2 to 33 yr, (median 8 yr.). TN was shorter in NDGD than DN (8.2±5.6 vs. 
10.3±7.0 yr., p=0.009), also in female subjects than in male (7.6±4.6 vs. 10.8±7.4 
yr. , p<O.OOI). TN was shorter in patients who developed hypertension (lITN) before 
the age of 45 yr. (7.5±4.2 vs. 1O.6±7.6 yr., p=0.002), also in patients who developed 
DM after the age of 50 yr. (6.8±4.3 vs. 1O.6±7.1 yr., p<O.OOI). Female patients 
developed HTN much earlier than their male counterparts (45.2±9.! vs. 52.9±!1.3 
yr. of age, p<O.OOI). These factors were also significant in multivariate analysis. 
However, female sex lost the significance when age of onset of HTN was considered 
in regression model, suggesting that comparatively early appearance of HTN in 
female subjects might predispose them to the early development of nephropathy in 
the course of type2 DM. Conclusion: In Bangladeshi subjects with type-2 DM, the 
course of NDGD differs from that of DN by: female preponderance, low grade 
proteinuria & early development of nephropathy. Appearance of hypertension at 
early age, onset ofDM at late age, presence of NDGD and female sex are associated 
with early development of nephropathy in type -2 DM. 

1051 
INFLUENCE OF GENDER AND ACE-INHIBITION ON THE COMPLICATIONS 
PROFILE OF TYPE I DIABETIC PATIENTS DURING A 5 YEAR FOLLOW-UP. 
1. De Leeuw, C.Delvigne and D.Ballaux. University of Antwerp. Belgium 
Aim:i: Study on the impact of a 5-year education and treatment-programme on the 
chronic complications profile of type I diabetic patients. Ml:!!mdli: Diet, exercise and 
insulintherapy were optimized on the basis on an individualized self-bloodglucose 
monitoring system. A standardized complications profile was made on a yearly basis 
in order to detect and stage retinopathy, nephropathy and neuropathy. Patients with 
hypertension (>140/85 mm Hg) were treated with Ace-inhibitors in an individually 
adapted dosage. ~: The cohort consited of 203 patients (124 men and 79 
women) with a median age of39 y (range: 19-71) and a duration of 12 y (range :1-
51). The women were slighty but significantly younger (37 versus 40.5 y in men, 
p<0.02) but the duration of the disease was identical in both groups. ~ : After S 
years the mean HbAlo decreased in men from 8.3%, sd 1.1, to 8%, sd 1, (p<0.005) and 
in women from 8.3%, sd 1.2, to 7.8%, sd1.l, (p<O.OOI). At the start of the study, 39% 
of the patients showed signs of incipient or established nephropathy. After 5 years this 
figure was reduced to 18% (p<O.OOOI) for the whole population, but the reduction was 
more impressive in women (10% vs 23% in men). The treatment with Ace-inhibitors 
in some patients had only a modest influence on this evolution (p<O.OS). In 12 patients 
(10 men and 2 women) there was a worsening in the stage of nephropathy 
accompanied by a non significant rise of the HbA lo from 8.4% to 8.7%. Neuropathy 
was present in 53% of the population and this figure did not decrease significantly 
after 5 years. At this moment however, more women than men maintained a nonnal 
EMG: 74.S% vs S3% (p<0.01). Treatment with Ace-inbitors did not change the 
evolution of the neuropathy. After 5 years there was a significant decrease of the 
number of patients maintaining a normal eye-fundus (88 versus 118 at the start, 
p<0.005). Despite the better metabolic control, this observation was more pronounced 
in women (37 versus SI, p<0.04) than in men (SI versus 67, ns). In both sexes the 
addition of Ace-inhibitors improved the stage of retinopathy significantly 
(OR=6.20S,95% CI :2.4S-IS.7, p<0.0005). Conclusions: In regard of metabolic 
control, it looks that a structured education and treatment programme for type I 
diabetic patients is more successfull in women with a better prognosis in regard of the 
development of nephropathy and neuropathy, but not retinopathy. Treatment of 
hypertension with Ace-inhibitors can improve the prognosis of retinopathy. 

1050 
INSULIN LISPRO LIMITS POST-PRANDIAL HYPERGLYCEMIA AND 
HYPERFILTRA nON IN TYPE 2 DIABETES 
C. Flores', P. Ruggenenti'O, A.R. Dodesini#, B. Vasile', F. Gaspari', F. Arnoldi', 
S. Ferrari*, I. Ciocca', A. SpalluzziA and G. Remuzzi*o.*Mario Negri Institute; 
°Bergamo, #Treviglio-Romano di Lombardia and AS. G. Bianco Hospital, Italy. 
Aims: To evaluate post-prandial effects of Regular and Lispro Insulin in Type 2 
diabetics with nephropathy. Materials and Methods: In II type 2 diabetics [age: 
61.S (50-72) years; serum creatinine: l.l (0.9-1.6) mg/dl; albuminuria: 563.0 (26.2-
2534.6) ~g/minl, we evaluated two weeks apart the effect of subcutaneous Regular 
or Lispro Insulin (fixed dose: 0.1 Ulkg body weight) given after a 2-hour 
euglycemic clamp and, respectively, 30 and 5 min before a standard meal (692 
Calories: 54.2% Carbohydrates, 17.4% Proteins, 28.4% Lipids) on 6-hour post
prandial blood glucose, insulin and C peptide profiles. Euglycemic and post
prandial GFRs (inulin renal clearance) were compared on each study. Patients were 
fasting and without antidiabetic therapy from the evening before. Comparisons 
were by Student t-test. Data were as follows: 
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Results: Lispro, as compared to Regular Insulin, significantly limited blood glucose 
increase from 90 to 210 min after meal because of a prompter absorption which, 
combined to a faster clearance from the circulation, also avoided late 
hypoglycemia. Limiting hyperglycemia completely prevented the acute post
prandial GFR increase that consistently followed Regular Insulin administration. C 
peptide profiles were identical after the two insulin administration. 
Conclusions: In diabetes, chronic Lispro therapy, by preventing glucose-induced 
hyperfiltration, could be renoprotective in the long-term. 

1052 
ERYTHROPOIETIN DEFICIENT ANAEMIA OF EARLY 
DIABETIC NEPHROPATHY 
D.R-Bosman, A_S_Winkler, J_Marsden and P_J_Watkins_ 
King's College Hospital, Denmark Hill, London SE5 9RS 
Aims: To determine whether diabetic patients with early 
established nephropathy are anaemic and whether this is due to 
erythropoietin (EPO) deficiency. Materials And Methods: Type 
1 diabetic patients, mean age 41 years (range 28-59), with 
persistent proteinuria (minimum 280mg/D, mean 1719 ± 

1335mg/D), creatinine 95 ± 27umolIL (maximum 157 umollL) 
and diabetic retinopathy were screened for anaemia, serum EPO 
was determined and other causes of anaemia excluded. EPO 
levels were compared with values obtained from a group of 23 
non-diabetic patients with iron deficiency anaemia_ Results: 9 
out of 20 diabetic patients with early nephropathy were anaemic 
with Hb 10.9 ± 0.8g1dl (mean ± SD) with serum EPO 
concentration of 8.3 ± 5.0 IUIL, (minimum < 2.5 IUIL ).The iron 
deficient group (Hb 9.8 ± 1.4 gldl) had a significantly higher 
serum EPO concentration ( 64.1± 41.2 IUIL, P < 0.01), for a 
similar degree of anaemia. Conclusion: This study has shown 
that the presence of early diabetic nephropathy is sometimes 
associated with an EPO deficient normochromic normocytic 
anaemia, which is expected only in more advanced renal failure. 
EPO deficiency may be due to damage of the renal interstitial 
tissue, the site ofEPO production. 
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INCREASED CORONARY HEART DISEASE ASSOCIATED WIlli INSULIN 
RESISTANCE IN POPULATIONS WITII & WITIlOUT TYPE 2 DIABETES 
D. Struttonl, P. Stangl, J.R Erbey' and E. Lydic12 ISterling, VA; 
'Collegeville, PA, USA 
Aims: This analysis estimates the annual coronary heart disease (CHD) events 
attributable to insulin resistance (IR) in the US among those with and without type 
2 diabetes mellitus (DM2). In addition, this study applies natioual cost data to these 
figores to develop an estimate for the annual cost of CHD attributable to IR 
Materials and Methods: A literature search was conducted of Medline-indexed 
articles with information on IR and its association with heart disease. Data were 
sought from the identified articles, for populations with and without diabetes, on the 
prevalence of IR, the relative risk (RR) of CHD relative to IR status, and the number 
of CHD events per year expected in these two groups. These data were used to 
develop estimates for the number of CHD events per year by IR and DM2 status, the 
proportion of these events that are attributable to IR, and estimates for the annual 
cost of CHD events. Results: The prevalence of IR was found to be 92% among 
those with DM2 and 12% among the general non-DM2 population. IR increases the 
risk of a CHD event almost twofold (RR=1.95) in the DM2 population and 2.2-fold 
(on average) in the non-DM2 population. Of the 1.1 rnillion annual CHD events in 
the US, 84% occur in those without DM2, while the remainder occur among those 
with DM2. Of the 176,000 annual CHD events in the DM2 population, 169,000 
(96%) occur in those with IR, while 181,000 of the 924,000 annual CHD events in 
the non-DM2 population occur among those with 1R Calculations of attributable 
risk estimate that 82,000 of the annual CHD events in those with DM2 and 99 000 
of the annual CHD events in those without diabetes are attributable to 1R Th~ IR 
is responsible for 46.6%,10.1%, and 16.5% of the annual CHD events in the DM2 
non-DM2, and total US population, respectively. These CHD events will result i~ 
an estimated annual total cost of $16.44 billion in the US in 1999, of which $8.75 
billion are direct medical costs. Conclusions: A large number of annual CHD 
events and their subsequent costs can be attributed to 1R Preventing or modifying 
IR would offer substantial benefits in terms of decreasing the morbidity, mortality, 
and costs associated with CHD. 

1055 
TYPE 2 DIABETES MELLITUS IS ASSOCIATED WITH MULTIVESSEL 
CORONARY ATHEROMA IN UK ASIANS. 
DP Warner, MW Mansfield and PJ Grant. Unit of Molecular Vascular Medicine 
University of Leeds, UK ' 
Aims: To determine whether Asian patients with type 2 diabetes mellitus have 
differing degrees of stenosed major coronary artery systems at coronary 
angiography than Asian patients without diabetes mellitus. Materials and 
Methods: 136 Asian patients attending for elective coronary angiography at four 
centres in West Yorkshire, UK, were recmited. Diabetes and history of myocardial 
mfarcl10n were defined by WHO criteria. TIle angiogram results were graded by 
number of major coronary artery systems containing stenoses of 50% or greater. 
Results: 58 patients (42%) had type 2 diabetes. TIle two groups of patients were 
of similar age (mean age 55.3 yrs [no DMj vs 57.8 yrs [DM]), and sex distribution 
(86% male [no DMl vs 84% male [DM]). Smoking frequency (16% [no DMj vs 
13% [DMj), and history of previous myocardial infarction (50% [no DMj vs 54% 
[DMj) were similar in both groups. Mean blood pressures (134/80mmHg [no DMj 
vs l39/80nunHg [DMj), mean total cholesterol levels (5.2 mmolll [no DMl vs 5.4 
mmolll [DMj), and mean fibrinogen levels (3.I7g1l [no DMj vs 3.26g11 [DM]), 
were smular III both groups of patIents. Patients with diabetes showed a greater 
frequency of involvement of 2 or more major coronary artery systems (p-0.002). 

No history of diabetes Type 2 diabetes 
Number % Number % 

Number of major 0 20 26 4 7 
coronary artery I 28 36 14 24 
systems with 50% or 2 12 15 19 33 
greater stenoses 3 18 23 21 36 
Conclusion In UK Asians with type 2 diabetes mellitus. more coronary artery 
dIsease IS found at coronary angiography despite similar levels of other 
conventional risk factors. It is uncommon to find nonnal coronary arteries at 
angiography in Asians with diabetes. 

1054 
PLASMA SOLUBLE ADHESION MOLECULES (VCAM-I, ICAM-I AND E
SELECTIN) IN INSULIN DEPENDENT DIABETES MELLITUS 
B. Feldt-Rasmussen, P. Jacobsen, K. Rossing, J.S. Jensen, H-H. Parving and 
P. Clausen. Department P of Endocrinology and Nephrology, State University 
Hospital, Copenhagen and Steno Diabetes Center, Gentofte, Denmark 

Aims: The prevalence of cardiovascular complications is high in IDDM, especially 
if incipient or overt nephropathy is present. Adhesion molecules; VCAM-I, ICAM
I and E-selectin are upregulated in the vascular endothelial cells in response to 
atherogenic stimuli and playa central role in the atherosclerotic process. This study 
investigates the impact of early diabetic nephropathy on plasma concentrations of 
adhesion molecules aiming to illustrate factors of potential pathophysiological 
relevance for the excess cardiovascular morbidity. 
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Materials and Methods: In total 56 IDDM patients, mlf=33123, aged 47±8 
(mean±SD) divided in 4 groups with either normoalbuntinuria (n=16), 
microalbuminuria (n=15). macroalbuntinuria (n=13) or macroalbuntinuria combined 
with an elevated s-creatinine of 0.120 to 0.350 mmoVL (n=12) were included and 
compared to 16 healthy controls. The groups were comparable with regard to age, 
sex, smoking habits, BMI, diabetes duration and age at onset. Concentrations of 
adhesion molecules were measured by ELISA methods and the results 
logarithmically transformed before statistical analyses. 
Results: VCAM-I and ICAM-I concentrations were similar in healthy controls and 
nonnoalbuntinuric IDDM patients but concentrations of both molecules increased 
significantly with advancing diabetic nephropathy, p=O.002 and p=0.0009, ANOVA. 

controls normoalb. rnicroalb. macroalb. s-crea. t 
VCAM-l 588(476-887) 598(490-968) 675(485-852) 680(542-1088) 852(498-1318) 
ICAM-I 211(142-434) 235(174-370) 304(197-521) 341(224-571) 324(229-475) 
Advancing nephropathy was associated with deterioration of glycaernic control and 
the difference in VCAM-I concentration between the groups was ouly of borderline 
significance, p=0.05, ifHbAlc was included as covariant. ANCOVA. However, the 
association between ICAM-I and advancing nephropathy was intact, p=0.008. 
Conclusions: Plasma concentrations ofVCAM-1 and ICAM-l are elevated in 
IDDM patients with early diabetic nephropathy, which can be of pathophysiological 
importance for the excess cardiovascular risk in these patients. 

1056 
CORONARY REVASCULARISATION IN A 10 YEAR 
STUDY OF 385 TYPE 2 DIABETIC PATIENTS. 

C-D Agardh and a Torffvit, Department of Medicine, University 

of Lund, Sweden. 
Aims. The aims were to study the influence of invasive 

intervention on clinical outcome in type 2 diabetic patients with 
signs of atherosclerotic heart disease. Materhlis and Methods. The 
study population consisted of385 type 2 diabetic patients with an 

age at diagnosis:::: 30 years, who were followed for 10 years or 
until death. The age at entry was 54± 10 )(ears and the diabetes 
duration 8±7 years (mean±SD). Odds ratios were calculated in 
relation to whether the patients were treated with coronary by-pass 
surgery or angioplasty (PTCA). Results. Out ofthe 385 patients 
included, 108 patients were identified as having clinical signs of 
atherosclerotic heart disease. Out of these 108 patients, 30 patients 
had had a coronary angiogram out of whom 23 underwent coronary 

by-pass surgery or PTCA. Among patients who were 

revascularised, 4 patients died during the observation period 

compared with 57 out of 85 patients who did not undergo 

revascularisation (p<0.001). Among 68 patients who had had a 

myocardial infarction during the observation period, II had 

undergone revascularisation, out of whom 4 died, compared with 

46 patients who died out of 57 patients with myocardial infarction 

who were not revascularised (p<0.00 1). Conclusion. In type 2 

diabetic patients. the risk of death was clearly reduced in patients 

undergoing coronary by-pass or PTCA. Despite this fact, only a 

minority of the patients (21 %) were treated with active coronary 

intervention. Thus, there is a potential for improved survival in this 

patient group with a more active treatment strategy 
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1057 
LEPTIN AND OTHER RISK FACTORS IN ME~ WITH CORONARY ARTERY DISEASE AND 

DISTURBANCES OF CARBOHYDRATE METABOLISM. 

I.Kowalska, B. Telejko, 'A.BacMrzewska-Gajewska, 'J.Prokop, ·'W.Kochman, 
OW. Musial and I.Kinalska. Department of Endocrinology, 'Department of 
Cardiology and **Department of Haemodynamics, Medical University, Bialystok, 
Poland. 
Recently a great attention has been paid on leplin role io metabolic disturbances 
and some data suggest that hyperleplinemia rather than hyperinsulinemia may be a 
key factor io the pathogenesis of metabolic syndrome X. 
Aims:The aim of our study was the analysis of serum leptio concentrations and 
other known risk factors (iosulin, total cholesterol, LDL and lIDL - cholesterol, 
triglicerides, fibrinogen) in men with coronary heart disease (CAD), referred for 
coronary arteriography. 
Materials and Methods: III men (mean age 52,7 ± 9,1; mean BMI 27,9±3,5 
kg/tu2) with clinical symptoms of CAD and positive exercise test were included io 
the study. Coronary arteriography showed one vessel disease in 39 patients, two 
vessel disease in 35 patients, and three vessel disease io 28 subjects; 9 subjects 
had not any significant changes in coronary arteries. An oral glucose tolerance test 
with glucose and iosuIiu estimations was performed io all patients. Serum leplin 
and insulio concentrations were measured using RIA method. ANOV A and Mann
Whituey test were used for statistical analysis. 
Results: Serum leptin concentration did not differ significantly between subjects 
with normal (7,25 ± 4,7 ng/mJ) and impaired glucose tolerance (8,48 ± 6,8 ng/mJ) 
or diabetes (7,12 ± 2,8 ng/mJ). However, the patients with 1-, 2- or 3- vessel 
disease had slightly higher leptin levels (7,58 ± 6,4 ng/ml, 8,73 ± 5,7 ng/mJ and 
7,05 ±4,0 ng/ml, respectively) in comparison with men without stenosis of 
coronary arteries (5,82 ± 2,6 ng/mJ). The men with CAD had also significantly 
higher concentration of total and LDL - cholesterol, triglicerides, fibrinogen and 
HbAlc, and markedly lower ejection fraction and the level of lIDL - cholesterol. 
Significant correlation between leplin concentration and BM! (r=0,5812, 
p<O,OOOI), post load insulin level (r=0,2850, p<O,OI) and blood platelets count 
(r=-0,2518, p<0,05) were found. 
Conclusion: Our results suggest that serum leplin concentration can not be 
considered as a direct risk factor of coronary artery disease. 

1059 
ISCHEMIC REACTION IN DIABETIC PATIENTS WITH CORONARY 
HEART DISEASE TREATED WITH GLmENCLAMIDE OR 
GLIMEPIRIDE 
K. HUcking, A. Klamann, M. Jonas, U. MUller-Lung, L. Heuser,V. Launhardt, R. 
Ritzel, W. H. Schmiegel and M.A. Nauck. Departments of Medicine and 
Radiology, Ruhr-University, Knappschafts-Krankenbaus Bochum, Germany 
Aims: Sulfonylurea compounds, like glibenc1amide, are known to interact with 
myocardial and vascular ATP-sensitive potassium channels. The aim was to 
compare the influences of glimepiride, a newly developed sulfonylurea, which is 
assumed to have less potential for cardiac effects by acting more specifically on 
pancreaticl receptors, and glibenclarnide on myocardial perfusion. Materials and 
Methods: Six Type 2 diabetic patients (4 m / 2 I), age 66 ± 7 y., BMI 27 ± 3 
kg/m2, II ± 5 years after diabetes onset, HbAk 8,7 ± 2.1 %, with known coronary 
heart disease (history of myocardial infarction) and glibenclamide treatment (9.3 
± 1.8 mg/d) for 7,0 ± 5.8 years underwent two myocardial szintigraphic scans: 
The first under glibenclamide therapy and the second 14 days after changing to 
glimepiride (3.0 ± 1.1 mg/d) (One-day-protocol: "Tc-MIBI, 250 MBq at rest and 
750 MBq after physical or pharmacological stress, SPECT > Ih after each 
injection). 25 segments of each scan were assessed semiquantitatively (0 = no 
perfusion to 3 ; unrestricted perfusion). The scores of all 25 segments were 
summed up for resting- and stress-conditions. Differences were calculated. 
Statistics: Student's t-test. Results: The perfusion score for resting-conditions was 
67 ± 8 vs. 64 ± 8 (glibenclamide vs. glimepiride; p ; 0.57). For stress-conditions 
it was 58 ± 9 vs. 56 ± II, p< 0.01 versus resting conditions in both scans, p; 0.61 
for the comparison of glibenc1amide vs. glimepiride. The differences in scores 
between resting and stress (9 ± 6 vs. 8 ±7 points; p; 0.78 also was not significant. 
Conclusions: There is no significant difference in the myocardial ischemic 
reaction to stress in treatment with the sulfonylureas glibenclamide or glimepiride 
in Type 2 diabetic patients with coronary heart disease. 

1058 
CORONARY BLOOD FLOW ASSESS WITH THE USE OF SINGLE PHOTON 
EMISSION COMPUTER TOMOGRAPHY (SPECT) IN PATIENTS WITH TYPE 
I DIABETES AND NEGATIVE ECG EXERCISE TEST 
D.Naskr~t, R.Oleksa*, D.Zozulinska, J.Sowinski* and B.Wierusz
Wysocka. Poznan Diabetic Center, * Clinical of Endocrynology 
Poznan, Poland. 
Long history of diabetes and presence of diabetic microangiopathy 
significantly increase the risk of coronary heart disease. A different clinical 
cause, especially painless coronary episodes, explain an earlier cardiological 
diagnostic procedures in this group of patients. Aims: the aim of this study 
was to assess the coronary blood flow with the use of single photon emission 
computer tomography (SPECT) in patients with diabetic history longer than 5 
years and with negative ecg exercise test. Materials and methods: the study 
was perforroed in group of IS Type I diabetic patients (6 male, 9 female aged 
28.6 ±6.6 years, diabetes history 13.6 ± 3.9 years, HbAlc 8.5 ±1.7%) and 
with negative history towards heart diseases. 6 of our patients had 
microalbuminuria. Myocardial perfusion was studied with single photon 
emission computer tomography (SPECT) at rest and during ischemia induced 
pharmacologically with dipiridarnol (0.56 mg/kg body weight). We used MIBI 
(methoxy-isobutyl-isonitrile) marked with 99mTc in dose 2x20 mCi. Results: 
in 6 patients (40%) the SPECT showed normal blood flow both at rest and 
after dipiridarnol. 7 patients (46.7%) showed decreased radioactivity in the 
dipiridamol test while it was norroal at rest. In two cases (13.3%) dipiridamol 
increased disturbances in myocardial perfusion that were already present at 
rest. In 55.5% of cases abnormal perfusion coexisted with microalbuminuria. 
Conclusions: I. Most of Type I diabetic patients, with no complaints and 
negative ecg exercise test, show disturbed perfusion evaluated by SPECT. 2. 
Long history of diabetes and/or microalbuminuria seem to indicate the 
necessity of further precise evaluation 

1060 
PROGNOSTIC VALUE OF SILENT MYOCARDIAL ISCHEMIA IN DIABETIC 
PATIENTS. 
P.Valensi, J. Paries, F. Torremocha, V. Brulport, R.N Sachs, G. Vanzetto, M. 
Levy, B. Lormeau and S. Halirni. Departments of Diabetology. Bondy, 
Poitiers, Saint-Etienne, Nanterre, Grenoble. France. 
Data concerning the predictive value of silent myocardial ischemia 

(SMI) in diabetic patients are scarce. Aims: to examine, in a 
multicenter study, the predictive value of SMI for major cardiac events 
(MCE) in a large cohort of diabetic patients free of cardiac symptoms. 
Materials and methods: SMI was assessed on myocardial scintigraphy 
and a stress test when it was possible in 451 diabetic patients, 50 type 1 
and 401 type 2, with at least one additional cardiovascular risk factor. 

Patients have been followed dttring 5.5 ± 1.1 (SO) years. Results: MCE 

defined by myocardial infarction, sudden death or the secondary 
requirement of myocardial revascularization procedure occurred in 61 

patients. Among the patients with SMI the rate of MCE was 

significantly higher than in patients free of SMI (23.2% vs 9.1 %, P < 
0.0001), with an Odds ratio = 3.02 (95% CI: 1.72-5.29). The occurrence 

of MCE was significantly associated with age (r = 0.163, P = 0.001). 
The analysis according to the Kaplan Meyer method confirms the 
significant association between SMI and MCE (p = 0.0002) after 
adjustment on the center. With age and center taken as independent 
parameters, the Cox model confirms the significant association between 
SMI and MCE : Odds ratio = 2.28 (95% CI: 1.27-4.09). Conclusion: 
this multicenter study I) confirms that SMI has a high predictive value 

of MCE ; 2) strongly suggests that SMI should be assessed in diabetic 
patients with other cardiovascular risk factors. 
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DOBUTAMINE STRESS ECHOCARDIOGRAPHY FOR THE DIAGNOSIS 
OF SILENT ISCHAEMIA IN DIABETIC PATIENTS. 
A. Perfomis, D. Boumal, C. Zimmeffilann, Y. Bernard, A. Sabbah, N 
Meneveau, S Gautier and J.P. Bassand. Diabetology, Cardiology, and 
Nuclear Medicine Departments, University Hospital, Besanyon, France. 
Aims: silent myocardial ischaemia (SMI) is frequent in diabetic patients (pts). 
The aim of this study was to determine the value of Dobutamine stress 
echocardiography (DSE) for the diagnosis of SMI, compared to exercise 
stress testing (ST) and to Thallium myocardial scintigraphy (Th). Material 
and Methods: 50 diabetic pts, with a known duration of diabetes> 15 years 
for type 1 and > 5 years for type 2, having at least 3 added risk factors 
(hypertension, cigarette smoking, dyslipidemia, other vascular disease, 
micro/macroalbuminuria, family history of premature CAD), but neither 
chest pain, nor EKG abnoffilalities, were emolled in this prospective study. 
All of them were submitted to DSE with a maximum infusion rate of 40 
y/kg/mn Dobutamine ± I mg IV Atropine, and to Th coupled with bicycle 
stress testing. Coronarography was perfoffiled if at least one exam was 
abnoffilal. Results: preliminary results conceming 50 pts (34 M, 16 F, 
average age 59.8 ± 10 years, 10 type I and 40 type 2 diabetes, known 
duration of the disease 17.1±9.3 years) were analysed. Feasibility of DSE 
was 94 % despite frequent obesity; no serious complication occurred during 
the test. Coronarography was performed in 22 pts (44 %); 13 were abnoffilal 
(26 % of the whole group): 5 pts had a single-vessel, 4 a 2-vessel and 4 a 3-
vessel disease. Predictive positive value was 71.5 % for DSE vs 60 % for Th 
and 40 % only for ST. DSE was falsely negative in 3 cases vs 7 cases for Th 
and ST. 
Conclusion: asymptomatic coronary disease is common in diabetes associated 
with other risk factors. DSE appears promising for its detection and a good 
alternative to Th. 
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VITAMIN SUPPLEMENTATION REDUCES OXIDATIVE STRESS IN 
PATIENTS WITH TYPE 2 NON-INSULIN DEPENDENT DIABETES 
SL Nuttall, U Martin, MJ Kendall and 'F Dunne. Departments of Clinical 
Pharmacology and 'Diabetes, University of Birmingham, UK. 

Aims: We have previously demonstrated increased oxidative damage in elderly type 
2 diabetic patients with vascular complications despite similar antioxidant defences 
as a healthy control group. These patients may require greater antioxidant defences 
than normal elders to protect against oxidative damage. We therefore assessed 
markers of antioxidant defence and oxidative damage in patients with type 2 
diabetes before and after supplementation with low and high doses of a combination 
of the major water- and lipid-soluble vitamins C and E. Materials and Methods: 
Nine elderly type 2 diabetic patients with cardiovascular complications (mean 
age±sem 76.9±2) took a low dose combination of vitamins C (500mg) and E 
(400IU) for 4 weeks. Following a 4-week washout period, patients had a further 4 
weeks of supplementation with high doses of vitamin C (I OOOmg) and E (800lU). 
Blood was sampled pre- and post-treatment for analysis of total antioxidant capacity 
(TAC) by enhanced chemiluminescence, vitamin E by HPLC, and plasma lipid 
hydroperoxides (LHP) (the marker of oxidative damage) by colour 
spectrophotometry. Statistical analyses were performed using analysis of variance 
(ANOV A). Results: Vitamin E was significantly increased compared with baseline, 
particularly after the high dose combination (59.8±6 vs. 36.4±4, p<O.OOI (low) and 
n.7±1 I vs. 30.8±5, p<O.OOI (high». TAC was significantly increased above 
baseline to a similar degree after both doses (508.2±33 vs. 436.4±31, p<O.OI (low) 
and 519.3±48 vs. 440.8±34, p<O.OI (high)). In contrast LHP was reduced to a 
greater degree after the low dose combination (6.1±1 vs. 12.1±2, p<O.OI (low) and 
8.0±1 vs. 1l.6±1, p<0.05 (high». Conclusions: We have demonstrated that low 
dose supplementation with the antioxidant vitamins C and E can significantly 
increase antioxidant defences and reduce oxidative damage in elderly patients with 
type 2 diabetes. This study has helped to define a regimen which could now be 
evaluated in clinical trials. 

1062 
CARDIOVASCULAR RISK FACTORS IN TYPE I DIABETIC PATIENTS WITH 
MANIFESTATION AFTER 35 YEARS (LADA) COMPARED WITH TYPE 
2 DIABETICS 

M.Andel, P.KramI, lPotockova, HDvol'l\kova and L.TreSiova. Diabetes Center 3"' Facul
ty ofMedieine Charles University and University Hospital Prague, Czech Republic 

The aims of the study were to compare cardiovascular risk factom in patients suffering of 
type I diabetes with manifestation after 35 years of age (LADA) with the age, sex and 
duration of diabetes group of type 2 diabetic patients (DM2).Materials and methods: 
LADA was diagnosed according to following criteria: manifestation of diabetes after 35 
years of age, fasting C peptide less than 200 pmol/l and therapeutic dependency on insulin. 
Criteria for DM2 were: tasting C-peptide more than 200 pmol/l, antibodies against gluta
mate decarboxylase (GADA) less than 50 n&,ml and no necessity of insulin therapy. 
LADA group consisted of39 patients (16 men and 23 woman) with the average age of 
63,4±14,5 ys and average duration of diabetes of 15,6±1O,0 ys. All of the patients were 
treated by insulin. The DM2 group consisted of 54 patients (22 men and 32 woman) with 
the average age of 66,76 ys and average duration of diabetes 7,9±7,4 ys Patients of both 
groups did not differ in the age and sex duration of diabetes of LADA patients was 
significantly longer (p<O,OOI) In each pemon family history of myocardial infurction and 
diabetes was recorded, the arterial blood pressure was taken and plasma levels of total and 
HDL cholesterol, triglycerides and uric acid were measured. Results: Family history 
regarding diabetes and myocardial infarctions in mothers and fathem did not diftfer 
between LADA and DM2 group. Systolic and diastolic blood pressure did not differ in 
both groups (sBP 136±21 vs. 142±22mmHg, dBP 78±10 vs. 82±11 mmHg ns.). The 
levels of total plasma cholesterol also did not differ among the groups (LADA 4,92±0,52 
mmol/l and DM2 5,380±0,57 mmol/l ns.) HDL cholesterol was significantly higher in 
LADA group (l,58±0,15 mmol/l vs.I,I9± 0,10 mmol/l p<O,OOI), plasma triglycerides 
were higher in DM2 group (I,44±0,19 vs. 1,79 ±0,34mmol/l, p<0,05). Plasma uric acid 
levels were also higher in DM2 group (212,8 ±37,2 vs. 270,4±35,4 umolll, p<O,OI). 
Conclusions Even the diabetes duration was significantly longer in LADA group, our 
data demonstrates moderately lower cardiovascular risk in LADA group as compared with 
group of type 2 diabetic patients of comparable age and sex. 
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SERINE-PROTEASE INHIBITORS IN DIABETIC CARDIOMYOPATHY. 
R.Schiaffini, A.Pantaleo, T.BattocJetti, V.Vaccari, C.Brufani, E. MartusceJli* 
and P.Gargiulo: Endocrinology;*Cardiosurgery-University of Rome "La 
Sapienza" (Italy). 
Diabetes mellitus is characterized by early and rapidly progressive atherosclerosis. 
In diabetic patients, in addition to myocardial ischemia, microaneurisms and 
interstitial damage have been described. The pathogenesis of such lesions is unclear. 
Alpha-I-antitrypsin and antithrombin III. both serine-protease inhibitors. inhibit 
proteases such as elastase, trypsin, chymotrypsin and thrombin. These serine 
protease inhibitors function in hemostasis and in the remodelling of connective 
tissues, both of which have been inplicated in the pathogenesis of atherosclerosis. 
Aim: we set out to evaluatae the role of these two serine~protease inhibitors in 
diabetic heart disease. Materials and Methods: in this prelirnenary investigation, 
we studied myocardial tissues obtained by heart biopies from 27 normal hearts from 
transplant donors, 4 patients undergoing heart valve surgery, 6 non-diabetic patients 
undergoing comary bypass, and 6 diabetic patients undergoing bypass surgery. Our 
methodology employed standardized immunocytochemical procedures with 
monoclonal antibodies to the two serine-protease inhibitors, and the protocol was 
designed to map the differences in the tissue localization of these inhibitors in the 
different study populations by using the techniques discribed by Faulk and 
colleagues. Results: this study revealed that in normal control hearts the alpha-I
antitrypsin was located in the extracellular matrix and smooth muscle cells of large 
arteries and in the basal membrane of myocardiocytes, while the antithrombin III 
was located in the endothelium of veins and arteries as well as in the smooth muscle 
cells of large arteries. These reactivities were uniform in both their location and 
intensity of reactivity. In contrast, no inhibitor was uniform in its distribution in 5 of 
the 6 diabetic hearts, and a grading scheme for intensity revealed significant 
decrease in the 5 diabetic hearts. Conclusions: these results obtained from diabetic 
hearts with coronary artery disease differed qualitatively and quantitatively from 
those obtained from non-diabetic hearts with coronary artery disease. We suggest 
that the data from this small study suggest that serine-protease inhibitors function as 
inhibitors of thrombin-mediated damage to vascular endothelium and smooth 
muscle cells via antithrombin In, and as inhibitors of connective tissue damage via 
alpha-I-antitrypsin. 
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1065 
IS SULFONYLUREA TREA 1MENT DETERMINATIVE ON 
PRECONDITIONING IN ALLOXAN DIABETIC RABBITS? 
E.Nieszner, I.Posao, E.Kocsiso, I.Preda and G.Pogatsa°, MZS. KoltaiO 
Haynal Imre University of Health Sciences, Cardiovascular Centrum Gottsegen 
Gyorgy National Institute of Cardiologyo, Budapest, Hungary 

ATP-dependent K+ channels acti~ity in the myocardiac cell is controlled by 
metabolic circmnstances. Glyburide, the frequently used antidiabetic medicine is 
known as specific K+ charmer blocking agent. So ischaentic activation ofK-ATP 
channels and preconditioning of diabetic heart may be contraversial. ~ In ~vo 
studies were made on 5 control and 2 I alloxan diabetic rabbits to asses if 
protective effect of ischaentiac preconditioning on myocardial infarct size is 
influanced by metabolic state and sulfonylurea treatment. The effects of three 
times of 2 minutes ischaentic preconditioning and clinical doses (0,02-0,1-
0,2mglkg) of Glyburide and GJimepirid on infarct size were compared by two 
ways of variancia analysis. Method: Infarcted areas in rate of left ventricuIe (TTC 
painting) and infarcted area/risk area (fluorescense signaled) ratios were assesed 
by planimetry (IBM PC, !man 2,0 beta) and 2 ways of variancia analysis .. 
Results: While in healthy animals preconditioning dintinished ( 48,8% - 29,6%, 
p<0,05 ), in diabetic subjects did not reduce ( 56,6% - 53,3%, p=NS ) infarct size. 
In healthy animals Glyburide in all doses blocked protective effect of 
preconditioning (29,6% - 50,4% - 51,4% - 55,50/0, P<0,05), but GJimepirid did not 
have such an influance ( 29,6% - 36,1% - 37,2%, p=NS, 43,40/0, P<O,05). In 
diabetic subjects Glyburide in lower doses (53,3%-46,6%, p<o,05, 49,6% - 55,0%, 
p=NS) allowed some infarction lintiting effects of preconditioning, while in case 
of Glimepirid treatment not the sulfonylurea effect, but the metabolic state 
seemed to be deterntinative. Conclusion: Pathological carbohydrate state 
prohibits protective effect of preconditioning in the myocardium. Both metabolic 
circumstances (p<O,02), sulfonylurea treatment (p<O,05) and preconditioning 
(p<O,OO5)posesses independent effect on infarct size. In the consequance of the 
common influance of metabolic state and sulfonylurea treatment, Glyburide 
seemed to be less harmful in diabetic circumstances than in healthy state. 

1067 
REVERSAL OF DIASTOLIC DYSFUNCTION AFTER PANCREAS 
TRANSPLANT A TION IN DIABETIC UREMIC PATIENTS 
Fiorina P., La Rocca E., Astorri E., Rossetti C., Lucignani G., Giudici D., Di 
Carlo V., Castoldi R., Pozza G., Secchi A. 
S. Raffaele Scientific Institute, Milan; Chair of Cardiology, University of 
Parma. 
Aim. Epidemiologic studies have clearly demonstrated that diabetic patients are 
at increased risk for cardiovascular morbidity and mortality. Diastolic more 
than systolic function is frequently impaired in diabetes. Aim of our study was 
to evaluate the impact of glucose metabolism normalization on development of 
diabetic cardiomyopathy. Materials and Methods. We evalueted in 43 kidney
pancreas (KP) and in 27 kidney-alone (KA) diabetic urentic transplanted 
patients, the effect of pancreas tranplant on left ventricular diastolic function. 
As controls (C), IS healthy subjects were choosen. Diastolic but not systolic 
dysfunction was present in SS% of KA and SI % of KP group. During the follow 
up patients were studied with a radionuclide assessment, with evaluation of 
ejection fraction (EF), peak filling rate (PFR), peak ejection rate (PER), time to 
PFR (t-PFR), PFRJPER ratio. Patients were grouped according to years of follow 
up (6 months: IS KP and 9 KA; 2 yrs: 13 KP and 9 KA; 4 yrs: IS KP and 9 
KA). Results. At 6 months after tx, no differences have been shown between KP 
and KA, the two groups still presenting a slight isolated diastolic dysfunction, 
as shown by low PFR (KP=3.SS±O.14 vs KA=3.93±O.28; ns but both p<O.OS vs 
C=4.16±O.32), reduced PFRIPER ratio (KP=O.97±O.04 vs KA=O.99±O.09, ns) 
and prolonged t-PFR (KP=162.6±S.3 vs KA=IS4.7±9.7, ns). At 2 years of 
follow up normal values of diastolic parameters were shown in KP, but not in 
KA group. At 4 years the differences between the two groups were significant 
for all diastolic parameters (PFR: KP=4.46±O.15 vs KA=2.73±O.24, p<O.OOI: t
PFR: KP=141.9±7.8 vs KA=209.4±13.5, p<O.OOI; PFRJPER ratio: 
KP=I.IO±O.04 vs KA=O.Sl±O.OS, p<O.OI). Furthermore at 4 years, diastolic 
parameters were significantly different versus baseline group, demonstrating an 
amelioration of diastolic dysfunction in KP and a worsening in KA group. 
Finally, at 4 years a significant difference in systolic function was shown, with 
higher EF values in KP group than KA group (KP=7S.7±1.86 vs KA=6S.3±2.S, 
p=0.004). Conclusion. Normalization of blood glucose metabolism lead to 
improvement of diastolic function in IDDM. 
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IMPROVED FIBRINOLYSIS WITH INTENSIVE INSULIN TREATMENT DURING 
AN ACUTE CORONARY EVENT IN DIABETICS, 
A.Melidonis1

, A.Stefanidis1
, S.Tournisl, S.Manoussakis1

, S.Handanis1
, M.Zairis1

, D. 
Vitalis2

, L.Dadiotis3 and S.Foussas1 
• 1 :Diabetic Department, 2:Cardiology Department, 

3:Blood Banking Department. TZANIO HOSPITAL 
PIRAEUS, GREECE 

Aim: Many clinical and laboratory observations give support to the hypolhesis that strict 
metabolic control by insulin infusion during acute coronary events may improve the ischaemic 
damage and prognosIs. We investigate the impact of intensive insulin lreatment on fibrinolytic 
parameters during an acute ischaemic myocardial event (lUlstable angina or acute myocardial 
infarction) in patients with type 2 Diabetes Mellitus. 
Methods: The study group consisted of 48 type 2 diabetic patients. 24 randomiLed to 
conventional therapy plus intensive insulin treatment (group A) and 24 to conventional therapy 
only (group B) The two groups were comparable accordmg La sex, age, brO!, whr, duration of 
DIabetes, previous alllldiabetic treatment, type of ischaemic events, concomitant therapy and 
the classic risk factors for Coronary Heart Disease. Insulin lreated patients were excluded from 
the study. Plasma levels of fibrinogen, t-PA and PAI-l were measured on adrrussion and 
discharge. Fibr was measured using photometric method. PAI-I and t-PA were measured by 
enzyme-linked immunosorbcnt assays. 
Results: Tissue plasminogen activator (t-PA) increased in both groups during hospitalization 
(t,PA.""",,"" vs t-PA"""""" Group A:15 42±4.4 ng.mrl vs 21.2±5.74 ng mI'l p=O.000037, 
Group B.14.47±6.31 ng.mrl vs 19.18±6.88 ng.mI,1 p~O,OOI). On the contrary, fibrinogen 
(fibr) and plasminogen activator inhibitor l(PAI-l) levels increased remarkably in controls 
(Group B, fibrlldnw.i>,oll vs fibrdn.!.h&l\\i 2.98±l.04 g.r1 vs 3.59±l.OI g rl p=O.002 and PAI
l"""",," vs PAI,L",lwg, 30.6±I7.34 ngmI·1 vs 40.62±23.48 ngmrl p~O.003), finding that 
was not observed in intensive insuIm treatment group (Group A, fibradmnlSloll vs fibrdiAc~ : 
2.87±O.73 gI'l vs 2.67±O.72 g.rl p~O!01 and PAI,I"",,,,"M vs PAI-I .. ,h.,., : 30.75±15.81 
ngmrl vs 27.75±6.43 ng.mrl p=0.484). 
Conclusion: IntenSive insulin treatment during an acute coronary event Improves fibrinol}1.ic 
profile m patients with Diabetes Mellitus. This is a possible mechanism for the reduced short 
and long ternl mortality in diabetiC patients treated with intensive insulin treatment protocol. 

1068 
LEFT VENTRICULAR(LV) GLOBAL AND REGIONAL SYSTOLIC 
AND DIASTOLIC FUNCTION IN TYPE 1 DIABETES MELlITUS(DM) 
N.mazarakis, T. Katsaros, E. Giagiakou, A. Karavidas, A. Agellou, 
O. Karamani, I. Saflianis, E. Malsakas. 
Diabetes Center, and Department of Cardiology 
Athens General Hospital 'G. Gennimatas' GREECE 
Patients with type 1 DM appear to have an increased incidence of 
early subclinical LV dysfunction. The aim of our study was to evaluate 
the global and regional LV function in young patients with type 10M. 
Methods: 44 patients with well-controlled type1 DM ( group 1) and 
27 healthy subjects with normal OGn( group 2) were studied by using 
2-D, pulsed and tissue Doppler echocardiography( TOE). LV ejection 
fraction( EF) and transmitral flow Doppler parameters ( early peak 
diastolic-Emax and late peak diastolic velocity-Am ax, global LV 
isovolumic relexation time-IVRT and deceleration time-DT) were 
measurea. LV myocardial wall velocities were recorded from the apical 
4 chambers view in the basal segment of the lateral free wall (1) 
and the regional isovolumic relaxation time (IVRT1) and systolic (51), 

early diastolic (E1) and late diastolic myocardial velocities ( A 1) were 
measured. 
Results: Mean values +80 of the above parameters in group 1 and 
group 2 ( ns not platad) are presanted in tabla: 

n=71 GROUP 1 GROUP 2 P valua 
Heart rate (bpm) 77+9 69+6 <0.001 
EF(%) 69+3 6S+2 " Q.QQ1 
Amax(cm/s) 60+15 49+9 <0.05 
S1 (cm/s) 17+2 12+1 "0.001 
ConclusIon: 1) Global and regional left ventricular systolic function 
is increased in young patients with type 1 OM. 2) In these patients 
regional diastolic function, as assessed by TOE, is normal and the 
impaired LV diastolic function could be attributed to the higher 
heart rate. 
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CARDIAC SURGERY-RELATED COMPLICATIONS IN DIABETES. 
F. Caviezel, L Momcone, M. Ranucci, S. Denti, A. Cazzaniga, R. Enrini and 
GJsgro. Dept. of Endocrinology, Dept. of Anesthesiology, S.Donato Hospital, 
University of Milan, S. Donato Milanese (Milano), Italy. 
Aims: Diabetes mellitus (DM) represents an additional risk factor for peri- and 
post-{)perative complications after cardiac surgery. Because of controversial 
data on this issue, probably due to not exactly comparable groups of patients, 
this retrospective study aimed to compare two highly homogeneous populations 
which were different only for the presence or absence of DM. Material and 
Methods: We studied 700 patients who underwent cardiac surgery in our 
hospital (between 1996 and 1998): 350 with and 350 without DM, aged 62 ± 9 
y (67% males); 441 underwent coronary-aortic by-pass (CABP) and 259 valve 
operations (VO). DM accounted for 50% of the patients of both surgical 
procedures. Apart from D M, the two groups were strictly matched for age, 
weight, heart disease, blood pressure, concomitant pathologies (except for 
previous neurological injury more frequent in DM-group), and smoking habits. 
A good metabolic control in DM-patients was obtained. A number of intra- and 
post-{)perative complications or events (including death) were carefully 
evaluated. Univariate and multivariate analyses (Mann-Whitney U-test, chi
square test, stepwise regression and logistic regression models) were used. 
Results: DM-patients and controls showed a similar rate of mortality, but in 
DM-group more total neurological (3.5 fold risk, p<0.03) and renal (5 fold, 
p<0.006) complications, a higher (1.5 fold, p<0.003) reopening rate, more 
prolonged stay in intensive care unit (p<0.006), and a higher necessity of 
hemotransfusions (p<0.006) were found. Moreover, DM-patients who 
underwent VO showed a higher risk (5 fold, p<0.03) of major lung 
complications. Conclusions: DM does not seem to increase the mortality rate of 
cardiac surgery, in either CABP or VO procedures. However, in DM-patients 
renal and neurological complications, necessity of hemotransfusions and of 
reopening are significantly more frequent. In addition, DM-patients undergoing 
VO appear to be particularly prone to major lung complications. 
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CHANGES IN 24-H ABPM PROFILES IN PROSPECTIVE 3-YEAR 
OBSERVATION OF YOUNG TYPE I DIABETICS AND HEALTHY CONTROLS 
P.Kruszewski, B. Wolnik, L. Bieniaszewski, E. Swierblewska, E.Semetkowska
Jurkiewicz, B. Krupa-Wojciechowska. Department of Hypertension and 
Diabetology, Medical University of Gdaflsk, Poland 
Aim: to investigate whether it is possible to find significant changes in blood pressure 
profiles in young diabetic (OM t.1) patients after relatively short, i.e. 3-year follow-np. 
Materials and Methods: 23 non-microalbuminuric DM 1.1 patients (13M, IOF, mean 
age 26±6 years, mean duration of diabetes 3.5±1 years) and 19 healthy controls 
(10M, 9F, mean age 26±3) underwent 24-hour ambulatory blood pressure monitoring 
(24-h ABPM). In both groups, 24-h ABPM recordings were repeated after 3 years. 
There were no significant differences between the two groups as for BM!, however it 
increased significantly in both groups during the 3 years of observation time. 
ResuIts: 24-h, daytime, as well as night-time means of systolic (SBP), and diastolic 
(DBP) blood pressure were not significantly different between DM t.1 patients and 
controls, both for the first and the second ABPM profiles. No significant changes in 
these variables were found, either in OM 1.1 group or in control group, when paired 
comparisons (the first vs. the second ABPM profile) were performed. Table contains 
IrrOUO means of reoeated 24-h ABPM recordinmo in OM t.1 groUD and controllrrOuo. 

DMt.! controls 
I"profile 2nd orofile I"profile 2nd profile 

SBP·24h [mmHg] 120±8 122±8 119±9 118±9 
DBP-24h [mmHg] 73±6 74±6 72±6 73±6 
SBP-daytime [mmHg] 125±9 127±8 125±lO 123±9 
DBP-daytime [mmHg] 78±7 79±6 76±6 77±6 
SBP-night-time [mm Hg] 108±9 108±10 108±9 J07±10 
DBP-night-time [mm Hg] 61±7 62+8 60+7 61+8 
ConclUSIOns: The prospectIve 3-year observation of patients With short-Iastmg DM t.! 
and age, sex, BM! matched healthy controls revealed no significant differences in 
blood pressure levels estimated from repeated profiles. Further follow-up is necessary 
to establish the duration of diabetes when blood pressure control starts to differ 
between DM t.1 patients and healthy individuals. 

1070 
PROGNOSTIC VALUE OF GLYCAEMIA AFTER ACUTE 
MYOCARDIAL INFARCTION. 
F.l Gonzalez de Molina, lM. Fernandez-Real, J. Sala, R. Masill, 
lMarrugat and W. Ricart. Hospital Josep Trueta Girona. Instituto 
Municipal de Investigaci6n Medica de Barcelona. Spain 

Aims: To assess the prognostic value of glycaemia at admission on 28-
day mortality after acute myocardial infarction (AMI). 
Materials and Methods: In a prospective cohort of 662 consecutive 
AMI patients aged less than 75 years, glycaemia on adinision and 4-days 
succesive fasting glycaemias were determined. 
Results: 195 (30.5%) subjects had previously known diabetes mellitus, 
457 (69%) showed a glycaemia above 120mgldl on admission and 362 
(59.9%) disclosed a mean glycaemia above l20mgldl (kappa 
concordance was 0.65, correlation coefficient 0.88, p<O.OOI). The 28-
days mortality was higher between patients with hyperglycaemia on 
admission (10.3%) compared with non-hyperglicemic patients (15%), 
p<O. 000 1. Higher mortality between patients with mean 4-da y 
hyperglycaemia (9.1%) compared with patients with 4-days mean 
hyperglycaemia <120mgldl (1.7%), p<O.OOOI was observed. In a logistic 
regression analysis, the effect of glycaemia above 120mgldl on admission 
on 28-day mortality was independent of comorbidity (risk coronary 
factors, including previous diagnosis of diabetes mellitus), severity 
(infarct characteristics) and therapeutic management (drug treatment, 
thrombolysis, percutaneous angioplasty) (OR= 3.93,95% CI 1.1-13.9). 
Conclusions: AMI patients with glycaemia above 120mgldl at or during 
adinission develop more lethal and severe AMis than thouse without 
hyperglycaemia regardless of comorbidity, age and clinical 
characteristics. 

1072 
CUTPOINTS OF GLUCOSE ABNORMALITIES AND THE 
PREVALENCE OF HYPERTENSION 
PG Vasilikos, AEG Alaveras, NG Aoastasopoulos, E.Chala, M. Sidira, and 
PD Christakopoulos, 1 st Med. Depart. Red Cross Hospital, Athens, Greece. 
Aim of the study was to investigate tlle prevalence of hypertension (HT) in 
patients classified according to their fasting plasma glucose (FPG) by the 
new AD A criteria. 
Materials and Methods: Six hundred patients, consecutively adinitted, 
were classified as NG: Normal Glucose (FPG<llOmg"Io)148, IFG: Impaired 
Fasting Glucose (110-125) 91, DN: Diabetics according to New criteria 
(126-140)48, D:Diabetics(>140)313, divided in UD (Unknown Diabetics) 
131 and KD(Known Diabetics)182. Patients under antihypertensive 
treatment or Witll B.P.;>:140/90 were considered hypertensives. 
Results: The prevalence of HT was found to increase progressively in the 
groups ranked according to tlle increment of hyperglycaemia. (p<O.OOI). HT 
was found in 56 of 148 (38%) in NG, 50/91 (55%) in IFG, 28/48 (58%) in 
DN and 202/313 (64.5%)in D, Witll 71/131 (56%) in UD and 1311182 (72%) 
in KD. Significant differences were observed between group N and tlle otller 
groups (IFG, ON, D) taken eitller as a whole (p<O.OOI) or separately 
(p=O.OI, <0.05, <0.001). No differences were found between IFG and each 
of the diabetic groups ON and 0 (p>O.05) or between IFG and bOtll diabetic 
groups as a whole (p>0.05) as well as between tllese diabetic groups. 
Conclusions: I )Patients classified according to tlleir FPG based on tlle new 
AD A criteria had an increasing prevalence of HT as their glycaemia 
increased. 2)Tbe IFG group had a significantly increased prevalence of HT 
in relation to that with Nonnal Glucose but not different from the diabetic 
groups. 3 )The FPG value of I iOmg%, recently proposed by AD A as 
cutpoint between nonna! and abnonnal glucose levels beyond than detected 
as a threshold of diabetic complications was also observed by us to be the 
tlrreshold for increased prevalence ofHT. 
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No deleterious effects of tight blood glucose control on 24 h ambulatory blood 
pressure in normoalbuminuric IDDM patients. 
P.L. Poulsen, K. W. Hansen, E. Ebbehej, S. T. Koudsen, and C.E. Mogensen, Medical 
Department M, (Diabetes & Endocrinology) Aarhus, Denmark. 

Background: Intensive therapy aiming at near normalization of glucose levels 
effectively delays the onset and slows the progression of complications in IDDM and 
is recommended in most patients. However, this approach was challenged in a recent 
report where intensive insulin treatment was found to be associated with deleterious 
effects on nocturnal blood pressure, the proposed mechanisms being subclinical 
nocturnal hypoglycemia or hyperinsulinentia. The aim of the present study was to 
evaluate the association between glycentic control, insulin dose, and 24-h ambulatory 
blood pressure (AMBP) in a group of well characterized IDDM patients. 
Methods: 24-h AMBP was measured in 123 normoalbuntinuric (UAE <20 J1g1ntin) 
IDDM patients using an oscillometric technique (Spacelabs 90207) with readings at 
20-minute intervals. UAE was measured by RIA and expressed as geometric mean of 
three overnight collections made within one week. HbA,< was determined by HPLC 
(non-diabetic range 4.4-6.4%) and patients were stratified into quartiles according to 
HbA" levels. Results: Mean HbA" values in the four groups were 7.0% (n=31), 
8.0%(n=31), 8.6%(n=31), and 9.7%(n=30).The groups were comparable regarding 
age, gender, diabetes duration, BMI, UAE, smoking status, and physical activity. 
AMBP levels were almost identical in the HbA" quartiles with night values of 
(increasingHbA"order): 110/63, 112/66, 112/66. and 113/65 mmHg (p=0.69/p=0.32). 
There was no association between tight glucose control and higher nocturnal blood 
pressure or a more blunted circadian blood pressure variation. On the contrary, a weak 
positive correlation between night/day ratios of mean arterial blood pressure and 
HbA" values was found (r=0.26, p=0.005) i.e. blunted circadian blood pressure 
variation is most frequent in patients with high HbA,< values. Neither did we find 
doses of insulin to be associated with night blood pressure (r=0.04, p=0.68). 
Conclusions: Tight blood glucose control is not associated with deleterious effects on 
24 h ambulatory blood pressure in normoalburninuric IDDM patients. Intensive 
therapy can be implemented without concerns of inducing high nocturnal blood 
pressure and accelerating diabetic complications. 

1075 
ANTIHYPERTENSIVE THERAPY IN TYPE-II DIABETIC PATIENTS 

Y.RAMU, Y. VIDYULLATHA, RAMAKRISHNA DIABETES RESEARCH 
CENTRE, NELL ORE, _ INDIA 

AIM: To evaluate the efficacy of Monotherapy and 
combination ofantih/~ertensive drugs in type-II diabetic 
patients. 
METHODS: 532 patients were randomised who visi ted the 
clinic <.tleast once in 2 months and were followed upto 
3 years. Patients with secondary hypertension and those 
who wel e lost for follow up were excluded. ACE 
inhibitors, calcium antagonists, Beta blockers ar.d 
Diuretics were used depending on their merits. 
RESULT5: 52(9.8%) who had preventable causes for 
hypertension were selected for non drug therapy. 198 out 
of 307(57.7%) who were selected for monotherEpy were 
already eill it at the time of study. 103 out of 156 
(29.3%) and 12 out of 17(3.2%) were on combination of 
two and more than two drugs respectively. During the 
study it was observed that antihyperter.sive drug re"uire
ment propol·tionately increases with duration of diabetes. 
Patients on combination of drugs had fewer side effects 
and lesser incidence of related complications. 

Anti-HTN 
Therapy 

Non-drug 
One drug 
Two drugs 
3 or more 

Beginning 

52(9.8%) 
307(57.5%) 
156(29,3%) 
17(3.2%) 

One year 

45(8.5%) 
289(54.3%) 
174(32,7%) 
24 (4.5%) 

Two years Three years 

30(5.6%) 
272(51.1%) 
198(37.2%) 
32(6.1%) 

23( 4.3%) 
255( 47.9%) 
217(40.9%) 
37(6.9%) 

CONCLUSION: Combination of anti-hypertensive drugs is 
beneficial and has additive effect in Type-II diabetic 
patients, 

1074 
HYPERTENSION MANAGEMENT IN NIDDM PATIENTS WITH NEPHROPATHY 
H Mahtab, MG Kibriya and AK Azad Kban. BIRDEM, Dhaka, Bangladesh. 
Aims: I. Prospective monitoring of blood pressure control and 2. Retrospective 
analysis of effect of combinations of anti-hypertensive agents (anti-HTN) on renal 
progression in hypertensive NIDDM patients with nephropathy. Materials & 
Methods: Consecutive 347 hypertensive, overt proteinuric NIDDM patients 
(m=209, f=138) with bilateral symmetrical renal involvement attending diabetic 
renal clinic between October 1997 to August 1998 who were followed-up for at least 
6 months. Target blood pressure was =<130/80 mm Hg. Angitensin Converting 
Enzyme Inhibitor (ACE-I), calcium channel blocker (CCB), beta blocker, diuretics 
and alpha blocker were used according to set clinical guideline. ACE-I was the first 
drug of choice. Results: When the patients were referred to renal clinic, mean (± 
SD) systolic BP (sBP) was 147.9±23.34 and diastolic BP (dBP) was 86.5±1l.1O mm 
Hg. Under nephrological care, achieved sBP (142.1±24.83) and dBP (76.5±10.46) 
were significantly (p<O.OOI) lower. Target dBP=<80 could be achieved in 297 
(81.4%) cases. but the target sBP=<130 rom Hg was achieved in only 149 (40.8%) 
patients. One quarter of patients required one anti-HTN class, 28.2% required 2, 
26.8% patients 3 and one fifth patients needed 4 or more anti-HTN classes. During 
mean follow-up period of 1.2I±O.71 yr., in 182 (52.4%) patients mean serum 
creatinine decreased by 0.2 (95% CI 0.141 - 0.27) mg% and among the rest 165 
(47.6%) patients, it increased by 1.2 (95% CI 0.970-1.44) mg%. In logistic 
regression model, only CCB was significantly associated with decline in renal 
function independent of use of other anti-HTN class (OR=1.97, p=0.005). It was 
also independent of number of anti-HTN and achievement of target sBP =<130 or 
dBP=<80 mm Hg (OR=1.90, p=0.04). However this unfavorable effect of CCB lost 
tile significance (p=0.07) when achieved sBP=<125 mm Hg (but not =<130) was 
considered into the regression model, possible explanation being transmission of 
systemic pressure into the intraglomerular space with the use of CCB. Conclusion: 
The study (I) illustrates difficulty in controling systolic BP, (2) suggests caution for 
using CCB and (3) cmphasizes reduction of sBP to =<125 mm Hg specially while 
using CCB alone or in combination to halt the progression of reual failure in 
NIDDM patients with nephropathy. 
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SALT-SENSITIVE BLOOD PRESSURE - AN INTERMEDIATE PHENOTYPE 
PREDISPOSING TO DIABETIC NEPHROPATHY? 
K. Strojek. W. Grzeszczak, J. Gorska. E. Morawin, E. Ritz', Dept. Int. Diseases and 
Diabetology, Zabrze, Poland and 'Dept. Int. Diseases, Heidelberg, Germany 

Family studies point to important genetic detenninants of diabetic nephropatilY 
(DN). Blood pressure is higher in offspring of parents witll type 2 diabetes and DN, 
but the patomechanisms involved have not been elucidated. We examined salt 
sensitivity of blood pressure (BP) after 5 days equilibration, on low (20 mmol/day) 
vs. higll salt diet (low salt diet plus slow salt tablets to yield 220 lrunol/day), 
respectively in 3 groups: (iJ control individuals (n=IO; 2 m, 8 f, mean age 36.6±7.1 
y), (ii) offspring (n= 10; 2 m, 8 f; mean age 40.1±7.2 y) of type 2 diabetic parents 
without DN (DN-) and (iii) offspring of type 2 diabetic parents with DN (DN+) (4 
111. 6 f; mean age 37.0:'t":\ 1). Ambulatory blood pressllfc \vas measured as "Cf(, 

honnones involved in sodimn homeostasis (PRA, aldosterone, ANP). Adherence to 
tile diet was verified by measuring SOdilUll excretion and Hct. In offspring of DN+ 
parents on low salt diet. systolic and diastolic BP was 128 ± 16.3175.9 ± 9.3 vs. 121 
± 11.7175.4 ± 9.1 in offspring ofDN-parents (n.s.). On high sait diet, in offspring of 
DN + parents systolic and diastolic blood pressure was 135.4 ± 12.1/80.7 ± 8.2 mm 
Hg vs. 124 ± 10.2175.0 ± 8.1 Imn Hg in offspring of DN- (p.<0.01 for systolic BP). 
TIle BP difference in offspring of DN+ parents; i.e. of mean BP on high minus low 
salt diet. was 5.9 ±3.5 Imu Hg vs. 0.2 ± 4.2 mOl Hg in offspring of DN- (p<O.OI). 
The proportion of salt sensitive individuals was 7/10 in offspring of DN+ vs. 2/10 in 
offspring ofDN-. In tile groups high sait diet caused a comparable decrease of PRA 
and aldosterone accompanied by an increase in ANF. 
The results indicate that blood pressure is more salt sensitive in offspring of Ijl'e 2 
diabetic parents with as opposed to offspring of parents without diabetic 
nephropathy. Salt sensitivity of blood pressure apears to be an intennediate 
phenoljl'e linked to. or perhaps pathogenetically involved in, the genesis of diabetic 
nephropathy. 
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ACE-INHIBITOR-INDUCED COUGH IN TYPE 2 DIABETIC 
HYPERTENSIVES 
A. Ciavarella, P. L. Malini, E. Straechi, N. Fiumi and E. Amhrosioni, Dept. of 
Internal Medicine and Diabetes Clinic, S. Orsola University Hospital, Bologna, 
Italy 

Ajm' ACE-Inhibitors (ACE-I) represent first line drugs in diabetic pts in whom, 
however, the incidence of drug-induced dry cough was never specifically 
investigated. Thus we were prompted to carry out the present large survey. 
Matenals and Methods: During a four-month period (Apr-Jul 1998), all type II 
diabetic pts consulting at the Diabetes Clinic of our Hospital were interviewed by 
physicIan-led questionnaire to assess whether they were hypertensive and, if so, the 
type of pharmacologic regimen taken, and to verify the appearance.while on 
treatment of dry cough and of seven other proposed confounding side-effects. Pts 
were unaware that the questionnaire was focused on cough: when the symptom 
was declared, the cause-effect relationship to ACE-I treatment was determined. 
Results: We interviewed 2074 consecutive pts; 52% of them were tteated 
pharmacologically for hypertension; 64% oftreated subjects received an ACE-I 
(n~ 691. m ~ 264; f~ 427; mean age ~ 69±9 y; diabetes duration ~ 13±10 y). 
ACE-I-Illduced persistent, dry cough was detected in 14.9% (C.i. 12.2, 17.5). The 
symptom prevalence was not different in women (16.2%) and in men (12.9%), 
~ns. Development of the side-effect had no relationship to age, diabetes duration, 
smoklllg status or type of hypoglycaemic treatlnent. Non-specific coughing was 
present in 4 1% ofnon-ACE-! treated pts. "Tickling in the throat" was declared by 
38.2% of ACE-I coughers, by 7.9% of non-coughing ACE-I treate<i!,pts, and by 
4.3% of non-ACE-! treated pts. Dry cough led to interruption of treatment in 4.7% 
of ACE- I treated pts, disappearing thereafter. 
ConclUSIons: The prevalence of the side-effect found in diabetic pts is twice the 
7 4% (p<O 05) we previously observed in a similar survey in non-diabetic 
hypertenSIves Diabetes appears to increase the overall prevalence and to minimize 
the known gender related difference in ACE-! -induced cough. 
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SERUM LIPID VALUES AND CENTRAL OBESITY IN TYPE ! DIABETES -
THE EURODIAB IDDM COMPLICATIONS STUDY 
B.idzior-WaluS, L.Stevens, lSieradzki, J.R. Fuller, the EURODIAB IDDM Study 
Group. Dept.Metab.Dis.CMUJ, Krak6w, Dept.Epidem. Pub!. Health UCL, London 

There is evidence that increase of abdominal fat is associated with insulin resistance 
and cluster of coronary risk factors, such as dyslipidemia, arterial hypertension and 
increased thrombogenicity. The aim of this study was to assess the relationship 
between serum lipids and abdominal obesity assessed as waist to hip (W IH) ratio in 
3250 type I diabetic patients attending 31 clinics in 16 European countries. 
Material included 1629 men and 1530 women with type 1diabetes, aged [mean, 
(SD)] 32,5 (10.2) and 32.5 (10.1) yrs, with diabetes duration 14.3(9.3) and 14.8 
(9.3) yrs, and with HbAlc 6.7(1.8)% and 6.8(1.9)% respectively. Methods: AIl 
procedures were performed using standardized methods. Blood lipids were 
measured centrally, by enzymatic methods. All serum lipid values were 
significantly associated with age, HbAlc and albumin excretion rate (AER) and 
therefore all analyses has been age, HbAlc and AER adjusted. Results: Total 
cholesterol (TC), LDL-C (p<0.002), TClHDL-C and fasting triglycerides (TG) 
(P<0.0001) increased and HDL-C (p.<O,OOI) and HDL3-C (p<0.0001) decreased 
with increase of WIH category in males (p. values testing for trend). In females TG 
levels (p<0.0003) and TCIHDL-C (p<O.OOOI) increased and HDL-C (p.<0.003), 
HDL2-C (p.<0.04) and HDL3-C (p.<0.03) decreased with increasing WIH ratio. 
Multivariate analysis for plasma lipids, with demographic and biochemical risk 
factors as the covariates, and in addition age, HbAlc and AER, revealed, that WIH 
ratio was significantly related [regression coefficients (95%CI)]: to HDL-C -.0.03 
(-0.05, -0.01) p<0.01; HDL3-C -0.02 (-0.03, -0.01), p<0.01; and TCIHDL-C 0.03 
(0.01,0.05), p<O.OOI in males; while to: TC 0.06 (0.01,0.11), p<0.05; TCIHDL-C 
0.02 (0.01, 0.04), p<0.01, and TG 0.03 (0.01, 0.06), p<0.05 in females. 
Conclusions: The results indicate, that serum lipid levels are significantly 
associated with W IH ratio in IDDM patients, especially in men, and this may be of 
importance in obtaining goal lipid levels in this popuJation with high risk of 
cardiovascular diseases. 
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NEWLY ESTABUSHED TYPE-1 DIABETIC RATS FOR THE STUDY OF DIABETIC 

HYPERTENSION AND NEPHROPATHY 

l van den Brandt, P, Kovacs and 1. Kioting, Department of Laboratory Animal 
Science at the Institute of Pathophysiology, University of Greifswald, D-17495 
Karlsburg, Germany 
Aim: Diabetic BB/OK rat does not develop diabetic complications like 
hypertension, nephropathy or myocardiopathy. Therefore, we established several 
congenic BB rat strains transferring chromosomal regions with blood pressure QTL 
of the spontaneously hypertensive rat (SHR) onto the genetic background ofBB/OK 
rats. However, the mean blood pressure effect measured in these congenic rat 
strains was small (+8-10 mmHg). That prompted us to chose the classical 
procedure of phenotypic selection to fix major genes of hypertension in the BBIOK 
rat subline. Materials and Methods: Diabetic BBIOK rats were crossed with 
hypertensive SHRlMol rat The Fl hybrids were hypertensive (196 ± 10 mmHg) 
and were backcrossed onto diabetic BBIOK rats resulting first backcross hybrids 
(BCl). BCI hybrids with the highest blood pressure were backcrossed onto diabetic 
BB/OK rats. This procedure was repeated 7 times (N8). Animals of the 7th 
backcross generation (BC7) were phenotypically and genetically analysed using 
240 microsatellite markers to select those rats with highest blood pressure and 
homozygosity for BB rat alleles to establish a hypertensive and diabetic BB.SHR 
congenic inbred sublifle, Results: 90% of BC7 rats developed diabetes and were 
characterised by a mean blood pressure of 182 ± 11 mmHg. Comparing the 24h 
excretion of urine constituents in diabetic BBIOK males (n= 10) with diabetic BC7 
males (n~ 8) 3 weeks after diabetes onset, a significantly increased excretion of 
albumin (30 ± 19 vs, 78 ± 28 J.'g/24h, p<.001) and total protein (28 ± 11 vs. 48 ± 
15 mmo1l24h, p<.OO5) were registered. The genetic analysis indicated that the BC7 
animals were already homozygous for the BB/OK rat alleles at all loci tested. 
Conclusion: With the aid of phenotypic selection it was possible to create a 
congenic BB. SHR sub1ine developing most probably not only hypertension 
comparable with those of SHR (182 ± 11 vs. 197± 15 mmHg) but also nephropathy 
indicated by proteinuria 3 weeks after diabetes onset. Therefore, major genes of 
SHR affecting blood pressure regulation mnst have been transferred. Genetic fine 
mapping will help to identify the transferred major genes, A work going on. 

1080 
COMPOSITION AND OXIDATION POTENTIAL OF VERY LOW 
DENSITY LIPOPROTEIN SUBFRACTIONS IN TYPE 2 DIABETES 
J McEneny', MJ O'Kaneb

, KW Molesb
, C McMaster', D McMasterd, C Mercerd, 

ER Trimble' & IS Young', Departments of Clinical Biochemistry " Child 
Health' & Medicined, Queen's University of Belfast & AJtnagelvin Hospitalb, 

Derry, u.K. 

In type 2 diabetes VLDL is enriched with triglyceride. We have developed a 
rapid ultracentrifugation method for separating 4 subfi-actions of VLDL A~D; 
(A is the largest least dense subfraction), Aims: To detennine if the lipid content 
of VLDL subfractions and their susceptibility to copper induced oxidation are 
altered in patients with type 2 diabetes. Materials and Methods: 15 patients with 
type 2 diabetes (HbAlc 6.9%) were compared with 15 age and sex matched 
controls. Each subfraction was assayed for triglyceride, cholesterol, fatty acid, 
apo B and preformed hydroperoxide (HPO) content. Lag time to initiation of 
conjugated diene production by copper was used as a marker of susceptibility to 
oxidation. Results: Patient triglyceride standardised for apo B was higher in 
subfractions A, B & C than controls: A, 192* vs 46; B, 128* vs 30; C, 57* vs 13, 
Sub D 9 vs 5 (J.I.IIlol trig/mg apo B; ·p<0.05). MUFAs, expressed as percent of 
total fatty acid were lower in all 4 patient subfractions: A, 35* vs 37; B, 35* vs 
39; C, 34* vs 37; D, 33* vs 36 (%; p<0.05). HPOs standardised for apo B 
content were higher in the patient group than controls: A, 340' vs 48; B, 346' 
vs 42; C, 262* vs 28; D, 54' vs 16 (nmol HPO/mg apo B; p<O.OOl). Lag time 
results indicate that as particles decrease in size (A~D) they become more 
susceptible to oxidation in both groups. Direct comparison of patient and control 
lag time indicates that patient subfractions A & D were more susceptible to 
oxidation compared to controls: A, 121* vs 137; B, !04 vs 113; C, 94 vs 104; D, 
62' vs 79 (p<0.05). Conclusions: These results reflect abnormalities in VLDL 
subfraction composition and oxidation profile in well controlled type 2 diabetes 
these may contribute to the development of cardiovascular disease. 
This work was supported by a Fournier Lipid%gy Award 
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1081 
RELATIONSlllP BETWEEN LIPID-TOLERANCE AND GLUCOSE
INTOLERANCE IN DIFFERENT STAGES OF GLUCOSE 
TOLERANCE. 
E. Henkel, W. Leonhardt, M. Hanefeld. Institute for Clinical Metabolic 
Research, Technical University Dresden, Germany 

Aims: Abnormalities in postprandial (Pp) clearance of triglyceride rich 
lipoproteins in subjects with type 2 diabetes are suggested to play an 
important role in atherogenesis, and have been observed by several 
investigators. So far, little information exists on pp changes in TG-rich 
lipoproteins in subjects with IGT. Therefore, we analysed pp TG and 
lipoprotein concentration in relation to glucose tolerance. Materials and 
methods: An oral fat-glucose meal (93g fat, 82g glucose) was administered 
in age- and body mass index matched men with impaired glucose tolerance 
(IGT; n> II), in patients with type 2 diabetes (n> 11) and control subjects 
with normal glucose tolerance (NGT; n~20). All individuals examined were 
nonsmokers. Plasma lipoprotein levels were analysed in a fasting state as 
well as every hour within 6 hours after the load. All subjects had fasting 
triglycerides < 2,3mmolll. Results: The pp hypertriglyceridaemia by 
calculation of the "areas under the curves" (AUC) was greater in patients 
with type 2 diabetes compared with IGT (p<0,05) and control group 
(p<0,05). No significant correlation of TG AUC was found in IGT (10,5 
mmolllx6h) group compared with control group (11,8mmolllx6h). Fasting 
triglyceride concentration in VLDL I fraction (Sf 60-400) and in VLDL 2 
fraction (Sf 20-60) and pp TG concentration in VLDLI were significantly 
higher in diabetes than in IGT and controls, but not in IGT group compared 
with control group. AUC of TG significantly correlated to AUC of plasma 
glucose (p<0,01) and AUC of insulin (p<0,05). Conclusion: Subjects with 
IGT did not exhibit differences in pp plasma TG responses and TG level in 
the VLDL I, VLDL 2. However in the whole spectrum glucose tolerance 
and pp insulin were significant determinants of lipid tolerance. Our data 
show that type 2 diabetes and not IGT is associated with lipid intolerance. 

1083 
ANALYSES OF CARDIOVASCULAR RISK FACTORS IN OFFSPRINGS 

OF TYPE 2 DIABETIC PATIENTS 

Alper Gorlek aud M. Bayraktar, Hacettepe University School of Medicine, 
Department ofIntemal Medicine, Division of Endocrinology, Ankara, Turkey 

Aims: To evaluate the status of cardiovascular risk factors in offsprings of type 2 
diabetic patients in comparison with subjects without a family history of type 2 
diabetes. Materials and Methods: Systolic and diastolic blood pressure, serum total 
cholesterol, HDL, LDL and VLDL levels, serum fibrinogen concentrations and 
urinary albumin excretion rates were evaluated in 114 subjects with parental history 
of diabetes and 42 subjects without family history of diabetes. The median values of 
the variables were compared with Marm-Whitney U test and Spearman's correlation 
coefficients were calculated to assess the relations of these parameters with age, 
determinants of obesity (body mass index, waist to hip ratio), adiposity (biceps, 
triceps and subscapular skin thickness), fasting plasma glucose and fasting plasma 
insulin levels. Results: The two groups were comparable with respect to age, sex, 
body mass index, fasting plasma glucose and insulin levels, IIDL-cholesterol, 
triglycerides, fibrinogen and urinary albumin excretion. The offsprings of diabetic 
patients had higher median systolic (110 vs. 100 rnrn-Hg, p<0.05) and diastolic (90 
vs. 85 mrn-Hg, p<0.05) blood pressure, median LDL-cholesterol (115 mg/dl vs. 85 
mg/dl, p<O.OI) and median total cholesterol (189 mg/dl vs. 150 mg/dl, p<O.OOOI) 
levels compared with controls. In the diabetic patients' offsprings group, total 
cholesterol levels correlated with systolic blood pressure (F0.28, p<0.05), biceps 
(r=0.32, p<0.05) and subscapular (FO.26, p<0.05) skin thickness. In this group, 
LDL-cholesterol correlated with biceps skin thickness (FO.36, p<O.OOOI). None of 
the assessed risk factors showed any significant correlation with age, body mass 
index, waist to hip ratio, fasting plasma glucose and insulin levels. Conclusions: 
The data suggest that the relatively higher blood pressure, total cholesterol and 
LDL-cholesterol levels which are related with the degree of adiposity in the 
offsprings of diabetic patients might indicate to an increased cardiovascular risk in 
this population. 

1082 
Title: Leptin is not related to postprandial triglycerides in type 2 diabetes mellitus. 

S.Tournisl ,S.Iraklianou 1, 1. Volonakisl ,E.Konstadelou2,AMelidonis l ,S.Foussas3. 
l.Diabetic Unit, Tzanio Hospital, Piraeus. Greece 
2.Biochemical Laboratory, General Hospital, Piraeus, Greece 
3. Cardiology Clinic, Tzanio Hospital, Piraeus, Greece 
Aim: Postprandial lipemia is an independent risk factor for conorary heart disease in 
type 2 diabetes mellitus. Our study investigates the relation of fasting plasma leptin 
levels to postprandial triglycerides in diabetic patients after an oral fat load test. 
Methods: The study group consisted of 39 type 2 diabetic patients (34 males and 5 
females). BMI, WHR and blood pressure was detenrnined to all the participants. After 
an overnight fast, blood samples were drown for the determination of leptin, insulin 

and proinsulin (RIA). Patients consumed a fatty meal of 677 KcalIm2 consisting of 
82%fat, 3.2% protein and 14.8% carbohydrates, with 300,000 IU of vitamin A added. 
Blood samples for the determination triglycerides (Trg) (enzymatic method) were 
drawn at baseline and 2,4,6 and 8 h after the fatty meal. The area under the curve 
(Trg AUC) was calculated by plotting the concentration of trg over the 8 h, using the 
'trapezoidal rule'. Patients with hepatic, thyroid and renal dysfunction and patients 
under hypolipidemic therapy were excluded from the study. Statistical analysis was 
performed using Pearson correlation coefficient and linear regression analysis. The 
level of significance was at p<O.05. 
Results: Postprandial triglycerides, expressed as total Trg AUC, significantly 
correlated with fasting Trg (FO.887,~0.OOOI), WHR (FO.34,~0.34) , fasting 
insulin (FO.489,~0.082) and proinsulin (FO.384, ~O.016). On the contrary, BMI 
(FO.247,~0. 13) and leptin (FO.025,~0.882) did not show statistically significant 
correlation's with postprandial triglyceride levels. Using linear regression analysis, 
leptin did not have independent correlation to AVC TRG. On the contrary, fasting 
trg had independent comelation with postprandial triglycerides (adj 

R2=0.597,beta~0.89,~0.0001). 
Conclusion: Plasma leptin levels are not an independent predictor of postprandial 
triglyceridaemia in type 2 diabetes mellitus. 

1084 
DIFFERENCES IN APO E PHENOTYPE AND HDL-CHOLESTEROL: APO A-I +APO 
A-II RATIO WITH ALBUMINURIC STATUS IN TYPE 1 DIABETIC PATIENTS 
S. Soedamah-Muthu, H.M. Colhoun, M.R. Taskinen, C. Ehnhohn, I.H. Fuller and The 
EURODIAB IDDM Complications Study Group. EURODIAB, Royal free and UCL 
medical school, 1-19 Torrington Place London, WClE 6BT, UK. 
Aims: To examine whether apolipoprotein E phenotype and serum HDL- cholesterol: 
ApoA-I+ApoA-II ratio, are associated with albumin excretion rate (AER) in type I 
diabetic patients. Methods: The above parameters were measured in 617 patients aged 
15-60 years from 7 European diabetic centres. AER, measured in a central laboratory, 
was defmed as normoalburninuria if < 20ftg/min, microalbuminuria 20-200ftg/min, and 
macro albuminuria , 200ftg/min. ApoA-I and ApoA-II concentrations were measured by 
an immunoturbidometric method (mmollL). Apo E phenotype was measured using a 
rapid micromethod. Results: Among those with> I e2 allele (n=092) 34% had albuminuria 
(microalbuminuria 24%, macroalbuminuria 10%) compared with 29% in €2-ve patients 
(p for trend ~0.4). After adjustment for age, diabetes duration, HbA,,, systolic blood 
pressure (SBP), LDL cholesterol, and fasting triglycerides the e2 allele was associated 
with an odds ratio of 1.6 for albuminuria (p=O.2). The HDL-cholesterol: ApoA-l+ApoA
II ratio was inversely related with albuminuria being 0.89, 0.86 and 0.80 in those with 
normo-, micro- and macroalbuminuria respectively (p~O.OOI, adjusted for age and sex). 
However with further adjustment for diabetes duration, HbA,,, BMI, SBP, LDL-

cholesterol and smoking, this was not significant (~0.2). Conclusion: In this study the 
association of e2 allele with nephropathy, found in some previous studies in type I 
diabetes, was not replicated. We have found an inverse relationship of HDL-cholesterol: 
Apo A-l+Apo A-II ratio with AER in univariate analysis. However this relationShip was 
not independent of the other risk factors associated with albuminuria. 



1085 
APOLIPOPROTEIN B-DEPENDENT DYSLIPIDAEMIC PHENOTYPES 
IN NORMOCHOLESTEROLAEMIC IDDM PATIENTS. 
A. Wagner, Laia Bayen", M Rigla, E Ortega, A Caixas, A Mestr6n, ] Ord6i1ez", A 
Perez. Endocrinology and Nutrition, and Biochemistry" Oeps. Hospital de Sant 
Pau. UAB. Barcelona. Spain. 

We recently described an increased prevalence of apolipoprotein B (apoB)
dependent dyslipidaemic phenotypes in normocholesterolaemic type 2 diabetic 
patients. These phenotypes are associated with cardiovascular risk, and are not 
detected in routine lipidic evaluation. AIM: We studied the prevalence of 
dyslipidaemic phenotypes, including those dependent on apoB, in 50 
normocholesterolaemic 100M patients (40% males, aged 37.7 ± 13.7 years, BMI 
24.7 ± 2.8 Kg/m', diabetes duration 12.9 ± 8.5 years, HhAlc 7.98 ± 1.7%) and 53 
non-diabetic normolipidaemic (normocholesterolaemic and normotrigly
ceridaemie) subjects (39.6% males, aged 37.6 ± 9.4 years, 24.2 ± 3.3 Kg/m'). 
MATERIAL AND METHODS: After an overnight fast, we measured: 
triglyceride (Tg) and total cholesterol (Tc) (automatic enzimatic methods), HOL 
cholesterol (direct method without precipitation) and LOL cholesterol 
(Friedewald's formula! ultracentrifugation) and apolipoprotein B 
(immunoturbidimetry). Oyslipidaemia was defined as LOLc > 4.13 mmo1l1, Tg > 
2.25 mmolll, and HOLc < 0.9 (males) or 1.17 mmolll (females). The cut-off point 
for apoB (1.14g/1) was obtained from the non-diabetic normolipidaemie group. 
RESULTS: Seventy-six percent of the normo-cholesterolaemie 100M patients 
were classified as normolipidaemic, 16% had low HOLc, 12% hyperapoB and 8% 
were hypertriglyceridaemic (vs 18.9% low HOLc and 9.4% hyperapoB in the 
control group; p: ns). HyperapoB was present in 2 of the 4 hypertriglyceridaemic, 
and in 4 of the 46 normotriglyceridaemic patients. Three of the 6 subjects with 
hyperapoB showed low HOLc. CONCLUSION: unlike NIOOM, 100M does not 
seem to be associated with increased prevalence of apoB-dependent dyslipidaemic 
phenotypes. 

1087 
SMOKING WORSENS INTERPRANDIAL LIPID PROFILE IN SUBJECTS 
WITH TYPE 2 DIABETES MELLITUS. 

M.P. Hermans, P .L. Selvais and M. Bnysschaert. Endocrinology & Nutrition 
Division, SI Lue Hospilal & Universite Catholique de Louvain, Brussels, Belgium. 

Interprandial (IP) Iipidaemia accounts for the bulk of nycthemeral exposure, and 
although smoking was reported to worsen fasting (F) lipids profile, its effect on IP 
lipids is poorly documented. Aims: To evaluate diabetic subjects in terms of IP and F 
lipids and smoking status. Subjects: 518 subjects with type I (T" n= 191) or type 2 
(T" n~327) diabetes mellitus (OM), either current smokers (CSm; n=48 (TI) and 50 
(T,)), non-smokers (NSm: n=110 (TI) and 178 (T,)) or past-smokers (PSm: n~33 (TI) 
and 99 (T,)). Results: More males were smokers or past-smokers (%): 69 (TICSm), 
79 (TIPSm), 82 (T,CSm) and 88 (T2PSm) vs. 39 in TI or T,NSm (p<0.01). HhAI, was 
highest in TICSm (8.84±1.0l vs. 8.33±1.33% in TINSm; p<0.02) but not different 
between T, subjects (",8.30%). Oaily insulin dose was not different between TINSm 
and CSm, nor was BM! between TINSm and CSm, nor between T,NSm and CSm. 
TICSm had more retinopathy, neuropathy and micro-or macroalbwninuria than 
T,NSm (p<0.02), while T,CSm and T,PSm had respectively more peripheral and 
coronary artel)' diseases than T,NSm (p<0.05). Hypolipemic drug use was alike 
between TI or T,CSm and NSm. TINSm and TICSm had similar fasting triglycerides 
(TGF), total cholesterol (TCF), LOL-CF, and interprandial TG (TGlP), TClP, LOL-ClP or 
TC.HDL-C'lP, although HDL-CF and TC.HDL-C'F were different in CSm (55±17 vs. 
67±28 mg.dL·I and 3.8±1.3 vs. 3.2±1.0 in TINSm, p<O.OI). In T, subjects, TGF, TCF 
and TC.HDL-CI F were not different between NSm and CSm, while HOL-CF was 
lower in CSm (40±9 vs. 47±14 mg.dL-I in NSm, p<0.001). By contrast, there were 
marked differences in IP lipids between CSm and NSm with T, OM. Thus, in T2CSm, 
TGlP were 207 [128-368] vs. 162 [115-245] (median [perc25-75]; p<0.05), LOL-ClP 
143±41 vs. 127±32 (p<0.02), HOL-ClP 43±15 vs. 50±17 mg.dL·I (p<O.OI), and 
TC HDL-CI

JP was 6.0±2.2 vs. 4.7±1.8 (p<0.001). These ahnormalities were not found 
in T ,PSm. Conclusions: In type 2 diabetes, smoking markedly affects interprandial 
lipids. These specific changes are of atherogenic character, and were not found in 
past-smokers with type 2 diabetes, nor in smokers with type I diabetes. 
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1086 
LEVELS OF AUTOANTIBODIES AGAINST OXIDIZED LDL IN DIABETIC 
SUBJECTS ARE mGHER WHEN MACROANGIOPATIfY IS PRESENT. 
l. Ioannidis',', N.Komitopoulos', H.Tsagfls', A.Giakoumaki', A.Amantou' , 
G.Sotiropoulou 3, E.Varsamis i and N.Katsilambros2 

• 2nd Opt of Internal 
Medicine ,Konstantopou!io General Hospital I, I ~ Opt Propaedeutic 
Medicine, Athens University Medical School Lailro Hospital " Biochemistry 
Lab Konstantopoulio General Hospital3

. 

Aim: Oxidation of LOL provokes the generation of antigenic epitopes which 
cause immune reactions. Autoantibodies against these epitopes ( oLAB : 
oxLOL AutoantiBodies) can now be detected and they could represent a 
marker of lipid peroxidation. Aim of this study was to evaluate oLAB serum 
levels in diabetic patients. and their correlation with the presence of 
macroangiopathy. Material and Methods: oLAB values were measured 

(ELISA BIOMEDICA) in 68 diabetic subjects (age 66±11, 48 females.20 
males) and they were fuund significantly higher as compared to those of 25 
normal sex and age-matched controls (436±29-J IllUIlnI vs 1 89±64 mulml, 
p=O.003) .Clinical signs and history of overt macrovascular disease were 
recorded. Results: Regression analysis between-oLABas .dependent ¥3riable 
and lipidaemic profile ( ~holesterol, HDL, LDL, triglycerides, ApoAl, Ap0B, 
Lpa), serum urea and creatinine. BMI, WHR, blood. pt'esstlIe values, Hb-Alc , 
age and the presence of macroangiopathy showed a positive correlation 
between oLAB and the presence of macroangiopathy (p=O.002).Diabetic 
subjects with macroangiopathy presented higher levels of oLAB as compared 
with diabetics without macroangiopathy(578±3-7{) rolfi'm! [n=20]vs 378±225 
mu/rnl [n=48] , p=O.OO9) .Conclusions : a) oLAB levels are increased in 
diabetic subjects b) The levels are significantly higher in macroangiopathic 
patients. It is possible that increased LDL oxidation could be correlated with 
the presence and possibly the progression of macrovascular complication. 
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1088 
EFFECTS OF ATORVASTATIN ON PLASMA HOMOCYSTEINE 
LEVELS IN SUBJECTS WITH FAMILIAL HYPERCOLESTEROLEMIA. 
A. Bertolotto, L. Pucci, S. Bandinelli, G. Penno, M. Pilo and R. Navalesi. 
Department of Endocrinology and Metabolism, University of Pisa, Italy. 
Aims: Mildly elevated total homocysteine levels confer an indipendent 
risk of vascular disease. Adverse vascular effects of homocysteine involve 
endothelial injury and smooth-muscle cells proliferation besides oxidation 
of low-density lipoprotein (LDL). A positive correlation between plasma 
levels of homocysteine and LDL-ch has been recently described. 
Materials and Methods: To evaluate the effects of atorvastatin on plasma 
homocysteine levels, 22 subjects with primary hypercholesterolemia (14 
males, S females) discontinued their lipid lowering therapy for at least six 
weeks. All patients were non-diabetic (OGTT), non-obese (25.0±3.0 
kg/m2) and normotensive (l29/S1±1117 mmHg, ambulatory blood 
pressure monitoring). Lipids (enzymatic colorimetric techniques), 
lipoproteins (nephelometry) and homocysteine (Axis Biochemicals AS A, 
Oslo, Norway) were measured at baseline, one-month (atorvastatin 20 mg 
per day in a single nocturnal dose) and six-month (40 mg per day). 
Twenty-two well-matched healthy subjects acted as controls. Results: 
Baseline homocysteine levels were higher in hypercholesterolemic patients 
than in controls (13.0±3.6 vs 10.1±3.9 ~mol/l, p=O.013). ANOVA for 
repeated measures was employed to evaluate the effects of atorvastatin in 
hypercholesterolemic patients. Atorvastatin reduced LDL-ch by about 
45% (from 297±47 to 157±36 mg/dl) with most lowering at one-month, 
20 mg treatment (180±37 mg/dl), (p=O.OOOI). Homocysteine levels did 
not change at one-month, 20 mg treatment (13.1±3A ~mol/l), but was 
significantly reduced at six-month, 40 mg treatment (10.9±2.9 ~mol/l; p
value between subjects=O.0003, between treatments=0.0059). Percent 
change in homocysteine levels was related to baseline homocysteine values 
(r=0.65, p=O.OOI), but not to percent reduction in LDL-ch (r=0.21, 
p=0.34). Conclusions: Independently of lowering of LDL-ch, atorvastatin 
treatment reduces total homocysteine levels in primary hyper
cholesterolemic patients. Both molecular mechanisms of homocysteine 
reduction and its putative role in enhancing desirable effects of statins are 
unknown at the present time. Improvement of endothelial dysfunction 
may be assumed as a hypothesis. 

1090 
CHANGES OF SERUM STEROID HORMONE LEVELS IN PATIENTS 
WITH TYPE 2 DIABETES AFTER TREATMENT WITH CERIV ASTATIN 
H. Feldmeier, S. Andratschke, M. Tschiip, c.-J. Strasburger and R. Landgmf, Dept. 
of Endocrinology and Diabetology, Innenstadt University Hospital, 
Ziemssenstmssse I, Mnnich, Germany. 
Aims: Cerivastatin reduces the adrenal content of cholesterol in rats, however, little 
is known about the influence of cholesterol-lowering therapy on steroid hormone 
levels in men. We analysed the effect of cerivastatin treatment on steroid hormones 
levels in patients with type 2 diabetes. Methods: 31 patients (12 female, 19 male) 
were randomly divided into two groups. Group I (n= IS) received 0.1 mg 
Cerivastatin and group 2 (n=16) 0.3 mg. Serum levels of lipids, cortisol, estradiol 
(E2) and testosterone were measured in 31 patients before therapy, as well as after 
1,2,3 and 4 months of treatment. Statistics were calculated utilizing the Wilcoxon 
test. Results: A significant reduction of total serum cholesterol was found ouly 
after 4 weeks of treatment (Group 1: 5.6%, p=0.0012; group 2: 26.2%, p=0.0003). 
LDL-cholesterol also decreased (group I: 47.3%, p=O.OOl; group 2: 55.8%, 
p=0.0007). A decrease in serum triglycerides was ouly significant in group 2 
(Group 2: 28%, p=0.0016). Changes of sex hormone levels were only found in 
female patients. A decrease of E2 (from 16.919 ± 3.32 to 12.488 ± 5.25, p=0.35, 
all values mean ± SE) and testosterone (from 52.62 ± 39.23 to 35.5 ± 13.76, 
p=0.035) was displayed (ouly group 2). Furthermore, after 4 months of anti
cholesterol therapy, basal serum cortisol levels were lower compared to baseline 
levels (Group 2: from 14.38 ± 2.8 to 12.05 ± 2.21, p=0.04). Conclusion: 
Cerivastatin affects steroid hormone levels in female patients in a dose-dependent 
manner. In male patients, no change was found in total circulating testosterone or 
estradiol. In women, testosterone is maiuly bound to SHBG (66%, men: 44.3%). 
Further studies are necessary to elucidate wether bioactive steroid hormone levels 
or transport proteins are influenced by anti- cholesterol therapy. 

1089 
EFFECT OF FLUV ASTATIN TREATMENT ON RED BLOOD CELL 
CATION TRANSPORT 
G. Suchankova,T. Pelikimova, F. Saudek and I. Smrckova, Institute for 
Clinical and Experimental Medicine, Prague, Czech Republic 

Hyperlipidemia frequently observed in patients with diabetes mellitus 
may alter membrane lipid composition and affect membrane cation 
transport activities. The aim of the study was to evaluate the effect of a 
3-week treatment with fluvastatin on erythrocyte sodium transport. 
Methods: We measured the activities of Na+-K+ pump, Na+-K+ 
cotransport, passive Na+ permeability and Na+-Lt countertransport in 
20 patients with diabetes mellitus type 2 treated with glibenclamide. 
After a 3-week run-in period the patients were randomized into two 
groups, receiving either fluvastatin (n=12; F) or placebo (n=8; P). 
Placebo or fluvastatin (total dose of 80 mg) were administered twice a 
day. Results: Despite no effect on intracellular sodium concentrations 
(F: 6.87 ± 1.58 V.s. 6.83 ± 1.84 mmol.r1h·1; P: 6.02 ± 1.10 v.S. 5.93 ± 
0.94 mmoU-1h'\ fluvastatin decreased the activity of the erythrocyte 
Na" -Lt countertransport compared to placebo (F: 0.87 ± 0.41 v.S. 0.66 
± 0.31 mmoU-1h·1; p<0.05; P: OA8 ± 0.33 v.S. 0.65 ± 0.21 mmoU-1h·1). 
No changes in Na+-K+ pump (F: 7.94 ± 2.71 v.S. 7.69 ± 2A5 mmol.ll.hl; 
P: 6.57 ± 3.54 v.S. 6.66 ± 2.32 mmoU-1.h·1), Na+- K+ cotransport (F: 
0.73 ± 1.00 V.s. 0.81± 0.59 mmol.r1h·\ P: 0.55 ± OAI V.s. 0.60 ± 
0.26 mmoU-1h·1), and passive Na+ permeability (F: 0.ll4 ± 0.046 v.s. 
0.106 ± 0.026 mmol.r1h-1; P: 0.127 ± 0.10 v.S. 0.l05 ± 0.03 mmol.e.h1) 
were found. Conclusions: The data show that cholesterol lowering 
treatment with fluvastatin in type 2 diabetic patients is accompanied by 
a decrease in Na+ -Li+ countertransport activity in red blood cells. 

1091 
HYPOTENSIVE EFFECTS OF STATINS: PRELIMINARY DATA 
WITH ATORVASTATIN. 
L. Rizzo, S. Bandinelli. A. Bertolotto, L. Pucci, R. Navalesi, and G. 
Penna. Dept. of Endocrinology and Metabolism, University of Pisa, 
Italy. 
Aims: Endothelium-dependent vasodilation is abnormal in patients with 
athero-sclerosis and hypercholesterolemia. Lipid-lowering therapy with 
statins restores or improves endothelial dysfunction. Objectives of our 
study were to evaluate the effect of atorvastatin in reducing of total- and 
LDL-cholesterol and to monitor the putative properties in lowering of 
arterial blood pressure. Materials and Methods: Eighteen non-diabetic, 
non-obese, no smoking, normotensive subjects (II males, 7 females; 13 
with proven familial hypercholesterolemia and five with polygenic 
hypercholesterolemia; age 49.3±8.6 years, BMI 25.1±3.1 kg/m2) 
discontinued their lipid-lowering drugs for at least six weeks. Therefore 
they started atorvastatin treatment at 20 mg per day for 1 month and then 
at 40 mg up to six months. Lipid profile (total- and LDL-cholesterol, 
triglycerides, ApoAI and ApoB) and ambulatory blood pressure 
monitoring (SpaceLab 90207) have been measured at baseline, I month 
and six months. ANOV A for repeated measures (one trial factor) and, if 
differences were found, Scheffe' sF-test, were used to evaluate the effects 
of atorvastatin. Results: Atorvastatin reduced LDL-cholesterol by about 
45% from 297±47 to 157±36 mg/dl with most of the reduction occurring 
during the 1st month (l80±37 mg/dl), (p=O.OOOI). Total-cholesterol, 
triglycerides and ApoB reduced by about 39%, (p=O.OOO I), 23% 
(p=0.0002) and 39% (p=O.OOOI) respectively. Systolic blood pressure 
reduced from 128±10 to 120±8 mmHg, with most of the reduction 
occurring at 1 month (i21±12 mmHg) (p=0.0027). Diastolic blood 
pressure moved from 80±6, throught 75±8 (I month) to 75±7 mmHg 
(p=0.0095). No significant regressions were found between percent 
reduction in LDL-cholesterol levels and percent reduction in both systolic 
(r=0.28, p=0.26) and diastolic BP (r=0.34, p=0.17). Conclusions: 
Atorvastatin administered at 20-40 mg per day to 18 normotensive 
patients lowers the cholesterol level and causes a prompt and sustained 
reduction in blood pressure. Lowering of blood pressure in independent 
of lowering of LDL-cholesterol. 
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THE EFFECT OF AN OLEIC VS LINOLEIC ACID-ENRlCHED DIET ON POST PRANDIAL 
APO B48 AND B I OO-CONT AINING LIPOPROTEINS IN DIABETIC AND CONTROL 
SUBJECTS. 
C Madigan, M Ryan, D Owens, P Collins, A Johnson, and GH, Tomkin. 
Trinity College, Dublin, The Royal College of Surgeons in Ireland, and The 
Meath! Adelaide Hospital Dublin Ireland 
Post prandial lipoprotein remnants are thought to be particularly atherogenic. 
Aim To compare a mono· to a polyunsaturated fat diet on postprandial 
lipoproteins. Materials and methods 6 type 2 diabetic patients and 6 control 
subjects were examined in a random crossaover study. At the end of each 
dietary period (2 weeks) fasting, 2, 4, 6, and 8 hour samples were collected 
following an 1100 Kcal meal. Fasting insulin and glucose were significantly 
higher on the linoleic acid diet in the diabetic patients (p<0.05. Results Total 
cholesterol was significantly higher in both control and diabetic patients on the 
linoleic acid. Apo B48 and BIOO were determined by gradient gel 
electrophoresis. On the linoleic acid diet diabetic patients had significantly 
more chylomicron apo B48 than control subjects ( AUe 57.9±89 vs 12.1±2.7 
p<0.005) and apo BIOO (l04.3±16.1 vs 22.9±5.9, 0.001) and also for VLDL 
apo B48 and BIOO were AUC 28.0±8.7 vs 11.8±1.5 for apo B48 and 
256.5±49.8 vs 123.5±30.3 p<0.05). On the oleic acid diet diabetic patients 
had more chylomicron apo B48 (27.8±2.5 vs 8.5±1.7, p<O.OOOI) and apo 
BIOO (50.3±7.3 vs 21.1±4.6 p<0.05). VLDL apo B48 or BIOO were not 
different. Conclusions Alteration of dietary fatty acids does not effect post 
prandial apo B48 or apo B I 00 in control subjects. In diabetes an oleic acid diet 
improves, but does not normalise, chylomicron apo B48 and B 100 but 
normalises VLDL apo B48 and BIOO. These results may have implications in 

prevention of atherosclerosis. 
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1093 
VITAMIN E, FENOFIBRATE AND THEIR COMBINATION ON NON HDL 
LIPOPROTEIN OXIDABILITY IN PATIENTS WITH TYPE I DIABETES 
W. Engelen, I. De Leeuw, L. Van Gaal, P. Aerts, M. Vinckx and J.e. Ansquer 
University of Antwerp, Antwerp, Belgium 
Oxidative stress and lipid peroxidation could contribute to the development of 
complications in type I diabetes mellitus (T,DM). Aims: Following pilot studies 
which indicated that micronised fenofibrate alone or in combination with Vitamin E 
was able to prolong lag time of oxidation of atherogenic lipoproteins in T,DM, we 
conducted a double-blind placebo-controlled parallel group trial in the same patient 
population. Materials and Methods: After a 2 month placebo run-in period (Period 
A) 44 T,DM patients (27 men, 17 women) either dyslipidemic or not were randomly 
divided into 3 groups. Group I (10M, 4W) received 400 IU RRR ex tocopherol acetate 
(Vit E) once daily (od) for 2 successive periods of 2 months each (Periods B and C). 
Group 2 (lOM, 6W) received micronised fenofibrate 200mg od (F) for 2 months and 
then the combination of 400 IU RRR ex tocopherol acetate and 200mg micronised 
fenofibrate od for 2 months. Group 3 (7M, 7W) continued placebo (P) for 4 months. 
At the end of each period, after precipitation of HDL, VLDL+LDL lipoprotein 
oxidability was measured ex vivo as lag time of the propagation phase of fluorescent 
conjugated dienes formation after addition of copper sulfate. Results: Following 
Period A, HbA,< was 7.6%, glucose 9.7 mmol!l, total cholesterol (TC) 5.2 mmol!l, 
triglycerides (TG) 0.95 mmol!l, HDL cholesterol 1.53 mmoVl and the 3 groups did not 
differ. The study was completed by 42 patients without significant clinical! biological 
adverse events. In the 3 groups, HbA,< was unchanged. TC fell by 20% and TG by 
24% in the Group 2 only. The combination F+Vit E led to a significant 17 min 
increase in VLDL""LDL oxidation lag time (p<0.05 vs Period A). 

Lag time m( sd) Period A Period B Period C 
Vit E, min 120 (25) 124 (21) 121 (13) 
F, F+Vit E 101 (25) 112 (23) 118 (22) 
P 108 (24) 113 (23) 110 (25) 

Conclusion: The synergism between Vitamin E and micronised fenofibrate on 
protection of non HDL lipoprotein oxidability ex vivo demonstrated in this 
randomized placebo-controlled study in T,DM awaits confmnation in further studies. 

1095 
AT(l) RECEPTOR ANTAGONISM LOWERS PLASMA TOTAL AND VLDL+LDL 

CHOLESTEROL IN TYPE I DIABETIC PATIENTS WITH ALBUMINURIA. 

H Buter', A van Tol', GJ Navis', PE de Jong" D de Zeeuw' and RPF Dullaart:'. 

Departments ofNephcology' and Endocrinology', University Hospital Groningen and 

Department of Biochemistry', Erasmus University Rotterdam, The Netherlands. 

Aims: To determine the effects of A Tl receptor antagonism on the lipoprotein profile 
and on plasma cholesterol esterification and cholesteryl ester translior in Type I 

(insulin-dependent) diabetic patients with low range albuminuria. 

Methods: In a single blind longitudinal study 8 patients were studied at baseline, after 

28 days of losartan treatment (50 mg daily), followed by a 28 days recovery period. 

Results: 

baseline losartan recovery 

albuminuria(mgl24h) 188 (47-1057) 94 (21-337)* 151 (43-878) 

total chol (mmolll) 5.25±O.28 4.9I±O.25* 5.14±O.18 

VLDL+LDL (mmol!l) 3.84±O.31 3.59±0.27* 3.79±0.22 
HDL(mmolll) 1.40±0.l3 1.32±O.12 1.35±O.12 
apo B (gil) O.74±O.06 O.68±O.06* 0.7I±O.06 
apoAI (gil) 1.57±O.1O 1.49±O.1O* 1.54±O.O9 

Medl3ll (range) and mean ± sd. *:p<O.05 vs average value baselme and recovery. 

Plasma cholesterol esterification and cholesteryl ester transfer were unchanged. 

Changes in plasma total and VLDL+LDL cholesterol were correlated with changes in 

albuminuria (R.~ 0.76, n~8, p<O.05 and R.~ 0.79, n~8, p<O.05, respectively). 

Condusious: In Type I diabetics with low range albuminuria, the A Tl receptor 

antagonist losartan lowers atherogenic plasma apo iH:ontaining lipoproteins in 

conjunction with a decrease in albuminuria. The unchanged plasma cholesterol 

esterification and cholesteryl ester transfer indicate that these determinants of HDL 

metabolism remain unaffucted. 
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1096 
EFFECT OF GLYCEMIC CONTROL ON THE PREVALENCE OF 
DYSLlPlDAEMIA IN lDDM PATIENTS. 

M Rigia, A. Wagner, G. Carreras, G Gimenez, JM Pou, A de Leiva, A Perez. 
Endocrinology and Nutrition Department. Hospital de Sant Pau. Barcelona. Spain. 

Unlike NlDDM, data on the prevalence of dyslipidaemia in lDDM patients are 
scarce, and mostly based on total cholesterol (Tc) and triglyceride (Tg) in cross
sectional studies. AIM: To determine the effect of glycaemic control optimization 
on the prevalence of dyslipidaemia in non-ketotic lDDM patients with poor 
glycaemic control. MATERIAL AND METHODS: Three-hundred and thirty-four 
IDDM patients (54.2% male, aged 31.3 ± 10.2 years, BMI 22.6 ± 3.2 Kg/m', 
diabetes duration 7.9 ± 9.3 years, HbAlc 8.5 ± 2%) and 803 non-diabetic subjects 
(48.7 % male, aged 30.7 ± 9.2 years, BMI 24.8 ± 4.4 Kg/m') were studied. 
Assessment was performed on the patients and compared with the control group at 
entry and after achieving good glycaemic control (HbAlc 6.3 ± 1.3%) by means of 
intensive therapy. Tg and Tc (automatic enzymatic methods), HDLcholesterol 
(precipitation) and LDL cholesterol (Friedewald's formula! ultracentrifugation) were 
determined after an overnight fast. The cut-off points for dyslipidaemia were defined 
as LDLc> 4.13 mmolll, Tg > 2.25 mmol/l, HDLc <0.9 mmolll for males and 1.1 
mmolll for females. RESULTS: Among the poorly-controlled IDDM patients, 
LDLc>4.13, Tg> 2.25 and low HDLc were found in 15%,5% and 20%, and in 14%, 
6% and 9% of controls, respectively (p <0.05 for HDLc). After improvement of 
glycaemic control, the prevalence of LDLc >4.13, Tg > 2.25 and low HDLc 
decreased to 9, 3 and II %, respectively. In this stage of glycaemic control, the 
frequency of dyslipidaemia was not different between lDDM women and their 
controls. IDDM males, however, displayed less hypercholesterolaemia than non
diabetic men (8.3 vs 17% P <0.0 I). CONCLUSION: The prevalence of low HDLc, 
but not hypercholesterolaemia or hypertriglyceridaemia is increased in poorly 
controlled IDDM patients. After achieving good glycaemic control, the prevalence 
of dyslipidaemia is similar or less than in the non-diabetic population. 

PS95 
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1098 
PERIPHERAL NERVE FUNCTIONS IN NEWLY DIAGNOSED 
SEVERELY HYPERGLYCEMIC DIABETIC PATIENTS 

S. Parveen" N.B. Bhowmik', A. Haque', H. Mahtab',A. Rahman' and L. Ali'. 
IResearch Division, BIRDEM, 122 KN Avenue, Dhaka-lOOO; 2Bangabandhu Sheikh 
MUjib Medical University, Dhaka-IOOO; 'Combined Military Hospital, Cantonment, 
Dhaka 

Aims: Taking advantage of a unique group of young ciabetic patients in Bangladesh who are 
severely hyperglycemic (fasting blood glucose usually >16 mmoIn), and norma- to 
hypoinsulinemic without being ketotic we have studied a group of newly diagnosed, 
neurologically asymptomatic subjects to explore the effect of relatively acute severe 
hyperglycemia on peripheral nerve functions and to assess whether motor or sensory 
functions are affected first. Subjects and Methods: Thirty diabetic patients (Age in years; 
24.09:!;3.94 and BMI, 19.13:!;3.16, M:!:SD) were studied along with 30 control subjects having 
no family history of diabetes (Age in years; 20.83:!:3.15 and BMI, 19.35:!;2020, M:!:SD). Apart 
from blood glucose (glucose-oxidase method) and serum fructosamine (colorimetric method) 
platelet aggregation were also measured optically to investigate its role in the early 
pathological changes. Nerve functions, as detected by EMG, were evaluated by determination 
of distal latency (DL), compound muscle action potential (CMAP), F wave latency (FWL) and 
motor nerve conduction velocity (MNCV) of n. ulnaris and n. peroneus and DL, sensory nerve 
action potential (SNAP) and sensory nerve conduction velocity (SNCV) of n. ulnaris and n. 
suralis. Results: The diabetic patients were severely hyperglycemic (Blood glucose, mmolR 
was 18.65:!;6.73 and serum fructosamine value 644.01:!:226.01, M:!;SD). Significant 
differences were observed between diabetic vs control groups regarding MUCMAP, ~v 
(M:,:SD; 4.78:!;1.60 vs 6.11:!;2.08; p<O.OOI) MUFWL, ms (31.14:,:13.61 vs 24.86:!;1.85; p<O.OI), 
MUNCV, mls (57.82:!;6.85 vs 66.4B:!;6.29; p<O.OOI), MPCMAP, ~v (5.29:!:2.48 vs 9.08:!;3.55; 
p<O.OOI), MPNCV, mls (41.65:!;7.34 vs 52.60:!:B.74; p<O.OOI) and SSNCV, m/s (34.58:!:14.27 
vs 42.38:!:B.52; p<O.OI). A highly significant negative correlation was seen between the 
latency period and NCV. In ciabetic patients blood glucose and fructosamine levels showed 
strong correlation with MPNCV (Glucose, ·0.47/0.01 and fructosamine, .0.58/0.001; rip) and 
MUNCV (Glucose, .0.41/0.05 and fructosamine, .0.47/0.00; rip). Platelet aggregation was 
higher only in relation to motor nerves. Conclusions: Relative short· time exposure to severe 
hyperglycemia seems to be an independent factor for the development of neuropethy in 
diabetic patients. In early stage motor nerve functions are more widely affected and it may 
have a link with platelet hyperaggregation. 

1097 
STRUCTURED GROUP EDUCATION ON HYPERLIPIDAEMIA IN 
DIABETES: BENEFICIAL LONG-TERM EFFECTS 
K. Howorka, M. Gabriel. J. Pumprla, A. Kaves. Dept. of Biomedical Engineering 
and Physics. University a/Vienna. Austria; k.howorka@bmtp.akh-wiel1.ac.at 
Pharmacotherapeutic interventions in hyperlipidaemia have already been evaluated 
according to the principles of evidence-based medicine. It has already been proven 
that structured education can enhance life style modifications and increase 
compliance with treatment. 
Aim: To devetop a structured outpatient group education model for hyperlipidaemic 
patients with type 2 diabetes and/or metabolic syndrome, not sufficiently responding 
to individual counselling and to evaluate long-term effects of such intervention. Main 
outcome criteria: cardiovascular risk profile. cholesterollHDL ratio, compliance with 
pharmacotherapy. 
Methods: Outpatient structured group education consisting of two 3-hours units. 
Contents: Atherosclerosis risk factors. causes and consequences; Pathophysiology of 
lipid metabotism; Blood tipid target values: Classification of hyperlipidaemia; 
Nonpharmacological therapy and nutrition change: Pharmacotherapeutic agents and 
their indications: fibrates, stat ins etc.; Interpretation of package information leaflet; 
Supervised self-classification of the degree of hyperlipidaemia according to 
individual results of blood analysis including individual therapy measurcs. 
Results: The educational model was applied in 79 patients (diabetes type I n=48%. 
type 2 n=40%. no diabetes n=12%; observation time 522:20 months) with following 
treatment effects: cholesterol -0.3 mmolll, p=0.18; HDL-cholesterol +0.6 mmolll. 
p<O.OOI: LDL-cholesterol -0.02 mmolll, p=0.5; cholesterollHDL -l.0, p<O.OOI: 
triglycerides -2.6 mmolll, p=0.06. The pharmacotherapy of hyperlipidamiea was 
necessary in long-term in 52% of patients and was kept to in the majority of these 
patients. 
Conclusions: The developed structured hyperlipidaemia group education model 
enables an effective improvement of cardiovascular risk profile. 

1099 
PHRENIC NERVE FUNCTION IN TYPE 1 DIABETES 
F. Paleari, P. Gamba, G. Mauri, G. Rovaris, C. Giannattasio, ·M.L. Piatti, 
*A. Zincone, *G. Cavaletti and G. Maneia. Dept. of Internal Medicine, 
Diabetologic Unit and ·Oept. of Neurology; S. Gerardo Hospital, Monza, 
Italy. 
Introduction : In type 1 diabetes, peripheral neuropathy (PN) is common 
both as a clinical complication and as a neurophysiological finding, while 
little is known about the occurrence of a neuropathy of the phrenic nerve 
combined with peripheral nerve involvement. Data on this issue are still 
conflicting and not easily comparable. Aims' To compare the phrenic 
nerve (right and left) function, as assessed by non-invasive 
neurophysiological tests, in two groups of type 1 diabetic patients, one 
without and one with PN. Materials and Methods : 34 type I diabetic 

patients : 17 without (PN-) and 17 with (pN+) electrodiagnostic signs of 

PN (mean ± SO; age 38.4 ± 9.4 vs 45.6 ± 10.5 yr; diabetes duration 16.6 ± 
8.2 vs 26.2 ± 9.8 yr, respectively). Thirtyfour healthy subjects served as 
controls. The mean HbAlc concentration, used as index of the diabetic 

control in the 3 years preceding the study, was lower in the PN- as 

compared to the PN+ (7.2 ± 1.8 vs. 8.9 ± 2.0 %; p<O.1). Creatinine levels 
were in the nonnal range and similar (p=NS) in both groups. 

Results : There was no statistical difference between PN- and PN+ in 

phrenic nerve latencies (righl : 8.9 ± 1.0 vs 8.9 ± 1.1 msec, p=NS; left: 8.6 

± 0.9 vs 8.9 ± 1.1 msec, p=NS, respectively) and amplitudes (righl : 0.80 ± 
0.30 vs 0.83 ± 0.31 mY, p=NS; left: 0.82 ± 0.29 vs 0.82 ± 0.30 mY, 
p=NS, respectively) . Moreover, phrenic nerve latencies and amplitudes in 
both groups were similar (p=NS) to the those of the control subjects. 
Conclnsions : These data suggest that distal involvement of somatic 
peripheral nerves is not associated with more proximal disorders of the 
phrenic nerve function in type 1 diabetic patients. 



1100 
THE ASSOCIATION BETWEEN NEUROELECTROPHYSIOLOGY AND 
CLINICAL NEUROPATHY IN TYPE 1 DIABETES MELLITUS. 
S. Lan"', J. Arezzo**, R.A. Gerber'" and S.S. Klioze*, '" Pfizer Inc., Groton, CT, 
USA; ** Albert Einstein College of Medicine, Bronx, NY, USA 
Aims: This study examined the association between neuroelectrophysiology (NE) 
and clinical neuropathy in type I diabetes based on an exploratory analysis of the 
neuropathy data from the Diabetes Control and Complications Trial (DCCT). 
Materials and Methods: DCCT subjects who had a clinical neurological exam 
and NE testing at baseline and at year 5 (n~1238) were analyzed. Clinical 
neuropathy status was assessed by a neurologist and categorized as either defmite, 
possible, or no neuropathy. We further classified the change in neuropathy at year 5 
from baseline as being either worsened or non·worsened. Eight NE measurements 
(4 conduction velocity and 4 amplitude) were used in this analysis. Composite NE 
scores (scaled from 0·1) were developed for velocity, amplitude, and combining 
amplitude and velocity. Results: At year 5, 25.1% (n~311) showed a worsening of 
clinical neuropathy. Comparing the mean change in the nerve conduction velocity 
(NCV) measurements between those whose neuropathy worsened and did not 
worsen, it is found that those who worsened had a greater decrease in each nerve 
measured (p<0.05). Of the amplitude measurements, only the median sensory had a 
significant decrease associated with worsening neuropathy (p~0.0141). Modeling 
the eight NE measurements together, it is found that a one mlsec decrease in the 
peroneal motor velocity was significantly associated with a 4% increase in the 
worsening of clinical neuropathy (odds ratio~1.04, p~0.0123). In addition, the odds 
ratios associated with a 0.10 unit decrease in composite score were 1.1 0 for 
amplitude (p~0.019I), 1.08 for conduction velocity (p~0.0329), and 1.19 for the 
composite (velocity+amplitude) NE parameter (p~0.0013). Conclusions: These 
analyses showed that there was a significant relationship between the deterioration 
of nerve function and the worsening of clinical neuropathy. These exploratory 
results will encourage further investigation of the role of NE, particularly NCV in 
predicting deterioration of clinical neuropathy in patients with diabetes. 

1102 
ATTENUATED IMMEDIATE EARLY GENE RESPONSES IN THE 
DIABETIC BBIW RAT PRECEDE IMPAIRED NERVE 
REGENERATION 
AAF Sima, G Xu, HY Jiang and ME Shy, Wayne State University, Detroit, 
MI., U.S.A. 

Nerve fiber regeneration is impaired in diabetic neuropathy and contributes to 
the progressive nerve fiber loss. The precise mechanisms responsible for this 
abnormality are not completely understood, although impaired neurotrophic 
support has been implicated. Previous studies from our laboratory have 
demonstrated attenuation of macrophage recruitment and delayed initiation of 
axonal regeneration in the diabetic BBfW-rat following sciatic nerve injury. 
Aims: Based on these data, we hypothesized that perturbed immediate early 
gene responses in Schwann cells may underlie these abnormalities, since they 
are believed to initiate macrophage recruitment and secondarily upregulate 
neurotrophic factors such as NGF and IGF-l. Materials: We examined the 
mRNA expression of the immediate early gene responses ofIGF-l, NGF and 
their receptors IGF-IR and p75 at time points 0.5 hr to 4 days in 6-wk 
diabetic BBfW rats following sciatic nerve crush injury. The data were 
compared with those of non-diabetic control rats. Results: The immediate 
upregulation of NGF and IGF-l peaked at 0.5 and 6 hrs after crush injury 
respectively in control nerves and was delayed to 24 hrs for both NGF and 
IGF-l in diabetic nerves. The expression of p75 receptor was significantly 
attenuated in diabetic nerves. The baseline expression of IGF-IR in 
unsevered nerve was upregulated in diabetic nerves. However, in control 
nerve the expression of IGF-IR was immediately upregulated at 0.5 hr 
following nerve injury, while in diabetic nerves no upregulation was seen 
after crush injury. Conclusion: Attenuated immediate early gene responses 
ofNGF and IGF-I and their receptors may be responsible for the perturbed 
macrophage recruitment and initiation of axonal regeneration in diabetic 
nerve. 
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SUBCLINICAL CEREBRAL LESION DEMONSTRATED BY 
MAGNETIC RESONANCE IMAGING IN INSULIN-DEPENDENT 
DIABETIC PATIENTS. 

C.Scpcnara
l

, T. Tartaglione
2

, M.A.S. Di Leal, D. f?tocco l
• S. Cercone

l 

S. caputol, T. Me10ni
2

, D. Brunetti
2

, V. D1 Lazzar0
3

, and G. Ghirlanda
l 

Departments of Internal and Geriatric Medicine I, RadiOIOgl, and 

Neurology3, Catholic University, Rome, Italy. 

Aims: To investigate the occurrence of parenchymal brain and spinal 
cord alterations in insulin-dependent diabetic patients by magnetic 
resonance imaging (RMI), we evaluated neuroimaging findings and 
studied the putative relationship between structural brain abnormalities 
and motor evoked potentials (MEP) and nerve conduction velocity 
(NCV) at ulnar, peroneal and sural nerves. Materials and Methods: MRI, 
MEP and VCN were performed on 20 asymptomatic patients (12 male, 8 
female), aging from 21 to 48 years (mean ± SO: 34.3 ± 7 years). Diabetes 
duration was 21 ± 7 years. None of patients was receiving 
antihypertensive therapy or had evidence of macrovascular disease. Age, 
blood pressure, serum lipids, and HbAlc levels were correlated with 
results. Results: Nine patients (45 %) had abnormal scans. Two of them 
showed central MEP dysfunctions. Six (30%) had peripheral neuropathy. 
Different types of abnormalities were observed: periventricular 
hyperintense white matter lesions (width> 2 mm) on T2w images in six 
patients; ventricular dilatation in eight patients; atrophic cortical changes 
in six patients; and lacunar infarcts < 2 mm and/or subcortical or basal 
ganglia ischaemic lesions in four patients who were older 40 years of age. 
Asymptomatic lacunae were correlated with age, but not with blood 
pressure, serum lipids, and metabolic control. Peri ventricular hyperintense 
white matter lesions in diabetes were not correlated with age, while they 
increase with age in nondiabetic population. Conclusions: These findings 
suggest that in insulin-dependent diabetes of long duration there are 
structural abnormalities in the brain which may represent accelerated 
neural aging associated with the metabolic disorder. These degenerative 
disturbances may result in future cerebrovascular damage. 

1103 
EXPRESSION OF INSULIN AND IGF·I RECEPTORS' mRNAs IN 
PERIPHERAL NERVE OF TYPE 1 DIABETIC BBfW·RAT: EFFECTS OF C
PEPTIDE. 
K Sugimoto, W-X Zhang, G Xu, *J Wahren, AAF Sima, Wayne State 
University, Detroit, MI, USA, and *Karolinska Institute, Stockholm, Sweden 

Recent studies have demonstrated that C-peptide replacement in type I insulin
deficient diabetic BB/W-rats prevents nerve conduction velocity (NCV) deficits 
and inhibits hyperalgesia without altering glycemic levels and body weights. 
Aims: Since C-peptide phosphorylates both the insulin receptor (IR) and the 
IGF-I receptor (IGF-IR), we examined the effects of C-peptide supplementation 
on the expression of the IR and IGF-IR in peripheral nerve. 
Materials: Sciatic nerve from non-diabetic control (n~8), 2-mo diabetic (n~8), 
and 2-mo C-peptide treated diabetic BB/W-rats were examined 
immunohistochemically and by in situ hybridization with respect to IR and IGF
FR. 
Results: Immunohistochemistry of sciatic nerve showed that the IR was 
localized to paranodal Schwarm cells and to the nodes of Ranvier, whereas the 
IGF-IR was localized to the perinuclear cytoplasm of Schwarm cells. 
Endoneurial microvessels were immunopositive for both receptors. In 2-mo 
diabetic insulin- and IGF-I-deficient BBIW-rats, in situ hybridization showed 
marked up-regulation of IR and IGF·IR expressions in Schwarm cells and 
endothelial cells of endoneurial microvessels. These abnormalities were 
associated with decreased Na+/K+-ATPase activity and a 33% reduction in 
NCV (p<O.OOOI). Treatment with C-peptide in diabetic BB/W-rats resulted a 
normalization of the IR and IGF-IR expressions, accompanied by a 24% 
improvement in NCV (p<O.OOOI) and as previously demonstrated a 52% 
improvement in Na+/K +-A TPase activity (p<O.005). 
Conclusions: These fmdings, in conjunction with our previous data 
demonstrating that C-peptide phosphorylates both the IR and IGF-IR, suggest 
that in the absence of insulin and decreased IGF-I in type 1 diabetic nerve, C
peptide can via its action on the IR and IGF-IR partially restore Na+/K+·ATPase 
activity and NCV. 
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1104 
EFFECT OF THE INHIBITORS OF PKC ON SEROTONINERGIC 
TRANSMISSION IN STREPTOZOTOCIN - INDUCED DIABETES 
T. Kuchmerovskaya,G. Donchenko, I.Shymansky, N. Kuchmerovsky and 
L. Pakyrbaeva. A.V. Palladin Institute of Biochemistry, Kyiv, Ukraine 

There is little data on the development of diabetic cerebral disorders. Aims: the study was 
undertaken to assess the inhibitors effucts of PKC on serotoninergic transmission in diabetes. 
Materials and methods: we have s1lldied the [2_14C]serotonin uptake and release by brain 
cortex synaptosomes of 3 rnt groups: control and another two after induction of diabetes by 
STZ (45 mg'kg, i.v.), one treated by an extrnct from a food plant containing natural inlnbitors 
of PKC (5 mg'kg" i.p., 7 days) the other untreated Results: blood glucose levels were in 
control (6,8±O,6) and in diabetes (I6,5±O,8mmol/l, p<O,05). The serotonin levels of brain 
cortex (ngig tissue) were lower in diabetes: 0,234±O,012 vs 0,328±O,026 in control (p< 0,05). 
The finding sho-wed that [2}4C]serotonin uptake was decreased by 38% in diabetes as 
compared to control I ~ol NAD (serotonin transmission modulator) treated synaptosomes 
demonstrated nonnalization of[2-14C]serotonin uptake under diabetes It has been found that in 
vitro pretreatment of synaptosomes by H7 [J-{5-isoquinolinylsulfunyJ)-2-methylpiperazine] 
(0, I mmol/l, 20 min) elevated the serotonin uptake by 45% in diabetes. The study on the 
associated action of H7 and NAD fuiled to obtain any marked effect on [2_14C]serotonin 
uptake as compared to that ofH7. [2_14C]serotonin release was found to be stimulated on 39% 
under diabetes as compared to control Effect of NAD was activating both on diabetic and 
control rats synaptosomes. Exposure of H7 to synaptosomes caused further increase in [2-
14C]serotonin release ou 20% under diabetes and 27"10 in control as compared to their groups. 
No significant effect ofNAD additional to H7 action was observed. In rats treated with an 
extrnct from food plant [2.i'C]serotonin uptake was nonualized, but neurotransmitter release 
remained elevated. Synergic effi:ct of PKC inlnbitor and NAD on serotonin release in vitro 
was detennined. Conclusions: our results suggest that the beneficial effucts of PKC 
downragulation 00 diabetic neuropathy are not due to normalization ofbrain serotonin cootent, 

but these effects may be related with changes in impaired transmission by the way peculiar to 
the action ofNAD. 

PS96 
Neuropathy - Treatment 
1105 
SYNERGY BETWEEN y-LINOLENIC ACID AND ANTIOXIDANT EFFECTS 
ON DIABETIC RAT ERECTILE TISSUE DYSFUNCTION. 
N.E. Cameron, A. Keegan and M.A. Cotter. Biomedical Sciences, Aberdeen 
University, Scotland UK. 
Defective nitric oxide-mediated corpus cavernosum (CC) vasorelaxation is 
preventable by antioxidant treatment with a-lipoic acid (LPA) in diabetic 
rats, however, the dose required (300 mg kg·' day·l) is unrealistically high 
for patient use. Synergy between LPA and y-linolenic acid (GLA) treatments 
was recently described for correction of sciatic neurovascular deficits. Aims: 
To determine whether combined low dose GLA-LPA treatment could protect 
CC neural and endothelial function in streptozotocin-diabetes. Materials 
and Methods: Diabetic rats were treated daily with equimolar doses of GLA 
(35 mg kg·') or LPA (28 mg kg·I), alone and in combination, for 8 weeks. To 
study relaxation produced by nerve stimulation in vitro, CC were 
precontracted with phenylephrine, and preincubated with atropine and 
guanethidine to respectively abolish cholinergic and noradrenergic nerve 
responses. Results: Nerve electrical stimulation caused a relaxation that was 
blocked by nitric oxide synthase inhibition; characteristic of CC nitrergic 
innervation. Nondiabetic CC maximum neural relaxation was 80.6±4.6% 
(±SEM). This was reduced by diabetes (42.8±5.5%; p<O.OOI) and the deficit 
was unaffected by GLA or LPA treatments alone. Combined GLA-LPA 
treatment prevented the nitrergic relaxation deficit (77.7±3.9%; p<O.OOI). 
Endothelium-dependent relaxation to acetylcholine was completely blocked 
by nitric oxide synthase inhibition. Nondiabetic CC maximum acetylcholine 
relaxation (80.7±4.0%) was reduced by diabetes (52.2±2.8%; p<O.OOI). This 
was unaffected by LPA (51.6±4.4%) or GLA (53.5±6.0%) single-treatment. 
In contrast, the GLA-LPA combination completely prevented dysfunction 
(82.5±6.9%; p<O.OOI). Conclusions: A modest GLA-LPA dose prevented 
abnormal CC vasorelaxation in diabetic rats by a synergistic action: an 
approach that could be suitable for evaluation in clinical impotence trials. 

1106 
NERVE FUNCTION IN DIABETIC RATS: SYNERGY BETWEEN ALDOSE 
REDUCTASE AND ANGIOTENSIN CONVERTING ENZYME INHIBITION 
M.A. Cotter, D. Mirrlees and N.B. Cameron. Biomedical Sciences, Aberdeen 
University, Scotland UK. 
Reduced nerve perfusion and conduction velocity (NCV) in diabetic rats 
depends on mutually exacerbating vasa nervorum abnormalities including a 
deficit in nitric oxide-mediated vasodilation and elevated vasoconstrictor 
activity in the renin-angiotensin and endothelin systems. Vascular nitric 
oxide defects have been linked to aldose reductase inhibitor (ARl) 
correctable polyol pathway hyperactivity. Aims: To examine whether 
reducing vasoconstriction by angiotensin converting enzyme inhibitor 
(ACEI) treatment would interact additively or synergistically with an ARl to 
improve nerve function. Materials and Methods: After 6 weeks of 
streptozotocin-diabetes, rats were treated daily for 2 weeks with low doses of 
Iisinopril ( ZENECA Pharmaceuticals; 0.3 mg kg· l) and ZD5522 (ZENECA; 
0.25 mg kg-I), alone or combined. Results: A 20.9±O.8% (±SEM; p<O.OOI) 
diabetic sciatic motor NCV deficit was 19.9±2.0% and 22.4±2.9% (p<O.OOI) 
corrected by ZD5522 and lisinopril, respectively. With combined treatment, 
correction was 96.1±3.l%, NCV markedly exceeding (p<O.OOOI) the 
predicted value from single treatment data (assuming additive drug effects). 
Sciatic endoneurial blood flow, 50.7±3.1% (p<0.001) reduced by diabetes, 
was not significantly altered by ZD5522 or lisinopril alone (15.0±5.1% and 
1O.0±9.0% correction, respectively). In contrast, perfusion was in the 
nondiabetic range for joint treatment; blood flow was much greater 
(p=O.OOOl) than predicted from the single treatment data. Lisinopril did not 
alter a l4.8-fold (p<0.001) diabetic elevation in nerve sorbitol levels. 
ZD5522 reduced sorbitol by 43.2±5.5% (p<0.001) and this was unaffected 
by joint lisinopril treatment (48.5±6.3%). Conclusions: A synergistic ARl 
I ACEI interaction was found that may be therapeutically advantageous in 
diabetic neuropathy and requires assessment in clinical trials. 



1107 
THE EFFECT OF GAMMA-LINOLENIC ACID-LIPOIC ACID ON FUNCTIONAL 
DEFICITS IN THE CENTRAL NERVOUS SYSTEM IN DIABETIC RATS 
S.E. Smale, GJ. Biessels, S.E.J. Duis, A. Kamal and W.H. Gispen, Rudolf Magnus 
Institute, Universiteitsweg 100, 3584 CG, Utrecht, The Netherlands 
Aims: Previous studies have shown that diabetic rats develop functional deficits in 
the central nervous system (CNS) after a diabetes duration of at least 2 to 3 months. 
The aim of the present study was to examine whether gamma-linolenic acid-lipoic 
acid (GLA-LA), a fannacon with beneficial effects on peripheral diabetic 
neuropathy, could reverse established functional deficits in the CNS in 
streptozotocin-diabetic rats. Materials and Methods: Treatment was initiated after 4 
months of untreated diabetes and continued for 3 months. Effects on peripheral 
nerves were monitored by monthly measurements of motor and sensory nerve 
conduction velocities in the sciatic nerve (MNCV,SNCV). Effects on the CNS were 
monitored every 3 weeks by brains tern auditory evoked potential latencies (BAEP) 
and visual evoked potential latencies (VEP), which reflect impuls conduction 
velocity. At the end of the study, long term potentiation (LTP) was measured in 
hippocampal slices in vitro. Hippocampal L TP is widely used as a model for the 
neuronal mechanisms underlying learning and memory. Results: Significant deficits 
were observed in MNCV, SNCV, BAEP interpeak III-V latencies, YEP n3 latencies 
and LTP in diabetic rats compared to controls (ANOVAR p < 0.001). Treatment 
with GLA-LA after 4 months of untreated diabetes did not ameliorate the established 
deficits in MNCV and SNCV, nor in BAEP interpeak IJI-V latencies and YEP n3 
latencies. However, GLA-LA did restore 65% of the LTP deficit in diabetic rats. 
Conclusions: GLA-LA had a beneficial effect on the hippocampal LTP deficit at a 
stage in which established deficits in parameters reflecting peripheral and central 
conduction velocity could not be reversed. 

1109 
ANTIOXIDANT TANACAN IN THERAPY OF DIABETIC NEUROPATHY 
V. Smirnova, I. Strokov, L. Ivanova, A. Ichunina. Russian Academy for Advanced 
Medical Studies, Moscow. Russia 
Main aim of this study was to estimate effects of antioxidant treatment on diabetic 
neuropathy (DN). 
Materials and methods. In 41 patients (mean age 57.52±9.19 yr., disease duration 
10.58:,:8.06 yr.) the expressiveness of DN was assessed using Michigan Diabetic 
Neuropathy Score. Thiobarbituric acid reactive material was determined as 
malondialdehyde (MDA) in serum of all patients. Nerve conduction velocity (NCV) 
was determined in the median nerve in all patients. 25 patients received Tanacan 
(Egb 761, Beaufour-ipsen, France) in dosage 120 mg/day and 16 - placebo during 6 
weeks. 

NIDDM Placebo 
MDA in serum, before and after l.l 9± 1.02 0.99:,:0.15 
treatment (nmol/mg protein) 0.50:,:0.16 *** 0.95±0.22 
MNDS, before and after treatment 9.56:,:2.61 7.65:,:2.48 
(points) 2.92:"!:2.31 *"'* 7.3~:,:2.64 

NeV, median nerve, sensor, before 48.25±5.54 58.53±7.58 
after treatment (m/s) 55.37:,:3.62 *** 58.86±7.26 
NCV, median nerve, motor, before 52.16:,:3.44 44.86±6.23 
after treatment (m/s) 56.58±6.48 * 45.86:,:4.56 
blood of velocity (mk/s), before 53.76:,:6.19 120.00±1.08 
and after treatment 89.20±6.08 ** 120.00±1.00 
* P<O,05, ** P<O,Ol*** P<O,OOI - beforevs. after treatment 
We conclude that Tanacan decrease oxidative stress, improve the blood supply and 
peripheral nerve functions in NIDDM patients with DN. 

1108 
IDD 676, A POTENT ALDOSE REDUCTASE SPECIFIC INHIBITOR 
PREVENTS NERVE DYSFUNCTION IN EXPERIMENTAL DIABETES. 

A. Carrington, S. Cannan, H, Smiarowski, D. Lavoie, D. Sawicki, A. Sabetta, 
J. Litchfield, M. Van Zandt and J. Sredy. Institute for Diabetes Discovel}', Inc., 
Branford, CT, USA. 

A wide variety of inhibitors of aldose reductase (hALR2) have been shown to 
prevent and even reverse peripheral nerve dysfunction in experimental diabetes. 
However, the majority of these inhibitors are non-specific, also inhibiting 
aldehyde reductase (hALRI). Aims: IDD 676 is a novel carboxylic acid which is 
selective for hALR2 (IC" = 5 nM vs 27000 nM for hALRl). Consequently, the 
effects ofIDD 676 on the motor nerve conduction velocity (MNCV) deficit of 
streptozotocin (STZ) diabetic rats were examined. Materials and Methods: In 
the fIrst study, IDD 676 was administered by oral gavage for one month at doses 
of 5, 10 and 25 mglkgld. In the second study, the drug was administered in the 
diet at the same doses for three months. The primal}' efficacy variable, MNCV, 
was measured in the sciatic-tibialis nerve / interosseus muscle system. Results: 
The MNCV results indicate a clear dose-response improvement. 

Study I Im/s) Study 2 Im/s) 
Control 45.19 ± 1.90 48.13 ± 1.73 
Diabetic 39.17 ± 1.61a 42.11 ± 2.llx 
Diabetic + 25 mglkgld IDD 676 43.91 ± 3.18b 48.44 ± 3.94y 
Diabetic + 10 mglkgld IDD 676 41.61 ± 2.49a 46.21 ± 2.33z 
Diabetic + 5 mglkgld IDD 676 40.00 ± 1.54ac 45.10 ± 1.26 
a: p<O.OI v control, b: p<O.OI v diabetic, c: p<O.OI v diabetic at 25mglkg/d. 
x: p<O.OOI v control, y: p<O.OOI v diabetic, z: p<0.05 v diabetic. 

Data are mean ± SD, n = 6-10 per group and statistical analysis was 
one-way ANOVA with Tukey's range test. 

Sciatic nerve sorbitol and fructose were completely normalized at all doses in 
both studies. 
Conclusions: IDD 676, a potent selective inhibitor of aldose reductase, 
prevents the nerve dysfunction associated with diabetes at one month and three 
months in STZ-rats, a well established model for the prediction of human 
diabetic nerve dysfunction. 
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AN ALDOSE REDUCTASE INHIBITOR AMELIORATES DIABETIC 

AUTONOMIC NEUROPATHY IN TYPE 2 DIABETIC SUBJECTS. 

J. Nakamura, M. Nakayama, Y. Hamada, S. Chaya, K. Kato, Y. 

Kasuya, R. Mizubayashi, K. Miwa, Y. Yasuda, H. Kamiya, and N. 

Hotta. Nagoya, Japan. 

Aims: Diabetic autonomic neuropathy (DAN) such as cardiovascular 
dysfunction may cause sudden death in diabetic subjects. Therefore, it 

is important to diagnose and to treat DAN at an early stage. In the 

present study, the usefulness of pupillary light reflex test, especially 

constriction rate (CR), as a diagnostic procedure of DAN and effect 

of an aldose reductase inhibitor, epalrestat, on DAN as well as 

diabetic somatic neuropathy (DSN) were investigated. Materials and 

Methods: Pupillary light reflex test was performed with 96 type 2 

diabetic subjects and 51 non-diabetic subjects. Epalrestat was 

administered to 45 diabetic subjects with DSN for 6 months. Effect of 

epalrestat on CR was analyzed in relation to the severity of diabetic 

retinopathy. Results: 1) CR in diabetic subjects with DSN (0.21 ± 
0.01, p < 0.05) was significantly lower than that in those without 

DSN (0.27 ± 0.03), which was also significantly reduced compared 

with that in non-diabetic subjects (0.34 ± 0.01). 2) Treatment with 

epalrestat significantly increased CR in diabetic subjects without 

retinopathy (0.27 ± 0.02 to 0.30 ± 0.01 P < 0.05) and those with 

simple diabetic retinopathy (0.27 ± 0.02 to 0.31 ± 0.02 P < 0.05), but 

not in those with preproliferative or proliferative retinopathy. 3) 

Epalrestat also significantly shortened the prolongation of the latency 

of F wave in median and tibial nerves. Conclusions: These 

observations suggest that CR in pupillary light reflex test may be an 

useful indicator of DAN, and that an aldose reductase inhibitor may 

have a therapeutic value for the early stage of DAN as well as DSN. 
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BIMOCLOMOL ACCELERATES NERVE REGENERATION AFTER 
FREEZE LESION IN HEALTHY AND DIABETIC RATS 
K. Bir6, ·T. Kukorelli, 'N. SziJagyi, M. Kiirthy, A. Kotrulromy, T. 
Mogyorosi, K. Nagy 
Biorex Res. & Dev. Co., Veszprem, 'Dept. of Physiology and 
Neurobiology, E6tv6s Lorand University, Budapest, Hungary 
The time course of the regenerative process after freeze lesion (F) to 
left sciatic n. and the curative effect of bimoclomol (20 mg kg·] p.o. for 
I-month) were studied in 4 groups of Crl. WI rats: treated (D+B) and 
untreated streptozotocin-diabetic (D), treated (C+B) and untreated 
controls (C). To assess nerve regeneration (NR) the return of 
nociceptive ftmction of the footsole defined by hindlimb flexor reflex 
electromyogram (FR-EMG) was recorded weekly: before, at week (W) 
3 of untreated diabetes, inunediately and 2-6W from F, under 
anesthesia. Diabetes alone induced about a 30% (contralateral leg) 
suppression of FR-EMG area, due to sensory neuropathy, which was 
deepened by regenerative deficit to 98% after F (ipsilateral leg). 
Reappearance of EMG at W2 indicated that muscle reinnervation 
started. Nonlinear mathematical analysis revealed a slower recovery in 
D vs C at each week but the day 17 when the rate is maximal. The 
degree of regeneration reached 64% or 93% (p<O.OOO), respectively by 
W6. Improvements by 73% or 85% (for C or C+B, resp.) and 54% or 
74% (for D or D+B, resp.) were achieved by W4. Bimoclomol 
accelerated NR in both the control (by about I week) and diabetic 
(approaching the control value) rats. Results may be explained by heat 
shock protein coinducing activity of bimoclomol in the cununulative 
disadvantageous case of diabetic and mechanically-induced sensory 
neuropathies. 

PS97 
Autonomic Neuropathy -
Monitoring and Analysis 
1112 
24-HOUR AMBULATORY BLOOD PRESSURE MONITORING AND 
ECHOCARDIOGRAPHlC EVALUATION IN TYPE 2 DIABETES. 
M.Cakir*, N.Baskal', S.Giillu', MF. Erdogan', AH. Elhan" and G.Erdogan*. 
'Ankara University, School of Medicine, Dept. of Endocrinology and Metabolic 
Diseases, "Dept. of Biostatistics. Ankara, TURKEY. 
Aims: Comparing the 24-h BP profiles, and systolic and diastolic left ventricular 
function between micro- and normoalbuminuric type 2 diabetic patients in the 
absence of hypertension. Materials and Methods: 20 normoalbuminuric(NA-group) 
and 16 microalburninuric(.MA-group>201Jg/minute) normotensive patients with 
HbAlc levels <7.5% matched for age, sex, BMI, duration of diabetes, lipid profile, 
type of therapy were evaluated. 12-h daytime and nighttime urine samples were 
collected for measurements of microalbuminuria. Results: Mean day/night systolic 
BP values of NA-group were significantly higher than the MA-group (1.09±O.09 
vs. 1.02±O.06, p=O.013).There wasn't a difference for diastolic dysfunction 
(relaxation abnormality-ElA<I) rate between the two groups (p=0.821). When 
patients were seperated into two groups according to their nighttime 
microalbuminuria, irrespective of total and daytime microalbuminuria, all of the 10 
patients with nighttime rnicroalbuminuria were non-dippers « 1 O"loreduction in 
systolic BP) with respect to 61.5% in the remaining 26 patients (p=O.035). Patients 
with nighttime microalbuminuria had a higher incidence of retinopathy (30% vs. 
3.8%, p=O.057). Patients with nighttime microalburninuria had a higher night 
systolic BP (I09.5±6.0mmHg vs. 101.8±12.1mmHg, p=0.066). When groups were 
reestablished according to dipping regardless of microalbuminuria, non-dippers had 
significantly higher 24-hour systolic (1I0.3±6.3mmHg vs. 103.5±8.8mmHg, 
p=O.013)and diastolic BP (79.0±5.lmmHg vs. 75.1±5.lmmHg, p=O.044) 
measurements than dippers. Non-dippers also had significantly higher nighttime 
microalbuminuria than dippers(I6.8±16.3, median 12.8 vs. 4.7±5.4, medianZ.2, 
p=O.026).Conclusions: Nighttime urine samples ate practical and can be more 
reliable than daytime urine samples. Diastolic dysfunction is not found to be related 
to microalbuminuria in normotensive type 2 diabetic patients. 

1113 
EVALUATION OF 24-HOUR HOLTER ECG COMPARED WITH AUTONOMIC FUNCTION 
TESTS IN DETECTING DIABETIC CARDIOVASCULAR AUTONOMIC NEUROPATHY 
D. Ziegler and R. Piolot; Diabetes Research Institute, Dusseldorf, Germany 
Aims: To evaluate the diagnostic validity and reliability of 24-hour heart rate 
variability (HRV) compared with autonomic function tests (AFTs) in the detection of 
diabetic cardiovascular autonomic neuropathy (CAN) which carries an increased risk 
of mortality. Materials and Methods: We evaluated statistical (SDNN index, CV, 
sNN50, RMSSD), geometric (modified triangular index, triangular interpolation 
(TINN), top angle index [TAl]), frequency domain (spectral power in the VLF, LF, and 
HF bands, LF/HF ratio), and nonlinear measures (CV1 and CV2 of the Poincare plot) 
of 24-hour heart rate variability (HRV) using Holter ECG as well as cardiovascular 
reflexes using AFTs in 95 healthy control SUbjects (C) and 125 diabetic patients. 
According to previously suggested definitions based on AFTs (>2 out of 7 indexes 
abnormal), 48 patients had definite CAN, 16 had borderline CAN, and 61 had no 
evidence of CAN. Results: The sensitivity of the Holter parameters was higher during 
the day (6:00-24:00 hours) compared with the night (00:00-6:00 hours) (p<0.05). The 
nonlinear measures of Poincare plot were less sensitive in detecting CAN than the 
statistical (CV), geometric (TAl), and frequency domain (VlF, LF) indexes of 24-hour 
HRV (all p<0.05). Definite CAN defined on the basis of both these four indexes (>1 
out of 4 abnormal) and AFTs was detected in 34% of the patients, while 50% had no 
evidence of CAN. However, while 13% of the patients had definile CAN detected by 
24-hour HRV but no evidence of CAN using AFTs, the vice versa situation was found 
in only 3% of the patients, giving a difference of additional 1 0% of the total group who 
could be detected as having CAN only by 24-hour HRV. The coefficients of variation 
of day-to-day reproducibility in both healthy and diabetic subjects were lower for the 
statistical (CV) and geometric (TAl) parameters (2-9%) than for the frequency domain 
indexes (11-31%) and AFTs (22-76%). Conclusion: The combination of statistical, 
geometric, and frequency domain parameters of 24-hour HRV appears to be more 
sensitive and reliable in detecting CAN than autonomic function testing. The 
prognostic value of reduced 24-hour HRV in diabetes remains to be established. 



1114 
AUTONOMIC FUNCTION AND 24-H AMBULATORY BLOOD PRESSURE 
PROFILES IN PATIENTS WITH SHORT -LASTING TYPE 1 DIABETES 
L. Bieniaszewski, B. Wolnik, P. Kruszewski, 1. Neubauer, E. Semetkowska
Jurkiewicz, B. Krupa-Wojciechowska. Department of Hypertension and Diabetology, 
Medical University of Gdansk, Poland 
Aim: to investigate whether autonomic function and diurnal blood pressure is 
associated with metabolic control in patients with short -lasting type 1 diabetes. 
Materials and Metbods: 41 diabetics were divided into two groups. Group I 
consisted of 18 pts with HhAlc ,;7% (av. 6.1±O.8%), wltile Group 2 consisted of 23 
pts with HhAlc >7% (av. 9.3±2.0%). Tbe two groups did not differ significantly as 
for age (23±5 vs 25±7 yrs), BMI (21.7±2.5 vs 22.8±3.4 kglm2

), and duration of 
diabetes (3.2 ±O.9 vs 3.7±1.0 yrs). All subjects underwent 24-h ambulatOlY blood 
pressure monitoring (ABPM) and spectral analysis of heart rate variability. 
Results: The analysis of group data showed significant differences in some of the 
autonomic nervons system indices and parameters obtained from diurnal blood 
pressure and heart rate profiles. 

GROUP 
Mean RR interval - supine [ms] 
Mean RR interval - upright [ms] 
Ln LF / Ln HF - supine 
Ln LF / Ln HF - upright 
SBP-24h [mmHg] 
DBP-24h [mmHg] 
HR-24h [beats/min] 
SBP-day [mmHg] 
DBP- day [mmHg] 
HR- day [beats/min] 
SBP-night [mmHg] 
DBP-night [mmHg] 

HbAlc,;7.0% 
954±120 
655±93 

0.94±O.16 
1.31±O.21 

117±lO 
69±6 

74±lO 
121±1l 
74±6 

79±12 
106±9 
58±7 

HbAlc> 7.0% p 
862±127 0.025 
613±85 n.S. 

1.08±O.18 0.015 
1.47±O.33 n.S. 

121±9 n.S. 
7l±6 0.022 
82±9 0.009 
127±9 n.S. 
78±7 0.034 

88±1l 0.019 
108±9 n.S. 
62±6 n.s. 

HR- night [beats/min] 63+10 68+10 n.S. 

Conclusions: Our data indicate that glycaemic control significantly influences 
autonomic nervous system function and blood pressure levels already in short-lasting 
type I diabetes. 

1116 
REPRODUCIBILITY OF STAGING OF AUTONOMIC DYSFUNCTION IN 
DIABETES USING HEART RATE VARIABILITY ASSESSMENT 
J. Pumprla. K. Howorka. A. Schabmann. Department Qf Biomedical Engineering alld 
Physics. University Qf Vienlla, Austria;j.pumprla@bmtp.akh-wien.ac.at 
Short-term spectral analysis of heart rate variability (SA-HRV) bears potentially 
more information on autonomic control of the heart than standard bedside tests 
(Ewing's battery). However, its reproducibility -- particularly in different stages of 
autonomic dysfunction -- has not been sufficiently delineated yet. Aims: Evaluation 
of short-term reproducibility of SA-HRV and Ewing's battery in staging of cardio
vascular autonomic neuropathy (CAN) in diabetes. Patients and methods: Intrain
dividual comparison of 2 consecutive measurements of HRV in frequency- (modified 
orthostatic load: supine-standing-supine, 3x5 minutes) and time-domain (Ewing's 
battery), recorded in 55 diabetic patients with various stages of CAN (no/early/severe 
CAN: n=21/22/12). within 1.2±0.9 days, using a telemetric system VariaCardio TF4. 
Examination conditions were strictly standardised. Correlation coefficients (CC) and 
coefficients of reproducibility (CR) were calculated. Results: In frequency-domain 
analysis of whole population. paired correlation test delivered the highest CC for LN 
cumulative spectral power in HF band (r=0.95, p<O.OOI), in total frequency band 
(r=0.94, p<O.OOI) and in LF band (r=0.90. p<O.OOI), whereas in VLF band 
correlation was less manifested (r=0.74, p<O.OOI). When considering the results 
separately at different stages of autonomic dysfunction, in groups with 110 and ear(v 
CAN the highest intraindividual CC was reached for cumulative spectral power in HF 
band (r=0.91; r=0.84; both p<O.OOI). in a group with severe CAN the highest CC 
was recorded in LF band (r=0.75, p<O.OOI). Similarly, the best CR were recorded for 
LN cumulative spectral power ofLF+HF bands (CR=0.9 ms'). HF (CR=l.l ms') and 
LF (CR=1.2 ms') bands. In time-domain analysis ofHRV, the highest CC was found 
for deep breathing test (I-E: r=0.88, p<O.OOI; CR=9.6 min-I), Valsalva manoeuvre 
(VR: r=0.82, p<O.OOI; CR=0.29) and orthostatic load (HRmax/min r=0.80, p<O.OOI; 
CR=0.34), whereas blood pressure difference induced by orthostatic load delivered 
lower correlation (r=0.58. p<O.OI; CR=49 mm Hg). Conclusions: In our study. 
results of short-term measurements ofHRV in time and frequency-domain if repeated 
under standardised conditions within 2 days remain stable and deliver high 
correlation coefficients and sufficient coefficients of reproducibility. 

1115 
SPECTRAL POWER ANALYSIS IN REAL TIME: AGING AND DIABETES 
RELATIONSHIP. 
B.Senesi, R.Bonetti, A.Napolitano, F.Canepa*, P.Ottonello* and G.L.Viviani 
DLM.l. Internal Medicine Dpt, *Physics Dpt. - Genoa University. 

With a view to studying heart rate variability we used a spectral power analysis, 
obtained through acquisition and elaboration of a common ECG-signal in real 
time. Instrumentation and analysis procedures (hybrid algorithm achieved by 
means of linear data prediction, followed by Fourier analysis) were modified in 
order to obtain significant parameters: Total Power (PT) and LFIHF ratio, 
starting from temporal fragments, characterized by a stationarity condition. 
We studied 91 subjects, divided into 4 groups: 2810DM (group A), 19 NIDDM 
> 65 yrs old (group B), 23 young controls (group C), and 21 old controls, > 65 
yrs old (group D). NIDDM group was free from other diseases. 
The PT value is expressed in arbitrary units. 

Results' 
N. Mean Age MeanPT MeanLFIHF 

Group A 28 28 +/- 2 21000 +/-23000 44 +/- 51 
GroupB 19 69 +/-7 9000 +/- 6000 2,8+/-1,9 
GroupC 23 28+/- 8 36000 +/- 21000 4,7 +/- 4,8 
GroupD 21 73 +/- 6 15000 +/- 7000 36+/- 5 3 .. 
Data analysed by ANOV A are statIstically slgruficant (p<O,OI) and show: 

Normal PT threshold is PT > 10000. 
Young subjects present an increased PT and PT variability with respect 
to older ones. 
The increased variability oflDDM correlates with Ewing Test Score (ETS). 
Reduced NIDDM variability is not strictly correlated to ETS. 
PT and ETS seems to be age -related. 

Total Power of Real Time Spectral Analysis may be proposed as a new measure 
of Autonomic Nervous System integrity. 
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PREVALENCE OF QTc PROLONGATION IN TYPE 2 DIABETIC: AN 
ITALIAN POPULATION-BASED COHORT 
M. Borra, M. VegJio, G. Bruno, G. Bargero, G. Maeebla, P. Cavall .... Perin, 
G. Pagano, Internal Medicine Department, Universita di Torino, Italy 
A prolonged QT interval is associated with sudden death and poor survival in 
healthy subjects and in type I diabetic patients: the prevalence of QT prolongation 
in type 2 diabetic patients is not known, even if they represent the majority of 
diabetic patients in the community. Aims of the present study were to evaluate the 
prevalence of QT interval prolongation in a population-based cohort of type 2 
diabetic patients and its relationsltip with sex, age, diabetes duration, glycemic 
control, blood pressure and lHD. Patients and methods: the study base for this 
report were all 1354 patients with known Type 2 diabetes on the prevalence date (1 
October, 1988) resident in Casale Monferrato, a ruraI area in the north-west of 
Italy, with 93,477 inhabitants. Patients were studied to obtain the following: height 
and weight, blood pressure fasting plasma glucose, triglycerides, total cholesterol, 
HOL-cholesterol, fibrinogen, HbAlc, albumin excretion rate (AER), smoking habit. 
A standard supine 12-lead ECG was recorded and coded according to the Minnesota 
code criteria in order to define probable or possible IHO, RR and QT intervals were 
measured in five consecutive cycles and the QT interval corrected for the previous 
cardiac cycle length (QTc) was calculated according to the Bazzet's formula 
QTc=QTIRR v, . QTc > 0.44 s was considered abnormally prolonged. Results: the 
prevalence of abnormally prolonged QTc was 26.1 % (95% CI 23.8-28.4), with no 
sex differences (men: 23.5%, 95% CI 20.1-26.9; women: 28.0%, 95% CI 24.9-31.1). 
In both sexes, patients with IHO had ltigher mean values of QTc and ltigher 
adjusted prevalence of prolonged QTc. in contrast, no differences were found either 
in prevalence of QTc > 0.44 sec nor in mean values of QTc, by AER and 
antidiabetic treatment. In hypertensive women only, the prevalence of QTc > 0.44 
sec was significantly higher than in normotensive women (17.6% vs. 29.4%, 
p=0.03). In conclusion, the present population-based study has shown that the 
prevalence of QTc prolongation in type 2 diabetic patients is considerable ltigh 
(26%), and that it is associated with IHD. 
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1118 
ANALYSIS OF QTc INTERVAL IN TYPE-2 DIABETIC PATIENTS 
WITH OVERT NEPHROPATHY 
G. Gimenez-Perez\ lA. Arroyo', T. Lopez', E. Ponz' and D. Mauricio'. 
'Endocrinology and 'Nephrology Units, Corporacio Sanitaria Parc TauH, 
Sabadell, Spain. 
Aim: To evaluate the prevalence of long QTc interval in type-2 diabetic 
patients with and without established diabetic nephropathy. Patients and 
Methods: 46 patients with overt nephropathy (N) (proteinuria> 0,5g/24h; 
age 66,7±8,2 yr; diabetes duration: 21,0±6,9 yr) and a minimum diabetes 
duration of 10 years were compared with 40 patients without nephropathy 
(C) (proteinuria <0,5g/24h; age 65,9±9,8 yr; diabetes duration: 23,1±7,1 yr). 
Along with the assessment of usual clinical and biochemical variables, QTc 
was calculated using Bazet's formula on lead D-II of a standard 12-lead 
electrocardiogram (25 mm/sec) as the average of three consecutive beats. 
Results: Mean QTc did not differ between groups (N: 436,7±39; C: 
434,3±41,8; T-test NS). Prevalence of long QTc (>440) was not different 
between groups (N: 41,3%; C: 42,5%; X' -test NS). Bivariate analysis using 
all patients as a whole group showed that the only parameters associated 
with long QTc were the presence of macroangiopathy (72,2% X' -test p 
<0,005) and treatment with calcium channel blockers (57,1% x'-test 
p<0,02); on the other hand a slight correlation was observed between QTc 
and K+ levels (r: -0,293; p <0,01). In the logistic regression analysis only the 
presence of macroangiopathy remained significant (p<0,02). Conclusion: 
The prevalence of prolonged QTc interval is not a specific trait of type-2 
diabetic patients with overt nephropathy. As an additional risk factor, 
prolonged QTc interval is associated with macroangiopathy in type 2 
diabetic patients. 

PS98 
Autonomic Neuropathy -
Baroreflex and Orthostasis 
1120 
BAROREFLEX SENSITIVITY IS DEPRESSED IN TYPE-I DIABETIC 
PATIENTS COMPLICATED BY MICROALBUMINURIA 
J.D. Lefrandt, K. Hoogenberg, A. Smit, A.M. van Roon, R. Dullaart, R.O.B. Gans. 
University Hospital of Groningen, Dept. of Internal Medicine, The Netherlands. 
Aims: To evaluate baroreflex sensitivity (BRS) in micro- and normoalbuminuric 
type I diabetic patients and healthy subjects without autonomic neuropathy. 
Materials and methods: IS Microalbuminuric type I diabetic patients (II male, 4 
female, age SO±ll yr (mean±SD), body mass index (BM!) 26.3±3.1 kg/m') were 
matched for age, gender, BM! and smoking habits with IS normoalbuminuric type 
1 diabetic patients and 15 healthy controls. All had a blood pressure <160/95 
mmHg and no signs of neuropathy (standard autonomic function tests). Blood 
pressure and heart rate were measured non-invasively (Finapres) during rest and 
sympathetic activation (handgrip, mental stress, cold pressor, standing). The BRS 
was defined as the mean gain between blood pressure variability and heart rate 
variability in the 0.07-0.IS Hz frequency band. Differences between groups 
between were analyzed with ANOV A after natural log (LN) transformation. 
Results: Resting BRS was decreased in microalbuminuric patients compared with 
normoalbuminuric patients and controls (p<O.OO I). All sympathetic tests reduced 

d BRS in each group. However, the BRS differences between the groups persiste . 
BRS Rest mean+SEM Standing mean ± SEM 
millisecs/mmHg BRS LN(BRS) BRS LN(BRS) 
Controls 9.49 2.25 ± 0.10 S.99 1.79 ± 0.09# 
Normoalb. type I DM 7.69 2.04 ± 0.19 4.48 1.50 ± 0.23# 
Microalb. tvoe IDM 3.53 1.26 + 0.11- 2.20 0.79 + 0.20*# 

-All p-values were adjusted WIth Bonferrom correctIOn. p<O.OO I Mlcroalb. vs. 
controls and microalb. vs. normoalb. #p<O.Ol Rest vs. standing, paired t-test. 
Conclusions: In type I diabetic patients with microalbuminuria and no overt 
neuropathy, baroreflex sensitivity is evidently depressed during rest and 
sympathetic activation. This abnonnality may play a role in the association 
between increase in urinary protein loss and cardiovascular disease. 

1119 
QT-Interval Prolongation in Diabetic 
SUbjects: Effects on Mortality 
P. Diem, L. Zanchin, S.L. Suter, A. Teuscher 
Bern, Switzerland. 
It has been suggested that diabetic autonomic neuropathy resulting 
in QT-interval prolongation is associated with increased mortality. 
This hypothesis was tested prospectively in a cohort of 300 
diabetics (age: 45.1±5.9 years m±SD; gender: 160 f, 140 m; 
duration of diabetes 11.4±8.3 years). 
QT-intervals were measured on baseline EKGs by an experienced 
cardiologist using a digitizer (Calcomp). QT was corrected for the 
respective heart rate using Bazett's formula (QTc). Life/death 
status was assessed after 8, 13 and 23 years (±0.2). Survival 
analysis was performed using the Cox proportional hazards model 
with survival time as the dependent variable in the model. 
After adjustment for age and duration of diabetes, QTc was a 
significant predictor of all-cause mortality after 13 and not after 
23 years: Exp(Coef) 95%-CI p 
All subjects (13 years) 1.002 1.000-1.004 0.0226 
All subjects (23 years) 1.001 0.999-1.003 0.2480 
When analyzing patients with and without proteinuria at baseline 
separately, duration of QTc was a significant predictor of all-cause 
mortality only in patients with coexistent macroproteinuria (only 
after 13 years): Exp(Coef) 95%-CI p 
With proteinuria (13 years) 1.013 1.005-1.022 0.0022 
No proteinuria (13 years) 1.001 0.999-1.004 0.3515 
With proteinuria (23 years) 1.004 0.997-1.012 0.2705 
Conclusion: These data obtained in a large cohort of diabetics 
show that prolongation of QTc is associated with increased 
all-cause mortality during the first 13 years. However, this effect 
is only seen in patients with coexistent macroproteinuria and does 
not persist in a long-term follow-up (23 years). 

1121 
IS POOR DIABETIC CONTROL RELATED WITH MODIFIED CAROTID 
BAROREFLEX FUNCTION? 

D.voita, V. Mackevics., AVitols, Latvia Institute of Cardiology, -Latvia 
Academy of Medicine, Riga, Latvia. 
The aim of study was to assess if the duration and poor control of 
hyperglycaemia are associated with modified baroreflex mediated heart rate 
(HR) and mean arterial pressure (MAP) reactions in non-insulin dependent 
diabetes mellitus (NIDDM). Materials and Methods: On 18 pts with NIDDM 
(men, 61 ± 1.8 yr aged, Hb A 1C 10.1 ± 0.9%, ranged from 8.1 to 11.2% and 
duration of syndrome ranged from 4 to 16 yr) and 19 controls (gender and 
age matched) beat-to-beat HR and finger MAP were monitored non
invasively. Bradycardic and hypotensive reactions to baroreflex activation by 
neck suction (- 60 mmHg, for 5 s) were evaluated at rest, during handgrip 
for 60 s, with force 50% of maximal and during postexercise arterial 
occlusion for 1 min. All medications with the exception of hypoglycaemic 
agents were discontinuated 2 weeks before the study. Values are expressed 
as means ± standard error. Results: At rest HR ( 80 ± 2 vs 70 ± 3 bpm; 
P< O.OS) and finger MAP ( 113 ± 2.7 vs 97 ± 1.4 mmHg; P< O.OS) were 
increased and bradycardic ( 1.8 ± 0.3 vs 10 ± 0.6 bpm, P< 0.02) and 
hypotensive (3.S±0.7 vs 9.1±0.8 mmHg,P<0.05) reactions to baroreflex 
activation were reduced in NIDDM patients comparing to controls. At 
handgrip cessation moment the amplitude of pressor reaction was similar 
(29 ± S vs 26 ± 2 mmHg ), but HR acceleration amplitude was decreased in 
NIDDM pts. comparing to controls ( 12.2 ± 2 vs 22 ± 2 bpm; p< O.OS ), as 
well as smaller part of pressor reaction amplitude was supported by 
postexercise arterial occlusion ( 36 ± 8% vs S7 ± 3%; P< O.OS). The level of 
HbA,c was inversely related to baroreceptor reflex mediated bradycardic 
reaction (r ~ - 0.68; P< 0.05 ) and hypotensive reaction (r=- 0.S9; P<O.OS) 
as well as to postexercise arterial occlusion pressor reaction amplitude 
(r = - 0.72; P< O.OS), but there were no found relationships between duration 
of diabetes and analysed baroreceptor reflex and pressor reaction 
parameters. Conclusions: In subjects with NIDDM cardiovascular autonomic 
dysfunction is rather related with the degree of hypoglycaemia than duration 
of diabetes. 



1122 
INFLUENCE OF PANCREATIC ISLET TRANSPLANTATION ON 
BAROREFLEX SENSITIVITY IN DIABETIC PATIENTS 
Cs. Lengyel', Gy. Farkas', T. Torokd, P. Legrady', T.T. Varkonyi', A. Kardosb

, Z. 
Gingld, P. Kempler', L. Rudasd and J. Lonovics'. '1st and b2nd Depts. of Medicine, 
'Dept. of Surgery and dMedical Intensive Care Unit, A. Szent-GyOrgyi Med. Univ., 
Szeged; '1st Dept. of Medicine, Semmelweis Med. Univ, Budapest, Hungary 

Aims: Pancreatic islet transplantation may improve the carbohydrate metabolism and 
delay the development of diabetic complications. The aim of this study was to 
analyze the spontaneous baroreflex sensitivity (BRS) in the resting supine position 
and after standing up in patients (pts) with long-standing insulin-dependent diabetes 
mellitus (IDDM) after islet cell transplantation (Tx). 
Materials and methods: 10 Tx pts (age: 43.7±2.6 years, duration of IDDM: 
26A±2.7 years, graft Iimction: 9.6±1.0 years; mean±SEM), 17 non-transplanted (n
Tx) IDDM pts (age: 46.9±3.8 years, duration of IDDM: 23.5±3.1 years) and IS 
healthy controls (age: 46.0 ±1.7 years) were studied. The blood pressure was 
measured continuously with a Finapres 2300 instrument (Ohmeda). The ECG signal 
was detected with a Sirecust 730 (Siemens) electrocardiograph. The signals were fed 
through an analog-digital converter into a computer and analyzed off-line. The BRS 
was calculated in the supine position and after standing up. 
Results: Both in the n-Tx and in the Tx group, the BRS was decreased in the supine 
position and also after standing up relative to the control value. In the Tx pts, the 
BRS values were elevated as compared with those for the n-Tx group. In the control 
group, the BRS was decreased after standing up in comparison with the resting 
position. In both the n-Tx and Tx groups, there was no significant difference 
between the BRS values measured in the su ine and standin ositions. 

n-Tx 

BRS after standin u ms/mmH S.3±0.5 *2.0±OA 
*p<0.05 YS control, p<0.05 Tx YS n-Tx, tp<0.05 standing YS supine position 

Conclusions: I) In patients with long-standing IDDM, a severe impairement of the 
cardiovascular adaptation was found. 2) The BRS was less diminished in the 
transplanted patients relative to the non-transplanted group. 3) Pancreatic islet 
transplantation may delay the progression of diabetic autonomic neuropathy. 

1124 

BLOOD PRESSURE RESPONSE TO STANDING IN THE 
DIAGNOSIS OF AUTONOMIC NEUROPATHY: THE EURODIAB 
IDDM COMPLICATIONS STUDY 

P. Kemplet, S. Tesfaye2, L.K. Stevens3, Zs. Kert!nyi4, Gy. Tamas', 

J.D. War'¥, J.H. FuIler4 and the EURODIAB IDDM Study Group I 
I.Dept. of Medicine, Semmelweis University, H-I083 Koranyi S. 2/a 
Budapest, Hungary, 2 Royal HalIamshire Hospital, Sheffield, UK, 

3Dept. of Epidemiology and Public Health, University College London, 

UK, 4St Imre Hospital, Budapest, Hungary, 
Aims: Blood pressure (BP) response to standing is the most simple test 
to study sympathetic integrity. We intended to evaluate which diagnostic 
criteria of abnormal response should be considered as optimal. 
Materials and Methods: The EURODIAB IDDM Complications 
Study involved the examination of randomly selected type 1 patients 
from 31 centres in 16 European counties. Data from 3007 patients were 
available for the present evaluation. Responses of heart rate 130115 ratiol 
and BP from lying to standing just as the frequency of feeling faint on 
standing up Were assessed. Results: 30/15 ratio was abnormal in 24% 
of patients. According to different diagnostic criteria of abnormal BP 
response to standing ( > 30 mmHg, > 20 mmHg, and> 10 mmHg fall in 
systolic BP), the frequency of abnormal results were 5,9 %, 18 % and 
32 %, respectively (p<O,OOl). The frequency of feeling faint on standing 
was 18%, thus, it was identical with the prevalence of abnormal BP 
response to standing when > 20 mmHg fall in systolic BP was 
considered as abnormal. Feeling faint on standing correlated 
significantly with both autonomic test results (p<O,OO I). Conclusions: 
A fall> 20 mmHg in systolic blood pressure after standing up seems to 
be the most reliable criterion for the assessment of orthostatic 
hypotension in the diagnosis of autonomic neuropathy. 
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1123 
CARDIOVASCULAR MONITORING DURING TILT AND SQUATTING 
TESTS IN DIABETIC PATIENTS WITH AUTONOMIC NEUROPATHY 

A.J. Scheen, M. Marchand and P.J. Let'ebvre. Division of Diabetes, Nutrition 
and Metabolic Disorders, CHU Sart Tilman, Liege, Belgium. 

Aims : To better understand the underlying mechanisms of orthostatic 
hypotension in diabetic patients with cardiac autonomic neuropathy (CAN). 
Materials and methods : The haemodynamic changes during a passive (tilt 
test 70°: Tilt) and an active (squatting to standing : Sq-St) orthostatic 
maneuver were compared in 9 diabetic subjects (0) with markedly decreased 
Ell R-R ratio during deep breathing (1.06 ± 0.02) and in 9 healthy controls 
(C). Simultaneous monitoring of systolic and diastolic arterial blood pressure 
by finger photoplethysmography (FinapresR) and of heart rate and stroke 
volume by bioimpedance cardiography (KardiocomR) allowed to calculate mean 
arterial pressure (MAP), cardiac output (CO), systemic vascular resistances 
(SVR) and baroreflex gain. Results : When compared to C, D showed a 
greater fall in MAP (Tilt: - 9 ± 4 vs + 2 ± 2 mm Hg, p = 0.019; Sq-St : 
- 45 ± 8 vs - 17 ± 6 mm Hg, p = 0.009) and a dampened reflex tachycardia 
(Tilt: + 8 ± I vs + IS ± 2/min; p = 0.017; Sq-St: + 13 ± 3 vs + 25 ± 
3/min, p = 0.01) during the two orthostatic maneuvers. During Sq-St, the 
baroreflex gain was markedly lower in D than in C (1.22 ± 0.25 vs 4.49 ± 
1.24 msec/mm Hg, p = 0.025). Whereas SVR remained almost stable 
whatever the posture in C, SVR decreased progressively during Tilt and more 
abruptly during Sq-St in D, suggesting a lack of appropriate vasoconstriction. 
Such a defect combined with insufficient CO adaptation explained the greater 
MAP fall during orthostatism in D. Differences were more evident during the 
squatting test which clearly appears to be more discriminant than the tilt test 
to assess autonomic dysfunction. Conclusions : Orthostatic hypotension of 
diabetic patients with severe CAN results from a passive adjustment of 
vascular resistances to posture changes, without compensatory sympathetic 
vasoconstriction and reflex tachvcardia. 

1125 
AUTONOMIC FUNCTION DURING A SQUATTING TEST IN TYPE I 
DIABETIC PATIENTS WITH OR WITHOUT MICROALBUMINURIA 

F. Estrella, A.J. Scheen, M. Marchand, L. Weekers and P.J. Let'ebvre. 
Division of Diabetes, CHU Sart Tilman, Liege, Belgium. 

Aims : To better understand the relationships between diabetic nephropathy 
and autonomic cardiovascular neuropathy in type I diabetes. Materials and 
methods : Changes in mean arterial blood pressure (MAP) and heart rate were 
measured with a FinapresR (Ohmeda, USA) during an active orthostatic test 
(squatting test: SqT) in patients with long-standing (> 10 years) type 1 
diabetes in function of incipiens nephropathy defined by repeated 
microalbuminuria CpA : L 20-200 ",gil). Results : Sex ratio, age, diabetes 
duration (mean ± SD : 25.1 ± 9.5 vs 24.8 ± 8.7 yrs) and body mass index 
were similar in 30 patients without ",A (7.0 ± 3.4 ",gil) and in 25 patients 
with ",A (78.6 ± 49.5 ",gil). Mean HbA1, levels during the last 4-8 years 
tended to be higher in patients with ",A than in those without ",A (8.4 ± 1.4 
vs 7.8 ± 1.3 %, P = 0.07) and individual ",A levels were positively correlated 
with HbA1, concentrations (r = 0.32; p = 0.019). Ell R-R ratio during deep 
breathing (1.26 ± 0.14 vs 1.20 ± 0.15, NS) was similar in both groups. R-R 
SqT ratios defining" SqT vagal" during squatting was lower in patients without 
than in those with ",A (0.83 ± 0.11 vs 0.90 ± 0.09, p = 0.01), in contrast 
to "SqT sympathetic" after squatting which was similar (1.17 ± 0.14 vs 1.13 
± 0.11, NS). Posture change from squatting to standing also induced similar 
transient orthostatic hypotension in patients without and with ",A (- 20 ± 9 vs 
- 16 ± 9 mm Hg, NS). However, the baroreflex gain (slope of the regression 
line relating R-R intervals to MAP changes) was significantly lower in patients 
with ",A (2.20 ± 1.88 msec/mm Hg) than in those without ",A (3.36 ± 2.38 
msec/mm Hg, p = 0.048). Conclusions : Only minimal cardiovascular 
dysregulation was detected during squatting in patients with microalbuminuria, 
suggesting that diabetic autonomic neuropathy and incipiens nephropathy 
partially result from different pathophysiological mechanisms. 
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1126 
INCREASE IN THE NEUROENDOCRINE RESPONSE TO STANDING 
WITHIN IN THE FIRST THREE MONTHS OF TYPE 1 DIABETES IN MAN 
M.B.Damholt, N.J. Christensen and J.Hilsted. Departments of Endocrinology, Herlev 
Hospital and H vidovre Hospital, Denmark. 
The aim of the study was to describe peripheral somatic and autonomic nerve 
function in diabetic patients during the first year after the diagnosis of type 1 
diabetes. ~ : All patients with newly diagnosed type 1 diabetes submitted to 
our department during two years were invited to participate in the study. The 
patients were evaluated within 1 month and 3, 6 and 12 months after the diagnosis. 
At each visit the evaluation comprised history; clinical examination; blood tests; 
electrophysiology, biothesiometry and tests of heart rate variability. During the 
orthostatic test procedure pulse, blood pressure and p-catecholamines were measured 
at -2,0,1,3, and 5 minutes. ~: Six patients completed the study. Median HbAIC 

was 12%(10.0;12.8)(25% and 75% fractiles) at baseline. At three months median 
HB AIC was 8,3 (7.8;9.0). After one year median HBAIC had decreased to 7,9 
(7.3;8.8). The maximal p-noradrenaline level (p-NA) during orthostatic test 
increased in all patients at three months after diagnosis and was significantly 
different from baseline (p<0.05, Wilcoxon matched pairs test (WMP». At three 
months median maximal p-NA level was 0.21 ng/ml (0.16;0.28) versus 0.14 ng/ml 
(0.09;0.18) at baseline. Levels decreased 6 monthes after diagnosis (p<0.05 (WMP» 
and remained stable 12 months after diagnosis. There was no significant difference 
between baseline and 12 month's maximal p-NA response. There was a tendency 
towards a increase in pulse raise during the orthostatic procedure at three months 
(p=0.09 (WMP» but no changes in blood pressure response. No significant changes 
in somatic peripheral nerve function or heart rate variability could be detected. 
Conclusion : A significant increase in maximal p-NA during orthostatic test three 
months after diagnosis of type 1 diabetes was accompanied by a tendency towards 
increase in heart rate response during same procedure. This may reflect a 
compensatory increase in sympathetic nervous activity in response to a decrease in 
the intravascular volume following institution of insulin treatment. 

PS99 
Autonomic Neuropathy -
Staging and Treatment 
1127 
AUTONOMIC NEUROPATHY AND HYPERTENSION IN IMPAIRED 
GLUCOSE TOLERANCE: THERE IS A RELA TrONSHIP 
K. Keresztes, 1. Barna, Zs. Hermanyi, P. Vargha and P. Kempler 
I.Dept. of Medicine, Semmelweis University, H-I083 Koranyi S. u. 2/a. 
Budapest, Hungary 
Aims: Our previous studies provided evedence of relationship between 
autonomic neuropathy and hypertension both in patients with IDDM and 
NIDDM. In the present study we evaluated the possible connection between 
autonomic neuropathy and hypertension in patients with impaired gluc9se 
tolerance (lGT). Materials and methods: We examined 24 patients with IGT 
(mean age: 55,7 ± 10,8 ys; range: 40-79; males: 8; females: 16). The five 
standard reflex-tests of cardiovascular autonomic function were applied; 
twenty-four-hour-Iong blood pressure monitoring was performed by 
MEDITECH ABPM 02 device. Severity of CAN was characterized by the 
number of abnormal reflex indices on patient. Results: CAN was present in 
16 from 24 patients, while hypertension was found in 9124 patients by the 24-
hour-long-blood pressure monitoring. All patients with hypertension had 
autonomic neuropathy. Severity of CAN correlated significantly with mean 
systolic (p < 0,001) and diastolic (p < 0,01) blood pressure values, just as 
with systolic (p < 0,01) and diastolic (p < 0,05) hypertensive time indices, and 
systolic and diastolic hyperbaric impact values (both p < 0,05). Severity of 
sympathetic autonomic neuropathy was significantly related to mean systolic 
and diastolic blood pressure values as well as to systolic and diastolic 
hypertensive time indices (both p < 0,0 I) and systolic and diastolic 
hyperbaric impact values (both p < 0,05). Conclusions: Autonomic 
impairment may be present in subjects with IGT and - as a novel finding -
seems to be associated with hypertension in these patients. ABPM should be 
performed for the early assesment of hypertension in patients with IGT and 
autonomic neuropathy. Hypertension itself may contribute to the poor 
prognosis of CAN. 

1128 
NOCTURNAL BLOOD PRESSURE FALL AND HEART RATE 
V ARlABILITY IN TYPE 1 DIABETES, 
H. Mayaudon (I), B. Bauduceau (I), O. Dupuy (I), S. Lecoules (I). 1.. Bonnevie 
(2), X. Chanudet (2) and P. Larroque (2). Services d'Endocrinologie (I) et de 
Cardiologie (2). Hopital d'lnstruction des Armees Begin. 69 avenue de Paris. 
94160 Saint-Mande. France. 

Aims : To investigate the association between cardiac autonomic neuropathy 
assessed using spectral analysis of heart rate variability and nocturnal blood 
pressure (BP) fall in type I diabetes mellitus. Patients and methods: 59 type I 
diabetes mellitus patients (mean age: 42.1±11.9 years; diabetes duration: 
13.2±9.6 years) were studied. They were nOlTIlotensive (BP<140/90 mmHg) and 
received no treatment other than insulin. Blood pressure variations were assessed 
using 24-h ambulatory blood pressure monitoring. The 59 patients were 
subclassified in 2 groups on the basis of nocturnal BP fall: Group I: dippers with 
> 10% nocturnal reduction of SBP (N = 33) and Group 2 : nondippers with ~ 
10% reduction (N = 26). Power spectral analysis of RR interval variability was 
applied to ECG recordings to obtain for 24 hours, day and nighttime periods 
total power (TP: 0-2 Hz), low frequency power (LFP: 0.039-0.148 Hz) and high 
frequency power (HFP : 0.148-0.348 Hz). Results: Patients of group 2 were older 
than those of group I (45.7±12.5 vs 37.9±10.6 years, p<O.OI). Body mass 
index, duration of diabetes, HbAlc and tobacco consumption did not differ 
between the 2 groups. Nondippers clinical SBP and DBP were higher than those 
of dippers but differences were not significant. The mean 24h BP and the 
nighttime BP were higher in nondippers than in dippers (nighttime SBP: 115± I 0 
vs IOI±IO mmHg, p<O.OOI ; nighttime DBP: 67±6 vs 60±6 mmHg, p<O.OOI). 
There was no correlation between SBP nocturnal fall and patients' age or 
diabetes characteristics. Nondippers had lower HFP and LFP than dippers but the 
difference was significant on the 3 periods only for LFP. Conclusions: In type I 
diabetes, diminished nocturnal BP fall is associated with a decrease in LF. This 
association could explain the poorer prognosis for cadiovascular events. 



1129 
MELATONIN RHYTHMS IN TYPE 2 DIABETES MELLITUS WITH RESPECT TO 
CARDIAC AUTONOMIC FUNCTIONS: 
N. Bascil Tutuncu, Z. Koray, A Deger, M. K. Batur, A Ylldmr, 0. Onalan, S. 
Aksoyek,G, Kabak91 and T. Erba~, Departments of Endocrinology and Metabolism, 
Radiology and Cardiology, Hacettepe University of Medicine, Ankara, Turkey. 
AIMS: The present SD1dY has heen designed to determine the correlation of the diurnal 
rhythm of melatonin secretion with respect to the cardiovascular autonomic functions 
in type 2 diabetes mellitus. MATERIALS AND METHODS: A total of 36 subjects 
with type 2 diabetes mellitus and 17 healthy subjects were recruited for the studY. 
Diurnal rhythm of melatonin secretion was assessed by measuring senun melatonin 
concentrations between 02:00- 04:00 a.m. during sleeping and 16:00-18:00 p.m. 
Evaluation of the cardiac autonOlnic nervous system functions of the diabetic group 
included the analysis of heart rate variability by frequency-domain analysis and 24-
hour blood pressure monitoring. Separate analysis of the diuruaI variation of the low 
and high frequency powers and the ratio of these components which determine the 
sympathovagal balance was perfortned and compared with the melatonin secretion 
patterns. Pineal gland imaging was carried out by magnetic resonance imaging and 
computed tomography. RESULTS: DiuruaI rhythm of melatonin secretion was blunted 
in the diabetic group compared to the nondiabetic group (p= 0.03). Comparison of the 
diabetic and the nondiabetic group showed significant difference in night to day low 
frequency power ratio (p= 0.037), Diurnal rhythm of melatonin secretion of the 
diabetic group was found to be correlated significantly to the night to day low power 
frequency ratio (p=0.04) in univariate analysis, 95 % of the diabetic patients showed 
calcification of the pineal glands whereas frequency of calcification reaches 70 % in 
healthy controls. CONCLUSIONS: This studY shows that diurnal melatonin secretion 
pattern of type 2 diabetic patients is blunted when compared to the healthy controls and 
melatonin secretion seems to be correlated to the night to day low power frequency 
ratios analyzed by frequency domain analysis of heart rate variability. It was also 
documented that pineal gland calcification is more frequently encountered in the 
diabetic patients. 
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DIABETES AFFECTS THE RELATION BETWEEN AUTONOMIC 

NERVOUS FUNCTION AND SURVIVAL IN THE ELDERLY 
I Gerritsen l

", 1M Dekker', BI TenVoorde I, RJ Heine', LM Bouter', RM Heethaar 
I, G Nijpe1s', and CDA Stehouwer', 1 Dept. of Clinical Physics and Informatics, 
'EM GO-Institute, Vrije Universiteit, Amsterdam, The Netherlands 

Aim: To assess the survival-prognostic value of three measures of autonomic function 
in relation to cardiovascular disease and diabetes, Materials and Methods: The study 
population (n=631) consisted of a glucose tolerance stratified sample from the 50 to 
75 year-old general popUlation of the town of Hoom, the Netherlands, Persons with 
cardiac damage or those who used drugs known to affect the autonomic nervous 
system functioning were excluded (n=116), Parameters of cardiac autonomic function 
were derived from non-invasive blood pressure and RR interval recordings during 
spontaneous breathing and metronome breathing at six cycles per minute, in supine 
position. During nine years of follow-up 77 subjects died of whom 34 diabetic, 
Results: The hazard ratios [95% Cll for death from all causes expressed per two 
standard deviations of the autonomic function parameter: 

Parameter Non-diabetics Diabetics All 
(n-385) (n=\30) (n=515) 

SDNN (ms) 1.06 [0,51-1.75J 2.34 [O,80-6,67J 1.24 [0,71-2,13J 

Eldiff (ms) 0,98 [O.47-1.79J 4.42 [1.23-16.67J * 1.56 [0.85-2,86J 

BRS (ms/mmHg) 1.06 [0.51-2.22J 2.35 [0,87-6.25J 1.49 [0.81-2,70J 

* p < 0.05 after adjustment for age, gender, impaired glucose tolerance (for 'non
diabetics'), newly diagnosed DM (for 'diabetics'), glucose tolerance groups accordmg 
to WHO criteria (for 'all'), history of cardiovascular disease, and hypertension; 
SDNN standard deviation of all normal RR intervals; EI diff mean expiration
inspiration difference in RR intervals over six consecutive breaths; BRS barorejlex 
sensitivity 

Condusions: Diminished autonomic function, and EJ difference in particular, is 
associated with increased risk of death from all causes, especially in diabetic patients, 
This suggests that suboptimal autonomic function may be especially hazardous in 
diabetic patients. 
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DISTURBANCES IN AUTONOMIC BALANCE AND DIABETIC LATE 
COMPLICATIONS 

D. Galicka-Latala, A. Surdacki*, J, Sieradzki 
Depts. of Metabolic Diseases & 'Cardiology, Jagiellonian University, 
Krak6w, Poland 

The aim was to assess the autonomic balance in healthy and I-type 
diabetic patients with and without diabetics late complications (retinopathy, 
neuropathy, nephropathy). To evaluate the pattern of cardiovascular 
autonomic balance standard cardiovascular reflex tests (Valsalva, Ewing, 
deep-breathing) and short rate variability were performed. Using computer 
assisted method (ProSciCard, Linden, Germany) tests were performed in 
23 healthy persons (control group -C) and in 34 diabetics without (DO) and 
in 55 diabetics with late complications (Dl). The power spectrum of heart 
rate variability (HRV) was determined in very low (VLF: 0,01-0.05 Hz), low 
(LF: 0,05-0.15 Hz) and high (HF: 0.15-0.50 Hz) frequency ranges at rest 
( R), after active standing (S), after deep breathing (B), after cold pressure 
test (CPT). Absolute and relative (%) spectral analysis HRV power were 
assessed by Fast Fourier Transform. The autonomic balance were 
estimated by ratios: VLF/LF, LF/HF, 
Results: 
The fOllowing parameters had the highest strenght of discrimination 
between examined groups: 
C vs DO: In LF-S/HF-S (-0.46 vs 0.35; p<O.OI), In VLF-B/LF-B (-0.42 vs 
-0,0003; p<O,OOI), In VLF-CPT/LF-CPT (-0.52 vs 0,007; p<O.OOI) and 
In LF-CPT/HF-CPT (-0.31 vs 0.22; p<O,OI). 
DO vs 01: In VLF-RiLF-R (0.05 vs 0.55; p<O.OI); In LF-S/HF-S (1.59 vs 
1.07; p<0.05), In VLF-D/LF-D (-0.0003 vs 0.69; p<O.OOI), In VLF-CPT/LF
CPT (-0.007 vs 0.41; p<O.OI), 
Disturbances in autonomic balance develop in parallel to diabetic late 
complications and might account for increased mortality risk in type 1-
diabetics. Measurement of autonomic dysbalance after simple 
physiological tests might be a method worth of application in future 
diagnosis of diabetic patients. 

1132 
Insulin treatment may preserve cardiac autonomic nerve 
function in diabetic patients 

A299 

T S TAGAWA, M. KODAMA, RYOSHIOKA and Y YAMASAKI, 
Department of Internal Medicine and Therapeutics, Osaka University 
Graduate School of Medicine, Osaka, Japan. 

AIMS: Symptomatic diabetic autonomic neuropathy is one of the disable 
disorders and may lead to sudden death. However, whether modality of 
treatment may affect its natural history is not fully evaluated. To delineate 
long-term decline of cardiac autonomic nerve function, power spectral 
analysis of heart rate variability was done to depict low-frequency 
component (O.05-0.1Hz; LF) as a sympathetic nerve function and a high
frequency component (0.2-0.35Hz; HF) as a parasympathetic nerve 
function. SUBJECTS and METHODS: After baseline clinical 
characteristics, power spectral analysis of 24 hours hem rate variability 
were evaluated on 19 patients (age 55 ± 9 years, 6 female and 13 male, 
duration 16±7 years) before and after follow-up period for 5 to 9 years. 
Eleven patients treated with insulin were divided into two groups according 
to the state of glycemic control. RESULTS: LF showed a marked 
reduction, although HF in insulin-treated patients did not significantly 
change. Among insulin-treated 11 diabetics, subjects with a good glycemic 
control (average HbA1c during the follow-up period < 8 %) showed a 
significantly smaller change in LlLF ILF compared with subjects with a 
poor glycemic control (-3.9 ± 4.6%/year vs. -9.2 ± 2.5o/Jyear, p<O,05). 
Eight patients treated with oral hypoglycemic agents showed a bigger 
reduction inLlLFILF andLlHFIHF than patients with insulin therapy. 
CONCLUSIONS: Insulin treatment may be protective from cardiac 
parasympathetic nerve dysfunction as compared to the treatment with oral 
hypoglycemic agents. 
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EFFECT OF TOLREST A T ON CIRCADIAN V ARIA TION OF HEART 
RATE TN PATIENTS WITH DIABETIC AUTONOMIC NEUROPATHY 

T. Didangelos, V. Athyros, A. Kontopoulos, A. Papageorgiou and 
D. Karamitsos. 
Divisions of Diabetology and Cardiology, 2nd Prop. Department of Internal 
Medicine,Aristotelian University, Hippocration Hospital, Thessaloniki, Greece. 
Purpose: Evaluation of the effect of tolrestat, an aldose reductase 
inhibitor, on heart rate variability (DRV], a reliable index of 
sympathovagal interaction, in 8-hour time intervals, given the 
paradoxical dominance of sympathetic over vagal tone during the 
night hours in patients [ pts] with diabetic autonomic neuropathy 
[ DAN ]. The effect of aldose reductase inhibitors on the circadian pattern 
of autonomic function in DAN pts has not been studied. Patients -
methods: 45 pts with DAN [mean age 52 years], 22 IDDM, 23 
NIDDM, were randomized into tolrestat [ n~22, 200 mgr.lday] or placebo 
[n~23].Parameters of HRV frequency domain were assessed in 
8-hour time intervals at baseline and after one year of treatment 
with a digital Holter monitor. 20 pts with diabetes without DAN 
and 20 normal subjects were used as controls. Results: In 
comparison to placebo, talrestat improved significantly [p<O.05] 
all HRV frequency domain indices during the entire 24-hour period. 
During the night 8-hour period 23.00- 7.00, time at which prevalence 
of sympathetic tone was most markedly increased, tolrestat increased 
high frequency power [vagal], decreased low frequency power 
[sympathetic] and their ratio [sympathovagal], p<O.OI for all three 
counts, in comparison to baseline and placebo. Nevertheless, the low 
to high frequency power ratio was still higher in DAN pts than 
controls for the 23.00-7.00 time interval, but in a lesser degree. 
Conclusions: The improvement of sympathovagal interaction by 
tolrestat in DAN pts at time interval most adversely affected 
might be beneficial in reducing malignant ventricular arrhythmias 
and sudden death in these pts. 
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THE PREVALENCE OF GASTROINTESTINAL SYMPTOMS IN 
DIABETICS COMPARED TO A GENERAL POPULATION. 
H. Perrild " J. Vibe-Pctcrsen " L Kay 2 and T. Jergensen 2 ': Bispebjerg 
University Hospital, Copenhagen and ': Centre of Preventive Medicine, 
Glostmp University Hospital, Denmark. 
Aims: To compare the prevalence of gastrointestinal (01) related symptoms 
in patients with diabetes with a general population. Materials and Methods: 
A patient cohort of 403 type I (n~ 120, diabetes for a mean of 15,1 years) 
and type 2 (n~ 283, known diabetes for a mean of7,7 years) diabetics, aged 
35-75 years, answered a questionnaire listing a range of 01 symptoms. A 
similar questionnaire was collected in a population study of2653 men and 
women age d4070 R I - years. esu ts: Freguence in % 
SYMPTOMS: Diabetics Population 
Globulus sensation 30.5 9.2' 
Dvsphagia 23.6 4.7' 
Early fullness 42.8 6.8' 
Nausea 30.6 13.0' 
Vomiting 21.4 7.6' 
Borborygmia 52.5 21.4' 
Bloating 57.7 36.4' 
Changing consistency of stool 66.2 30.1' 
Changing frequency of stool 57.3 14.1* 

, p<0,05 
Globulus sensation, dysphagia, nausea, vomiting, borborygmia and bloating 
is significantly correlated with BMI (WeightJheight') in the patient cohort, 
but not in the general population. Dysphagia, nausea and vomiting is related 
to urine albumin excretion, and dysphagia and changing consistency of stool 
to peripheral neuropathy. There is no significant correlation between HbAlc, 
duration of diabetes and 01 symptoms. Conclusions: Compared to the gene
ral population diabetics suffer significantly more often from 01 symptoms 
related to overweight, micro/ macro-albuminuria and peripheral neuropathy. 

1134 
RELATIONSHIP OF CARDIOVASCULAR AND GASTROINTESTNAL 
NEUROPATHY IN DIABETICS 
S. Lacigova, Z. RuSary and R. Karova. University Hospital, Pilsen, Czech Republic. 
Aims: L assess the presence of autonomic neuropathy of the cardiovascular and the 
gastrointestinal systems and their bilateral relationship in diabetics, and 2. assess the 
relationship of diagnosed autonomic neuropathy and subjective symptoms, which are 
common in the affected population. These symptoms include the following: 
cardiovascular, gastrointestinal, genitourinary, sudomotor system, and the syndrome 
of unawareness of hypoglycemia. Methods: The study group was comprised of 25 
type I diabetic patients (12 women and 13 men), with a mean age of 40.5 ± 11.6 
(range 21 to 57 years ), having a mean duration of diabetes of 17.8 ± 7.9 (range 4 to 
35 years), and treated with an iotensive insulin regimen. The cardiovascular autonomic 
neuropathy was examined by the computerized system VariaPulse TF 3. Scintigraphy 
was used to investigate the gastric emptying time of 99 m T c labelled rice. The data 
regarding the subjective symptoms was gathered from questionnaires. The statistical 
analysis was conducted using Spearmen Correlations and ANOV A Results: A 
statistically significant correlation was found between the presence of autonomic 
neuropathy of the cardiovascular and gastrointestinal systems (p 0.634 p< 0.0007). 
A statistically significant correlation was found between cardiovascular and 
gastrointestinal neuropathy and erectil dysfunction (p 0.48, p< 0.0078) (p 0.42, p< 
0.0388) and the syndrome ofuoawareness of hypoglycemia (p 0.49, p< 0.0057) (F 
0.52, p< 0.0075). There was no statistical significance found between cardiovascular 
autonomic neuropathy and the subjective symptoms related to the cardiovascular 
system. There was no statistical significance fouod between gastrointestinal 
neuropathy (impaired gastric emptying) and the subjective symptoms of the 
gastrointestinal system. Conclusions: This study suggests that cardiovascular 
autonomic neuropathy in diabetics may be a warning sign of autonomic neuropathy in 
other body systems, which are more difficult to diagnose. Additionally, reported 
subjective symptoms of the diabetic do not correlate with the presence of visceral 
neuropathy. 

1136 
GASTRIC MYOELECTRICAL ACTIVITY IN DIABETIC TYPE 1 
PATIENTS 
A I. Bien, P. Witek. J. Sieradzki 
Department of Melabolic Diseases. Jagiellouian University Cracow, Poland 

Abnormalities in gastric myoelectric activity may be associated with 
gastric motility disorders. The aim of the study was to investigate correlation of 
gastric myoelectric activity with glicemia measured during the test, metabolic 
control (HbAIC) and late complications of diabetes. Material and methods: 
Studies were done on group of 70 diabetic type 1 patients to evaluate gastric 
myoelectric activity. Mean time duration of diabetes was 14.7, mean age of the 
group was 36.4 years. Gastric myoelectric activity was recorded with use of skin 
electrodes and Digitraper EGG system - Synectics Co. Mioelectrical activity of 
stomach was measured in preprandial and postprandial phase. During the hole 
gastrointestinal testing glicemia was controlled every 30 minutes (GO, G30, G60, 
G90, Gl20). Patients with anamnesis of surgical gastrointestinal intervention, 
gastric or duodenal ulceration, taking medications which could influence 
gastrointestinal motoric function were excluded from the examination. Cardio
vascular neuropathy was estimated using ProSciCard in analysis of cardiac rhytlun 
variability during 5 minutes observation in rest, in tests of deep breathing, 
vertication and Valsalva test. Peripheral neuropathy and retinopathy was evalnated 
according to the specialistic examination. Nephropathy was diagnosed depending 
from the result of nticroalbuminuria test. ResnIts: The group of patients with low 
and high gastric myoelectric activity [1 °pre PDF (period dominant frequency) <2 
and post PDF <2, 2°pre PDF >2 and post PDF >2] had significantly higher 
incidents of late complications of diabetes and gastrointestinal symptoms. In both 
groups of patients, we observed correlation between glicentia G60, G90 and 
frequency of gastric myoelectric activity in preprandial phase (p< 0.05). In group 
of 19 patients with pre PDF> 2 and post PDF <2 there was correlation betweeu 
G30,G60,G90,Gl20 and preprandial myoelectric gastric activity. ( p< 0.05; F 

0.66).There was also significant correlation between HbAIC and frequency of 
gastric myoelectric activity in preprandial and postprandial phase (p< 0.05 ; r ~O. 94 
, FO.51). Conclusion: The data in these study suggest that there is an association 
between glicentia, HbAIC and gastromyoelectic activity. 
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DIABETIC GASTROPARESIS AND DOPAMINE DA,RECEPTORS 
P. Melga, °C. Mansi, V. Cheli, A. De Pascale and oOL. Sciabd. DISEM, °DIMI 
and OOInstitute of Pharmacology, University of Genoa, Italy. 

Aims: hyperglycaemia increases the dopamine (DA) receptors activity. As 
dopamine has inhibitory effects on gastric emptying (GE), diabetic gastroparesis 
(DG) could be related to increased dopaminergic activity in myenteric plexus. If so, 
antidopaminergic drugs may be more useful than other prokinetic agents in treating 
DG. To verify this hypothesis we compared the effect of levosulpiride (L), a 
selective dopamine DA, receptors antagonist, to cisapride (C), a gastrokinetic drug 
devoid of antidopaminergic properties. Materials and Methods: we studied 16 non 
diabetic patients (9 F and 7 M, age: 43±3 years) with functional gastroparesis (FG) 
and 15 type I diabetic subjects (6 F and 9 M, age: 45±2 years and duration of 
diabetes: 16±1 years) with DG. GE was investigated by the l3C-octanoic acid breath 
test. Meal test (one egg, two slices of white bread, 5 g of margarine and 150 ml of 
water) was ingested within 10 min after an overnight fast; 100 Ilg l3C-octanoic acid 
(Cortex Italia, Milan, Italy) was incorporated into egg yolk. Breath samples were 
collected just before, immediately after finishing the meal (FO) and every 15 min 
for 4 hours. Delayed GE was defmed as gastric emptying coefficient (GEC) < 2.6 
(corresponding to the 95% confidence interval in our group of 30 healthy 
volunteers). Having ascertained gastroparesis by measuring GE in basal condition, 
all patients received randomly and according to a cross-over design 2 doses of L (25 
mg) or C (10 mg). L and C were administered per as at 10 p.m. on the day before 
the test and 30 min before the test meal (at least 4 days elapsed between each test). 
'" GEC was calculated as the difference between the basal value and the value after 
treatment with Land C. The results were compared by Student's t-test. Results: in 
diabetic patients L fastened GE more than C ('" GEC ~ 1.29 ± 0.73 vs 0.53 ± 0.23, 
P < 0.05). The gastrokinetic effect of L was significantly higher in DG than in FG 
(t; GEC ~ 1.29±0.73 vs 0.63±0.41, P < 0.05) On the contrary C improved GE in the 
same way in DG as FG ('" GEC ~ 0.57 ± 0.23 vs 0,68 ± 0.31, p~ns). Conclusions: 
the antagonist of dopamine DA, receptors L is more efficient in fastening GE in DG 
than in FG. These data support the hypothesis that increased dopaminergic DA, 
receptor activity represents an important mechanism in delaying GE in diabetes. 

1139 
CLINICAL ASPECT OF THE MEASUREMENT OF 
SYMPATHETIC SKIN RESPONSE IN PATIENTS WITH TYPE 2 
DIABETES MELLITUS, K. Takebayashi, R. Sugita, Y. Aso, T. lnukai 
and Y. Takemura. Department of Medicine, Koshigaya Hospital, Dokkyo 
University School of Medicine, Koshigaya, Japan 

Sympathetic skin response (SSR) induced by an electric stimulation 
is an useful marker for reflecting the function of the descending tract of 
the sympathetic pathway. The aim of the current study was to clariry 
whether SSR would be associated with the pathogenesis of diabetes 
mellitus and/or with the progression of diabetic complications. Studies 
were perfonned in 40 type 2 diabetic patients (23 males, 17 females, 
mean age, 60.1 y-o) and to age-matched healthy subjects. SSR was 
measured using an electro-myogram in the right hand. We evaluated the 
amplitude (SSR-A) and the latency (SSR-LJ after an electric 
stimulation, as a nerve function. Thirteen of 40 (33%) diabetic patients 
could not detect a rectangular wave. Diabetic patients showed 
significantly lower SSR-A and remarkably longer SSR-L compared with 
healthy subjects. Eleven of 27(41%) patients revealed a reduced SSR-A 
level. In diabetic patients, SSR-A exhibited a significantly reverse 
correlation with the diabetes duration. MNCV showd a significantly 
positive correlation with SSR-A and did a negative correlation with 
SSR-L. SNCV also showd a significantly negative correlation with 
SSR-L. The descending values of sBP in Shellong's test tended to be 
positively correlated with SSR-A. R-R time interval variation on ECG 
presented a significantly positive correlation with SSR-A. SSR-A showed 
a significantly reverse correlation with urinary albumin excretion. 
Conclusions: The present data suggest that both SSR-A and SSR-L are 
clinically useful tools to reflect the sympathetic nerve function, and are 
influenced by the diabetes duration and the progression of nephropathy. 
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EVAULATION OF DIABETIC NEUROPATHY IN PATIENTS WITH 
MULTIPLE-SITE GASTROINTESTINAL HYPOMOTOLITY 
TT. Varkonyi, *R. R6ka, P. Ugr;\dy, *M. Lazar, Cs. Lengyel, L. Madacsy, B. 
Velosy, **P. Kempler, *L. Pavics and J. Lonovics. 1st Dept. of Internal Medicine 
and *Dept. of Nuclear Medicine, Albert Szent-Gyorgyi Med. Univ., Szeged, and 
**Ist Dept. of Medicine, Semmelweis Med' Univ., Budapest, Hungary. 

Aims: This study was designed to analyze the characteristics of the dysfunction in 
different digestive organs in patients (pts) with long-standing type-I diabetes 
mellitus (DM) and to evaluate the Influence of neuropathy on gastrointestinal 
motility. 
Materials and methods: 10 pts with type-I DM of long duration (age: 44.3±6.8 
years [yrs], duration: 26.3±3.9 yrs, BMI: 24.1±2.9 yrs, mean±SE) were 
included. 6 healthy subjects were tested as controls. The emptying of the esophagus, 
stomach and gallbladder (GB) was evaluated by scintigraphic methods. Autonomic 
neuropathy (AN) was assessed by means of conventional cardiovascular reflex tests. 
Sensory nerve function was studied with a Neurometer (Neurotron Inc. Baltimore, 
Md), using transcutaneous electrical stimulation. 
Results: The esophageal emptying was impaired in the OM pts in comparison with 
the nonnal range for the non-DM subjects (mean percentage of emptying in DM 
pts: 63.3±8.4%, normal range: >90%). The hypomotility of both the stomach and 
the GB was proven by the scintigraphic tests (half-time of gastric emptying [HTE]: 
IOS.2±17.6 vs S4.2±IS.4 min., p<0.05, GB ejection fraction [GBEF]: 38.5%±7 
vs 78.3±5.8%, p<O.OI, DM vs controls). A positive correlation was observed 
between HTE and the AN score (r=0.65, p<O.OS), while the correlation was 
negative between GBEF and the AN score (r=-0.66, p<O.OS). There was a 
negative correlation between HTE and the Valsalva manoeuvre (r=-0.84, 
p<O.OOl), and HTE and the heart rate response to breathing (r=-0.68, p<0.05). 
A positive correlation was proven between GBEF and the Valsalva manoeuvre 
(r=O.72, p<O.OS), and GBEF and the heart rate response to breathing (r=0.71, 
p <0.05). There was not a Significant relationship between the esophageal emptying 
and the AN parameters. The assessment of the peripheral nerve function 
demonstrated high mean perception in the lower limb (current perception thresholds 
at three frequencies on the peroneal nerve: S.S4±0.8, 3.94± 1.1,2.51. ±0.9 mAl. 
Conclusions: Delayed esophageal, gastric and gallbladder emptying are all 
characteristic features of long-standing diabetes mellitus. This study underlines the 
important role of neuropathy in the pathogenesis of gastric and gallbladder 
hypomotility. 
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THE PREVALENCE OF ERECTILE DYSFUNCTION IN A MALE 
DIABETIC POPULATION. 
J. Vibe-Petersen l 

, L. Behrend l 
, T. Jorgensen' and H. Perrild1 

I: Bispebjerg 
University Hospital, Copenhagen and ': Centre of Preventive Medicine, 
Glostrup University Hospital, Denmark. 
Aims: To determine the prevalence of erectile dysfunction (ED) and relation 
to exposure in a male diabetic population. Materials and methods: A 
patient cohort of326 males (Type I diabetics: n= 130; mean age 46,1, SO 
16,3 years and Type 2 diabetics: n= 196; mean age 61,1, SO 15,6 years) 
answered a questionnaire about ED, diabetes regulation, concomitant 
illnesses and psychical vulnerability. Results: For men S 40 years (n=64) 
7,8% had problems obtaining a satisfactory erection. For men> 40 years 
63,0 % of type I diabetics (n=76, mean age 57,4, SO 11,6 years) and 71,7 % 
of type 2 diabetics (n= 186, mean age 62,4, SO 10,7 years) were suffering 
from ED. Logistic regression, after stepwise exclusion, revealed the 
following independent risk factors for ED: 
Variable Odds Ratio 95%CI 
Age 41-55 >< ,; 40 years 7,39 2,17 - 25,19 

Age 56-65 >< ,; 40 J'Cars 13,32 3,53 - 50,25 

Age 66-75 >< < 40 vears 11,20 2,61-48,08 
Reduced >< normal vibration sense 1,63 0,68 - 3,91 
Ceased >< nonnal vibration sense 3,19 1,25 - 8,19 
Hypertension 2,30 1,12 - 4,69 
History of pulmonary stasis (CVD) 5,64 1,21 - 26,32 
Psychical vulnerabil& 2,66 1,06 - 6,67 

ConclUSIOns: our study revealed a very high prevalence of ED. Only II % of 
the patients were examined and 10 % treated for their problem. The strongest 
independent risk factor for ED was age, but also peripheral neuropathy, 
hypertension, CVD and psychical vulnerability were significant risk factors. 
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Smaller fibre neuropathy in the pathogenesis of Diabetic 
Erectile Dysfunction. 

N D HARRIS, S M RAJBHANDARI, L A BRADY, SEATON, S TESFAYE 
and J D WARD. 
(Diabetes Research Unit, Royal Hallamshire Hospital, Sheffield, UK.) 

Erectile dysfunction (ED) in diabetes is thought to be caused by both 
neuropathy and vasculopathy of diabetes. However, very little is known 
about the exact roles they play in the genesis of ED. Aims: To compare the 
neurological and vascular function in diabetic patients with ED to those 
without ED. Materials and Methods: 18 diabetic patients with ED and 25 
diabetic control subjects underwent peroneal motor and sural sensory nerve 
conduction, warm temperature discrimination threshold (TDT) in their feet, 
vibration perception threshold (VPT) on the great toe, standard cardiac 
autonomic function tests (AFT) and ankle brachial pressure index (ABPI). 
Patients with ED (except one) also had Pharmaco·Penile Duplex 
Ultrasonography of cavernous arteries following intracavernosal injection of 
20 microgram alprostadil. Results: All patients with ED had normal ABPI 
(1.22 ± 0.4 SD). However there was severe vascular disease on PPDU (peak 
systolic velocity <25cm/sec) in 9 (53%). The mean TDT of the group with 
ED (9.90c) was significantly (p<O.OOI) higher compared to the control 
(1.6 DC). Similarly age corrected VPT and nerve conduction studies were also 
significantly abnormal (but not as strongly as TDT) in the group with ED. In 
contrast, there was no difference in AFT between these groups. Conclusion: 
Contrary to conventional opinion, ABPI or abnormal cardiac AFT were not 
related to ED, but Pharmaco·Penile Duplex Ultrasonography and TDT were 
impaired in diabetic ED. This finding suggest that small fibre neuropathy has 
a significant role in the pathogenesis of diabetic ED. 

1143 
LEFT VENTRICULAR HYPERTROPHY AND PERIPHERAL SENSORY 
NEUROPATIN IN DIABETIC PATIENTS: IS TIIERE CONNECTION? 
AMarton, Zs.Henruinyi*, K.BUzasi*, B.T6zsCro, P.Vargha*, I.Henruinyi and 
P.Kemplero, 3rd Dept.of Medicine, P6terfY S. Hospital, -1st Dept.of Medicine, 
Semmelweis University, Budapest, Hungary 
Aims: Diabetic neuropathy is the most conunon diabetic complication. 
Myocardial iofarction is the most frequent cause of death in patients with type.-2 
diabetes mellitus and the third one in type·1 diabetic patients. Left ventricular 
hypertrophy with risk of ischemic heart desease is a well known complication in 
diabetic patients without hypertension. Trying to find a connection between the 
most conunon complication and cause of death in diabetes, we suppose that the 
damage of the sensory innervation of the heart may play a role in diabetic heart 
desease. The aim of our stndy was to investigate the connection between the 
diabetic peripheral sensory neuropathy and left veutricular hypertrophy as a risk 
factor of myocardial infarction. Patients and Methods: We examined 44 diabetic 
patients (age: 58.9 ±l2.5 ys, duration of diabetes: 1O.4±7.2 ys, IDDM: 9, 
NIDDM: 35, male: 16, female: 28). M-mode echocardiography was performed to 
measure posterior and septal wall thickness and the left ventricular diastolic 
diameter to calculate the left ventricular mass index as markers of the left 
ventricular hypertrophy. Peripheral neuropathy was studied with Neurometer® 
device (Neuroton Inc., Baltimore, MO) measuring current perception threshold at 
three different frequences, that gives an opportunity to examine large (5000 Hz), 
small (250 Hz) myelinated and unmyelinated (5 Hz) nerve function in a non
invasive way. Resuhs: Septal thickness correlates significantly with large 
myelinated (p=O.04I) and small myelinated (p=O.015) nerve failure. 
Unmyelinated nerve dysfunction correlates significantly with all the parameters 
refuting to left ventricular hypertrophy, that is posterior wall thickness (p<O.OO5), 
septal wall thickness (p<O.OO5) and left ventricu1ar mass index (p<O.OOOI). 
Conclnsion: Our results seem to confirm our hypothesis, i.e. peripheral sensory 
neuropathy may playa role in diabetic left ventricular hypertrophy. 
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AUIDN:XvIlC FUNCTION AND AUIDANIlOODIES 10 AUIDN:XvIlC NERVOUS TISSUES 
ATFUlDW..lJPINACDlKlRTCFYOUNGPATIENIS WITH1YPEIDIABEIES. 
MM. lanone. S. Giunti. E. Lillaz, E. Catalfamo,R. Quadri, F. Cerutti 'and P. Cavallo· 
Perin. Division ofIntemai Medicine and' Paediatrics, University of Torino Italy. 
Aims: Recent studies have linked autoimmunity to nervo~s tissue s;ruct~res and 
diabetic autonomic neuropathy. To evaluate the early stage of Type I diabetes and 
the natural history of this association, we re·assessed the autonomic function and 
the presence of autoantibodies to autonomic nervous tissues in a cohort of diabetic 
adolescent patients previously recruited (follow·up at 40±3 months). Material and 
Methods: Four standard cardiovascular (CV) tests (using an automated system and 
age·related index values) and autoantibodies (Ab) to sympathetic and 
parasympathetic nervous structures (using an indirect immunofluorescent 
complement·fixation technique, with rabbit cervical ganglia and vagus nerve as 
substrates) were performed in 74 (mean age 18.1±1.6, mean diabetes duration 
10.2±3.S years) of the 84 (88%) Type I diabetic patients and in 17 of the 45 
matched controls (38%), previously recruited. Results: 7 patients (9%) had one 
abnormal CV test, and 2 had blood pressure drop >30 mmHg; none had autonomic 
symptoms. Values of deep breathing (DB) (33.8±8.S), 30:IS (1.43±0.18) and 
Valsalva ratio (1.8 ±O.3) tests were significantly lower compared to the values at 
recruitment (37.9±9.4, 1.4S±l.l5. 2±O.3, respectively). amongst the diabetic 
patients (p<O.OOS. paired (·test), while in the control groups only values of DB test 
were lower. Values of each CV test were not significantly different between patients 
and controls. Nine patients (12%) were positive for anti·vagus nerve Ab, and 12 
patients (16%) for anti·cervical ganglia Ab (p< O.OS vs controls). The Ab persisted 
in the patients positive at recruitment Ab positive patients, considered together as a 
single group. scored lower values of CV tests. although not statistically different 
compared to Ab negative patients and controls. Conclusions: Our data indicate that 
diabetic autonomic neuropathy is not characteristics of young diabetic patients, but 
that the nervons tissue autoantibodies are present and persist in the first 20 years of 
disease. Follow·up studies will continue to evaluate future autonomic dysfunction 
and symptoms and to establish whether the subtle autonomic dysfunction detected 
and/or the autoantibodies are predictive of the development of this complication. 

1144 
SMALL NERVE FmRE FUNCTION, NEUROVASCULAR CONTROL AND 
SUBSTANCE P IN DIABETES MELLITUS TYPE I 
A. PfUtzner, T. Kunt, M. Lobig, T. Pohlmann, K. Goitom, T. Magin, M. Engelbach, J. 
Beyer and T. Forst; Johannes..Qutenberg·University; Dept. Endocrinology and 
Metaholism; Mainz; Germany 
Aim: Patients with diabetes mellitus are on risk of developing small nerve fibre 
dysfunction and disturbances in neurovascular control. The Il·amino·acid peptide, 
substance P is found in C· and A8 nerve fibres and is involved in the axon·flare 
response. The present study investigates small nerve fibre function, neurovascular 
control and plasma substance P in type I diabetes patients. Subjects and methods: 
The microvascular response to thermal injury was investigated in 29 type I diabetes 
patients (age: 39.I±lI.4 years; duration of diabetes: 13.1±1.8 years; HbAlc: 7.9±0.5 
%; mean±SEM) and in 17 healthy control subjects (age 34.4±3.5) using laser doppler 
flowmetry (LDF, MBF 3D, Moor Instruments, Devon, UK). All subjects were free 
from peripheral macrovascular disease or foot ulceration and without any vasoactive 
drugs. Small nerve fibre function was assessed by the investigation of cold, heat and 
pain perception thresholds (Path Tester, PHYWE, Gottingen, Germany). Substance P 
plasma levels were measured by a competitive ELISA using purified plasma samples 
(C·18 reverse phase cartridges). Results: The group of diabetic patients with small 
nerve fibre dysfunction showed a decreased microvascular response following thermal 
injury compared to the diabetic group without neuropathy and the healthy control 
group (32.3±l9.7 vs. 64.8±9.5 AU, p<O.OI ; vs. 92.8±26.9 AU, p<0.01; respectively). 
Decreased plasma substance P levels were found in patients with a diminished pain 
perception threshold (3.3±2.0 nglml), a diminished warm perception threshold 
(5.9±2.1 nglml) and a diminished cold perception threshold (7.9±1.4 nglml) compared 
with the control group (11.0±1.5 nglml p<0.05 respectively). No significant 
difference was found between diabetes patients without ueural dysfunction and the 
control group. No significant difference in plasma substance levels were found with 
regard to the vibration perception threshold between the different groops. 
Conclusions: Our results confirm a disturbed microvascular function and reduced 
plasma substance P levels in type I diabetic patients with small nerve fibre 
dysfunction. A diminished release of substance P from damaged small nerve fibres 
might be involved in microvascular dysfunction in type I diabetes mellitus. 
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1145 
DIABETIC FOOT LESIONS AND THEIR TREATMENT IN TIMIS 
DISTRICT, ROMANIA 
G. Negrisanu, D. Dabelea, C. Negrau and Gh. Bacanu, Department of Diabetes, 
University of Medicine, Timisoara, Romania 

Aims: In view of the St. Vincent Declaration recommendations, to reduce by 
one half the rate of limb amputations for diabetic gangrene, the present study 
assessed the number of patients with diabetic foot lesions hospitalized in our 
Department in two 5 year-time-periods (1986-1990, and 1991-1995), and the 
percent and site of amputations performed. 
Materials and Methods: During the first time period, 88 subjects (1.3% of the 
total admissions for diabetes) were hospitalized for diabetic foot lesions, while 
98 (1. 9%) were admitted during the second time-period. Patients mean age was 
similar in 1986-1990 [62.6 (17.8) years] and in 1991-1995 [64.3 (12.3) years]. 
Results: Most of these subjects with foot lesions (70.5% in 1986-1991 and 
68.4% in 1991-1995) had either peripheral vascular disease or both vascular 
disease and neuropathy. The rest (29.5% in 1986-1990 and 31.6% in 1991-1995) 
had neuropathic foot ulcers without ischemia. The limb was preserved in more 
than one half of these patients, in both time-periods (55.4% and 53.3%, 
respectively). Limb amputations were necessary in 44.6% of the patients in 
1986-1990, and in 46.7% in 1991-1995. Minimal amputations with heel 
preservation were performed in 23% of the subjects iu the first time-period and 
in 12.2% of them in the second period (p<O.05). The percent of below-knee 
amputations was similar (13.5% and 14.1%) while that of extended interventions 
(above the knee) increased from 11.1% in 1986-1990 to 17.4% in 1991-1995 
(p=0.01). 
Conclusions: The number of patients with diabetic foot lesions hospitalized in 
our Department and the percent of limb amputations performed for these lesions 
did not change significantly over 5 years. The implementation of the St. Vincent 
Declaration's goals requires a longer petiod of time and an improvement of 
cultural, educational and socio-economic background of patients with diabetes. 

1147 
PREVALENCE AND RISK FACTORS OF FOOT LESIONS IN PATIENTS 
WITH DIABETES MELLITUS IN DNIESTER REGION OF MOLDAVIA 

B.N.Mankovsky·, and LS. Rivilis·· ""Institute of Endocrinology, Kiev, Ukraine, 
··Tiraspol city hospital, Moldavia 

Aims: The amputations rate in people with diabetes in newly independenl 
countries of the former Soviet Union is high. However, the prevalence of diabetic 
foot syndrome in these countries remains unknown. The purpose of this study was to 
investigate the prevalence and risk factors of foot lesions in patients with diabetes in 
Dniester region of Moldavia. Materials aod Methods: We examined 320 diabetic 
patients aged 30-75 years in community-based study and presence of foot ulceration 
(according to Wagner's classification) was noted. Results: We found that fool 
ulceration I-Y degree was present in 50 (15.6%) patients. The superficial foot ulcers 
were found in 8 patients (16%), deep ulcers complicated by development of infection 
were present in 14 patients (28%) and ulcers which subsequently led to gangrena 
were diagnosed in 28 people (56%). In 12 of those patients (24%) it was nessessary 
to perform an amputation of the leg and in 30 (60%) of those people the amputation 
of fmgers and part of foot was done. Among patients with foot ulcers there were 
more male (72%) than female (28%). Most patients with foot ulcers were older than 
45 years- 28 people (56%) were 45-61 years old, 12 patients (24%) were 62-70 years 
old and 6 (12%) were older than 70 years. Most patients had type 2 diabetes (92%). 
The duration of disease in this cohort of people was the following: newly diagnose" 
diabetes was in 6 (12%), less that 7 years of duration - in 22(44%),8-14 years - in 14 
(28%) and 15-21 years - in 8 (16%). In 92% of patients the severe neuropathy was 
present diagnosed using diabetic neuropathy score. Furthermore, all ofthose patients 
had poor metabolic control with the levels of HbAle ranged from 10.2 to 12.6% and 
only 24% were treated with appropriate insulin regimen. Conclusions: Development 
of foot ulcers and need of amputation are attributed to late diagnosis and poor 
metabolic control of diabetes mellitus in studied cohort of patients. Improvement of 
quality of diabetes care could decrease the rate of foot ulcers and amputations in 
diabetic patients in postcommunist countries offormer Soviet Union. 
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1146 
DIABETIC FOOT COMPLICATIONS INCIDENCE IN GEORGIA. 
D.Metreveli,N.Bibilashvili,k.Mikadze,I.Gudushauri and 
Z.Robitashvili. Endocrinology Department. Tbilisi Me
dical Academy. Tbilisi. Georgia. 

The three year (1996-1998) epidemiological atudy, un
der the EuroDiabCare programme, that involved 942 die
betic patients, was conducted in different regione of 
Georgia. Subjects: 942 patient - 59% female end 41% 
mala, 17% with !DDM and 83% with NIDDM w,ith mean dura
tion of diabetes 11.J±8.9y.Methods: clinical examina
tion acco~ding to 8asic Information Sheet, examination 
of vibration ssnsitivity with tuning fork, pink sensi
tivity by means of 5.07/10gr monofilament.Resultsl the 
study showed thst 58.8% were suffered of low vibration 
sensitivity with a mesn age 60.0±11.1y. and duration 
of diabetes 1J.25±8.69y. 20.7% were suffered of low 
pink sensitivity with the meen age 60.12±11.9y. and 
mean duration of diabetes 14.39±9.67y. Healed ulcer 
was revealed in 2.24% of cases with mean age 56.e5±1~J~ 
and duration of diabetes 15.0 e.6y. Acute ulcer or gan
~rene was found in 2.24% of cases with the mean age 
59.B±9.68y. and duration of diabetes 15.o±e.6y.Amputa
tions incidence was in 3.5% o.f cases. We halle found 
amputations prevalence in male patients (5.94%) then 
in female patients (1.8%). The incidence ot amputations 
during last 12-month period was 1.7%. Conclusions I 

Despite the implementetion of Diabetic Foot Preventive 
Programme in different ~iabetes Canters of Georgia, 
the frequency of diabetic foot complications is still 
high, which calls for enlar~ng of areas of Diabetic 
Foot Preventive Programme. 

1148 
LOWER EXTREMITY AMPUTATION IN PEOPLE WITH DIABETES, A 
COMPARISON OF 4 REGIONS IN NORWAY. 
S.Uhlving and H.Bergrem, Med.Dep.Rogaiand Central Hospital, Stavanger, Norway. 
Aim: The St. Vincent Declaration Action Program calls for 50% reduction of 
amputations in diabetics, a reduction which has been shown achievable in a number 
of studies. In Norway the data on amputations in diabetics is scarce and we wanted to 
get a better overview. Material and methods: National statistics from the 
Norwegian institute of hospital research (NIS) from 1993 and 1994 show almost 4-
fold variation in non-traumatic amputation incidence between counties. Two counties 
among those with the highest and fwO among those with the lowest incidence of 
amputations were selected. The protocols of the surgical theatres and the electronic 
patient records and then the records of each patient were examined. Result.: A total 
of299 persons fulfilled the inclusion criteria, 282 were above ankle (maior 
amputations) and 6 patient records were missing. We found nearly the same total 
number of amputations and the same difference between counties as the data from 
NIS. Of the 293,120(41.0%) were diagnosed as having diabetes at the time of 
surgery. At county level the % was 28.6(AA), 42.7(R), 42.7(NT), 46.7(T). The 
incidence (n/100.OOOpop) of amputations in the 4 counties were for AA 27.2(total) 
and 7. I (diabetes), R 16.8 and 7.1, NT 32.1 and 13.7 and for T 15.1 and 7.0. More 
diabetics than non-diabetics were amputated below knee, had two or more 
amputations and were more often amputated bilateral. 80"10 or more ofthe diabetics 
were probably type 2. In 132(46%) patients amputation had been preceded by 
vascular surgery, AA 26%, R 52%, NT 39%, T 64%. 36% were still smoking and 
21% had quit smoking more than I year before the first amputation. 24% of the 
diabetics, 44% of the non-diabetics, 19%ofwomen and 48% of men were still 
smoking. Discussion/conclosion: The data from NIS on total number of amputations 
seems to be reliable. The reason for the difference between counties is unclear. We 
do not know if there is a difference in indication for amputation. The prevalence of 
diabetes and proportion of old people may be different. The numbers offered 
vascular surgery seems to differ. Further investigation is needed to explain the 
difference and take action to reduce the number of amputations. 
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1149 
INCIDENCE OF LOWER EXTREMITY AMPUTATIONS IN THE KRAKOW 
REGION IN POLAND. 
A. Nazim. Chair and Department of Endocrinology, Collegium Medicum, Jagiellonian 
University, Krakow, Poland 
Aims: The aim of the study was to estimate the incidence of lower extremity amputations 
(LEAs) in diabetics in Poland - firs~ background data in this population. Materials and 
Methnds: This was a cross-sectional study of the incidence of noo-traurnatic and non
neoplastic LEAs in the population of Krakow region (1,239,703 inhabitants) in 1996 (it was 
calculated that for this popuIatioo size it was sufficient to collect data for one year). 
Amputations were identified in two sources: thirteen surgical wards (patients' case records 
and operation room records) and one limb fitting centre. Incidence rates were standardised 
for the European populatioo. Diabetic specific incidence was calculated using a 1986 survey 
of diabetes prevalence. Results: 290 LEAs were identified. Using capture-recapture method 
it was estimated that over 90% of cases had been found. Total standardised incidence rate 
(per 100.000 of total population) was 25.1 (95%CI 22.1-28.1), in non-diabetics 13.2 (95%CI 
11.1-15.4), in diabetics 11.9 (95%CI 9.8-13.9), and primary amputations in diabetics 10.4 
(95%CI 8.5-12.3). Estimated incidence of LEAs per 100.000 diabetics was 194.9, 313.6 in 
males and 76.3 in females. In all groups amputations were signiflcantly more frequent in 
men. Females with diabetes were more susceptible to LEA than non diabetic (p=O.03). 
Minor amputations were more frequent in diabetics than in non-diabetics (31.7 vs 13.3% 
respectively, p<O.OOI). There was a signiflcant discrepancy of the proportion of minor 
amputation between surgical wards ranging from 9.23% to 19.5%, which could not have 
been explained by differences in case mix. Conclusions: Incidence of LEAs was found 
lower than expected. However, Krakow region is an urban area with a large university 
hospital, therefore further research in other parts of Poland is necessary. Ahnost 50% of 
amputations was performed in diabetics, so an improved diabetic foot and gangrene 
prevention programme should have a considerable impact on the total incidence of 
amputations. A large differences in the proportion of minor amputations between surgical 
wards suggests the need for standardisatioo of the surgical approach towards amputations in 
diabetics. 

1151 
PROSPECTIVE DOCUMENTATION OF AMPUTATIONS IN NORTHRHINE 
M. Spraul, M. Berger and H.-G. Huber', Heinrich-Heine-University and 
*Arztekammer Nordrhein, Dusseldorf, Germany (supported by Arztekammer, 
Krankenhausgesellschaft and Krankenkassen in Northrhine and Forschungsverbund 
Public Health NRW) 
Aims: In Germany only scarce data is available from retrospective studies concerning 
the incidence of amputations. In this study amputations are documented 
prospectively by surgical departments in Northrhine (9.7 million inhabitants). 
Methods: In addition, information about preoperative diagnostic evaluation, diabetes 
status, revascularisation procedures, amputation level, the fate of the patient after 
amputation, etc. is documented. These data will be used for continuous quality 
control. Results: The program started in fall 1997 and 93 surgical departments out of 
193 in Northrhine participated until December 1998. A total of 1371 amputations in 
1049 patients were recorded. 72% of the patients had diabetes (median age 71 years). 
Infection/sepsis was the cause for minor amputation (below ankle) in 42% of the 
diabetic patients (D) as compared to 19% in the non-diabetic patients (ND). Major 
amputations in D were due to infection in 24%, to arterial vascular disease in 21 %, 
and to the combination of infection and arterial vascular disease in 53% (ND 6%, 
38%, and 52%, respectively). Initial minor amputations were more common in D 
with 62% vs. 37% in ND. However, during the hospital stay 13% of the D and 5% of 
the ND had to be re-amputated at a level above the ankle. Therefore, at the end of the 
hospital stay (mean duration 33 days), 51% of the D and 66% of the ND had a major 
amputation above the ankle. Only 44% of the D and 46% of the ND went horne after 
a major amputation. In this group 13% of the D and 7% of the ND died during the 
hospital stay, 11% (D) and 12% (ND) were transferred to a nursing home, 32% (D) 
and 34% (ND) had to be transferred to another hospital for further treatment mostly 
due to the major amputation. Conclusion: This complex amputation registry will give 
not only information about the German situation concerning amputations on a 
population basis, but will also allow a continuous quality control to identifY the 
necessary improvements in the care ofthe diabetic-foot-syndrome. 

1150 
DIABETIC FOOT ULCERS - EPIDEMIOLOGY AND 
CORRELATION WITH SOCIAL CLASSES AND SELFCARE. 

M Lohmann 1,J Vibe Petersen 2, T J "rgensen 3& H Perrild '. Copenhagen 
Wound Healing Center 1 & Endocrinological Department, Bispebjerg University 
Hospital 2 and Center of Preventive Medicine Glostrup University HospiW 3, 

Denmark. 

Aims: To determine the correlation between social classes and knowledge about 
self-care and diabetic foot ulcers. 

Material and methods: A cohort of 468 diabetic patients. 170 type I & 298 
type 2 was inclnded. There were 277 males and 191 females, mean age 57.2 
years range (17-88). All patients answered a questionnaire about self-care, 
education and former events of amputations and ulcers. All patients had a foot 
examination at the same time as the questionnaire. The patients were divided 
into 4 social classes according to their length of school and education. 

Results: 24 patients (5.1 %) were amputated, 2 had major amputations (below 
knee). 112 (23.1%) patients had a previous foot ulcer. 30 patients (6.4%) had an 
ongoing foot ulcer, and 22 (73,8%) of these had a previous ulcer history. There 
was no correlation between social class and previous or ongoing ulcer. Patients 
with a previous ulcer had a significant better knowledge about self-care. 83 % of 
the patients with previous foot ulcers had signillcant reduced sensation on the 
foot evaluated by biothesiometri, compared to 55,4% in the non-ulcer group. 
Foot ulcers were signiflcantly more common in patients with high BM! 

Conclusions: Our study found no correlation between social class and history of 
foot ulcer. Patients with a previous history of foot ulcer had a significant better 
knowledge about self-care. Despite this 73.8 % of the patients with ongoing 
ulcers had a previous ulcer. This indicates that improved knowledge doesn't 

necessarily change lifestyle. 

1152 
ETHNIC DIFFERENCES IN RISK AND DETERMINANTS OF LOWER LIMB 
AMPUTATION IN PEOPLE WITH TYPE 2 DIABETES. 
Leggetter sa ,Chaturvedi Na, Edmonds Mb , Fuller Ja , aEURODIAB, University 
College, London, UK; bKings College Hospital, London, UK 
Aims: (i)To determine the difference in type 2 diabetes related amputation rates in 
African Caribbeans compared with Europeans in the UK (ii) to examine the reasons 
for any difference detected. Materials and methods: All cases of diabetes related 
amputation performed in SE London between 1992-1997 were identified and data on 
risk factors abstracted from case notes. For each amputee data on two patients with 
diabetes who had not had amputation (controls) were abstracted from primary care 
sources. Results: First diabetes related amputations were identified in 61 Europeans, 
and 21 African Caribbeans. Amputation rates, age standardised to the general 
population, were 13/100000 in Europeans and 48/100 000 in African Caribbeans (RR 
3.7,95% CI 2.2, 6.1, P <0.001). However rates standardised to the diabetic population 
were 2411100,000 and 22411 00,000 in Europeans and African Caribbeans respectively 
(RR 0.9, 95% CI 0.5, 1.9, p=ns). The ratio of African Caribbeans to Europeans was 
identical incases and controls (odds ratio (OR) 1.0,95% CI 0.5,1.8), but there was a 
striking gender difference in risk offlfst amputation. In men, African Caribbeans had 
a lower risk of amputation than Europeans, (OR 0.5, 95% CI 0.2, 1.3, p~ 0.2), in 
women, this risk was higher (OR 2.8,95% CI I, 8, p<0.04). Protective factors in 
African Caribbeans men included a lower risk of previous ischaemic heart disease 
(IHD) (9% v 36% in controls, p~0.02). When this was adjusted for, there was no 
longer an ethaic difference in risk of amputation (OR 1.1). In contrast, for women, 
African Caribbeans had equivalent rates of IHD to Europeans (26% v 24%), and 
marginally higher rates of neuropathy, peripheral vascular disease, previous leg ulcer 
and retinopathy. But adjusting for these risk factors only partially attenuated the OR 
(2.1). Conclusions: African Caribbeans men have lower rates of diabetes related 
amputations, whilst African Caribbeans women have higher rates. The ethaic 
difference in men can be accounted for by differences in macrovascular disease. In 
women it is likely that ethnic differences in several complications playa role. 
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EPIDEMIOLOGY OF LOWER EXTREMITY AMPUTATIONS AND PROPORTION ASSOCIATED 

WITH DIABETES IN CENTRES IN EUROPE, NORTH AMERICA, AND EAST ASIA 
Nigel Unwin and Joan Mackintosh (University of Newcastle, UK) on behalf of the 
Global LEA Study group 

Aims: To compare the incidence of, and distribution by age and sex of lower 
extremity amputations and the proportion associated with diabetes in different centres 
around the world between July 1995 and June 1997. 
Materials and methods: 10 centres, all with populations greater than 200,000, in 
Japan, Taiwan, Spain, Italy, the United States and England provided the data 
presented here. Cases were identified from at least two data sources (to allow checks 
on ascertainment); data were abstracted from case notes; denominator populations 
were based on census figures. 
Results: Marked differences between the centres existed in the incidence of 
amputations, with the highest rates in the Navajo population (e.g. 43.9/100,0001 yr for 
first major amputations in men) and the lowest in Tochigi, Japan (e.g. 
3.811 OO,OOO/yr). In every centre the incidence of amputation rose steeply with age, 
with most amputations occurring over the age of 60(>60% in 9 of the 10 centres); in 
most centres the incidence was higher in men than women (from 17% higher for first 
major amputations in Leicester, England, to 400% higher for all major and minor 
amputation in Madrid, Spain); and in most centres the incidence of major was greater 
than that of minor. The proportion of amputations associated with diabetes varied 
greatly between the centres: e.g. from 30% for major and minor in women in 
Newcastle, to over 50% in Montgomery County USA, to over 80% in the Navajo 
population. 
Conclusions: In all centres diabetes is disproportionately associated with amputation. 
However, apart from the Navajo population, differences in the known prevalence of 
diabetes between the centres can not account for the differences in overall incidence 
amputation. Differences in the prevalence of peripheral vascular disease are likely to 
be important but this and the role of other factors requires further investigation. 
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1154 
SUSTAINED AND INCREASED PLANTAR PRESSURES DURING NORMAL 
GAIT IN DIABETIC NEUROPATHY 

M. J. Plank, A.H. Wilcox, S.L.Hyer 
Diabetes Centre, St Helier Hospital, Carshalton, Surrey, UK 

The aim of this study was to investigate dynamic plantar pressures and time parameters 
in diabetic neuropathic patients with and without a bistory of plantar ulceration. We 
compared 93 patients with neuropathy (17 patients with previous ulceration), with 39 
age- and weight-matched non-neuropathic diabetic subjects. Neuropathic patients had 
longer duration of diabetes and worse diabetic control compared to non-neuropaths. A 
further group of 35 healthy non-diabetic volunteers served as control subjects. Peak 
plantar pressure (kPa), contact time (ms) at the site ofbighest pressure and time to peak 
plantar pressure (ms) were taken from 6 foolprints using the Musgrave Foolprint"
forceplate system. Patients were free walking at their uormal pace. Peak plantar 
pressures (mean ± SEM) were significantly bigher in the diabetic neuropaths compared 
with healthy controls (806 ± 26 vs 572 ± 36; p <0.01); the subgroup with previous 
plantar ulceration had the bighest peak pressures (1059.5 ± 55). Peak pressures in the 
non-neuropaths were not significantly different from healthy controls. The bighest 
pressures occurred over the metatarsal heads or the heel. Time to peak pressure was 
similar in neuropaths and non-neuropaths and no different from controls. Duration of 
peak pressure ( contact time) was significantly increased in the diabetic groups 
compared to controls (733 ± 19 vs 633 ± 36; p <0.01) but not when compared between 
diabetic groups. The mean contact time in neuropaths represented 78.8 % of stance 
phase. These resuJts indicate that neuropathic patients have higher and more sustained 
plantar pressures compared to non-neuropaths. Further work is in progress to establish 
the significance of these parameters as risk factors to predict future ulceration. 

1155 
CAN A PLANTAR PRESSURE MODEL ACCURATELY IDENTIFY 
LOCATION OF NEUROPATHIC ULCERATION? 
GA. Shea, SJ_ Stacpoole-Shea and LA. Lavery, 
University of Texas Health Science Center at San Aotonio, Department of 
Orthopaedics, San Antonio, Texas, USA 
Aim: The purpose of study was to identifY pressure measure reports that were 
useful in identifYing the location of known ulceration on the diabetic forefoot. 
Methods: Mid-gait walking steps from thirty-six subjects diagnosed with 
diabetes, neuropathy and ulceration to the plantar forefoot were analyzed using 
the Pedar in-shoe pressure analysis system. 
Results: The time that weight was loaded on the hallux (P=O.034) and lesser 
digits (p=0.0 18) was fouod to be significantly shorter on the feet with ulceration 
compared to those without. A combination of five pressure measure reports 
could significantly differentiate between the three common locations offorefoot 
ulceration. The significant pressure measure reports were the pressure-time 
integral measured over the whole foot (P=0.003), pressure-time integral 
(P=0.002 & 0.006)) and peak pressure (P=O.OOI & 0.0.024) measured separately 
at the fIrst and combined lesser metatarsal-phalangeal joint regions respectively. 
A preliminary model was developed using discriminate analysis that was 
accurate to 72.7 percent in identifYing the location of the subjects' ulceration. 
Sensitivity and specificity formulas were calculated to demonstrate the 
diagnostic value of the model. The model accurately identified ulceration 
locations to a sensitivity of 83 percent and a specificity of 69 percent. 
Conclusions: The model is currently under further development in the hope that 
it will become a useful screening tool for the early identification of patients at 
risk of plantar foot ulceration. The implication ofan accurate screening tool is 
that it may be a step toward assisting in the prevention and early treatment of 
ulceration and hopefully a reduction in the number of ulceration leading to 
amputation. 
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1156 
ASSESSMENT OF PEAK PRESSURES ON DIFFERENT PLANTAR 
SITES IN DIABETIC PATIENTS. 
E.U.Komeliagina *, V.V.Bardin, I.V.Gourieva. Diabetic Foot Centre, 
International diabetic Program, Institute of Working Ability and 
Rehabilitation, Moscow, Russia. 
Foot deformities and increased plantar pressure are considered to be one 
of the main risk factors for diabetic foot ulcers.The aim of this study was 
to analyse if plantar pressure in different plantart points differ between 
diabetic and healthy patients. Materials and methods. S7 IDDM and 
NIDDM patients and 20 healthy subjects (C) aged and sex matched took 
part in this study. All diabetic patients had anclelbrachial index z 0.8 and 
had no history of diabetic foot ulcers. NDS was used to diagnose and 
quantify peripheral neuropathy. EMED system was used to estimate 
dynamic plantar pressure in different plantar sites: heel (H), big toe (BT), 
under the first metatarsal (I M), between the second and third metatarsals 
(2 M), between the fourth and fifth metatarsals (4M). All diabetic patients 
was divided into the two groups: the group with mild neuropathy (NDS 
< 15, N, n=2S) and the group with severe neuropathy (NDSzlS, SN, 
n=32). The comparison was performed between N, SN and C groups. 
Results. The peak plantar pressure on the heel ( 21.6±8.29 vs 21.6± 5.2 vs 
22.6±6.1, ns ;M±SD), 2M (27.94 ±12 .. S7 vs 31.8± 18.13 vs 27.00±13.2; ns), 
and 3M (l9.19± 13.07 vs 19.12± 10.27 vs 18.07± 11.06) does not differ 
between three groups. The peak plantar pressure on the lMwas the same 
between Nand SN groups (l8.32±11.74 vs 19.32 ± 11.72; respectively; ns) 
but differ from the control group (1S.64 ± 8.31, p<O.OS). The mean peak 
pressure on BT was significantly higher on the SN group as compared to 
Nand C groups ( 32.68 ± 12.28 vs 16.91±S.11 vs l7.9J± 6.34, P < O.OS). 
Conclusion. The findings suggest that peripheral neuropathy )mild or 
severe) significantly increase the peak plantar pressure under the first 
metatarsal and big toe which may explain the high frequency of 
neuropathic ulcers on this sites of the foot. 
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A PILar STUDY OF IN-SHOE TEMPERATURE ASSESSMENT DURING 
DAILY ACTIVITIES IN HEALTHY CONTROLS AND DIABETIC PATIENTS. 
F. Abouaesha, N Tentolouris, CHM van Schie, S Rithalia and AJM Boulton. 
University Department of Medicine, Manchester Royal Infirmary, UK 
Previous evidence suggests that diabetic neuropathic patients have elevated plantar 
surface skin temperature and that this might predict subsequent foot ulceration. 
However no study has assessed dynamic in-shoe temperatures during daily activities. 
Aims: We therefore initiated a pilot study in 4 controls (C), 5 diabetic controls (DC), 
7 diabetic neuropathic patients (DN); of whom 4 with a history of ulceration (DNU). 
Methods: Patients with peripheral vascular disease, on vasoactive medications or 
smokers were excluded. A temperature sensor was put in the heel area of a PPT 
insole, which was placed in one of the subjects' shoes. Measurements were made 
between 4 and 6 hours on three normal days and subjects kept a diary of their 
activities. Results: There were no significant differences in age or duration of 
diabetes between the studied groups. The average (± SO) Neuropathy Disability 
Score was higher in ON (6.0 ± 1.0) and DNU (9.5 ± 1.0) compared to Controls (0.0 
± 0.0) and DC (1.2 ± 1.8) (p<0.05). The average (± SO) temperature ("C) inside the 
shoe was higher in Controls (33.6 ± 0.90) compared to DC (29.7 ± 1.0), ON (29.7 ± 
1.0) and DNU (31.5 ± 1.1) (p<0.05). The variation was higher in ON (1.50) 
compared to Controls (0.93), DC (1.19) and ON (1.01) and the difference between 
the average and the 5th percentile was respectively 1.48, 1.54, 1.43 and 1.77 ("C) for 
C, DC, ON and DNU (ns), indicating a much greater variation around the mean for 
DNU. Conclusion.: The results show a trend to increased in-shoe temperature 
variability in the ONU group, but significantly lower temperature in diabetic patients 
versus controls. Thus, earlier data of increased foot skin temperatures in diabetic 
neuropathic patients were not confirmed, suggesting that in-shoe thermoregulation 
does not follow the same pattern as thermoregulatory responses of the foot exposed to 
open air. Whether a higher in-shoe temperature in the ONU group can be considered 
as a risk factor of foot ulceration needs to be explored in a more in-depth study into 
in-shoe thermoregutatory responses in diabetic neuropathy. 
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DO ROCKER SOLES REDUCE PLANTAR PRESSURE IN PERSONS 
AT RISK FOR DIABETIC NEUROPATHIC ULCERATION? 
SJ. Stacpoole-Shea, GA. Shea, DG. Armstrong and LA. Lavery, 
University of Texas Health Science Center at San Antonio, Department of 
Orthopaedics, San Antonio, Texas, USA 
Aim: To evaluate alterations in pressure reduction and gait parameters 
associated with various outer sole modifications on prescription shoe gear for 
high risk patients with diabetes. 
Methods: Mid-gait walking steps from thirty subjects diagnosed with diabetes, 
neuropathy and plantar ulceration to the hallux or I" metatarsal-phalangeal 
region were analyzed using the Pedar in-shoe pressure analysis system. All 
subjects were fitted with shoes that had had the outsole modified according to 
the measures of their metatarsal parabola taken from dorsal plantar radiographs. 
Two base line shoes were tested, a canvas oxford and an umnodified therapeutic 
shoe. Five outsoles were tested and they were a fifteen, twenty and twenty-five 
degree forefoot rocker with the apex placed proximal to the metatarsal 
phalangeal joint parabola and two twenty degree rockers that were placed level 
with and distal to the parabola. 
Results: Analysis of the means of the peak pressure results are statistically 
significant (P<0.05) but are not clinically relevant due to the significant 
difference being less than IOkPa difference per rocker shoe. The measured effect 
on pressures from the different rockers varied per location on the foot and in the 
presence of ulceration. Of most note was that there were marked differences 
between individual subjects. Further analysis of the patterns of pressures over 
time is currently underway. Contrary to current prescribing practice the patterns 
suggested that the pressure that is experienced by the foot at foot flat far 
exceeded the pressure at the push off phase of gait. 
Conclusions: The prescription of a rocker soled shoe is favorable over a 
standard therapeutic and a canvas oxford shoe. However, the wide range of 
individual subject differences suggest that in-shoe pressure assessment may be 
beneficial to determine which rocker sole is required for each patient. 
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LASER DOPPLER FLOWMETRY IN THE STUDY OF FEET SKIN 
MICROCIRCULATION IN 100M 
J. TatoO., A. Czech and B. Buraczewska, Chair and Department of Internal 
Medicine and Diabetology, Warsaw Medical University 
Aims. Diabetic foot syndrome arises as the expression of many functional and 
structural disturbances. The effective prevention is based on defining these 
disturbances; particularly in microcirculation of the skin of tile feet (ulcers). The 
promissive method for such diagnostics is Laser Doppler. Due to tillS fact the 
study was undertaken Witll Laser Doppler Flowmeter - Perimed cooperating with 
tile IBM computer and special programme. Methods. For comparative 
assessment of tile iulluence of IDDM on feet skin microcirculation 4 groups 
were examined: I) 26 healthy subjects. 2) 20 patients witll 100M since 6 
montils, 3) 25 patients Witll IDDM between 0.5 to 5 years and 4) 24 patients 
Witll IDDM for more than 10 years. All persons were subjected to the following 
studies: resting fiowmetry, occlusive. ortilOstatic and termoregulatory tests. Flow 
values were expressed in perfusion units (PU). Results. No statistically 
differences in tile flow during test were found in groups I, 2 and 3; in group 4 
the resting flow was decreased (12.7 ± 6.7 PU vs 9.4 ± 3.3 PU). All 3 functional 
tests rellealed the statistically significant impairment of tile lnicrocirculation in 
the adaptation to the testing stimuli in all diabetic groups - 2, 3 and 4. The most 
striking adaptive litnitation was found in IDDM of long duration. Conclusions. 
Laser Doppler flowmetry reveals functional abnormalities of tile circulation of 
the feet skin in IDDM without clinical symptoms of foot syndrome. Intensity of 
disturbances is related to tile IDDM duration. Its application Illay facilitate 
finding the patients at risk of developing foot ulcers and syndrome. 



1160 
SYNCHRONE AND ASYNCHRONE VIDEO-CONSULTATION TO SUPPORT 
COOPERATIVE TREATMENT OF THE DIABETIC FOOT 
F.x. Hierl', V. B6hm3

, S. Kessler', R. Landgraf', R. Engelbrecht'; M. Bachmann' 
and R. Lobr l Department of Internal Medicine' and Department of Surgery', 
Klinikum Innenstadt, Munich; GSF-Medis Institut', Munich - Neuherberg 
The treatment of diabetic patients requires interdisciplinary care due to diabetes
associated complications. This applies especially to the diabetic foot syndrome, 
where a close cooperation between the diabetologist, the surgeon, the interventional 
radiologist and the specialised shoemaker is necessary. In outpatient settings, 
difficulties occur because the involved specialists are rarely available at the same 
place and the same time. Consequently, patients are often bothered with unnecessary 
transports and waiting time. Aims: To solve these problems, a video-consultation
system has been tested in 1997 and has being integrated into routine care in 1998. 
Materials and Methods: The continuous evaluation focused on the video quality, 
concerning sufficient support for diagnosis and therapy decisions and how much 
information has to be transferred. Finally. the system's user-friendliness and the 
required time per patient has been evaluated. An ISDN-based video-consultation
system for synchronous communication between the diabetic foot care unit and the 
surgical outpatient clinic has been installed. Additional patient findings (x-ray 
images) have been transferred using a special document camera. 31 patients were 
included for evaluation in 1998. Results: The quality of the transferred images 
(video and x-ray) has been judged as sufficient by the surgeon. The system is easy to 
handle by offering a convenient touch pad interface. During video-consultation, the 
direct communication between the two parties, discussing relevant patient data, is 
very important. The mean consultation time was 20 minutes per patient. For 70% of 
the patients, an instant reasonable and effective therapy decision could be taken. 
30% of the patients required transferral to the surgeon for detailed examination. 
Conclusion: Altogether the tested video-consultation-system has been judged as 
positive and helpful. Some of the problems. mentioned above. could be solved with 
an asynchronous tele-consultation-tool (electronic mail). In addition the system has 
to be implemented in other specialities like radiology and specialised shoemakers. 
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APPLICATION OF CULTURED KERATINOCYTES - THE NEW 
METHOD IN THE TREATMENT OF SKIN DEFECTS IN THE 

SYNDROME OF DIABETIC FOOT. 
B. Dvorankova, L. Treilova, M- Andel, E- Silhova, K. Petrovl\, K. Smetana, Z. 
Holikova and J. Vacik, 3'" FacnIty of Medicine Charles Univ. and University 
Hospital, Srobllrova 50, 100 34 Prague, Czech Republic 

Aims of tbe study were: - to cultivate keratinocytes for creating the artificial sheet 
for covering of the skin defects in the syndrome of diabetic foot 
- in first three patients to test the biocompatibility, presence of infection and gain 
the general feeling about this method (in medical practice) 
Material and methods: Cultured epidermal grafts have been used for the 
treatment of severely burned patients from the beginning of eighties. We have 
developed the new methodology of cultivation and transfer of keratinocytes on 
polymer support. Hydropltilic polymer material (polyHEMA) was selected as 
polymer carrier because of its good biocompatibility. Tltis new strategy is aimed at 
reducing the time spent in culture (subconfluent grafts) and improving the 
handling properties. The keratinocytes are applied to the wound bed 
hyperproliferative, without enzymatic detachment and are able to colortize the 
wound rapidly. The polymer carrier acts after the application as an optimal cover 
for the transplanted cells. 
Results: Three patients with the deep skin defect on their foot (area 10-250 cm

2
) 

were treated with cultured autologous and/or allogertic keratinOcy1es. The time of 
healing was from 2 to 12 month. Preliminary there was found: I) biocompatibility 
of these grafts and no signs of rejection; 2) no signs of infection under the grafts 
during the treatment. Even if it is difficult to develop control system for 
measurement of effectivity of cultured keratinocytes the general feeling about first 
three patients was fast and effective healing of the defect. 
Conclusion : Our first experience show that the application of keratinocytes 
attached to the polymer support represent perspective ntethod for the treatment of 
skin defect in the syndrome of diabetic foot 
This study was supported by the Grant Agency on Mirtistry of Health No. 4399-3 
and Grant Agency of the Charles Urtiversity No. 124/97. 
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PROGNOSTIC VALUE OF SOME FACTORS FOR HEALING NEIROISCHEMIC 

DIABETIC FOOT ULCERS. 

E.U. MAMONTOVA*, I.V. GOURIEVA, S.V. IVANOV 

Diabetic Foot Center, Institute of Working Ability and Rehabilitation, Central Pros
theticallnstitute, Moscow, Russia. 

Healing of neiroischemic diabetic foot ulcers is influenced by multiply factors and 
needs a multifactorial approach. The aim of this study was to investigate the role of 
some factors in healing process of neiroischemic foot ulcers. Materials and Methods. 
26 NIDDM (16 males) patients with neiroischemic foot ulcers (anklelbrachial index < 
0.8) took part in this study. Mean age was 62.3± 2.5 years (M± SO), diabetes duration 
was 15.6±1.3 years. The influence of such factors as ulcers depth, anclelbrachial index, 
systolic blood velocity on tibialis arteries (anterior and posterior), Tcp02, severity of 
peripheral neuropathy was analyzed. Wagner's wound classification was used to asses 
ulcers depth. Ultrasound doppler was used to measure blood velocity on tibialis arteries 
and to estimate anklelbrachial index. Tcp02 was used to asses tissue oxygenation. The 
NOS was used to diagnose and to quantify peripheral neuropathy. All the patients was 
divided into two groups: the 1"- healed patients (n~13); the 2 "-failed patients (n~13), 
antong them 3 patients (23%) had toes amputations, 10 patients (77%) had amputations 
above ankle. Results. Ankle/brachial index (0.6±0.04 vs 0.5±0.06, ns), systolic blood 
velocity on tibialis anterior arteres (28.3±5.4 vs 30.6±5.8 mis, nS),systolic blood veloc
ity on tibialis posterior arteres (22.6±6.6 vs 27.6±8.6 sm/s, ns), severity of peripheral 
neuropathy (NOS 11.6±1.09 vs 11.54±1.12, ns) does not differ between the two groups. 
Depth of foot ulcers regarding Wagner classification was significantly lower in the 
healing patients group (2.8 ± 0.2 vs 3.7±0.1l, p<O.OOI). Tcp02 was significantly 
higher in the I "group (33.8±4 vs 19.8±3.06, p<O.OI). Sensitivity, specificity, positive 
prognostic value was calculate for different Tcp02 values. Tcp02 ~25 mm.Hg had the 
highest specificity (92%) and positive prognostic value (93%) for prediction of heal
ing. 

Conclusion. Tcp02 ~ 25 mmHg and depth of ulcers regarding Wagner classification 
are the main determinants for neiroischemic foot ulcers healing. 
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ALGOSTERIL® DRESSING VERSUS VASELITULLE® GAUZE 
FOR THE TREATMENT OF DIABETIC FOOT LESIONS. 
J.D. Lalau on behalf of the French Study Group of Algosteril in 
Diabetic Lesions. Hopital Sud, 80054 Amiens Cedex. France. 
No comparative trials have been conducted in the treatment of diabetic foot 
lesions. We carried out a controlled randomised clinical trial to evaluate the 
healing efficacy and safety of Algosteril dressing versus a neutral greasy 
dressing for the treatment of diabetic foot lesions measuring I to 50 cm2 and 
requiring debridement. The two groups were comparable at baseline with 
respect to demographic characteristics and disease (percent granulation tissue, 
wound surface size, and TcP02). Thirty-nine patients were included in the 
Algosteril dressing group and 38 in the Vaselitulle group. Sixty-nine patients 
continued the study until week 4 (36 in the Algosteril group and 33 in the 
Vaselitulle group). The primary assessment criterion was the proportion of 
patients with granulation tissue covering over 75% of the wound and a 40% 
decrease in wound surface size. Secondary assessment criteria were pain on 
dressing change and number of dressing changes required. The results were as 
follows' 

Assessment criteria Ahwsteril Vaselitulle p 
Primary: 
- granulation tissue> 75% + wound 42.8 28.5 0.21 
sUiface reduction :2:: 40%. % patients 
- granulation tissue> 75% % oatients 44.4 36.3 0.04 

Secondary: 
- pain on dressing change, scale 0-10 0.3±0.1 1.8±0.6 0.047 
(0: no pain; J 0: very painfol) 
- number of dressing changes 20 + l.l 23+ 1.2 0.07 

There were four adverse event reports In the Algostenl group, as compared 
with seven in the Vaselitulle group (events were not related with study 
treatment). Thus, comparatively with Vaselitulle, Algosteril dressing showed a 
better clinical result and a better tolerance. In conclusion, Algosteril dressing is 
appropriate for topical treatment of diabetic foot lesions. 



A308 

1164 
COST-EFFECTIVENESS OF DERMAGRAFT® FOR THE TREATMENT OF 
DIABETIC FOOT ULCERS IN FRANCE 
B Allenee,', F Paree', J Possnett', L, Carr', G, Ha Van', D, Malgrange', p, 
Michon6

, J, Martini', S, Pradines', A, Race', J,L, Richardlo and D, Tsiritsikoloull 

1 Faculte de Pharmacie, Lille (France) -' CRESGE-Labores, URA CNRS n0362, 
Universite Catholique de Lille (France) - 3 York Health Economics Consortium, 
University of York, (Great Britain) _ ' Paris, , Reims, 6 Lyon, 7 Toulouse, 8 

Grenoble, 9 Amiens, JO Le Grau du Roy, II Lille (France) 
Aims To assess the cost-effectiveness of Dermagraft® (human dermal 
replacement) compared with current practice, 
Material and methods: A Markov model was developed, to simulate the health 
statns of a cohort of 100 patients with a diabetic foot ulcer, during 52 weeks, The 
health states considered are : healed, same site recurrence, unhealed not infected, 
cellulitis, osteomyelitis, amputation and death, Each week, the patient may move 
among states according to a set of transition probabilities derived directly from 
the US clinical triaL The costs of each health state were estimated by a Delphi 
panel of diabetologists (including direct costs only) and valuated in a societal 
perspective. 
Results: The total number or ulcers healed is first ulcers healed (69,35 vs 76,38 ; 
median time to heal is 14-15 weeks compared with 28-19 weeks) plus recurrences 
which are subsequently healed within the 52-week period (14,29 vs 25,24; 
median time to heal is 3-4 weeks compared with 5-6 weeks), The average 
expected cost per patient (C/E) with conventional therapy for the 52 weeks period 
considered is 47,418 French Francs (FF) vs 54,384 FF for Dermagraft® 
(including 18.200 FF of Dermagraft® treatment and 36,184 FF of conventional 
treatment). Because Dermagraft® heals more ulcers, the average cost per ulcer 
healed is lower (53,522 FF vs 56,687 FF), The incremental cost-effectiveness 
ratio ofDermagraft® (t.C/t.E) equals 387,84 FF, 
Conclusion: Dennagraft® is cost-effective because it offers an opportunity to 
heal ulcers for less than the price that is already paid by the collectivity, using 
standard practice (56,687 FF), 
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Tbe role of orthotic tberapy in minimising the risk of ulceration in the 
diabetic foot 

W. Tyrrell, C.PhilIips, P Price, S Davies, and 0, Gibby 
Royal Gwent HospitaL Newport. Gwen!' UK 

Aims To evaluate the therapeutic effectiveness and cost utility of orthotic 
therapy in minimising the risk of plantar ulceration. 
Materials and Methods ISO diabetic patients with 'at-risk' feet were 
provided with special footwear and orthotic therapy. All were randomly 
allocated either orthoses which provided plantar cushioning or increased 
plantar surface contact area. The costs of the interventions were noted and 
SF 36 measures were ascertained at 3 time points for all trial patients. These 
were compared with measures derived from comparison groups not included 
intheRCr 
Results 97% (115) of the 118 patients completed the stndy with positive 
outcomes. The re-ulceration rate was 2.5% and the overall ulceration rate 
1,69%, Differences in the effectiveness of the two therapies did not reach 
statistical significance. In both groups an overall reduction in lesion surface 
area was achieved, Those allocatcd cushioning presented with a mean 
lesion surface area of 7,6Icm' at entry, and on completion of 2.52 cm': 
those allocated therapy which increased the plantar surface contact area 
presented with lesion surface area of 8,37cm' at entry and 2.97cm' on 
completion. All trial patients demonstrated an improved health status 
whereas the comparison groups deteriorated (P<0,05), The cost of the 
intervention was £502 per patient over the 18 month intervention and 0, I 
additional QAL Y s generated during the first year. Over the lifetime of the 
footwear (two years) the cost per QAL Y ranges from £1,673 to £2,510, 
Conclusions This study provided well-documented evidence on the positive 
effects of orthotic therapy in reducing lesion development in the diabetic 
foot It demonstrated reduced superficial lesion formation (hyperkeratosis) 
and ulceration in a population at high risk at low cost. thus meeting the 
targets of the St Vincent Declaration, It secured significant improvements in 
health statns, 

1165 
ALPHA-LIPOIC ACID IN TilE TR.EATMENT OF DIABETIC NEUROPATHIC 
FOOT. 
Markovich Y,O" Pavlovsky M,P, and Serhiyenko 0,0, 
Lviv Medical Universily, Lviv, Ukraine, 
Ail!'''; To determine whetbc'r lipoic acid (l,A) will reducc oxida live stress in diabetic 
peripheral nerves, improve neuropathy and examine it, effect of diabetic foot 

therapy, ,l\Ifaterials and Methods:, 111c effecls ofthc antioxidant alpha-lipoic acid 
wcre studied in a 2-months f'dndornized trial in 60 non-insulin-dependent diabetic 
patient~ with severe peripberal neuropathy and neuropathic foot who were 
randomly assi!,'11ed to treatment with intravenous infusion of alpha-lipoic acid using 
doses of 600 mg ALA or placebo (PLAC) durirlg 3 weeks and then orally Ute same 
cIt)ses of 600 Il1g ALA or placebo timing 6 weeks, Measuremenl of toot ulcers 
sCluate and volume, neuropathic symptoms (pain, burning, paraesthesiae and 
fmmbncss) were scored at baselinc and tben checked every 2 weeks. Increascd 
nerve lipid peroxidalion, high leveL, of total cholcsterol, apolipoprol.cin (apo-B) of 
IImnan low tlensily lipoprotein (LDL), triglyceride. erG) and depressed enzymes 
activity wcre diagnosed in all of Ihc'tn. Lipid metabolism and erythrocytes 
membrane metabolism changes were observed at baseline state and at the end of 2, 
4,6,8 weeks pcriod, B£!l!!lli At thc mld 0['8'" week period TO and apo-B 0[' LDL 
levels we're decreased more significantly in patients from the I" group, Also, we 
observcd more significantly improve of periphcral neuropathy tcsts. The total 
symptom score (painJ buming; paresthesia) and munbness) in the feel de<"'Teascd 
significantly from baseline to 4" week in ALA 600 mg vs. PI,AC. Eaeh of the Ihm 
individual symptom scores was significantly lower in ALA 600 mg than in PLAC 
after 4 week., (all P < 0,001). AL,,), at the same time, healing processes of ,iiabetic 
fool: ulcers were sigrrificantly better and quicker in ALA 600 mg lban irl ['LAC (1' < 
0,05). £,'!.'!£!!!!!.ms: This study suggests tllal trealmc'tlt with alpha-lipoic acid is 
etlective in reducing symptoms of diabetic peripheral neuropathy and significanlly 
improves healing processes of foot ulcers in nnn··insnlin-dependent diabetic 
paticnts, 
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INTEREST OF HYPERBARIC OXYGEN THERAPY IN THE TREATMENT 
OF CHRONIC DIABETIC FOOT ULCER: A RANDOMIZED STUDY 
L. Kesslerl

, P. Bilbaue, D. Stephan3
, R. Meyer), F. Ortega\ V. Legaludec ', 

F, Schneider', J.D. Tempe' and M, Pingee, lService d'Endocrinologie, 'Service 
de Reanimation Medicale, 3Service des MaladiesVasculaires, Strasbourg, France 
Hyperbaric oxygen therapy (HBOT) decreases the major amputation in diabetic 
patients with severe gangrenous foot, Stimulating both angiogenesis and fibroblastic 
proliferation, HBOT is of interest in the treatment of diabetic foot. The aim of the 
present stndy is to evaluate the influence of HBOT on the healing delay of chronic 
diabetic foot ulcer, Patients and Methods: this prospective randomized study 
concerns the type I and 2 diabetic patients with chronic foot ulcers (Wagner grade I, 
II, III) for at least 3 months, Theses ulcers are characterized by the absence r:i 
favourable evolution despite a satisfactory metabolic, infectious, podologic and 
vascular controL Two sessions of 90 min/day (O,~IOO%; 25 absolute atmosphere) 
are performed during 2 weeks in the group randomized for HBOT, After one month, 
the size (area and depth) of ulcer is measured using a standardized photography of the 
wound associated to magnetic resonance imaging, The favourable evolution is 

defined as a reduction of at least 30% of the wound size. Results: March 1",1998, 
20 patients are included in this study, 12 diabetics receive HBOT (sex ratio~ 7/5, 
aged~ 64,8±125 years, diabetes duration~185±6,6years). 90% of these patients are 
type 2 diabetics and exhibite neuropathy and arteriopathy respectively in 100% and 
80% of the cases, The control group are composed of 8 diabetic patients (sex 
ratio=4/4, aged~ 55.3±1 1,7 years) comparable to the HBOT group, The evolution 
is favourable in 75% of the patients in the HBOT group versus 50% in the control 
group, Osteitis is present in both HBOT and control group respectively in 40% and 
14% of the cases, Neither adverse effect nor complication are observed, Two patients 
stoppe their treatment respectively after 10 and 15 HBOT sessions. Conclusion: 
HBOT seems to accelarate the healing of chronic diabetic foot ulcer. To confirme 
HBOT efficiency, multicentric stndies with more patients are required, 
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Economics of a New Treatment for Diabetic Foot Ulcers: 

The Cost-Effectiveness ofBecaplermin in Sweden 
M Willis. U. Persson .. and K Odegaard 

The Swedish Institute for Health Economics, 22002 Lund, Sweden 
Introduction: Treating diabetic foot ulcers is costly, especially when non-healing 
wounds lead to amputation. Becaplermin, a new recombinaot human growth factor, 
has shown an ability to increase the rate of complete ulcer closure in many patients. 
Becaplennin treatment, hence, has the potential to save costs associated with long 
healing times and with amputations. 
Objective: Compare becaplennin treatment with "usual" ulcer care in Sweden to 
assess its economic profile. Specifically, we ask whether becaplennin therapy is cost 
saving relative to usual care. If the answer is no, becaplermin can still be 
economically worthwhile. We ask secondari1y, then, whether becaplennin treatment 
is a cost-effective use of resources. 
Methods: This is a modeling study. We develop a Markov computer simulation 
model based on epidemiological parameters taken from a U.S. study, cost data taken 
from several Swedish studies and price lists, and treatment efficacy taken from an 
RCT. We measure the hypothetical number of days that patients in a diabetic cohort 
have foot ulcers and the associated treatment costs. 
Results: Using conservative assumptions, we find that savings from avoided 
treatment fully compensate for the price of Becaplennin after one year (see table 
below). The primary area for savings is the reduced consumption of outpatient 
services (mostly related to changing dressings). In contrast to many other countries, 
many of these dressing changes are done by visiting nurses in Sweden. Consequently, 
one should be cautious in applying this result to countries where these conditions do 
not apply. This work is supported by Johnson & Johnson. 

1 Y C - ear fU aI B osts 0 su vs. . C f F U1 ecaplennm are or oot . S d ($ cers III we en 1996 

Usual Care Becaplennin Difference 
Outpatient 9,292 7,654 -1,638 
InpatientIHome Help 9,678 9,184 -494 
Becaplennin -- 1,912 +1,912 
Total 18,970 18,750 -220 
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THE EFFECT OF SULODEXIDE ON MICROCIRCULATION AND 
NEURAL CONDUCTION IN THE DIABETIC FOOT SYNDROME 
T. Koblik, 1. Sieraclzki, R. Sendur, J. Biernat, E. Gryz, A. Szczudlik, 
W. Pawlik 
Department of Metabolic Diseases, Department of Experimental Physiology, 
Department of Neurology, Jagiellonian University, Krak6w, Poland 

Ulcerations in the course of the diabetic foot syndrome are induced by 
neuropathic, vascular and mechanical factors. Attempts have been made to use 
various agents improving microcirculation. 
Aim. The purpose of the study was tu evaluate the usefulness of Sulodexide in the 
treatment of diabetic foot based upon: 
- its effect on microcirculation 
- its effect on neuropathy assessed from the neural conduction velocity. 
Material and Metbods. The study was conducted in two groups - 12 and 6 
patients with type 1 and type 2 diabetes combined with advanced neuropathy and 
ulcerations. The 12 patients had been given insulin plus Sulodexide for a mean of 8 
weeks; tbe 6 patients received the same treatment but without Sulodexide. In each 
patient we analyzed hyperemia at rest and reactive byperemia (using a laser
Doppler flowmeter) at 30 and 60 s after arterial occlusion as well as the neural 
conduction velocity. 
Results. Rednced reactive hyperemia at 30 and 60 s after occlusion was observed 
in the feet with ulceration as compared to the feet without ulceration. After 60 sec. 
occlusion higher increase percent of LDF (laser Doppler flow) in group with 
insulin + sulodexyd in comparison to insulin + placebo was observed (218 +/-
26.4% and 164+/-15.4% respectively, p = 0.013). No improvement of the neural 
conduction was observed in either group throughout the 8-week treatment. 
Conclusion. Both improved metabolic normalization in diabetes and Sulodexide 
have beneficial effects on reactive hyperemia in the diabetic foot. In those 
receiving Sulodexide the improvement was statistically significant. 

1169 
THE EFFICACY OF INJECTING LIQUID SILICONE IN THE DIABETIC 
FOOT; A TWO YEAR FOLLOW-UP. 
'e.H.M. van Schie, 'A. Whalley, 'L. Vileikyte, 'T. Wignall, 2S. Hollis and 

'A.J.M. Boulton. 'Department of Medicine, Manchester Royal Infirmary, 
Manchester. 2Medical Statistics Unit, Lancaster University, UK. 
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Aims: A 24 month follow-up of diabetic patients who completed the first 
randomised double-blind placebo controlled trial (of 12 months duration) of the 

efficacy of injecting liquid silicone in the foot is reported. Methods: In 28 

neuropathic diabetic patients without peripheral vascular disease, a total of 
1.2 m1liquid silicone or an equal volume of saline (placebo) was injected under 

metatarsal head areas with callus. Results: At 12 months the plantar tissue 
thickness (measured by weightbearing ukrasound) had increased by 1.3 mm in 
the active treatment group compared to the placebo group (0.2 mm) (silicone vs 
placebo; p<O.OOOOI), plantar pressures (by pedobarography) were reduced 
(-2.2 vs 1.2 kg/cm') (silicone vs placebo; p<0.05), and there was a greater 

proportion of patients with a reduction in callus formation (69% vs 45%) 
(silicone vs placebo; p<0.003). At 24 months sixteen patients were re-assessed: 
the plantar tissue thickness was still increased in the active treatment group 
(0.9 mm vs -0.8 mm) (silicone vs placebo; p<0.003), and callus had completely 
disappeared in 9 (out of23) silicone treated sites. However, there was no 
difference in plantar pressure between the two groups (-0.3 8 vs -0.72 kg/cm2) 
(ns). Conclusions: Thus, the great improvement at 12 months after injection of 

silicone was reduced at 24 months, suggesting that intermittent booster 

injections may be required in certain high risk feet. It is possible that further 
atrophy of the plantar fat pads may explain the results seen at certain sites. 

1171 
MANAGEMENT OF THE NECROTIZING DIABETIC FOOT INFECTION 
R.M. Parhimovich, V.T.Krivikhin, V.V. Osokin, V.Ja. Shenshin. Moscow 
Regional Laser Surgery Center and Regional Research Clinical Institute 
AIM. To find more efficient and cost-effective management of necrotizing 
diabetic foot (DF) infection METHODS. Three groups of NIDDM patients 
(age 48-82 years) with grade 2-4 of foot lesion (after Wagner) were studied: 1) 
In control group (n=S7) traditional surgical debridement (SD) was applied; 2) 
In group 2 (n=40) surgical (35 Watt) C02-laser "Scalpel-! or -3" (Russia) was 
used for SD with following wound irradiation by non-focused laser beam (up 
to 30 Watt/cm2), and then on days 2 and 3 intravenous laser irradiation of 
blood using helium-neon laser (0.5 Watt during 30 min); 3) In group 3 (n=30) 
lasers were used, like in group 2, plus i.m.injection 100-200 mgld of MEXIDOL 
were utilizcd on days 4-8 after SD. Mexidol (Russia) is 3-oxipyridin derivative 
and is used as antioxidant and antiaggregant. There were 500/0 neuropathic 
foot, 50% 

- neuroischemic in each group. All patients received adequate 
insulin and antibiotic therapy. The wound healing and infection eradication 
rates were evaluated. The foot microcirculation was assessed by laser Doppler 
nuxmetry. The degree of oxidative stress was evaluated by measurement of 
malonyl-dialdehyde (MDA) and ceruloplasmin (Cer) level and blood activity of 
xanthine oxidase (XO), GSH-peroxidase(PER) and catalase (Cat). RESULTS. 
The wound bacterial flora estimated on days 2-3 after SD: 10 - 100 millions of 
bacteria were found in I g oftissue in group I and only 100-0 - in groups 2 and 
3. Complex index of microcirculation increased 2.8-fold in group 2 and 4-fold 
in group 3 on daysI4-21. MDA and XO levels were half as much in group 3 
compared to group 1 on days 8-14. PER, Cer, Cat activity increased 1.9, 1.5, 
2.S-fold, respectively in group 1-3. The granulation and epithelialisation began 
on days 3 and 5 in group 3 and on days 7.4 and 9 In group 1. The number of 
repeated surgical interventions decreased. Complete restoration of foot 
function was evident in 4.8, 17.8 and 30.0%, respectively in groups 1-3. Above
knee amputations were performed in 13, 5 and only in 3 patients of groups 1-
3, respectively. THUS, addition of SD by laser, intravenous laser irradiation of 
blood and mexidol to management protocol of DF infection significantly 
accelerate bacterial eradication and wound healing rate, improve 
microcirculation and antioxidative defence. Such protocol is the cost-effective 
way of improving of the outcomes of the lesions in DF infection. 
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Diabetic Foot - Microbiology 
and General Features 
1172 
Gram-stain for Diabetic Foot Infections: Relevant, Reliable or Relic? 

H.C. NGUYEN, D.G. ARMSTRONG, S. HADI, L.B. HARKLESS, AND B.A. 
LIPSKY. DEPARTMENT OF ORmOPAEDICS, THE UNIVERSITY OF 
TEXAS HEALTH SCIENCE CENTER, SAN ANTONIO, TEXAS AND 
DEPARTMENT OF MEDICINE, UNIVERSITY OF WASHINGTON SCHOOL 
OF MEDICINE AND VETERANS AFFAIRS PUGET SOUND HEALm CARE 
SYSTEM, SEATTLE, WASHINGTON, USA 

Aims: The purpose of this manuscript was to identify the prevalence of 
correlation between Gram's stain and final deep tissue cultures in diabetic foot 
infections. Materials aod Methods: We abstracted data from 100 consecutive 
subjects, 78% male with a mean age of 49.3 ± 11.1 years, admitted to a 
university teaching institution for operative debridement of an infected diabetic 
foot. All Gram's stains and cultures were secured intraoperatively and 
simultaneously from the same anatomic location. Twenty percent of isolates 
were secured from bone, 54% from soft tissue, and 26% from exudate deep 
within an abscess. All microbiological assessment was performed within the 
same laboratory. Results: Of 100 consecutive culture results, a total of 66% of 
Gram stains reported fewer organisms than the fmal culture and 17% reported 
more organisms than the fmal culture. In 48% of cases, the Gram stains did not 
correlate with the final culture in terms of gross Gram positive/Gram negative 
characteristics. There was not a significant difference between prevalence of 
correlation whether the fmal cultures grew Gram positive, Gram negative, 
anaerobic, or a combination of these classes of microorganisms. Conclusion: 
We conclude that in a majority of cases, the Gram's stain may provide an 
incomplete or inaccurate picture of the actual growth of microbes existent in the 
infected diabetic foot wound. Furthermore, in a stepwise approach to treatment 
of these infections, which often consists of broad-spectrum empiric followed by 
culture-directed narrow-spectrum antibiotic therapy, the Gram's stain is of 
limited value and may not be a cost-effective implement. 

1174 
ANTIMICROBIAL THERAPY WITHOUT SUSCEPTIBILITY PATTERNS IN 
DIABETIC FOOT INFECTIONS? 
R. Landgraf', F.X. Hierl1

, B. Orabein2
, M. Bachmannl

, S. SchmauSl and R. Lohr1 

Diabetes Center, Department of Internal Medicine l
, Department of Microbioiogl, 

University of Munich, Germany 
Aims: Soft tissue and bone infections in lower limbs are severe diabetic 
complications with a high impact on quality of life and the sozioeconomic system. 
Very often patients with these problems are not treated at all or are treated 
insufficiently. Recent studies investigated the most common isolates from wounds 
in diabetic patients and the sufficient antimicrobial therapy. However there are no 
clear recommendations as to whether bacterial analysis of the wound should always 
be performed prior to antibiotic therapy. We investigated therefore typical isolates in 
different wound stages ( Classification of Wagner ). Material and Methods: 
Retrospectively 111 cultered swabs from 86 patients from 1996 to 1998 were 
evaluated. Results: Altogether 20 I organisms could be isolated. The most common 
isolate was Staph. aureus (n=39 /19,4%) followed by Coag. Staph. (n=32 / 15,9%), 
Enterococcus (n=18 / 8,9%), Streptococcus (n=15 / 7,5%), Corynebacteriacae (n=12 
/5,9%), followed by gram-negative bacteria like Pseudomonas aeruginosa (n=12 / 
5,9%), E.coli (n=1O / 5%), Klebsiella and Proteus (n=8 / 4%each), 
Stenotrophomonas maltophiliae (n=3 /1,5%), other Enterobacteriacae (n= 7 /3.5%) 
and anaerobic organisms like Peptostreptococcus (n=7 / 3,5%) and Bacteroides (n=2 
/ 1 %) of patients with lesions. There was a median of 2.45 isolates per wound (range 
0-8). In Wagner stage 2 (n=17 patients) were 81% gram-positive isolates, 19% 
gram-negative, no anaerobic bacteria, in Wagner stage 3 (n=46 patients) 54% gram
positive, 32% gram-negative and 14% anaerobes and in Wagner stage 4 (n=22 
patients) 46% gram-positive, 40% gram-negative and 14% anaerobes were isolated. 
There was no patient with Wagner stage 5 and only one patient with Wagner stage 1. 
According to the susceptibility patterns most patients ( > 85%) received ofioxacin, 
ciprofioxacin, clindamycin or amoxicillinlclavulanic acid. Only in less than 5% 
multiresistant bacteria were present. Conclusion: We suggest that these data are 
sufficient for an immediate blind antimicrobial treatment. Especially in Wagner 
stages I - 3 without suspected osteomyelitis or systemic infection expensive and 
often inadequate performed swabs are waste of time and resources. Local wound 
care, longterm antibiotics and improved patient care are the most important 
measures in diabetic foot infections. 

1173 
METHICILLIN RESISTANT STAPHYLOCOCCUS AUREUS: AN 
INCREASING PROBLEM IN A DIABETIC FOOT CLINIC 
E.B. Jude, N. Tentolouris, I. Smimov, E.A. Knowles and A.J.M. Bouhon, 
Diabetic Foot Clinic, Manchester Royal Infirmary, Manchester, UK 
Aim: To study the prevalence of pathogenic organisms, as well as the 
prevalence and outcome of methicillin-resistant staphylococcus aureus 
(MRSA) infected diabetic foot ulcers. Methods: A retrospective analysis 
of wound swabs perfonned in infected diabetic foot ulcers. Patients were 
selected from an out-patient diabetic foot clinic. Seventy-five patients (79 
ulcers) with positive wound swabs were included in the study. Size of 
ulcers and time to healing, in particular MRSA infected ulcers, were 
measured in all patients. Results: Gram-positive aerobic bacteria were the 
commonest micro-organism isolated (56.7%) followed by Gnun-negative 
aerobic bacteria and anaerobes (29.8% and 13.5% respectively). Of the 
Gram-positive aerobes, Staphylococcus aureus was found most frequently 
and 40% were MRSA. MRSA was isolated more commonly in patients 
treated with antibiotics before the swab was taken compared to those who 
did not receive antibiotics (p = 0.01). Patients whose foot ulcers were 
infected by MRSA had longer healing time than patients whose ulcers 
were infected by methicillin-sensitive Staphylococcus aurens [mean 
(range): 35.4 (19-64) and 17.8 (8-24) weeks respectively, p = 0.03]. 
Conclusion: MRSA infection is common in diabetic foot ulcers and is 
associated with previous antibiotic treatment and prolonged time to 
healing. Further studies are urgently required to assess the need for 
antibiotics in diabetic font ulcers and also to assess the optimum 
therapeutic approach to this increasing problem. 

1175 
BACTERIA IN SUPERFICIAL DIABETIC FOOT ULCERS 
V. Urbani'il'-Rovan' and M.Gubina'. 'University Medical Centre, Dept. 
of Endocrinology; 'Medical Faculty, Institute for Microbiology, 
Ljubljana, Slovenia. 
Aims. Cultures from diabetic foot ulcers usually yield mixed flora 
containing both colonizing bacteria from the surrounding skin and clinicaly 
significant pathogens. Results obtained from deep tissue samples are 
regarded as more reliable. Although systemic and local signs of 
inflammation are often absent in diabetic foot wounds, antibiotic treatment 
has been shown to enhance wound healing. In order to compare the results 
obtained by superficial and deep tissue samples, we studied a group of II 
type 2 diabetics (9 men, 2 women, average age 65.4 years, HbAlc 8%) with 
foot ulcers (duration I month to 3 years). None of the patients had systemic 
signs of inflammation and the laboratory results were within nonnal range 
(WBC 7.40, ESR 37.6, CRP<15). On the X rays, osteitis was shown in I 
patient, and in 2 the x-ray fmdings were suspicious. Methods: swabs were 
taken after rinsing ulcer base and surrounding skin with normal saline. Then 
the ulcer base was flushed with 50% povidone iodine solution and rinsed 
with nonnal saline. Tissue from base of decontaminated ulcer was obtained 
by curetting. All the samples were cultured in aerobic and anaerobic 
conditions. Results: The average number of isolated bacteria from ulcer base 
swab and curettage was 2.45 and 2.72, respectively. The results were 
identical only in 2 cases, while in 4, anaerobes were isolated by curettage in 
addition to the aerobes found also by swabbing. Only in I case, there were 
anaerobes also in the sample obtained by swabbing. All the isolated 
anaerobes were susceptible to metronidazole. The most common aerobic 
isolates were Staphylococci and Streptococci. Conclusion: our analysis has 
proved that anaerobes are often present in diabetic foot ulcers but are not 
readily isolated form superficial samples. Wound curettage is a more 
reliable method in comparison with swabbing and could therefore be 
recommended also for everyday clinical practice. 



1176 
DIABETIC NEUROPATHY AND OSTEOPOROSIS IN THE DIABETIC 
FOOT 
Elizabete Geraldes, D. Rodrigues, L. Pereira, A Domenech, S Paiva, C. 
Baptista, r Martins, P. Leitiio, M Carvalheiro and MMA. Ruas. University 
Hospitalo/Coimbra, Portugal. 
Aims: To correlate Ule bone mass density (BMD) in the calcaneum in patients 
with and wiUlOut neuropaUlic diabetic foot (NDF) Material and Methods: 31 
DM patients were evaluated and divided into two homogeneous groups: one with 
NDF (group I), the other without NDF (group 2). Group I: 15 patients: 12 type 2 
DM and 3 type I DM, 9 male and 6 female mean age 60.6±8.5 yrs. Group 2 :16 
patients, 13 type 2 DM and 3 type I DM, 14 male and 2 female, mean age 
53.2±11.7 yrs. The average of HbAlc, BM!, duration of diabetes and the 
prevalence of the oUlers complications (retinopathy and nephropathy) were also 
evaluated. Bone mass density (BMD) was measured at L2 - L4 vertebral and 
proximal femur by Dual Energy X-Ray Absorptiometry (DEXA) and on the left 
calcaneum by Ultrasonography. Results: in group I the averages were: HbAlc 
(9.1±l.7), BM! (25.3±3.8) and duration ofDM (I3.4±8 yrs). II (73.3 %) patients 
had retinopathy and 3 (20%) had nephropathy. BMD at vertebral. and femur 
were normal in 4 patients (26.7%) moderate degree of osteoporosis in 8 patients 
(53.3%) and osteoporosis in 3 (20%). BMD on the calcaneum was lower in 8 
patients (53.3%) while 7 patients showed normal values (46.6%). In group 2 the 
averages were: HbAlc (9.2±2), BMI (26.3±4.5) and duration of DM (16.8±12 
yrs). 8 patients had retinopathy (50%) and 4 had nephropathy (25%). BMD at 
vertebral and femur were norrnal in 12 patients (75%) and moderate degree of 
osteoporosis in 4 (25%). BMD on the calcaneum was moderately low in 3 
patients (18.7%) and 13 patients had normal values (81.3%). The difference in 
BMD on calcaneum was statistically significant between groups I and 2 (53.3% 
VS 18.7% p='0.022), being Ule higher degree of osteoporosis in the group with 
NDF. Conclusions: Thus we concluded thal peripheral neuropathy could be a 
risk factor for osteoporosis in the diabetic foot. 

1178 
OUTCOME FOLLOWING MAJOR LOWER EXTREMITY 
AMPUTATION FOR DIABETIC AND NON-DIABETIC PERSONS. 
S. NAG, M. BARSOUM, G. LEWIS, N. DUNLOP, V. CONNOLLY, 
R. BILOUS and W. KELLY, Departments of Diabetes & 
Rehabilitation, Middlesbrough General Hospital. 

Aim: To establish the outcome for diabetic and non-diabetic persons for 
mobility, morbidity & mortality following major lower extremity 
amputation (LEA). Methods: Retrospective analysis of six years data 
from rehabilitation centre following major LEA resulting from peripheral 
vascular disease andlor infection. A consultant supervised rehabilitation, 
following the first or only operation. The outcome was graded objectively, 
from normal to unsuitable for prosthesis. Results: 94 diabetic patients 
and 98 non-diabetic arteriopatlls had major lower limb amputations, 
excluding toe and foot operations. Comparing diabetic versus non
diabetic: males 78% v. 650/0, median (range) age at first amputation 67 
(38-86) v. 73 (32-94) years: second amputation needed in 18 v. 7 persons, 
and median (range) interval between amputations 15 (3-57) v. 5 (0-55) 
months. Comparing diabetic and non-diabetics respectively for 
amputation sites were: below knee (BKA) 91 v. 54, above knee (AKA) 19 
v. 56, through knee I v. 2 and through hip I v. 0 (odds ratio 5.35 (95%CI 
2.79-10.34), P <0.0001). Mobility outcome for diabetic v. non-diabetic 
respectively: near normal in 2 v. 0, independent indoor and outdoor 
walking 3 v. I, indoor and outdoor walking with aids 30 v. 18, 
independent indoor walking only in 22 v. 21, wearing prosthesis ouly for 
transfer or to assist nursing in 22 v. 9, cosmetic use only in 5 and 19, v. 
no prosthesis due to severe illness or death in 10 v. 30 respectively (chi' 
for trend 18.4, p<0.001). Deaths during six years were 45 (48%) in 
diabetic and 51 (47%) in non-diabetic patients. Conclusions: The high 
mortality in both groups probably reflects the consequences of severe 
generalised vascular disease. Persons with diabetes were more likely than 
other arteriopaths to have BKA and to require further amputations. 

1177 
Mortality in Diabetic Foot Patients: Major Difference 
between Ischaemic and Neuropathic Patients 

D. Anagnostopoulos, A.Y.M. Foster, M. Bates, M Doxford, S. Wilson and 
M.E. Edmonds (Diabetic Department, King's College Hospital, London) 

There is an increased mortality associated with diabetic foot ulcers but the 
cause is unknown. This study shows that there is a major difference in the 
survival of patients with ischaemic foot ulceration compared with 
neuropathic foot ulceration. We reviewed the 5-year survival of 191 patients 
presenting to the Diabetic Foot Clinic in November and December 1993. 
Ninety four patients presented with ischaemic foot ulceration (Ankle
brachial pressure index <1.0) and 97 with neuropathic foot ulceration. The 
mean age was 69.6 ± 9.3 years Mean ± SD in the ischaemic patients and 
61.5 ± 12.5 years in the neuropathic patients (p<O.OI). The 5-year mortality 
was considerably increased in the ischaemic patients, 44/97 (45%) compared 
with 20/94 (21%) in the neuropathic patients (p<O.OOI). The mean age of 
death was 74.6 ± 10.7 years in the ischaemic patients compared with 67.4 ± 
13.3 years in the neuropathic patients (p<0.05). 

In a prospective study of 52 patients with ischaemic ulcers and 57 with 
neuropathic ulcers serum total cholesterol was 5.24±1.3I v 
4.99±1.I2mmolfL respectively ns, LDL cholesterol was 3.03±O.82 v 
2.68±0.63 mmolfL respectively p<O.05, and fibrinogen 4.67±1.13 v 
4 .41± 1.16 gIL respectively ns. 

In conclusion, survival of diabetic foot patients is strongly influenced by 
clinical presentation. Ischaemic foot ulcer patients have twice the mortality 
rate of the neuropathic foot patients with significantly raised LDL 
cholesteroL 

1179 
DIABETIC FEET ARE BROADER THAN NORMAL FOOTWEAR 
E,Chantelau, A,Gede, Diabetes-Fugambulanz MNR
Klinik Heinrich-Heine Univ, Dusseldorf/Germany 

Aim: to measure the dimensions (lenght, width) 
of the feet of 568 diabetic patients (229 women 
mean (SD) age 64 (19)years)with neuropathy.Feet 
with Charcot-fractures and other deformities 
were excluded, Methods:a rectangular automatic 
measuring frame (WMS, PFI Pirmasens, Germany) 
was used, indicating foot length and width in 
mm, and the length-derived shoe size in French 
numbers 35 to 46,Foot dimensions were compared 
to shoe dimensions as found in industry stand
ard tables (Fagus Co, Alfeld,Germany) ,ranking 
shoe-widths from class F (small), to classes 
G, H, I, K, L, M (extremely large, not avail
able for normal footwear)by shoe-number.Class 
G is the commonest width of normal footwear 
of any number, Results: foot lengths varied 
between 228 mm (= shoe number 35) and 297 mm 
(= shoe number 46), Only 10(13)% of male and 
11(9)% of female feet fitted width G, In men 
/women,the mean % prevalence of foot widths 
over all shoe numbers was F:11(7)/6(6) ;G: 10 
(13)/11(9); H:15(7)/13(5); I:l4(7)/20(7); K: 
14(8)/13(4); L: 12(6)/10(5); M: 12(7)/9(7); 
>M: 13(7)/9(4) ,Conclusion: most diabetic feet 
were broader than shoe width G,and even broa
der than width H (extra-large) .Here is one of 
the causes, why (normal) footwear contributes 
so much to injuries of the diabetic foot:it 
simply is too narrow. 
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1180 
Laterality of Diabetic Foot Ulceration. Fact or Fiction? 
D. Sharmao, D. O'HaIloran, C. Best, D. Cavan and D. Kerr. 
~oumemouth J2iabetes and ~ndocrine !;eotre, Royal Boumemouth Hospital, UK. 

Aims Diabetic foot ulcers are common and carry eoonnous social, psycbological and 
financial costs. Recently it has been suggested that withio the diabetic population 
amputations occur 4 times more commouly in the right lower limb compared to the. 
left side. Such laterality could be a consequence of abnormal pressure loading on that 
side, onto an 'at-risk' foot. If this true, ulceration would be expected to be more 
common on the right side. 

Methods 51 consecutive diabetic patieots with active lower limb ulceration were 
examined according a standard protocol including Doppler measuremeot of ABPI' s 
and assessment of peripheral neuropathy using Semmes-Weinstein monofiJaments. 

Results (mean±SD) 
Age 
Gender 
Type of diabetes 
Duration of diabetes 
Causative factor 

Side 

69±13 years 
19 men 
8 type 1 
17±13 years 
Neuropathy 
Vasculopathy 
Mixed 
Left 
Right 
Both 

25151 
10151 
16151 
20/51 
25151 
6/51 

(49%) 
(20%) 
(31%) 
(39%) 
(49%) 
(12%) 

Conclusion Laterality is not a factor in the aetiology of diabetic foot ulceration. 
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Retinopathy - Screening 
and Prevalence 
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PARTNERSHIPS IN CARE - DIABETIC RETINOPATHY 
SCREENING FOR THE NEW MILLENIUM 
S CORCORAN, J MANSELL, L PffiWORTH and H TINDALL 
Department of Diabetes, North Middlesex Hospital, London, UK. 
Diabetic retinopathy is the commonest cause of visual handicap in the 
UK. The aims of the study were to assess the impact of developing a 
retinopathy screening programme for patients whose care was 
supervised solely by their GP and who were not routinely receiving 
annual dilated fundoscopy. Patients without significant retinopathy 
would then be referred to an Accredited Optometrist for prompted 
annual review. Patients and Methods: Patients were referred from 
local GP's for screening. Results: To date 1166 patients have been 
screened. The median (range) age of patients was 68.4 (31-90) 
years. 65% had no retinopathy. Abnormalities included: 
mild/moderate retinopathy 143 (12%), significant retinopathy 96 
(8%), cataracts 105 (9%), glaucoma 34 (3%), other conditions 
(mainly ARMD) 35(3%). 187 (16%) patients needed referral to a 
specialist ophthalmologist for: significant retinopathy (96), glaucoma 
(34), cataracts (57). Patients with significant retinopathy comprised 
38% white, 11% black Caribbean, 29% Greek and Turkish Cypriot, 
21% Asian subcontinent and 1% other. Conclusions: These results 
indicate there is a high level of undiagnosed but treatable retinopathy 
in patients supervised solely within General Practice. More than 50% 
of patients with retinopathy came from ethnic minority groups. 
Recommendations: Pre-screening patients prior to referring them to 
prompted Accredited Optometrists is recommended not only to 
target patients from ethnic minority groups but also to enable them to 
be 'fast tracked' to a specialist Ophthalmologist. 

1181 
HAND SEPSIS IN AN ADULT, TANZANIAN, DIABETIC POPULATION. 
Z. G. Abbas, J. Lutale, G. V. Gill, W. R. Jarvis, and L. K. Archibald. Muhimbili 
University College of Health Sciences, Dar es Salaam, Tanzania; Liverpool School of 
Tropical Medicine, Liverpool, UK; and CDC, Atlanta, GA, USA. 
Background: Hand infections in patients with diabetes (DM) in sub-Saharan Africa 
have not been adequately documented. However, published data suggest that 
morbidity and mortality in diabetic patients that are hospitalized with hand sepsis 
could be very high. 
Aims: To (I) characterize the epidemiology and clinical characteristics of hand sepsis 
in an adult diabetic population; (2) document risk factors associated with hand 
infections. 
Methods: Consecutive patients attending a diabetic clinic during 6/98-2/99 (study 
period) were evaluated for hand infections. A case-patient was defined as any diabetic 
patient with signs of cellulitis, ulceration, or gangrene in the hand. Control-patients 
were randomly chosen diabetic patients with no history of hand symptoms. Case- and 
control-patients were matched by age and sex. Details of history included information 
on demographics, type and duration of DM, family history of DM, precipitating 
causes, such as trauma or insect stings, underlying risk factors, such as alcohol and 
tobacco use, and occupation. Each patient underwent a physical examination that 
included evaluation for the presence of peripheral neuropathy (PN), microvascular and 
peripheral vascular disease, and evaluation of hands for sepsis and ulceration. Data 
were entered in a standardized questionnaire. 
Results: During the study period, 19 patients met the case-definition; 57 control
patients were identified. The median age of case-patients was 51 (range 28-76) years; 
56% were female. Eight (42%) case-patients were housewives. Precipitating causes 
included boils (n=5), innocuous looking papules (n=2), burns (n=2), or trauma (n=2). 
Case- and control-patients were similar for region of residence, presence of micro and 
macrovascular disease, and alcohol or tobacco use. Compared with control-patients, 
however, case-patients had a significantly lower median body mass index (23 vs. 28, P 
<0.01), a higher median duration ofDM (72 vs. 21 months, p <0.05), and were more 
likely to have PN (p <0.05), to be on insulin (p <0.01), or to have a family history of 
DM (p <0.05). Seven (37%) case-patients underwent incision and drainage, 4 (21%) 
required amputation, and 4 (21 %) died from overwhelming sepsis. 
Conclusions: Hand infections in diabetic patients are always serious and should be 
treated aggressively. Improperly treated hand infections can lead to disability, limb 
amputation, or death. Diabetic patients should be educated on proper hand care and 
the importance of consulting a doctor during the early stages of hand-associated 
problems. 

1183 
TELEMEDIClNE FOR DIABETIC RETINOPATHY IN JUVENILE 
DIABETES USING A STANDARD 9-FIELD FUNDUS PHOTOGRAPHY 
H.Terada, rShiba, N.Utugi, rUtugi, RNagai and H.Sekihara: Yokohama 
City University, Mitsui Memorial Hospital and Gunma University, Japan 
Aims: To evaluate a new standard 9-field non-mydriatic fundus 
photographing system for diabetic retinopathy in children by telemedicine. 
Methods: 9 internal fixation targets were newly installed to the non
mydriatic fundus camera (TRC-NW5S, TOPCON, Japan). Nine 45" multi
field fundus photos were taken in 81 children (l4.5±3.lyrs, HbAIC 7.9± 
1.3%) during the summer camp at the rural area of Japan and stored as 
digital images. Images were edited in 3x3 form on a personal computer and 
sent to ophthalmologists resided about 200km away through the internet for 
the diagnosis on the monitor(M). The central field was printed out as 
conventional fundus photo (C) and compared (quality(Q): evaluated in 5 
grades;5.full). Results: 9-field photographs could be taken in 76(94%) 
IDDM children on both eyes. Of 5 patients who could not follow 9 targets, 
4 had no patience and I was mentally retarded. On average, 176±73sec. 
was needed for taking a series of 9 fundus photos and 74 ± 7 sec. for sending 
one 3x3 image (average size: 243±22kb) through the internet. The average 
pupil size was 5.8±0.7 mm. Q was significantly better on M(4.9±0.3) than 
on C(4.7±0.6)(p<O.005) in one doctor. In 141/152(93%) eyes, agreement 
among the doctors was made about the absence of retinopathy. II eyes were 
diagnosed as simple retinopathy both on C and M. The percentages of 
agreement in the diagnosis by 2 out of 3 ophthalmologists tended to be 
higher on M (7111(64%) eyes) than on C(3/11(27%)Xp=O.087). At the 
peripheral fundus area on the monitor, two retinal holes were diagnosed and 
quick referral to the ophthalmologist was made. Conclusion.: A new 
system, the standard 9-field non-mydriatic fundus photography and 
transmission of retinal images through the internet, was applicable to 
screening of retinopathy in juvenile diabetes, especially at the rural areas. 
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SCREENING FOR PATIENTS WITH RETINOPATHY AND POOR DIABETES 
CONTROL - JELAS I AND II, AN INTERVENTION-TRIAL IN 380 PATIENTS 

R. Schiel, M. Blum", U.A. Muller, J. Strobel" and K. Hdffken, Univ. of Jena Med. 
School, Dept. of Internal Medicine II and "Dept. for Ophthalmology, Jena, Germany 
In many European countries diabetic retinopathy is a major cause of blindness. 
Most retinopathic blindness is preventable by early laser therapy and improvement 
of diabetes control. During the first 3 months of 1997 we assessed in a cross
sectional study (JELAS I) all diabetic patients (n=216) attending the ophthalmologic 
out-patient department for laser therapy of our clinic. HbA1c-values (HPLC, 
Diamat®, normal range 4.4-5.9%) above 7.5% were found in 88% (21124) of the 
patients with type 1 and in 82% (1571192) of the patients with type 2 diabetes. In a 
feasibility-study a standardized letter was sent to the primary care physicians of all 
the patients with HbA1c-values higher than 10% (type 112: n=11152). These letters 
included the informations about patients' actual HbA 1 c-value, the importance of 
good quality of diabetes care to prevent the progression of retinopathy and options 
to improve quality of diabetes control. One year after this intervention all the 
patients were re-examined and HbA1c was measured: An improvement of diabetes 
control was found in 35% of the patients. Following the faesibility-study the JELAS 
II-trial was started in 1998: Again, all the patients (n=164) successively attending 
the ophthalmologic out-patient department for laser therapy were investigated. 
HbA1c-values higher than 9% were found in 8/20 of the patients (40%) with type 1 
and in 61/144 of the patients (54%) with type 2 diabetes. Now, the standardized 
letter was not only sent to the primary care physicians but also to the patients: This 
increased the intervention rate to 55% (p<0.05) up to the time of re-examination of 
all the patients one year later. Conclusions: The ophthalmologic department is a 
possible link to the internal medicine: Here, with a small screening programme 
patients with poorly controlled diabetes must be identified. For many patients with 
severe retinopathy, this is the last chance to avoid a further loss of visual acuity and 
blindness. Efforts to improve diabetes control must be started in cooperation with 
the patients, primary care phYSicians and diabetologists. 

1186 
IF THERE IS NO DIABETIC RETINOPATHY PRESENT, COULD 
THE SCREENING INTERVAL BE INCREASED TO TWO YEARS? 
R.E.J. RYDER, F.M. RAZVI, W. ILLAID, S.L. JONES and K.G. 
TAYLOR. City Hospital, Dudley Road, Binningham, England 
Aims: One year is traditionally recommended as the diabetic retinopathy 
(DR) screening interval, although there is little data to support this. As 
there are resource implications we aimed to investigate the need for this 
time interval. Methods: Information from the diabetic database from 
Jan.I993 to Nov.1998 was analysed. The data were collected using 
ophthalmoscopy combined with Polaroid photography (dual modality eye 
screening). A modification of standard European criteria for referral to an 
ophthalmologist were used. Results: Full eye data were available on 6676 
visit sessions. 3959 (59.3%) records were documented as having no DR 
and 764 (11.4%) were referred to an ophthalmologist. A total of 22 
patients required referral for DR, after documented no DR on the previous 
eye screening. Of these 22 patients, 4 (17.4%) had a screening interval of < 
12 months (range 6-12), 5 (20.8%) between 12 -24 months (range 14-18) 
and 13 (54%) > 24 months (range 24-53). Of the 22 referred, I received 
laser treatment for proliferative DR (PDR), 6 had ntild to moderate non 
proliferative DR(NPDR), 4 had background DR(BDR), 5 did not 
attend(DNA), 3 are still to be seen and in 3 cases no referral letter was 
received. Reviewing the 4 patients with screening interval of < 12 months, 
I developed PDR at 6 months and received laser treatment, 2 had NPDR 
requiring no treatment and I ntild NPDR DNA. Of the 5 screened between 
12-24 months, 2 had mild NPDR, 2 BDR and I with ntild NPDR at 
referral DNA. Conclusion: The incidence of sight threatening DR within 
24 months after documented no DR on dual modality screening was 1 in 
every 3959 cases examined. Thus if this sensitive screening method shows 
no DR, a screening interval of 24 months is acceptable in the vast majority 
of cases. 

1185 
ORAL FLUORESCEIN ANGIOGRAPHY AS AN ADDITIONAL TOOL IN 
DIABETIC RETINOPATHY SCREENING. 
F.M. Razvi, E.E. Kritzinger, K. Taylor, S. Jones and R.E.J. Ryder. Department of 
Diabetes, City Hospital and Birmingham Midland Eye Centre, Binningham, UK. 
Aims: To assess the feasibility of using oral fluorescein angiography to detect 
macular oedema as part of the diabetic retinopathy screening process in the hope 
that by doing this we can greatly reduce the number of referrals to an 
ophthalmologist. Materials and Methods: The patients were a consecutive series 
of patients who should be referred to an ophthalmologist according to the standard 
European referral criteria, in particular haemorrhages or hard exudates within one 
disc diameter of the macula during screening using retinal photography combined 
with ophthalmoscopy. Oral fluorescein sodium at 25mgikg in capsule form was 
administered followed by posterior pole photographs using a Topcon Image Net 
taken at the start and then at 15 minute intervals for one hour. Presence or absence 
of oedema at or near the macula was assessed on the fluorescein image. Side 
effects during or after dye administration were noted and quality of image graded 
according to degree of fluorescence. All patients also underwent slit lamp 
bionticroscopy by an experienced ophthalmologist (EEK) who was blind to the 
results of the oral fluorescein assessment. The retinopathy was graded including 
presence or absence of clinically significant macular oedema (CSMO). Results: 
22 patients have had the investigation to date. 4/22 (18%) patients had dye leakage 
suggesting macula oedema on oral fluorescein angiography and of these 2 had 
CSMO on slit lamp assessment and received laser treatment. None of the other 
patients had CSMO. 8 were kept under ophthalmological follow up for 
maculopathy without oedema and 12 were discharged. 1 patient experienced rash 
and urticaria which subsided on adntinistration of an oral antihistantine. Only I 
case had insufficient fluorescence and therefore an inconclusive angiography test. 
Conclusion: These data raise the possibility that oral fluorescein angiography may 
be a safe and reliable method of assessing presence of macular oedema which 
could be used in the screening process to greatly reduce the number of 
unnecessary referrals to ophthalmologists. 
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Successful implementation of screening for diabetic eye disease -
resnlts of the Volkswagen Diabetes Project 
M GriijJer*. V. Jorgens*·, P. Hartmann***, K. Hoffstadt*. ·Central 
research institute for ambulatory health care in Germany, Cologne, 
**Heinrich-Heine University DUsseldorf, ·_·Volkswagen Health In
surance, Wolfsburg, Germany 
1997 Volkswagen health insurance introduced as a model project an 
annual health check for people with diabetes aiming at early detection 
of diabetic complications. It includes screening for diabetic eye dis
ease by ophthalmologists (additional salary for the documentation = 
10 Euros). The patients receive a copy of the results, another copy is 
forwarded for the evaluation, documentation is the prerequisite for 
remuneration. During one year 1.563 patients were screened (257 % 
of60.800 persons insured by Volkswagen in the city of Wolfs burg). 

Results: Age 65.7 ± 8.7 years, years since diagnosis of diabetes 9.9 ± 
7.8, rubeosis iridis 2 eyes, caratact with impairment of vis us 24.4 % of 
eyes, pseudophakia 7.8 %. No retinopathy was diagnosed in 80.9 % of 
eyes, mild forms of retinopathy in 14.1 %, severe retinopathy 3.3 %, 
proliferative retinopathy 1.3 %. Macular edema was diagnosed in 41 
eyes, vitreous hemorrage in II, vitreous traction in 7 eyes. After < 10 
years following diagnosis of diabetes in 90.3 % of eyes no retinopathy 
was diagnosed, after 10-20 years in 68.5 %, after> 20 years in 53 %. 
In only 3.6 % of eyes 20 years after diagnosis of diabetes proliferative 
retinopathy was diagnosed. Laser-coagulation was recommended in 
118 eyes, fluorescein angiography in 17, vitrectomy in 2 eyes. 
Summary: Screening for diabetic eye disease including precise 
documentation was introduced successfully into routine ambulatory 
care. In both types of diabetes we observed a substantially lower 
prevalence of severe forms of retinopathy compared to the literature. 
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PREVALENCE OF DIABETIC RETINOPATHY IN THE HOORN STUDY 
H.A. van Leiden, J.M. Dekker, A.C. Moll, G. Nijpels, C.D.A. Stehouwer, L.M. 
Bouter, R.J. Heine and RC.P. Polak. Institute for Research in Extramural Medicine 
and dep. of Ophthalmology, Vrije Universiteit, Amsterdam, the Netherlands. 
Aims: To compare the prevalence of diabetic retinopathy in the Netherlands among 
different categories of glucose tolerance according to World Health Organisation 
(WHO) and American Diabetes Association (ADA) criteria. 
Materials and Methods: The Hoom study is a population based cohort study of 
glucose tolerance, which started in J 989 among 2484 inhabitants of Hoom, aged 50-
74. A subsample of these participants (n=625) underwent more extensive baseline 
measurements during 1989-92, including fundusscopy and 2-field fundusphotography. 
Prevalence of diabetic retinopathy was determined according to different categories of 
glucose tolerance status defined by the WHO (J 985) and the ADA (1997) criteria. 
Results: Known type 2 diabetics (n=77), using insulin or oral medication for diabetes 
showed a significantly higher prevalence of diabetic retinopathy (33.8%; 95%CI: 28.4 
- 39.2) than the other classes in the table. Among newly diagnosed diabetics according 
to the ADA criteria there was a higher prevalence of diabetic retinopathy. 
Table: percentage diabetic retinopathy (of total number) among categories of glucose 
metabolism' according to WHO and ADA 

class normal tolerance impaired tolerance new diabetes 
WHO criteria < 7.8 fasting and < 7.8 fasting and ::: 7.8 fasting or 

<7.80GTT 7.8-II.IOGTT ::: 11.1 OGTT 
diab. retinopathy 9.8% (285) 14.3% (168) 11.6%(95) 

ADA criteria < 6. I fasting 6.1-7.0 fasting ::: 7.0 fasting 
diab. retinopathy 9.7% (371) 13.4% (97) 17.5% (80) 

combined criteria < 6.1 fasting and 6.1-7.0 fasting and ::: 7.0 fasting or 
<7.80GTT 7.8-11.1 OGTT ::: 1l.l OGTT 

diab. retinopathy 9.8% (256) 11.9% (177) 14.8% (115) 
ConclUSIOns. By lowenng the fastmg cut-offpomt for the d13gnoSlS of diabetes, a 
larger proportion of subjects with diabetic retinopathy is detected. 

1190 
NO REDUCTION OF DIABETES-RELATED BLINDNESS IN THE 
PROVINCE OF TURIN. DID SAINT-VINCENT NOT WORK? 
M.Porta, GB Pietragalla. M Trento. P Passera, M Maurina, M Montanaro, M 
Tomalino and GM Molinatti. Dept. of Internal Medicine, University of Turin, Italy. 
Aims: a permanent observatory was set up to monitor certified blindness in the 
province of Turin, North-West Italy. All case notes compiled in 1954-1997 were 
reviewed to establish the relative weight of diabetic retinopathy (DR) as a cause of 
legal blindess over time. Methods: Sex, age at application for legal benefits, primary 
and secondary causes of bilateral and monolaleral sight loss were collected on an 
Access for Windows® database. Data were grouped with a vicw to milestones in DR 
history: 1954-67 (pre-Iascr). 1968 (Airlie House meeting)-77, 1978 (DR Study)-82, 
1983-87,1988 (reports from Early Treatment of DR Study)-1992 [Saint-Vincent 
Declaration (SVD) screening protocols), 1993-97 (SVD implementation in the area). 
Results: 7550 records wcre available of individuals who had been certified visually 
impaired (1120 vision or less in the best eye). DR was the primary cause of visual loss 
in 793 people (529 womcn) and a secondary cause in another 43. Causes ofbilatcral 
visual loss are shown as percentages of overall blind eople: 

Ye,\l's 54-97 54-67 68-77 78-82 83-87 88-92 93-97 
No. Blind 7550 IGR 1366 693 1329 1737 2253 

Age 66+21 4HI2 59+18 58+24 67+20 67+24 72+19 
CMaract 200% 13.1%1 22.6%, 17.0% 22.2% 22.0% 17.1% 

DR 10.5% 0% 7.5% 9.70/0 10.7% Il.l% 12.8% 

M"ojlia 7.9% 3.0o/r, 6.7% 6.1% 6.8% 9.9% 8.7% 
SMD 6.6!Yo 0% 1.0% 1.0% 3.2% 7.2% 13.6% 
OA 6.2% 13.1% 8.0% 7.9% 7.3% 5.01yo 4.1% 
RP 5.30/0 13.7% 4.7% 5.5% 6.7% 5.0% 4.5% 

SAID-Senile Afae"lar Degellerlll;ml" OA=Opfic AtTl,phy; RP=Retiuitis Pil!me"'(1.~tL 

Of the above people. 3399 wcre totally blInd ($hand movement), 340 (10.0%) from 
DR and similar distributions for other causcs. Conclusions: despite improved 
procedures and instmmcnts for carly diagnosis and treatment. blindness from DR is 
rising in Turin. Ageing and reduced blindness from cataract may playa role but 
inadequate referral chains for photocoagulation are perhaps to blame. More emcient 
ways to screen for and trent DR must be implemented to attain the SVD goals. 

1189 
INCIDENCE OF RETINOPATHY AND RISK FACTORS IN TYPE I DIABETES 
The EURODIAB Prospective Complications Study (PCS) Group 
Royal Free and UCL Medical School, London, UK and 27 European Centres 
Aims: Retinopathy occurs in the majority of patients with type 1 diabetes, but the role 
of several key risk factors is still poorly understood. Materials and methods: We 
calculated the incidence of retinopathy and examined risk factors in a cohort of 1335 
people with type I diabetes, defined as an age at diagnosis <36 years with a need for 
continuous insulin within a year of diagnosis, aged between 15-60 years in Europe and 
with no retinopathy at baseline. Retinal photographs (2 fields per eye) were taken 
according to the standardised EURODIAB protocol, and were graded to a 6 level scale 
at both baseline and follow-up (7.3 years later). Results: Follow-up photographs 
were available from 53% (712/1335) of the original cohort. Baseline distribution of 
retinopathy and risk factors did not differ significantly between those in whom follow
up data were and were not available. Incidence of retinopathy was 56% (95% CI 52, 
60%). Incidence peaked at 15-20 years duration, and declined thereafter. Risk factors 
for incidence included diabetes duration (I J vs 9 years, p=O.OOI). The remaining risk 
factors were aiijusted for diabetes duration, these included: HbA" (7.0% vs 5.6%, 
p=O.OOOI), albumin excretion rate (12.3 vs 10.0 J.lg/min, p=0.007), total cholesterol 
(5.1 vs 5.0 mmolll, p=0.05), fasting triglyceride (0.92 vs 0.79 mmolll, p=0.0004), 
HDL cholesterol (1.54 vs 1.48 mmol/l, p=0.06) and waist hip ratio (0.87 vs 0.83, 
p=0.0002). There was no difference in age or blood pressure at baseline, and although 
the proportion of current smokers in incident cases was higher (33% vs 26%) this was 
not statistically significant (p=0.07). Incidence of retinopathy was positively 
associated with HbA,,; those with an HbA" >5.0 and <5.5% had a risk 1.7 (95% CI 
0.99,2.97, p=0.06) times greater than those with an HbAlc <5.0%. Conclnsions: 
There is no threshold ofHbA" at which retinopathy risk is negligible, and apart from 
glycaemic control, lipids may also be of importance in the aetiology of diabetic 
retinopathy. 

1191 
THE PREVALENCE OF DIABETIC RETINOPATHY IN 

NEWLY DIAGNOSED TYPE 2 DIABETICS 
~ Karadeniz. K. Kar~ldag, N. Din~~ag, i. Satman and M.T. Yllmaz. 
Diabetes Research and Application Unit. Institute for Experimental 
Medicine, and Division of Diabetes, Istanbul Faculty of Medicll1e, 
UIllversity oflstanbul, Istanbul, Turkey. 

Aim: To determine the prevalence of diabetic retinopathy III Type 2 
diabetics with duration of diabetes 0 to 2 years 

Materials and Methods: We studied the records of newly diagnosed 12X9 
Type 2 diabetics (aged 33 to 74 years). Patients with a histor\' of glaucoma 
or uvcltis or of an intraocular surgery were not included into this study. All 
patients underwcnt fundus examination through dilated pupil using binocular 
indirect ophthalmoscope with 20 D lens and slitlamp biomicroscope with 78 

D lens by the same ophthalmologist. The diagnosis of diabetic maculopathy 
was confirmed by fundus fluorescein angiography. 

Results: The prevalence of diabetic retinopathy was 15. I <y., 
Nonproliferativc diabetic retinopathy was diagnosed in 13.0% (1.4% with 
macular involvement), preproliferative diabetic retinopathy in 1.6°;',. 
proliferative diabetic retinopaty in 0.5% of patients. 

Conclusion: Sight threatening retinopathy may be present in newly 

diagnosed Type 2 diabetics because of its insidious onsct.Patients with Type 
2 diabetes should be referred routinely for ophthalmological evaluation at 

the time of diagnosis. 
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1192 
THE STUDY OF VISUAL SYSTEM FUNCTIONALITY IN TYPE 1 DIABETIC PATIENTS 
M. Cervoni, P. Tommasinio, C. Quadrinio, V Demiraj, E. Rispo/io and G. Multari. 
Clinic of Pediatrics and Clinic of OphtalmologyO, University afRame "La Sapienza", Italy. 
Introduction: the visual system functionality was examined through psychophysical 
and objective methods in type I diabetic patients, without retinal and general 
complications due to diabetic pathology. The aim of our study was to search the 
presence of the functional alterations in the visual apparatus singling out, as much as 
possible, the fIrst area interested. Materials and methods: 60 type I diabetic patients 
were studied (average age 16.7+/-5.4) through following inclusion's criteria: no 
clinical evidence of diabetic complications and the absence of the other systemic 
pathologies; visual acuity at least 10/10; the absence of the anterior segment 
alterations; the absence of dioptrics means opacity; the absence of fundus oculi 
alterations examined with biomicroscopy of the posterior pole and the indirect 
dynamic ophtahnoscopy of the periphery; the absence of amblyopia. The selected 
patients underwent: I )the study of the sensibility curve in contrast; 2)the study of the 
Visual Evoked Potentials (VEP) from the pattern televisiv stimulus with three spatial 
frequencies of the stimulus (0.49;1.45;4.37 CfO); 3)the study of the standard 
Electroretinogram (ISCEV); 4)the registration of the Scotopic Threshold Response 
(STR). The results were compared with a normal homogeneous group for the age and 
then underwent the statistical quantitative analysis through Student's t-test. Results: 
in all the examined patients it were seen the following alterations statistically 
signifIcant: the reduction of the contrast sensibility, homogeneous in all the spatial 
frequencies used; slight alterations ofVEP, represented from the width's reduction and 
the latent increase of all the spatial frequencies of the stimulation; the remarkable 
alteration of STR, represented from the width's reduction of the wave and the increase 
of the culmination's time. It were seen some non significant alterations in the standard 
electroretinographic response. Conclusions: the results has clearly showed the 
presence of a initial damage widespread through the visual apparatus. The area the 
most damaged from the systemic pathology seems to be the retina, mostly into the 
intemallayers of retina; just from this area originates the STR, produced mostly from 
the amacrine cells that, in according to some theories, may be responsable of the 
control of the intraretinic microcirculation. An alteration of the STR show a 
malfunction of the amacrine cells, that didn't effect a good control to the intraretinic 
blood circulation. This alteration may cause the trophic alterations of the retinopathy. 

1194 
LACK OF RELATIONSHIP BETWEEN INTRAVITREOUS IGF-l AND 
VEGF IN PROLIFERATIVE DIABETIC RETINOPATHY. 
R. Burgos, A. CantOn, C. Herru\ndez, R.M. Segura·, C. Mateo#, J.Mesa 
and R. Sima. Departments of Endocrinology, Biochemistry" and 
Ophtalmology# .Barcelona, Spain. 
Elevated vitreous levels of insulin-like growth factor I (IGF-l) as well as 

vascular endothelial growth factor (VEGF) have been reported in patients 
with proliferative diabetic retinopathy (PDR). The source of high 
vitreous levels of IGF-I and VEGF is presumably ischaernic retina, but 
increased levels derived from serum diffusion due to the disruption of the 

blood-retinal barrier can not be excluded. Aims: To determine whether a 
relationship between IGF-l and VEGF exists in vitreous fluid from 
patients with PDR.MateriaIs and methods: Vitreous samples were 
obtained from 24 diabetic patients with PDR (group A) and 16 
nondiabetic patients (group B) in whom a vitrectomy was performed. 
Both groups were equipared by age, serum IGF-l and serum VEGF 
concentrations. IGF-l was determined by RIA and VEGF was assessed 

by ELISA. Statistical analysis: Mann-Whitney U test and a Spearman's 
rank correlation test. Results: Vitrea1 levels of both IGF-l and VEGF 

were elevated in group A in comparison with group B (median and 
range), IGF-l:[ 1.55 ngImi (0.3-8.7) VS. 0.3 ngImi (0-1.4); p<O.OOOIJ 

and VEGF: [1.99 ngImi (0.3-6.6) vs.0.009 ng/ml (0.009-0.038); 
p<O.OOOI]. These results remained at significant level after adjusting by 

vitrea1 protein concentration. Finally, a relationship between IGF-l and 

VEGF was not observed. Conclusions: Our results suggest that 
intraocular synthesis contributes to elevated vitreous levels of IGF-l and 
VEGF but there is a lack of relationship between vitreous concentrations 

of these two angiogenic factors. 
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1193 
ADRENOMEDULLIN (AM) IN DIABETICS: RELATIONSHIP OF AM, ANP OR 
BNP TO DIABETIC RETINOPATHY 
A. Ota, H. Takama, and N. Saito. Department oflntemal Medicine. St. Marianna 
University School of Medicine, 2-16-1 Sugao, Miyamae-ku, Kawasaki, 216-8511. 
Japan. 

Aim : Adrenomedullin (AM) is produced by vascular endothelial cells, and shows 
vasodilative actions and inhibitory effects on proliferation of vascular smooth muscle 
cells. Furthermore, factors with similar actions include atrial natriuretic peptide (ANP) 
and brain natriuretic peptide (BNP). We examined the usefulness of measuring AM, 

ANP and BNP during severity of diabetic retinopathy. Materials and Methods: This 
study included 42 diabetics. With respect to diabetic retinopathy, the subjects were 
divided into 3 groups, the non-diabetic retinopathy (NDR) group, the non-proliferative 
diabetic retinopathy (NPDR) group and the preproliferative diabetic retinopathy 

(PPDR)+proliferative diabetic retinopathy (PDR) group. Plasma AM, ANP and BNP 

were measured by immunoradiometric assay (IRMA). Results: There was a pos,live 
correlation between plasmaANP levels and plasma BNP levels (rooO.775 p<O.OOOI). 
However, there were no relationships between ANP, BN P and AM levels. Furthermore, 

the plasma AM levels in the PPDR +PDR group (I4.85±7.39 fulOl/ml) wa> 

signifIcantly higherthan those in the NDR group (I 0.14 ± 3.27 linol/ml) oJr the NPDR 

group (8.34 ± 1.33 fmol/ml)(p<O.OI). Plasma ANP levels in the NPDR group (38.20 

± 43.70 pglml) and the PPDR + PDR group (40.40 :c28.31 pg/ml) were significantly 

higher than that in the NDRgroup(l3.91 ± 10.57 pg/ml) (p<0.05). Plasma BNP levels 

in the NPDR group (I01.60±201.48 pg/ml) and the PPDR +PDR group (85.29± 

161.94 pg/ml) were slightly higher than thatin the NDRgroup (15.37± 15.45 pg/ml). 

Conclusions: These results suggested that increased plasmaAM levels in the PPDR 

+ PDR group may have been associated with the vasodilative actions of AM as in vivo 
response to decreased retinal blood flow. The mechanism involved in secretion of AM 
may differ from that involved in ANP or BNP secretion. 

1195 
DOSE-DEPENDENT EFFECTS OF TAURINE IN THE PREVENTION OF NA+
K+-ATPASE IMPAIRMENT AND LIPID PEROXIDATION IN THE RETINA OF 
STREPTOZOTOCIN-DIABETIC RATS. 

M.A.S. Di Leo!, S.A. Santin/, S. Cercone!, G. Marra!, D. Lepore, S. Caputo\ L. 

Antic0
3

, B. Giardina
4

, D. Pitocco!, F. Franconi
5
, and G. Gbirlanda!. Departments of 

! 2 3 
Internal and Geriatric Medicine, Biological Chemistry, Ophthalmology, and 

Chemistry and Clinical Chemistry 
4
. Catholic University, Rome, and Department of 

Drug SCiences
5
, University of Sassari, Sassari, Italy. 

Aims: To study the susceptibility of diabetic retinas to neural malfunction and free 
radical-induced damage in the form of lipid peroxidation, we evaluated the activity of 
membrane-bound enzymes such as Na+-K+-ATPase and the metabolism of lipid 
hydroperoxides (LPs) and conjugated dienes (CDs) in retinas from nondiabetic and 
streptozotocin (S1Z)-induced diabetic mts given a standard diet or a 2% and 5% (w/w) 
taurine-supplemented diet. Materials and Methods: Rats were sacrificed and their 
retinas removed at 2, 4, 8, and 16 weeks. With spectrophotometric methods, we 
measured the ouabain-sensitive ATPase activity and the lipid peroxidation products. 
Results: After 2 weeks, Na+-K+-ATPase activity was significantly reduced in 
untreated diabetic rats with respect to that of control groups (p = 0.03), whereas an 
increase of Na+-K+-ATPase activity by 1.2- and 1.8-fold was in 2% and 5% taurine
treated diabetic mts (p < 0.0001), respectively. In the latter group, a significant pump 
hyperfunction was also found at I and 2 months with respect to nondiabetic (p < 0.01) 
and untreated diabetic (p < 0.0001) mts. Untreated diabetic mts showed a significant 
progressive reduction of Na+-K+-ATPase activity (p < 0.01) with respect to control 
and the two taurine-treated diabetic mts until the end of the study. At 4 months of 
diabetes, a normal pump activity was found in the 2% and 5% taurine-treated diabetic 
rats as compared to nondiabetic rats. CDs and LPs were found to be signifIcantly 
increased in untreated diabetic rats after 2 weeks (p < 0.001); CDs increased in 2% and 
5% taurine-treated rats after only 2 month (p = 0.0001). In spite of a significant 
increase of LPs in untreated diabetic rats after I month, we found a normal LPs in 2% 
treated mts until 2 months and in 5% rats until the end of the study. Significant 
correlations between CDs and LPs (p < 0.0001) and pump activities were found. 
Conclusions: In experimental diabetes sustained byperglycaemia produces neural 
cell changes and membrane destabilization in diabetic retinas causing an early Na+-K+
ATPase dysfunction. Dose.<Jependent supplementation of taurine in diabetes may 
contribute to preventing the development of neuroretinal abnormalities. 
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1196 
RETINAL VESSEL REACTIVITY IS ALTERED IN ADUL T RATS FED PRE 
AND POSTNATALLY WITH A LOW PROTEIN DIET. 
E. Michoud", B. Reusensb

, J.J. Hoetb• S. Chamot', Ch. Riva' and N. Wiernsperger". 
a. Diabetic Microangiopathy Research unit, Lipha-Inserm U352, Lyon. FRANCE. b. 
Laboratoire de Biologie Cellulaire, Louvain-Ia Neuve, BELGIUM. c. Institut de 
Recherche en Ophtalmologie. Sion, SWITZERLAND. 

Background: Glucose intolerance, diabetes and cardiovascular diseases may be 
consequences of early life events. Abnormal vascular reactions to hypoxia occur in 
offspring from ewes on caloric restriction. Lower insulin secretion with lower islet 
and brain vascularization were observed in adult rats fed pre-and postuatally with an 
isocaloric low protein (LP) diet (8% vs 20%). Aim: This study aims at identifying 
vascular alterations in the retina of LP rats in order to recognize the specific role of 
protein during vascular development. Materials and Methods: A contact lens was 
placed on the cornea to view the fundus with an operating microscope. A laser beam 
was directed at a retinal vein for laser Doppler flowmetry. Anesthetized rats were 
cannulated and ventilated with air followed either by 100% 0., or air+5% CO2. 

Results: In female rats, the basal diameter of arteries and veins as well as the basal 
venous velocity were smaller in the LP rats (p<0.01). In the latter, arterial 
vasoconstriction and blood velocity changes following hyperoxia were not observed 
in LP (diameter: -1.3% in LP, n=7, vs -9.5% in C, n=7, P<O.OI; velocity: -3% in LP 
vs -22% in C, P<0.05). Hypercapnia increased venodilation in LP vs C (P<0.01). In 
male rats, the basal diameter of arteries was larger in the LP rats than in C rats 
(P<0.05). Reaction to hyperoxia was similar in C and LP but hypercapnia induced a 
smaller increase of both arterial diameter (+11% in LP, n=8, vs +26% in C, n=8. 
P<0.05) and blood velocity (+2% in LPvs +22% in LP, P<0.05) in the LP compared 
to C rats. Conclusions: These results indicate tbat LP diet alters retinal vascular 
reactivity differently in male than in female. They suggest that protein deficiency 
during pre-and posnatal I.ifu could contribute to the development of early retinal 
abnormalities which may be observed also in diabetes. 

1198 
PERICYTE RECRUITMENT AND ANGIOGENESIS ARE 
ALTERED IN HETEROZYGOUS PDGF-BB KNOCKOUT MICE 
H.-P. Hammes, O. Renner, O. Breier, J. Lin, A. Alt, C. Betzholtz, 
R.G. Bretzel; III. Medical Department, JLU, GieBen, Germany 
Aim: Pericyte recruitment is an important fmal step in the maturation of 
the vascular network, and is determined, among others, by the activity 
of the PDGF-BBIPDGF-B receptor system. Mice with a homozygous 
deletion of the PDGF-BB gene die around birth from cerebral 
hemorrhages and show pericyte deficiency and microaneuryms in brain 
capillaries. Pericyte loss plays a possible role in the progression to 
proliferative diabetic retinopathy. We studied the impact of defective 
pericyte function on retinal morphology and the propensity to develop 
retinal neovascularizations using heterozygous (+/-) PDGF-BB 
knockout mice. 
Methods: Pericytes numbers from wildtype (WT; C57B1I6) and +/
PDGF-BB mice (determined by PCR) were evaluated by quantitative 
morphometry of PAS-stained retinal digest preparations. The presence 
of pericytes in the deep capillary network was examined by 
immunohistochemistry using a PDGF-B receptor antibody. Reactive 
neovascular response was studied in the model of oxygen-induced 
retinal neovascularization. 
~ Adult PDGF-BB +/- mice had 28 % fewer pericxtes compared 
with wildtype mice (PDGF-BB +/- 168o±l40 cellslmrn' of capillary 
area vs WT 233o±75 cellslmm'; p=O.OOll). Qualitatively, the number 
of PDGF-B receptor positive capillary profiles in the inner nuclear layer 
was reduced in PDGF-BB+/- mice compared with WT. The 
neovascular response to hyperoxia-induced vascular occlusion and 
reactive ischemia was increased by 85 % in PDGF-BB +/- mice, 
compared with normal mice (PDGF-BB +/- 47±4.9 vs WT 25.4±2.9 
neovascular nuclei /section; p= 0.03). 
Conclusions' The PDGF-BBIPDGF-B receptor system is involved in 
the recruitment of pericytes in the normal mouse retina, and plays an 
important role in the modulation of the postnatal neovascular response. 

1197 
DIABETIC MICROANGIOPATHY AND 4G/5G POLYMORPHISM 
OF THE PAI-I GENE PROMOTER IN TYPE I DIABETIC 
PATIENTS. 
L. Pucci, M. Pilo, S. BandineIli, R. Navalesi and O. Penno. Dept. of 
Endocrinology and Metabolism, University of Pisa, Italy. 
Aims: The 40/50 polymorphism in the promoter of the PAl-I gene has 
been related to plasma levels of PAl-I, the main inhibitor of fibrinolysis. 
PAl-I level is higher in IDDM patients with micro albuminuria. Materials 
and Methods: The relation between 40/50 polymorphism and diabetic 
microangiopathy was investigated in 375 type I patients (age 16-69, 
duration >1-45 years); 94 healthy subjects act as controls. The 40/50 
genotype was evaluated by polymerase chain reaction and endonuclease 
digestion. Nephropathy was assessed by AER (three-24-hour urines): 
normal AER «20 Ilg/min) 63%; microalbuminuria (20-200) 24%; overt 
nephropathy (>200) 13%. Retinopathy was assessed by ophthalmoscopy 
and retinal photography and classified as no retinopathy (25%), 
nonproliferative (45%) and proliferative (30%). Results: 40/40, 40/50 
and 50/50 were in 22.3, 59.6 and 18.1% of controls (Hardy-Weinberg 
equilibrium: X2=3.55, p=0.17) and in 27.5, 49.1 and 23.5% of IDDM 
(X2=0.11, p=0.95). The prevalence of microalbuminuria was 27.7, 24.4 
and 18.5 in 40/40, 40/50 and 50/50, respectively, that of overt
nephropathy was 17.0, 11.9 and 11.1 % (X 2=4.68, p=0.32). Prevalence of 
I'llised AER increases moving from 50/5G (29.6%) throught 40/50 
(36.3%) to 40/40 (44.7%, p=O.II). The prevalence of nonproliferative 
retinopathy was 38.1, 46.7 and 48.7 in 40/40, 40/50 and 50/5G, 
respectively, that of proliferative was 40.2, 29.1, and 22.5%. (X 2=7.03, 
p=0.13). Prevalence of proliferative retinopathy was higher in subjects 
with the 40 allele (35.1 vs 25.8%, p=0.03) and in 40/40 (40.2%) than in 
40/50+50/50 (26.9%, X2=5.75, p=0.OI6). Significance remains after 
controlling for age, BMl, diabetes duration, HbAlc and AER levels. The 
odds ratio for retinopathy in 40/40 compared with 40/50+50/50 was 
1.82 (95% Cl: 1.11-2.99). Conclusions: These findings indicate that in 
caucasian type I diabetics, presence of the 40/40 genotype is associated 
with a higher risk of proliferative retinopathy, but not of with a higher risk 
of raised AER. 

1199 
7-OXO-DEHYDROEPIANDROSTERONE PREVENTS HIGH GLUCOSE 
INDUCED BOVINE RETINAL CAPILLARY PERICYTES LOSS. 
R. Manti,· F. Pomero, ° M. Gallo,· A. Molinar Hin, ° E. Brignardello,' M. 
Porta, ° and G. Boccuzzi·. ·Department of Clinical Pathophysiology, and 
°Department of Internal Medicine, University of Turin, Italy. 
Aims: The loss of retinal capillary pericytes is an early feature of diabetic 
retinopathy and is considered to represent a key step in the progression of this 
complication. We recently reported that, in vitro, dehydroepiandrosterone 
(OHEA) exerts a protective effect on high glucose-induced toxicity in bovine 
retinal capillary pericytes (BRP). This effect is shown at concentrations equal 
or more than 100 nmol/1, does not involve the androgen or the estrogen 
receptors and is thought to be due to the antioxidant properties of DHEA. 
Nevenbeless, the hazards retated to the metabolization of DHEA into male or 
female sex hormones partially limit its clinical use. Aim of this work is to 
investigate if the DHEA derivative 7-oxo-DHEA, which cannot be converted to 
either androgens or estrogens, is also capable of protecting BRP against glucose 
toxicity. Materials and Methods: BRP were cultured in either 5.6 or 30 
mmol/1 glucose, with or withont 7-oxo-DHEA at four different concentrations 
(10, 50, 100, 500 nmol/1). After 4 days of culture, cells were harvested and 
counted. Statistical comparison between groups was carried out by paired data 
two-tailed Student's t test. Results: The nwnber of BRP grown in glucose 30 
mmol/1 was Significantly lower than that ofBRP cultured in glucose 5.6 mmal/1 
(-31.6%; p< .01). The additionof7-oxo-DHEA to the culture medium, at all the 
concentration tested, shielded BRP number from the high glucose effect: 7 -axo
DHEA, already at a concentration of 10 nmol/1, completely reverted the effect 
of high glucose on cell nwnber (-2.8% vs glucose 5.6 mmol/1; +42% vs glucose 
30 mmol/1, p< .05). The growth of BRP in normal glucose concentrations (5.6 
mmolll) was not affected by 7-oxo-DHEA. Conclusions: Data show that 7-
oxo-DHEA protects BRP against glucose-toxicity. This effect is similar to that 
displayed by DHEA, but it is exerted at concentrations ten times lower. These 
data suggest that 7-oxo-DHEA has the same positive and potentially useful 
properties of DHEA, being devoid of risks retated to the conversion to 
androgens or estrogens. 



1200 
Impacts of angiotensin I converting enzyme inhibitor on retinal 
hemodynamics in type 2 diabetic Chinese 
Shanfang Li, Kunsan Xiang, Rugeng Zhang, Xinhong Shangguan 

and Jianrong Wu.Dept. of Endocrinology and Metabolism, Shanghai 

Sixth People Hospital, Shanghai 200233, P.R.China 

The purpose of the study is to investigate the effects of angiotensin I 

converting enzyme inhibitor(ACEI) on the abnormalities of retinal hemody

namics in type 2 diabetic Chinese. 105 type 2 diabetic Chinese of preclinical 

retinopathy stage recruited and randomly assigned two groups: with (female 

Imale=28/36) and without (female/male=17/24) captopril therapy. The degrees of 

diabetic control were consistent between groups. Peak systolic velocity (PSY), 

end-diastolic volume (EDY) and acceleration (A) of the central retinal artery 

(CRA), as well as the reflux rate of central retinal vein (CRy) were measured by 

ultrasonography. Meanwhile,24h ambulatory blood pressure monitoring, HbAlc 

and serum lipid profile were determined at baseline, 3 and 6 months in all 

subjects. Significant differences were found in PSv, EDV, A and CRV of both 

eyes between two groups not only at the end of 3 months (P=O.OOOI, 0.0001, 

0.0240 and 0.0030 respectively in the left eyes, P=O.OO 12, 0.0006, 0.0385 and 

00001 respectively in the right eyes), but also at the end of 6 months (P=0.01O I, 

0.0003,0.0022 and 0.0006 respectively in the left eyes, P=0.0050, 0.0048, 0.0003 

and 00020 respectively lD the right eyes). The systemic blood pressure and 

HbAlc, as well as serum lipid profile were not significantly changed before and 

after captopril administration.!n conclusion, ACE I (captopril) could significantly 

improve the abnormalities of retinal hemodynamics in type 2 diabetic Chinese, 

but it still needs further study whether ACEI can prevent the progress of 

retinopathy. 

PS 107 
Macroangiopathy 
1201 
MACROV ASCULAR COMPLICATIONS AND DEATH FOLLOWING 
FIRST MYOCARDIAL INFARCTION IN TYPE 2 DIABETES: A 
POPULATION-BASED STUDY 
PT Donnan, DlR Boyle, J Broomhall, K Hunter, TM MacDonald, RW 
Newton and AD Morris for the DARTSIMEMO Collaboration, Ninewells 
Hospital and Medical School, Dundee, UK 

One of the key objectives of the 8t Vincent Declaration is to reduce morbidity 
and mortality from cardiovascular disease, yet there are few population based 
data on the incidence and outcome of acute myocardial infarction (AMI) in 
type 2 diabetes (DM2). Aims: To determine the incidence of death and 
macrovascular complications after a first AMI in people with DM2. 
Methods: Using the DARTSIMEMO database of all diabetic patients in 
Tayside (population 364880; 7079 DM2, prevalence 2.26%) Scotland, we 
performed a retrospective prevalence cohort study of all subjects hospitalised 
with a diagnosis offlfst AMI from Aprill" 1993 to 31" December, 1994. The 
primary endpoint was time to death; secondary endpoints were two year 
incidence of angina, AMI, stroke, CCF, CABG and PTCA. Results: A total 
of2028 patients were admitted with first AMI; 237 (I 1.6%) were patients 
with DM2 (incidence 1,913 per 100,000 patient years). Patients with DM2 
had worse survival with an increase in relative hazard of 67%. Afte" 
adjustment for age, sex, smoking, hyperlipidaemia and hypertension, DM2 
patients had a 50% higher death rate (p=0.022). There was no significant 
increase in death rates between diabetic patients and non-diabetics in those 
>70 years. There was evidence of a trend with age: those diabetic patients 
aged <60 years had a 4.09 (95% CI 1.10-15.26; p=O.036) increase in death 
rate; those aged 61-70 a 2.62 (95% CI 1.21-5.68; p=0.015) increase in death 
rate. Conclusions: This population-based study has set targets for the 
implementation of the St Vincent Declaration. Amongst hospitalised patients 
with first AMI, diabetes was consistently associated with increased 
mortality.The increased mortality is most pronounced in DM2 patients aged< 
60 years. 

1202 
MICROALBUMINURIA PLUS RETINOPATHY: A RELIABLE INDEX OF 
SILENT MYOCARDIAL ISCHEMIA IN TYPE 2 DIABETICS 
O. loannidis, M Peppa, E. Rontogianni, M Kallifronas, 1. Lekarsas, 
G. Chrysanthopoulou, L. Anthopoulos and M Kesse and N. Thalassinos 
Dept of Endocrinology, Diabetes and Metabolism, Dept {)f Nuclear Medicine & 
I" Dept of Cardiology, Evangelismos Hospital, Athens 10676, Greece 
Coronary Artery Disease (CAD) constitutes a lIll\ior complication in type 2 
Diabetes Mellitus (DM2) and often is asymptomatic (silent myocardial 
ischemia) revealed only by specific investigations. TI-20 I tomograpllic 
myocardial scintigraphy (TI) considered as a reliable method for CAD diagnosis 
is expensive, laborions and radioactive. Microalbnminuria (MA) constirutes.an 
independent risk factor for CAD development in DM2. Diabetic retinopathy 
(DR) occurs more freqllCntly in illabetics with MAAims : To investigate 
whether MA andIor DR can be used as reliable indices of CAD in asymptomatic 
patients with DM2. Materials lUId Methods : F{)1'iy five type 2 diabetics {32 
males and 13 females, aged 59 ± 6.8 years and known diabetes duration 9.5 ± 8.2 
years) witholltany clinical or .electrocardiographic evidence {)f CAD. 11 was 
performed in all diabetics and was used as a reference method for CAD 
diagnosis. MA was determined by RIA {gil <}vernighturine collection,nv: 
<20!1g1min) and HbAlc by HPLC. DR was evaluated by fundoscopy. For the 
statistical analysis, Chi square.and Mann Whittney tests were performed. Results 
: It was found that 14 of the 45 diabetics, were TI positive for CAD. No 
difference was foond between 11 positive .and 11 negative for CAD, in age, 
diabetes duration, blood pressure, BMI, HbAlc and serum lipids. In revealing 
CAD the coexistence of MA .and DR .displayed: sensitivity 0.78 (7 I 9), 
specificity 0.94 (17 118), Youden index 0.72, positive predictive value 0.88 (7 I 
8) and negative predictive value 0.90 (17 I 19); funs falSI> positive .and false 
negative findings were about 10%. Conclusions: The above data indicate that 
the evaluation of MA and DRconstitutes a simpJe..and.highly reliable metlwd-for 
CAD diagnosis, even during an asymptomatic stage, giving thus, the opportunity 
for therapeutic inte,,'entions . 
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1203 
CARDIOVASCULAR DISEASE IN PATIENTS WITH HYPERTENSION 

AND DIABETES MELLITUS IN THE NORTH OF PORTUGAL 
C. Neves, J. L. Medina, F. Lopes. Endocrinology Unit and Statistics Service. 
S. Joiio Hospital, University of Porto, Portugal. 
Aims: To evaluate the incidence of cardiovascular disease (CVD) in 
hypertensive (HT) patients with and without diabetes mellitus (DM) 
admitted to a central hospital in the North of Portugal, between 1989 and 
1998. Materials and Methods: We retrospectively analysed data from all 
HT patients aged 25 years or older who satisfied the International 
Classification of Diseases (9th version) criteria for CVD (lCD9 codes 390-
459). Statistical analysis was performed with Student's t-test, X' test or 
Fisher exact test. A two-tailed p value < 0.05 was considered significant. 
Results: HT patients with DM [36.8% men (M) and 63.2% 'Yomen (W)] 
were significantly older than HT patients without DM (57.0% Wand 43.0% 
M) (65.2±1.l vs 63.1±1.4 years, p<O.OI). There were no significant 
differences in duration of hospitalization in HT patients with and without 
DM (l4.3±O.93 vs 13.54±1.05 days). The incidence of fatal and nonfatal 
cardiovascular events was 38.0% (n=2886) in HT patients with DM and 
35.4% (n=11006) in HT patients without DM. HT patients with DM had an 
incidence of coronary heart disease (9.8%), cardiac heart failure (6.0%), and 
peripheral vascular disease (2.2%) that was significantly different (p<O.OI) 
from that in HT patients without DM (8.9%, 4.4%, 1.3%, respectively). 
There were no significant differences in the incidence of cerebrovascular 
disease in HT patients with and without DM (20.4% vs 20.8%). There was 
an excess offatal myocardial infarction among the HT patients with DM, but 
this was not significant (13.3% vs 10.8%). Conclusions: The high incidence 
of CVD in patients with hypertension and DM imply that primary and 
secondary preventive strategies should become an integral part of their 
medical care, with a delineation and acceptance of responsibilities between 
the primary care physicians and diabetes specialists. 

1205 
MAJOR DETERMINANTS OF THE CAROTID INTIMA-MEDIA THICKNESS IN 
TYPE 2 DIABETIC PATIENTS: AGE AND BODY MASS INDEX 
N. Gilvener, N. Bascil Tutuncu, A Oto aud T. Erbrui., Departments of Endocrinology aud 
Radiology, Hacettepe University Faculty of Medicine, Ankara. Turkey. 

AIMS: The present study has been designed to quantifY aud compare right and left 
carotid intima-media thicknesses seperately in type 2 diabetics and healthy controls. It was 
also intended to investigate the e1fucts of various risk factors on the carotid intima-media 
thickness in these subjects. MATERIALS AND METHODS: A total of 122 subjects: 70 
patients with type 2 diabetes aud 52 non-diabetic subjects as controls, were recmited for 
the study. Right aud left conunon carotid attery stiffness indices were assesed with 
noninvasive ultrasound method in both groups. Age, body mass index, duration of 
diabetes. cigarette smoking, lipid profile incloding lipoprotein a, Chlamydia pneumonia 
seropositivity, glycemic indices, fasting insulin levels, serum fibrinogen levels aud 
presence of hypettension, coronary attery disease. degenerative complications of diabetes 
mellitns were all assessed in order to define their role as deterrninauts of carotid artery 
intima-media thickness. RESULTS: The difference between the groups regarding mean 
intima-media thickness was statistically significant for the left carotid atteries (p=OO28) 
aud borderline significauce was found for the right carotid atteries (p=O.055). Age has a 
very strong association with carotid intima-media thickness in diabetic patients 
(p<O.OOO I) with univariate auaJysis. According to the results of multiple regression 
aualysis, age aud BMI were found to be the most importaut independent deterrninauts of 
carotid intima-media thickness for both sides. When age ",as excluded from the mode~ 
BMI aud coronary attery disease were fOlmd to have strong association with intima-media 
thickness on the right (p=O.0036 aud 0.0249) aud BMI was the only significaut 
deterrninaut for the left side (p=O.0025). CONCLUSIONS: This study shows that 
carotid artery intima-media thickness, especially on the left side. is greater in diabetic 
subjects compared with healthy controls. For the diabetic ~ects age, BMI and presence 
of coronary heatt disease has strong influence on the atherosclerotic process of the carotid 
arteries. 

1204 
ABSENCE OF CHLAMYDIA PNEUMONIA IN THE ATHEROMATOUS 
PLAQUES OF TYPE 2 DIABETIC PATIENTS 

M. Yllmaz, N. Bascil Tutuncu, N. Guvener, M. Guvener, T. Kocagaz, E. 

Bake, I Pa~aoglu and T. Erba~. Departments of Endocrinology, Cardiovascular 
Surgery and Microbiology, Hacettepe University Faculty of Medicine, Ankara, 

Turkey. 

AIMS: The present study has been designed to demonstrate the presence of 
Chlamydia Pneumonia infection in the atheromatous plagues of the patients 

with Type 2 diabetes mellitus.MA TERIALS AND METHODS: A total of 30 
artery segments from 15 type 2 diabetic and 15 nondiabetic subjects were 

examined. Using polymerase chain reaction, Chlamydia Pneumonia DNA was 
looked for in the surgically excised atheroma specimens of the patients obtained 
from coronary bypass grafting (n=12) and carotid endarterectomies (n=18). 

RESULTS: The diabetic and nondiabetic groups were matched with respect to 
age, body mass index, history of smoking and serum lipid parameters. The 
mean duration of diabetes mellitus was 7.8 ± 3.2 years for the diabetic group 

and the mean Hb AI, level was 7.2 ± 1.2 % for the diabetic group. Chlamydia 
Pneumonia antibodies were determined by immunofluorescence technique and 
revealed a similar Ig G seropositivity in both groups (3115 and 4115 for the 
diabetic aud the nondiabetic group respectively). None of the specimens were 

positive for Chlamydia Pneumonia DNA by polymerase chain reaction. 
CONCLUSIONS: Results of this study suggest that diabetic patients with 
atherosclerosis do not have an increased incidence of Chlamydia Pneumonia 
infection with regard to nondiabetic population and probably Chlamydia 

Pneumonia is not a significant factor in the pathogenesis of atherosclerosis in 
the diabetic patients. 

1206 
LEUCINE 7 TO PROLINE 7 POL YMORPIDSM IN THE NPY GENE IS 
ASSOCIATED WITH INCREASED CAROTID ATHEROSCLEROSIS 

L. Niskanen!,2, M. K. Karvonen\ R. Valve l
, M. KouIu3

, U. Pesonen3
, M. Mercuri., 

R. Rauramaa', M. Laakso' and M. U. Uusitupa' Depattments of Clinical 
Nutrition1

, Medicine2 and PhysioiogyS, University of Kuopio, Kuopio, Finland. 
Depattment of Pharmacology', University of Turku, Turku, Finland. Depattment of 
Endocrinology and Metabolism', Merck Research Laboratories, USA 

Neuropeptide Y (NPY) is a 36-amino-acid neurotransmitter widely present in the 
central and peripheral nervous systems. NPY has multiple actions, which control 
body energy balauce and cardiovascular function. We have recently demonstrated 
that subjects having Pr07 in the signal peptide of NPY have higher serum cholesterol 
and apolipoprotein B levels when compared to individuals having wildtype 
(Leu7ILeu7) signal peptide sequence (NatMed 1998;4: 1434-7). Aim: To investigate 
the association of Leu7Pro polymorphism of the NPY gene to quantitative 
atherosclerosis. Subjects and Methods: Subjects were newly diagnosed patients with 
Type 2 diabetes (81 patients, 41 males, mean age 67.1 years) and non-diabetic 
subjects (105 subjects, 48 males, mean age 65.5 years) genotyped for the Leu7Pro
polymorphism in preproNPY at the 10-year follow-up study. The common carotid 
intiroa-media-thickness (IMT) was assessed by ultrasonography. Results: The 
frequency of the Pr07 in preproNPY was 9.9% in diabetic patients and 14.3% in 
control subjects (p=O.360). The mean conunon carotid IMT was in non-diabetic 
subjects without the Leu7Pro polymorphism 1.04±O.02 and with it 1.14 ± 0.04 nun 
(p=0.156) and in diabetic patients 1.l8±0.03 and 1.58±0.21 mm (p=O.004), 
respectively. In the analysis of covariance of the entire group the mean common 
carotid IMT was independently associated with the Leu7Pro-polymorphism 
(F=5.165, p=O.024). The model included also age, gender, diabetes, clinical 
macrovascular disease, smoking, systolic blood pressure and LDL-cholesterol. 
Conclnsions: The presence of the recently described Pro7 substitntion in the 
preproNPY associates with increased carotid atherosclerosis in diabetic and non
diabetic snbjects, even after adjustment for known risk factors. 



1207 
ANKLE/BRACHIAL INDEX IS A PREDICTOR OF CARDIOVASCULAR 
DISEASE, [NDEPENDENT OF MEDIASCLEROSIS. 
The Pittsburgh Epidemiology of Diabetes Complications (EDC) Study. 

Orchard T.J. rnd Stalk R.P.Julius Center for Patient Oriented Research, Utrecht 
University, The Netherlands and Department of Epidemiology, Graduate School of 
Public Health, University of Pittsburgh, United States of America. 

Aims The validity of the ankle/brachial systolic blood pressure index (ABI) has been 
questioned in patients with diabetes because of media wall calcification, which would 
falsely raise the ankle pressure and AB!. The gold standard for mediasclerosis is the 
presence of calcification in the arteries on X-ray. We performed a prospective study to 
determine the risk of ABI and mediasclerosis for cardiovascular disease over 6 years. 
Materials and Metbods The study was conducted witbin the EDC Study, a follow-up 
study based on an incident cobort of children with diabetes type I. During tbe tbird 
follow-up examination X-rays of the foot and ankle were made. Calcification was 
defined by specific outlines of continuous calcifications in at least one artery. The study 
population consists of all patients with calcification (n=50) and 50 patients without 
calcifications, matched for diabetes duration. Cardiovascular disease (CVD) at the last 
follow-up examination is defined as death, myocardial infarction, CV A or peripheral 
vascular disease. All analyses are adjusted for gender and duration of diabetes. 
Results The mean follow-up period was 5.9 years (SD 0.5). At the time of the X-rays 
the age of the study population (52 men) was 35.6 years (6.3), mean duration of 
diabetes 27.5 years (6.6), and the mean lowest ABI 1.07 (0.14). At the last follow-up 
examination CVD was present in 23%. Calcification was not associated with an 
increased risk ofCVD: odds ratio 0.61 (95% CI 0.21-1.81). The odds ratio of peripheral 
artery disease (ABI<0.9 or occlusion) was 2.80 (0.87-9.07). In patients with 
calcifications this was 3.76 (0.82-17.3), and in those witbout 5.86 (0.38-89.4). The odds 
ratio of ABl> 1.3 was 1.69 (0.60-4.81). In patients with calcifications this was 0.94 
(0.20-4.36), and in those without 5 .11 (0.98-26.8). Calcification was also not associated 
with decreased toe/ankle blood pressure index (p>O.3). 
Conclusion Low ABI «0.9) is probably a predictor of cardiovascular disease, 
independent of calcification on foot X-ray. Mediasclerosis defmed by an ABh 1.3 is 
a predictor of clinical CVD in patients with calcifications only. 

PS 108 
Circulating Indicators of Endothelial 
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1209 
LEVELS OF SERUM CELL ADHESION MOLECULES IN TYPE 
I DIABETIC PATIENTS WITH MICROANGIOPATHY 
D.Zozulinska, M.Sobieska*, K.Wiktorowicz* and B. Wierusz-Wysocka. 
Poznan Diabetic Center, *Laboratory of Cellular Immunology, 
Academy of Medicine in Poznan, Poland 
Cell adhesion molecules seem to play an important role in the development of 
late vascular diabetic complications. Aims: the aim of the study was to 
evaluate concentration of selected serum cell adhesion molecules in Type I 
diabetic patients. Material and Methods: the study was performed in 20 
patients with retinopathy and nephropathy (group A: aged 27.2±10.4 years, 9 
female and 11 male, duration of disease 16.2±6.2 years and HbAlc 8.3±2.7 
%) and 20 patients without late diabetic complications (group B: aged 
26.4±6.8 years, 10 female and 10 male, duration of disease 7.1±4.6 years and 
HbAlc 8.0±2.6 %). Soluble form of Intercellular Adhesion Molecule-l 
(ICAM-I), Endothelial Leukocyte Adhesion Molecule-I (E-selectin) and 
Vascular Cell Adhesion Molecule-l (VCAM-l) levels were estimated with 
the use of the ELISA test. Results: in comparison with healthy subjects we 
observed significantly higher values of ICAM-l and VCAM-1. VCAM-l 
level in group A was markedly higher in comparison with group B. We did 
not observe statistically significant differences in the other parameters. The 
results are shown in a table' 

parameter Healthv subjects GraupA GrouoB 

sICAM-l (ng'ml) 210.60±7.16 244.98±9.70 • 229.73±8.38 • 
sVCAM-l (ng'mI) 553.02±10.50 728.41±30.76 • t 602.S3±27.85 • 
FrSelectin (ng'mI) 46.25+1.18 47.77+3.89 48.91+3.37 

* p<0.05 dJabetIc patIents vs healthy subjects, t p<0.05 group A vs group B 
Conclusions: the results might suggest that disturbances in cell adhesion 
molecules levels in diabetes are independent from microangiopathy. 
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Reduced ankle brachia! jndex js strongly Hnked to albumin excretion nne and white 
cen count but not to measures gfendotheljaJ dysfunction or coagulatjon in NIDPM 
MK. Rutter, P. Kestevan, 1M. McComb and SM. Marshall. University ofNewcast1e 
upon Tyne and Freeman Hospital, Newcastle upon Tyne, UK. 
Aims: There is limited information on the relationship between peripheral vascular 
disease and microalbuminuria in NIDDM. We bave studied the relationships between 
reduced ankle brachial pressure index (ABI) and measures of coagulation, fibrinolysis 
and endothelial dysfunction in NIDDM patients with and without microalbuminuria. 
Materials and methOds: NIDDM patients with no history of coronary disease or heart 
flIilure were studied. Forty-three patients with microalbuminuria were matched with 43 
nonnoalbuminuric patients (albumin excretion rate (AER) [median (range)) 28 (J 1-(64) 
YS 4 (2-9) mg min- , p<O.OOI) for age, gender, diabetes duration and smoking status. 
Ankle systolic pressure was measured using a doppler ultrasound technique and 
brachial systolic pressure by the auscultatory method. Results: AB! was reduced in the 
microalbuminuric group (1.06 vs 1.14, p=O.03). Plasminogen activator inhibitor. (115 
YS 100 ng.mr', p=O.OOI), thrombin antithrombin complex (5.1 vs 3.4 rg.r', p=O.03), 
E Selectin (65 vs 52 ng.mr', p=O.009), Factor XIIa(3.2 vs 2.3 ng.mr, p=O.OO6) and 
fibrinogen (4.1 vs 3.6 g.r', p=O.OI) were all higher in the microalbuminuric group. 
Wbite cell count was similar in both groups (6.7 vs 6.3 xIO'.r', p=O.(8). In combined 
microalbuminuric and nonnoalbuminuric groups, reduced AB! was significantly related 
in univariate analysis to white cell count (r=O.29, p=O.OO7), AER (r=O.28, p=0.011), 
fIDL cholesterol (r=-0.26, p=O.022), log. fibrinogen (r=O.25, p=O.024), triglyceride 
(r=O.24, 0.033) and factor XIIa (r=O.23. p=O.036). There were no significant 
relationships with age, gender, blood pressure, smoking status, BMI or glycaemic 
control. In stepwise multivariate analysis only white cell count (1=2.56) and AER 
(1=2.44) showed significant independent relationships with reduced AB!. Conclusions: 
Reduced AB! does not show independent relationships with measures of coagulation, 
fibrinolysis and endothelial dysfunction. Microalbuminuria may be a useful marl<er of 
peripberal vascular disease in NIDDM. Tbe link between reduced AB! and raised white 
cell count is consistent with the inflammation/infection hypothesis of atherosclerosis. 

1210 
PLASMA LEVELS OF TISSUE SPECIFIC-FIBRONECTIN IN DIABETES 

S.DJ.M. Kanters, J.D. Banga, A. Algra, CJ.M. Frijns, J.J. Beutler and R. 
Fijnheer, University Medical Center Utrecht, The Netherlands 

Aims: Tissue specific-fibronectin is an endothelium derived protein 
involved in subendothelial matrix assembly. Elevated plasma levels of 
tissue specific-fibronectin therefore reflect loss of endothelial polarization, 
ie injury to blood vessels. We investigated whether tissue specific
fibronectin may be a useful marker of the specific changes in patients with 
diabetes mellitus associated with vascular damage. 
Methods: We performed a cross-sectional study, involving 73 patients 
with diabetes (23 type I and 50 type 2) at high risk for diabetic angiopathy 
and 29 type 1 diabetic patients without micro- or macrovascular 
complications. Reference groups consisted of 64 healthy persons, 54 
ischemic stroke patients and 23 patients with renal artery stenosis. Tissue 
specific-fibronectin was measured in plasma of these subjects. 
Results: Circulating tissue specific-fibronectin was significantly elevated 

in the high risk group of patients with diabetes (5.2 ± 2.8 J.lglml) compared 
with patients with diabetes without complications (2.1 ± 1.1 J.lglml), with 
ischemic stroke (2.0 ± 0.9 J.lglml) , renovascular hypertension (1.7 ± 1.1 
J.lglml) and healthy subjects (1.4 ± 0.6 J.lglml). This was independent of 
other patient characteristics. 
Conclusion: Plasma tissue specific-fibronectin may be a useful marker 
protein to detect endothelial damage in well-defined groups of patients. It 
may not be a general marker for vascular disease, but seems to point at a 
specific diabetes associated process of angiopathy. 
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EVALUATION OF ELASTIN METABOLISM-A LONGITUDINAL 
STUDY IN CHILDREN WITH TYPE 1 DIABETES MELLITUS 
G.Nicoloff, S.Baydanoff, N.Stanimirova and Ch. 
Petrova, Medical University, Pleven, Bulgaria 
Serum elastin antibodies(EA) and elastin-derived 
peptides(EDP) appear to correlate with breakdown 
of elastic tissue. For the presence of EA (IgG, 
IgM and 19A) and EDP were tested by ELISA 28 
children with Type 1 diabetes mellitus, without 
any clinical and laboratory data for vascular 
complications, during 6 years (mean age 11.4±2.8 
years, diabetes duration- 5.5±1.9 years). Twenty 
four healthy children of similar age and sex 
served as a control group. During the first two 
years the majority of patients were positive for 
EA of the IgM type (11%), during the second- for 
IgG (14%) and during the third-for IgA(32?6). The 
concentration of EDP was significantly increased 
(p(O.05) during the first two ,years in ll~, d~
ring the second in 14% and dur~ng the th~rd ~n 
21% of the patients. At the end of the ~nves
tigated period 6 (2l%} diabetic children deve~op 
vascular complications. All of them were w~th 
enhanced elastin metabolism. The elevation of 
IgM and IgG may suggest th? ini~ial stage of ~he 
autoimmunization to elast~n wh~le the elevat~on 
of 19A and EDP more increased elastin degradati
on and development of vascular complications. In 
conclusion, the detection of early changes in 
the levels of EA and EDP would allow to make an 
early diagnosis of diabetic vascular complicati
ons. 

1213 
IS PLASMA ET-I A MARKER OF VASCULAR COMPLICATIONS IN 
TYPE 2 DIABETES MELLITUS? 
B. Simruin, M. Toth', I. Kocsis, A Somogyi 
2"' and 'I" Department of Medicine, Semmelweis University of Medicine, Budapest, 
Hungary 

Endothelin-I (ET -I) is a strong vasoconstrictor agent with tissue proliferative 
properties. ET -1 was suggested to play a role in the development of diabetic 
vascular disease. The aim of our study was to determine circulating ET -1 in well 
and poorly controlled type 2 diabetic patients with and without vascular 
complications or hyperlipidaemia. Materials and Methods: Circulating plasma 
ET -I level was measured by a self-developed radioimmunoassay in 80 type 2 
diabetic patients (age: S8,38±9,64 years; sex: 37 male, 43 female; BM!: 
29,46±S,2Skg/m') and in 28 healthy control subjects (age:48,21±S,26 years; sex. 
9 male, 19 female; BM!: 26,92±3,Slkg/m2

). Results: We have found significantly 
lower circulating ET -I concentration in type 2 diabetic patients as compared to 
control subjects (1l,74±3,S2 vs. 13,24±2,6pg/ml, p<O,OS). Plasma ET-I level 
was similar in control subjects with (n~21) or without (n~7) elevated blood lipid 
levels (12,31±2,42 vs. 13,SS±2,64 pg/ml). There was no difference between 
control normolipidaemic subjects and diabetic hyperlipidaemic (n~\3) patients 
(12,31±2,42 vs. 12,46±3,42 pg/ml). However diabetic hyperlipidaemic patients 
(n~67) had significantly lower circulating ET-l concentration (11,6±3,SS pg/ml) 
than control hyperlipidaemic subjects (13,SS±2,64, p<O,OS). Diabetic patients 
without vascular complications (n~S2), had significantly lower plasma ET-I levels 
than concentrations found in control subjects (1l,84±3,19 vs. 13,24±2,6 pg/ml, 
p<O,OS). Plasma ET -I in diabetic patients with complications (n~28) did not 
differ from control subjects (\3,24±2,6 vs. 1l,S5±4,12 pg/ml). Conclusion: In 
our previous study (EASD 98) with type I diabetic patients with vascular 
complications we have found significantly higher ET -I as compared to healthy 
control subjects. The molecular basis of vascular complications might be different 
in type 1 and 2 diabetes mellitus. We suggest that plasma ET-l level is not a 
sensitive marker of vascular complications in type 2 diabetes mellitus. Sponsored by 
ETT (T 02071,1997), OTKA (T 025920,1997) ZSlgmond Diabetic Foundation 

1212 
The effect of smoking on transforming growth factor-" levels and lipid 
peroxidation in diabetes mellitus 
L. Flores*, S. Lario**, JM Campistol***. A. Cases***. 1. Clfma**, P. Ii'iigo***and 
E. Esmatjcs*, Diabetes Unit*, Hormonal Laboratory**, Nephrology 
Department*** Hospital Clinic. Barcelona. Spain 

Smoking is a risk [actor for the dc\'c!opmcnt of diabetic nephropathy and 
retinopathy. In addition. oxidative stress and cytokincs have been related to the 
occurrence of diabetic micro and macro\'ascuiar complications. Aim: To analyze 
the effect of smoking on plasma 8-cpi-PGF21.l levels, as a index of lipid peroxidation 
and transforming gro\\1h factor-f) (TGF-~), as potent inducer of extracellular 
malrix production and fibrog(.nesis. in diabetic patients, Patients and methods: 16 
type 1 diabetic patients, 8 non-smokers and 8 smokers (> 15 cigarettes/day), 
matched for age. diabetes duration, BMl and HbA]c were studied. As the control 
group (CG) 8 nOll-smokers normal subjects were included. ActIvated TGF-p and 
total 8-cpi-PGF~o. were measured by enzyme immunoassay. 
Results: Sf1l11/.:ers p non-smokers p CG 

n: 8 
Age lyr.) 3~.6:+:4.5 30.3:+:71 355:+:6.9 
Sex (malc%) 50 -10 62 
Diabetes duration (yr.) 10.6:+:5.1 12. 7:+:~.4 
EMI (kg/m') 23.1:+:1.5 22.3:+:18 24.2:+:1.9 
HbA,o (%) 7.0:+:1.1 71:+:0.9 
TGF-[l (ng/ml) 17.9:+:6.2 ---<.05--- 86:+:51 ---<05--- 4.1:+:1.6 
8-cpi-PGF," (pg/ml) 141±27 177±51 171±40 
Considering all the patients together there was no relationship between TGF-[l and 
any of the yariablcs studied. 8-epi-PGF~u; plasma levels correlated significantly 
\\'Ith the HbA\c (r-=0.55, p:::::O.()3). Conclusions: Diabetes induces an increase in 
TGF-f3 plasma levels cll1d this efTect seems 10 be magnified by tobacco 
consumption This Illay playa role in the pathogenesis of diabetIC complications. 
glycemic control appears to influence lipid pcroxidntion in these patients 

1214 
LIPOPROTEIN (a) LEVELS IN FAMILIES OF TYPE 1 DIABETIC 
PATIENTS IS CORRELATED WITH PROBANDS' DIABETIC 
COMPLICATIONS. 
S Quilici, E Matteucci, V Cinapri, G Forotti, F Piazza, 0 Giampietro, 
Pisa, Italy. 
Lipoprotein (a) has been identified as an independent cardiovascular risk 
factor for atherosclerosis. Lp( a) serum concentrations seem to be 
increased in type I diabetes mellitus, but the association of Lp(a) and 
diabetic complications is still controversial. The highest levels observed 
in diabetic nephropathy could either predate or follow overt albuminuria. 
We measured Lp(a) concentrations by immuno-nephelometry in 30 type 
1 diabetics (age 35±10 yr, disease duration 21±9 yr; no complications, 
n=lO, retinopathy, n=9, nephropathy, i.e, urinary albwnin excretion 
rate> 20 I-lg/min, n= 11), their non-diabetic relatives, 47 parents (60±10 
yr) and 36 siblings (39±12 yr), and 60 non-diabetic controls without 
family history of type 1 diabetes. 
Median serum Lp(a), but not total or HDL cholesterol and triglyceride 
levels, were significantly increased in both diabetics (14 mg%, range 3-
153), their parents (11, 5-167), and siblings (17, 10-157) than in 
controls (10, 10-46, p<O.OOI). Serum Lp(a) concentrations, although 
higher in albwninuric diabetic subjects (31.5, 10-153) in, comparison 
with nonnoalbuminuric patients (12, 3-117), did not reach statistical 
significance. However, serum Lp(a) concentrations were significantly 
increased in parents of type 1 diabetics with nephropathy (31.5, 11-61, 
p<O.OI) than in parents of diabetics with retinopathy (11, 5-167) or no 
complications (11,10-167). 
Our study suggest that 1) levels of Lp(a) are increased in families of type 
1 diabetics, especially in presence of diabetic nephropathy; 2) since 
diabetes mellitus and nephropathy are confounding factors in evaluating 
Lp( a) role into diabetic complications, it seems useful to study their non 
diabetic first-degree relatives, being Lp(a) under strong genetic control. 
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DEFECTIVE PROTEIN KINASE C SIGNALING IN HUMAN PLATELETS 
IN TYPE 2 DIABETES: HERESY OR FACT? 
R. Assert, A Bumbure', D. Scholten, V. Pirags', H. Schatz and A pfeiffer 
Department of Internal Medicine Bergmannsheil, University Bochum, Gennany; 
'Academy of Medicine, Riga, Latvia 
Aims: Atherosclerosis is the main canse of macroangiopathy and death in type 2 
diabetes (T2D). An imbalance in thromboxane (TICA2) and prostacyclin (pGI,) 
levels occurs in T2D which is associated with platelet activation. Since glucose and 
lipid metabolism is changed and may alter PKC activity in diabetes we developed a 
bioassay to investigate the role of PKC in thrombin induced TXA2 release and to 
compare the function of the enzyme in patients with TID and controls. Materials 
and Methods: Human platelets were isolated by differential centrifugation. After 
preincubation for I hat 37°C platelets were stimulated with 0 to 2 U thrombin for 
5 min 30 min before addition of thrombin platelets were incubated with I tlM of 
the specific PKC inhibitor GFI09203X (or LY279196) and 10 min before 
thrombin with 100 nM TP A where mentioned. The stable thromboxane B2 (TXB2) 
was measured in supernatant by a quantitative ELISA In parallel immune blot 
analyses of platelet cytosolic and membranous fractions were perfonned for 
PKC~2 to assess activatiou of PKC. Statistical analysis was done with the 
Wilcoxon test. Results: Thrombin stimulated TXB2 release in a dose dependent 
manner in T2D and controls. I U thrombin elevated TXB2 release in T2D 6-fold 
and in controls 2-fold (n=IO). Thus TXB2 release was elevated in diabetes 
(p<0.05). Preincubation with GFI09203X stimulated thrombin induced TXB2 
release further. Platelets of type 2 diabetic persons and controls showed an increase 
ofTXB2 to 290 ± 50 % and 510 ± 70 % respectively relative to platelets stimulated 
with I U thrombin alone (n= 12). TP A reduced TXB2 release in controls more than 
in T2D (p<0.05). Immune blots showed activation of PKC by thrombin. 
Conclusions: Unexpectedly thrombin induced thromboxane release was inhibited 
by activation of PKC as shown by the increase caused by inhibition of PKC. In 
T2D this control appears to be ineffective. This is suggested by the smaller 
response to inhibition of PKC and by the elevated TXB2 response to thrombin. 
Together this fits the concept of a role of PKC in atherosclerosis but, in contrast to 
current theories, suggests that loss of PKC function may be important rather than 
its overactivation at least with regard to platelets. 

1217 
IS THROMBfN GENERATION ENHANCED fN DIABETIC PATIENTS 
WITH RETfNOPATHY? 
A.Sobo( J.Drzewoski', L.Stali.czyk' and C.Watala' 'Lahoratory of 
Haemostatic Disorders, Department of Laboratory Diagnostics and 
'Department of Gastroenterology and Metahohc DIsorders, MedIcal 
Umversity ofL6di, Poland 

The role of hypercoagulability in the pathogenesis of diabetic retinopathy is still a 
matter of debate. Aim: The purpose of this study was to evaluate the thrombin 
generation as a hallmark of hypercoagulable state in type I diabetic patients. 
Materials and methods: Fifty well-controlled type I diabetic subjects (28M: 22F) 
aged 33.4±9.4 yr with mean diabetes duration 9.5±5.4 yr and 20 well-matched 
healthy individ~als aged 32.3±5.2 vr were selected fo; this study. Of diabetic 
patienis 22 showed retinopathy (6 proliferative) and 28 were free fro~ any diabetic 
complications. Routine coagulation parameters, as well as antithrombin III (ATIII), 
thrombin-antithrombin III complexes (TAT) and D-dimers were assessed in all 
subjects. Thrombin generation test was carried out according to Kaul1a and Biggs 
in platelet rich- and platelet-poor defibrinated plasma using Fibrintimer (Behring). 
Thrombin generation was monitored over 15 min with 1 min intervals and related 
to standard thrombin concentrations curve. Results: Patients with retinopathy 
showed significantly elevated maximal amount of generated thrombin in platelet
ricb plasma compared to controls (12.8 Vlml vs 9.6 U/ml, p<O.OI); the other inter
group comparisons were beyond statistical significance. Likewise, no significant 
differences between groups were revealed for platelet-poor plasma. In patients with 
diabetic retinopathy the generation of thrombin in platelet-rich plasma correlated 
positively with plasma cholesterol (r=O.4S,p<O.OS) and with diabetes duration 
(r=0.47, p<O.05). In diabetics without retinopathy we observed a positive 
correlation between thrombin generation in platelet-poor plasma and prothrombin 
time (r=0.43, p<0.05). The amounts of gencrated thrombin were not related to 
A Tlll, TAT or other haemostatic parameters in the studied patients. Conclusions: 
Enhanced thrombin generation in platelet-rich plasma in diabetic patients with 
retinopathy and no differences in platelet-poor plasma may point to the enhanced 
procoagnlant activity of platelet membrane phosholipid bilayer in diabctic patients 
with retinopathy, wbich may be one of the major contributing factors to 
hypercoagulabJe state in diabetic microangiopathy. 

1216 
PLATELET FACTOR 3 IN PLASMA FRACTIONS OF DIABETIC PATIENTS. 

B. Telejko, K. Iachimowicz', 1. Samson', M. Tomasiak* and I. Kinalska. 
Department of Endocrinology and *Departroent of Cbemistry, Medical University 
Bialystok, Poland 
Platelets take part in haemostasis cascade by the fonnation of catalytic surface for 
prothrombinase complex. This procoagulant activity depends on the amount of 
platelet factor 3 (PF3), which activity is connected with phospholipid particles. 
Aims: The aim of our study was the estimation of PF3 activity in platelet rich 
plasma (PRP), platelet poor plasma (PPP) and filtrated plasma (PFP) of diabetic 
patients. 
Material and methods: The group studied consisted of 13 type I diabetics, 23 type 
2 diabetics and 18 control subjects. The activity of PF3 was measured using 
Russell's viper venom (RVV, Sigma Chemicals), activating factor V and X, which 
- in the presence of Ca'+and phospholipids (PF3 activity) - form prothrombinase 
complex. ANOV A and Marm-Whitney test were used for statistical analysis. 
Results: PF3 activity was increased both in type I (p<O.OS for PPP and p<0.05 for 
PFP) and type 2 (p<0,05 for PRP, p<O.OI for PPP and p<0.005 for PFP) diabetics 
in comparison with the control group. The highest difference was observed in 
PFP, reflecting an increased contribution of the smallest rnicrovesicles released 
from platelet membranes in the formation of catalytic surface for prothrombinase 
complex. No correlation between PF3 activity and patients age, HbAlc, lipid 
concentrations nor microalbuminuria were found. However, a correlation between 
PF3 and fibrinogen level was observed (pRP: r=0.8434, p<O.OS, PPP: FO.8721, 
p<O.OI, PFP: FO.9115, p<O.OOS). 
Conclusions: 1) Platelet procoagulant activity is increased both in type I and type 
2 diabetics. 2). Our results suggest an increased contribution of the smallest 
rnicrovesicles « 0,1 iffil) released from platelet membranes in the activation of 
haemostasis in diabetic patients. 
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DIFFERENT TRANSLOCA nON OF PROTEINKINASE C02 IN THROMBIN 
STIMULATED-HUMAN PLATELETS IN PATIENTS WITH TYPE 2 DIABETES 
ABumbure, Apfeiffer' and Y.Pirags, P. Stradina University of Riga. Latvia: 
'Medical Clinic Bergmatmsheil, University of Bochunl. Gennany 
Aims: Increased platelet activity, increased intravascular thrombin generation 
reduced fibrinolytic potential are leading to increased risk of thrombotic 
complications in diabetic patients. At least some actions of thrombin are 
negatively regulated by PKC. Our previous data show that PKC-dependent 
mechanism may be responsible for these pathologic changes. Materials and 
Methods: Platelets were isolated from whole blood specimen containing 
citrate and prostacyclin POI2 by differential centrifugation and incubated 5 
min with 0.5, 1 and 2 U I ml human thrombin. As standard we used signal of 
actin at 45 kDa. PKCB2 was determined using western blot and laser 
densitometry in platelets membrane and cytosol from T2D patients (n= I 0) 
and non-diabetic controls (n= 10). Results: We detected three PKCB2 
antibodies-sensitive proteins with molecular weight 80, 82 and 84 kDa. An 
extensive increase of membrane fraction of PKCB2 as observed 5 min after 
incubation with 0.5, I and 2 U I ml hwnan thrombin or PMA IOOnM (n=10). 
In western blots we detected signals of PKCB2 at 80, 82, 84 kDa. After 
thrombin stimulation PKCB2 signals at 80 and 82 kDa increased 50% more 
than in T2D compared to controls (n= 10). When platelets were stimulated 
with 100 nM PMA the translocation of PKC 132 signals at 80 and 82 kDa 
elevated 30% more in T2D compared to controls (n= 10). There was 
significant difference between control and T2D. Conclusion. Our results 
indicate that determination of different PKCB2 subfractions in platelets is 
possible. Probably the reflect three different forms of PKCB2. Possible 
explanation could be in vivo stimulation of platelets in diabetics(glucose, 
osmolality changes, thrombin tec. ) or defects in intracellular signaling. We 
report that PKCB2 signal at low molecular weight is increased in T2D. 
Submaximali stimuli activate PKC 132 in platelets of T2D indicating a 
preactivation of PKC 132 in this disease most likely related to the increased 
intracellular calcium, DAG or IP3. 
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THE EFFECf OF SUWDEXIDE ON PLATELET REACfNITY EX VIVO 
MWiSniewska-Jarosmskli, D.Marciniak', BWi~lawska', JDrzewoski', CWataIa' and 
JGoIanski3 lDepatment of Ga>troenterology and Metabolic Disorders; 'Laboratory of 
Haemostatic Disorders; 'Department of Anaesthesia/ogy and Intensive Care, Institute of 
Cardiology, Medical University ofLodz, Poland 
Several clinical studies have demonstrated the efficacy of sulodexide, a novel glycosaminoglycan 
agent with antilhrombotic activity, in both the treatment and prophylactics of catdiovascular 
complications, especially in diabetic patients. Aims: The aim of the study was to evaluate the 
effect of sulodexide (Vessel Due F-Wassennan SpA) on whole blood platelet release reaction 
and reactivity tmder ex vivo conditions upon platelet activation with selected agonists. Materials 
and Methods: The study was condocted on a group of healthy vohmteers and comprised the 
comparative inveatigation of the effects of sulodexide (l flWml and 10 J.IWml), standard heparin 
(0.1 U/m!, 2.0 U/ml) and LMWH (Fraxiparine - Sanofi Winthrop - 0.1 U/ml). The platelet 
reactivity was evaluated by means of the whole blood cytometty to monitor platelet reactivity 
(incubation with 0.15 U/mlthrombin and 2.5 mM GPRP, 4 min; S iJM lRAP, 4 min and 3 JiM 
ADP, 15 s).The following markers of spontaneous and induced platelet activation were 
inveatigated: P-selectin (CD62), GPIba (CD42b), GPUblIlla (CD6I), platelet microparticles and 
platelet aggregates. Results: Sulodexide (I flWml) inJubited the release of P-selectin from 
intraplatelet a granules induced by thrombin by up to 752±IS.1 % (p<O.002), also the fraction of 
platelet aggregates was much reduced by up to 562±9.4% (p<O.05). Higher drug concentration 
did not significantly deepen the above effects. No apparent changes in GPIba intemalisation in the 
presence of sulodexide were observed The tmfi:actionated heparin and sulodexide acted very 
much alike in that both drugs showed similar effects on platelet reactivity, as reflected by the 
changes in the expression of surfuce platelet membrane P-selectin. The effect of sulodexide (l 
J.IWml) on thrombin inJubition in the presence of A TIll was significantly weaker than that 
observed with the standard heparin (0.1 U/ml) or Fraxiparine (0.1 U/ml) - 4S± IS%; 7S±S%; 
71±6% respectively (p<O.OO5). CONCLUSION: The results of our study suggest that the effect 
of sulodexide on platelet reactivity does not entirely depend on the inhibition of thrombin 
proteolytic activity. It can be speculated that the agent may interfere with thrombin action on its 
receptor on platelet membranes and/or the interfering with platelet signal1ntnsduction. 

1221 
ADP AND COLLAGEN SENSITIVITY OF PLATELETS IN TYPE 2 

DIABETIC PATIENTS IMPROVES AFTER GLYCAEMIC CONTROL 
YaItya Biiyiika~lk" A.Giirlek' and H. Demiroglu', Hacettepe University 
School of Medicine, Department of Internal Medicine, Divisions of 
Hematology (1) and Endocrinology (2), Ankara, Turkey 
Aims: Platelet hyperactivity has been reported in poorly controlled diabetes 
mellitus. We investigated ADP and collagen sensitivity of platelets in type 2 
diabetic patients during poor glycaemic state and after glycaemic control is 
achieved. Materials and Methods: Eleven insulin-treated type 2 patients (7 
females and 4males) aged between 39-59 (medinn 45) were studied. Median 
disease duration was 5 years. Fasting plasma glucose, serum total cholesterol, 
triglycerides, serum fibrinogen levels were determined both during poor 
metabolic control and after restoration of glycaemic control as evidenced by a 
HBA" ,; 7.0%. ADP and collagen sensitivity of platelets during poor control 
and after restoration of glycaemic control with Chrono-log 500-VS 
aggregometer. Platelet aggregation was studied at 4 different final 
concentrations of ADP (1, 2, 3 and 5 f1M) and collagen (0.4, 0.8, 1.2 and 2 
mg/mI).Reagent concentrations required to produce half-maximum platelet 
aggregations during poor glycaemic state were calculated and compared with 
the concentrations needed to yield the same aggregation amplitudes after the 
recovery. Results: Median time for the achievement of glycaemic control was 
58 days (range 45-69). Median fasting plasma glucose levels decreased 
significantly from 205 mg/dl to 121 mg/dl (p=0.003). Median HbA" levels 
reduced significantly from 9.6% to 6.6% (p~0.003) indicating to restoration of 
glycaemic control. A small but significant decrease was observed in median 
total cholesterol levels (205 mg/dl vs. 192 mg/dl at poor and good metabolic 
states, respectively, p~0.045). Median triglyceride and fibrinogen levels did 
not change significantly with the restoration of glycaemic control. Median 
ADP and collagen concentrations required to produce half-maximum platelet 
aggregation amplitude at the initial evaluation was significantly lower than the 
value at the final evaluation (ADP: 1.79 f1M vs. 3.17 f1M at poor and good 
glycaemic control, respectively, p~0.02; collagen: 0.7 mg/ml vs. 1.01 mg/mI at 
poor and good glycaemic control periods, respectively, p~0.006) Conclusions: 
The data clearly indicate that platelet aggregability significantly decreases in 
type 2 diabetic patients after the restoration of glycaemic control. 

1220 
ROLE OF SERUM GLUCOSE AND INSUUN IN THE PATHOGENESIS OF PLATELET 
HYPERAGGREGATION IN DIABETIC SUBJECTS 

R. Zinnatl, M. H. Rahman',!. Mahmud', A. K. Azad Khan1 and L A1i' 
'Research Division, BIRDEM, 'Dept of Biochemistry, University of Dhaka, Dhaka lOOD,Bangladesh 

Aims: The exact biochemical risk factors for platelet activation in diabetes are still unresolved 
and controversy exists whether platelet dysfunction is a primary or secondery event in 
diabetes. Frequent association of other risk factors such as obesity, hypertension, 
hyperinsulinemia and dyslipidemia complicates the evaluation of the role of serum glucose 
and insulin levels on the development of platelet hyperaggregation in diabetic subjects. To 
clarify these roles a group of newly diagnosed young Bangladeshi diabetic subjects have been 
studied who, from previous experience, are known to be nonobese, normotensive, 
normolipidemic, markedly hyperglycemic and norma- to hypoinsulinemic but nonketotic. 
Materials and methods: Twenty one type 2 (Age in yrs: 25±3: and BMI: 20.89±4.02: M±SD) 
and 10 fibrocalculus pancreatic ciabetic or FCPD subjects (Age in yrs: 22±4, BMI: 16.28±1.7) 
were studied along with age- and BMI-matched nonciabetic controls without family history of 
diabetes. Platelet aggregation was measured by optical aggregometry and c-peptide was 
measured by an ELISA technique. Results: Fasting plasma glucose (mmoln) was 
considerably high both in type 2 (15.3±5.28, M±SD) and FCPD (19.1±4.22) diabetic groups. 
FCPD subjects had significantly lower fasting C-peptide (ng/ml, 1.02±0.60, M±SD) compared 
to Control (2.26±0.81) and type 2 subjects (2.30±1.28) (p<0.001).Though the C-peptide value 
was similar to control subjects in Type 2 patients their C-peptide-glucose ratio was found to be 
significantly lower (Control: 0.49±0.19 vs Type 2: 0.19±0.160, p<0.0001) reflecting a deficient 
insulin secretory capacity. Percentage aggregation (M±SD) of platelets was 83±11 (by ADP), 
and 92±12 (by collagen) in type 2, 90±8 (by ADP) and 97±5 (by collagen) in FCPD and 
78±10 (by ADP) and 89±11 (by collagen) in Control subjects (p< 0.001 in Control vs type 2 
and FCPD). Correlation analysis showed a significantly negative value between fasting serum 
C-peptide and collagen-induced platelet aggregation (r- -0.793, p<0.006), and a positive 
value between C-peptide and ADP-induced platelet aggregation (r- 0.461, p<O.035). 
Conclusions: The data suggest that (a) hyperglycemia per se may not lead to increased 
platelet aggregation in ciabetic subjects, and (b) insulin may have a complex and dual role on 
platelet hyperaggregation possibly with a -direct positive effect in the hyperinsulinemic and 
indirect effect in the hypoinsulinemic range. 
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ASSESSMENT OF PLASMA NITRIC OXIDE CONCENTRATION IN TYPE1 
DIABETIC PATIENTS WITH MICROANGIOPATHY 
B.Wierusz-Wysocka, D.Zozulinska, A.Szczepanik, M.Skowronski 
and A. Murawska. Poznan Diabetic Center, Poznan, Poland. 
Nitric oxide (NO) is a short-lived messenger molecule serving as a 
transmitter in different tissues and is metabolized to N02- and N03- in 
humans. NO plays an important role in pathogenesis of Type I diabetes 
and probably it's late complications. Aims: the aim of the study was to 
estimate plasma nitrite anion (N02") concentration in Type I diabetic 
patients with and without late diabetic complications. Materials and 
methods: the study was performed in 20 patients with diabetic 
retinopathy and/or nephropathy (II female and 9 male, aged 30.3±10.6 
years, duration of diabetes 13.5±4_6 years, HbAlc 8.3±2.1 %) (group A) 
and 25 patients without diabetic complications (15 female and 10 male, 
aged 28.3±9.0 years, duration of diabetes 5.4±L8 years, HbAlc 7.8±3.2 
%) (group B). N02- concentration was measured with the use of a 
colorimetric micromethod, where nitrate reductase catalyses the 
conversion of N03- to N02-. Results: the N02- plasma concentration 
was significantly higher in diabetic patients in comparison with 
controls. We did not observe any differences between N02- plasma 
concentration in the two groups of diabetic patients (group A, group B, 
healthy sUbjects: 40_24±4.27, 36.87±3.49, 16.68±2_16 I-tmolll, 
respectively, p>0.05, p<0.05, p<O.OOOI). The nitrite concentrations did 
not correlate with HbAlc (r=-0_03, p>0.05). Conclusions: the results 
support the concept that metabolism of nitric oxide in diabetes is 
disturbed independently from the presence of late diabetic 
complications. 

1224 
EFFECT OF HYPERGLYCAEMIA ON SYSTEMIC AND RENAL 
PRODUCTION OF NITRIC OXIDE METABOLITES AND cGMP 
EXCRETION IN IDDM PATIENTS 
R. Simkova, T. Pelikanova, L. Kazdova and M. Jirsa. Clinical and 
Experimental Medicine and 1st Medical Faculty of Charles University, 
Prague, Czech Republic. 

Nitric oxide (NO) plays an important role in regulation of systemic and 
regional haemodynamics via activation of soluble guanylate cyclase. The 
increase in cyclic guanosine 3 '5"monophosphate (cGMP) is accompanied by 
a vascular relaxation. Aims: The aim of our study was to evaluate the effect 
of acutely-induced hyperglycaemia on systemic and renal NO production 
and urinary cGMP excretion. Methods: We measured the serum and urinary 
nitrite/nitrate (NO,) concentrations and urinary cGMP excretion in two 90-
minute periods under glycaemic clamp-induced euglycaemia (period 1, 5 
mmol/L) and hyperglycaemia (period II, 12 mmollL) in a group of 20 
patients with insulin-dependent diabetes mellitus (IDOM) without 
microalbuminuria and IS weight-, age- and sex-matched healthy controls 
(C). Results: During period I NO, excretion was comparable in IDOM and 
C and significantly increased during hyperglycaemia in C (345 ± 241 vs 454 
± 278 nmol.min·\ p < 0.01), while it did not change in diabetics (355 ± 239 
vs 326 ± 166 nmol.min-1

). No significant differences in urinary cGMP 
excretion (IDOM: 1139 ± 627 vs 1051 ± 1002 pmol.min-1

; C: 1212 ± 693 vs 
1216 ± 731 pmol.min-1

) and serum NO, (IDOM: 19 ± 9 vs 18 ± 9 umol.L·1
; 

C: 22 ± 12 vs 21 ± 10 umol.L-1
) were found between periods I and II in both 

groups. There were no significant relationship between changes in urinary 
NO, and cGMP. Conclusions: The IDOM patients have an impaired 
regulation of NO production in kidneys with possible impact on sodium 
homeostasis and renal haemodynamies. (Supported by grant IGA MZ CR, 
No 4242-3) 
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1223 
PROSTAGLANDIN-MEDIATED VASODILATORY ACTION IN RESPONSE TO 
ACETYLCHOLINE INFUSION IS GREATER IN PATIENTS WITH TYPE I 
DIABETES COMPARED WITH CONTROLS 
'D.R. Meeking, IS. AJlard, I J. Munday, 2p. Chowienczyk, 'K.M. Shaw, 'M.H. 
Cummings. IDepartment of Diabetes and Endocrinology, Queen AJexandra Hospital, 
Portsmouth and 2ClinicaJ Pharmacology, UMDS, St Thomas' Hospital, London. 
Aims To detennine whether conflicting reports of impaired endothelial function in 
type 1 diabetes, as measured by the vasodilatory response to infused ace1ylcholine 
[ACh] are due in part to methodological differences affecting the availabili1y of 
vasodilatory prostanoids. 
Materials and Methods We examined the role of endogenous prostanoids in twelve 
healthy, normotensive type 1 diabetic adults (6M 6F, age 34.5 ± 1.9 yr [mean±SEM], 
duration of diabetes 13.4 ± l.9yr) and twelve controls matched for age, sex and BMI. 
Forearm blood flow [FBF] was measured using a venous occlusion plethysmography 
technique. Vasodilatory responses were measured at baseline and following brachial 
artery infusions of ACh (7.5, 15, 30 Ilg/min). Subjects' vasodilator responses at 
baseline and after ACh were then re-examined following local intra-arterial infusion 
of indomethacin [IND] (0.3mg/l00ml forearm volrune over 20 min), a cydo
oxygenase inhibitor. Absolute values of FBF were examined. 
Resnlts Following IND, the vasodilator responses to all ACh doses were reduced in 
both groups. However, at higher doses of ACh (15 & 30Ilg/min) the reduction in 
b lood flow followine IND was ereater in diabetic natients comoared with controls. 

Reduction of FBF Reduction of FBF p-value 
(%) in tvoe 1 diabetes (%) in controls 

Baseline 3.47 + 0.49 4.15 +0.56 0.19 
ACh 7.5 mcg/min 22.84 ± 5.18 19.14 + 5.49 0.31 

ACh 15 meg/min 25.77 ± 5.14 11.93 ± 5.46 <0.04 

ACh 30 mcg/min 23.45 ± 4.60 10.27 + 2.05 <0.04 

ConcluslOos Vasodilatory prostanOids are Important 10 deteruurung endothelial 
response to ACh in diabetic and non-diabetic subjects. In addition, increased 
prostaglandin-mediated vasodilation may be compensating for attenuated responses 
to nitric oxide in diabetic subjects. These findings may partly explain the conflicting 
reports of endothelial dysfunction in patients with type 1 diabetes. 

1225 
GLUCOSE-MEDIATED FUNCTIONAL ALTERATIONS IN RESISTANCE 
ARTERIES ISOLATED FROM PATIENTS WITH IDDM. 
P.W.F.Hadoke, C.A.McIntyre, GC.Jones, B.C.Williams, A.I.Elliott, & 
J.A.McKnight. Department of Medical Sciences & Metabolic Unit, University of 
Edinburgh, Western General Hospital, Edinburgh, Scotland. 
Introdnction: Hyperglycaemia is associated with the development of diabetic 
microangiopathy but the exact nature and causes of the abnormalities that develop in 
the resistance vasculature are unclear. Aims: To detennine whether raised glucose 
levels preferentially alter the function of endothelial or smooth muscle cells in 
arteries from patients with insulin-dependent diabetes mellitus (IDDM). Methods: 
Resistance arteries were isolated from gluteal subcutaneous fat biopsies from 8 
patients with IDDM and 6 non-diabetic controls. Following Ihr incubation in 
physiological salt solution (PSS) containing either normal (5.5mM) or elevated 
glucose (20mM) concentrations, contractile responses were obtained for receptor
dependent (noradrenaline (NA), endothelin-I (ET-I)) and receptor-independent 
(potassium solution (K+» vasoconstrictors. Relaxation was assessed using the 
endothelium-dependent, receptor-dependent vasodilators acetylcholine (ACh) and 
bradykinin (BK) and the endothelium-independent, exogenous nitric oxide (NO) 
donor, 3-morpholinosydnonimine (SIN-I). Results: Vasoconstrictor responses to 
NA, ET-I and K+, and vasodilator responses to ACh and BK were similar in arteries 
from patients and controls and were unaltered by high glucose concentrations. The 
sensitivity (-logIC,,), but not the size, of the relaxation with exogenous NO (SIN-I) 
was slightly, but not significantly (P=O.18), enhanced in arteries from patients with 
IDDM (6.81±0.17) compared with controls (6.46±0.14). Exposure to raised glucose 
caused a rightward shift (desensitisation) of this response which was significant 
(P=0.03) in arteries from IDDM patients (6.32+0.11) but not in those from controls 
(6.28±0.14; P=0.46). Conclusions: This study confirms our previous observation that 
functional responses are unaltered in resistance arteries from patients with IDDM and 
demonstrates that these responses are largely unaffected by an acute elevation of 
glucose concentrations in vitro. The selective, glucose-mediated reduction in 
sensitivity to exogenous NO in resistance arteries from patients with IDDM suggests 
an alteration in the NO pathway which may develop as an adaptive response to 
hyperglycaemia in vivo. This may contribute to the development of vascular 
complications in IDDM. 
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MUSCLE V ASODILATAT[ON BY C-PEPTIDE [S NO-MEDIATED 
B-L Johansson, J Pemow and J Wahren, Depts of Clinical Physiology and 
Cardiology, Karolinska Hospital, S-171 76 Stockholm, Sweden. 

Recent studies suggest that C-peptide increases blood flow in both exercising and 
resting forearm in patients with IDDM. 
Aims: To find out whether the C-peptide effect on forearm muscle blood flow is NO
mediated. 
Material and methods: Eleven IDDM patients, aged 37±4 yrs with a diabetes 
duration of 23±4 yrs, were studied twice within one month. Their mean HbA I c was 
7.2±0.7%. On both study occasions they received i.v. insulin infusion so regulated 
that euglycemia (S-6mmol/l) was achieved during the study. Forearm blood flow was 
measured by venous occlusion plethysmography during both arterial and i.v. infusions 
of saline or C-peptide (12 nmo1!2 min La., and 6 pmollkglmin Lv.) as well as during 
i.a. infusions of acetylcholin (Ach, 20flg/2 min) and sodium nitroprusside (Np, 
20flgl2min) before, during or after i.a. infusion of a NO synthase inhibitor (L
NMMA, 28 mgl24min). 
Resu[ts: I.v. infusion ofC-peptide increased basal forearm blood flow by 34 ± 10%, 
p<O.OI, whereas the blood flow was unchanged during saline infusion (-S.O ± 3%). 
I.a. administration ofL-NMMA reduced blood flow by 41 ± 4% during Lv. infusion 
of C-peptide and by 26 ± 7 % during saline infusion. The reduction in blood flow was 
more marked during C-peptide infusion (p<O.OS) than during saline. Forearm blood 
flow did not change when C-peptide (12 nmo1!2min) or saline were combined with 
the i.a. administration of L-NMMA. However, when the same dose of C-peptide was 
repeated i.a. 60 min later, forearm blood flow increased by 30% (p<O.OOI). I.a. 
infusions of Ach and Np raised forearm blood flow by approx 200 and 400%, 
respectively, both during i.v. infusion ofC-peptide and saline. L-NMMA blocked the 
acetylcholine response by nearly 80% (from 200 to 4S%) both during intravenous 
saline and C-peptide infusions periods, whereas the response to Np was unchanged. 
Conclusion: The vasodilatory effect of C-peptide in skeletal muscle in IDDM patients 
is NO-mediated 

1228 
THE EFFECT OF 5-AMINOIMIDAWLE-4 CARBOXAMIDE RIBOSIDE 
(AICA-f) ON TIlE RESPONSES OF ISOLATED TIIORACIC AORTA IN 
STREPTOZOTOCIN DIABETIC RATS 
Y. Senses, S. Ozyazgan, E. loce, M. Tunl'(lemir, F. Kaya, M. Oztiirk, G. Sultuybek 
and AG. Akkan. Univ. of Istanbul, Cerrahpalja Fac. of Medicine, Dept. of 
Pharmacology, 34303, Istanbul, TURKEY. 
Aim : AJCA-r, the nucleoside corresponding to AJCA- ribotide, an intermediate of 
the de novo pathway of purine biosynthesis was recently proposed as a new 
insulinotropic tool in non- insulin- dependent diabetes mellitus. The major aim of the 
present study was to define whether AJCA riboside affects the vascular 
responsiveness to vasoconstrictors and vasodilators in thoracic aorta of streptozotocin 
(STZ)- diabetic rats. Materials and Metbods : Studies were performed in untreated 
control rats (n=II), neonatal- STZ- induced (100 mglkg, i.p. at the second day of 
their birth and were then maintained 16 weeks) diabetic rats (n=S), AJCA- treated (10 
mglkglday, Lp. for one month, beginning at the 161h week) contral rats {n=-S) and 
AJCA- treated (10 mglkg/day, i.p. for one month, beginning at the 16th week) 
diabetic rats (n=7). Two thoracic aorta rings were taken from all animals and 
prepared two subgronps (endothelium intact, E+, and denuted, E-, strips).Results 
are expressed as the mean±s.e.mean. Relaxant responses are expressed as a 
percentage ("/0) relaxation of noradrenaline- induced toue. Statistical analysis of the 
data was performed using one- way analysis of variance (ANOY A) followed by 
Tukey- Kramer multiple comparisons test. P<0.05 was considered as statistically 
significant. Results: One month AJCA-r treatment : I. significantly increased the 
body weights of diabetic rats (l81±13 to 239±2 g, p<0.001) 2. significantly 
decreaesd the blood glucose levels of diabetic rats (302±47 to 13S±ll mg/d!, 
p<0.001) 3. did not significantly affect fast, slow and total components of responses 
to noradrenaline in all the experimental gronps 4. reversed the increased max. 
contraction values of noradrenaline in diabetic rats to near- control values ( E+: 
300±S to 204±19 mg tension/mg ww, P<o..05) S. reversed the completely abolished 
responses of acetylcholine (PD2 and % relaxation) in diabetic rats to control values 6. 
reversed the decreased pD2 valnes of sodium nitroprussiate in diabetic rats to control 
values. In conclusion : AJCA -r treatment could improve the increased blood glucose 
level, accelerate gaining weight, reverse the endothelial dysfunction and normalize 
the vascular responses in neo- STZ- diabetic rats. 

1227 
RESPONSE TO PROLONGED SYSTEMIC NO INHIBmON IN TYPE 2 
DIABETIC PATIENTS AND CONTROLS. EFFECTS OF NIFEDIPINE. 
M.DalIaVestra, D.Sacerdoti, G.C.Bomboniw, G.F.Finucci, A.SalIer, P.FioreUo, 
M.Sarnbataro, F.Piarulli, M.Velussi, L'zotta and R.Nosadini. Padova, Italy. 
Abnormalities of endothelial function leading to impaired NO release '"' 
vasoconstriction have been postulated in Type 2 diabetic patients (02) with (M+) oc 
without microalbuminnria (M-). Prolonged systemic infusion of Nu-monomethyl-L
arginine (L-NMMA) can simulate chronic, generalized impairment of NO release 
from endothelium in vivo. One can suggest that systemic response to L-NMMA is 
reduced in D2M+ and/or in D2M- because of lower baseline NO release. Aim£:. to 
study the effects of prolonged infusion of L-NMMA (540 mg/2hours) alone aod in 
association with sublingual route nifedipine administration (20 mg). ~: We 
evaluated cardiac index by ultrasonography (CI: ml/min/1.73m2); mean blood 
pressure (MBP; mmHg); renal plasma flow (RPF: ml/min/1.73m2); glomerular 
filtration rate (GFR: ml/min/1.73m2) and renal vascular resistances (RVR 
mmHg/ml/min/1.73m2) in 5 D2 M+, in 5 D2 M- and in 5 controls (C), all males 
and with mild arterial hypertension. ~: L-NMMA decreased baseline CI (mean 
± S.E.) (C vs D2M- vS D2M+: 2699±88 vs 3257±353 vs 2909±147) by ll±3% in 
C, 16±5% in D2M- and 6±3% in D2M+ (n.s.). A 7±3% MBP rise was observed in 
C, 5±4% in D2M- aod 12±1% in D2M+ from baseline (C vs D2M- vs D2M+: 
ll4±10 vs ll5±5 vs ll3±3) (n.s.); a 19±3% RPF decrease was observed in C, 
12±2% in D2M- aod 12±4% in D2M+ from baseline (C vs D2M- vs D2M+: 
440±43 vs 662±120 vs 403±49) (n.s.). A 7±1 % GFR decrease was observed in C, 
9±3% in D2M- and 6±3% in D2M+ from baseline (C vs D2M- vs D2M+: 89±4 vs 
102±3 vs 98±5) (n.s.). A 33±4% RVR increase was observed in C. 16±4% in D2M
and 26±8% in D2M+ from baseline (C vs D2M- vs D2M+: O.15±O.03 vs 
O.17±O.02 vs O.ll±O.02) (n.s.). Nifedipine completely reversed L-NMMA induced 
MBP increase, restored CI aod attenuated renal vasoconstriction. Conclusions:!) 
sustained NO inhibition is accompained by systemic aod renal vasoconstriction both 
in C. D2M+ and D2M- without significant differences in the 3 groups; 2) Nifedipine 
reverses cardiovascular and renal effects induced by sustained systemic NO deficiency 
both in C and D2. 

1229 
IMPAIRED RELAXATION IN AORTA FROM STREPTOWTOCIN
DIABETIC RATS~· EFFECT1lF AMfNOGUANIDINE TREATMENT_ 
S. Ozyazgan, Y. Untiicerci, S. Bekplllar, AG. Akkan. Univ. of Istanbul, Cerrahpa~ 
Fac. of Medicine, Dept. ofPbarmacology, 34303, Istanbul, TURKEY. 
Aim : The effect of 8 weeks' streptozotocin (STZ)- induced diabetes and 
aminoguanidine (AG), the inhibitor of advenced glycosylation reaction, treatment on 
arteriolar reactivity to vasoactive substances was investigated in vitro- Materials and 
Metbods : Studies were performed in untreated control rats (n= 19), STZ- induced 
(60 mglkg i.v.) diabetic rats (n=IO), AG- treated (600 mgll given in drinking water 
throughout 8 weeks) control rats (n=IO}and AG- treated (600 mgll given in drinking 
water, beginning at 72 h after streptozotocin and throughout 8 weeks of diabetes) 
diabetic rats (n=lo.). Resulrs are expressed as the mean± S.e.mean. Relaxant 
responses are expressed as a percentage (%) relaxation of noradrenaline- indnced 
tone. Statistical comparisons were made by one- way analysis of variance (ANOY A) 
followed by Tukey- Kramer multiple comparisons test. P<O.OS was considered as 
statistically significant. Results ~ l. The decreased body weights (205±6 g) and 
increased blood glucose levels (583±8 mgld!) of diabetic rats were partially restored 
by treatment of aminoguanidine (253±6 g, p<0.05 and 48Qr14 mg/dl, p<O.OOI, 
respectively). 2. Diabetes cansed a 71% deficit in maximal endothelium- dependent 
relaxation (23±5%) to acetylcholine for noradrenaline precontracted aortas 
(p<0.001). Aminognanidine treatment prevented the diabetes- indnced impairment in 
endothelium dependent relaxation (58± 8%) to acetylcholine, maximum relaxalion 
remaining in the non- diabetic range (78±4%). 3. Neither diabetes nor treatment 
affected endothelillm- independent relaxation (pD2 and max. inhibition) to sodinm 
nitroprussiate. 4. Vasoconstrictor responses (PD2 and max. Contraction) to 
noradrenaline and KCl were not influenced by the the diabetic state and treatment. In 
conclusion : These data suggest that 8 weeks of experimental diabetes is associated 
with a decreased endothelium- dependent vasodilatation. AG treatment may prevent 
diabetes- induced endothelial dysfunction. This may be mediated via the prevention 
of advanced glycosylation end prodnct formation, the enhanced release of vasodilator 
substances such as prostacyciin, the increased elasticity of blood vessels, the 
antioxidant activity and inhibitor activity of enzyme aldese- reductase of 
aminognanidine. 
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CORRELATIONS BETWEEN MORPHOLOGICAL AND FUNCTIONAL 
MICROCmCULATORY ALTERATIONS IN DIABETES AND THE IMPACT 
OF METABOLIC CONTROL AND DISEASE DURATION 
M.F. Meyer and H. Schatz. University Hospital Bergmannsheil, Department of Internal 
Medicine, Biirkle-de-la-Camp-Platz I, D-44789 Bochurn 

Only minor changes of skin capillary morphology have been described in diabetes by 
means of capillaroscopy without dyes. Aims: To examine correlations between 
functional and morphological abnormalities of the capillaries in type I and 2 diabetes 
and the influence of metabolic control and diabetes duration on capillary morphology. 
Materials and Methods: Sixteen type 1 and 19 type 2 diabetic patients were 
investigated and two age- and sex-matched groups comprising 16 and 19 non-diabetic 
subjects served as controls. Capillary density and morphology was evaluated at the 
distal row of nailfold capillaries. Capillary blood cell velocity (CBY) was measured in 
the dorsal middle phalangeal area during rest and after 3-min arterial occlusion by 
means of laser Doppler anemometry. Results: Capillary density, width and arterial 
limb diameter were similar in type 1 and 2 diabetic patients compared to their controls. 
Capillary diameters of the apical part and the venous limb were slightly enlarged both 
in type 1 and 2 diabetes, but a significant difference only was found when type 1 and 2 
diabetic patients were compared in common to their controls (apex: 19.2±O.6 Iilll vs. 
17.4±O.6 Iilll, p<O.OS; venous limb: 17.3±O.S Iilll vs. lS.9±O.4 Iilll, p<O.OS). Tortuos 
capillaries were more often observed in type I (n=13 vs. n=7, p<O.05) and 2 diabetic 
patients (n=16 vs. n=9, p<O.OS) than in controls. In type 1 diabetes an inverse 
correlation (p-0.S2; p<O.OS) was noticed between capillary density and resting CBV. 
In type 2 diabetic patients a positive correlation (pO.49; p<0.05) was found between 
the capillary apex diameter and peak CBV No association between metabolic control, 
evaluated by HbAlc levels, and capillary morphology was found, whereas disease 
duration was inverse correlated to arterial limb diameter (p-O.48; p<O.OS) and width 
of the capillaries (p-0.48; p<O.OS) in type 2 diabetes. Conclusions: In type I and 2 
diabetic patients only minor, unspecific changes of capillary morphology were found. 
Slight correlations between morphological and functional alterations may be eXlllained 
by haemodynamic rather than metabolic factors. 

1232 
ENDOTHELIAL DYSFUNCTION AND INSULIN SENSITIVITY: A 
RELATIONSHIP MODULATED BY THE LIPID PROFILE. 
S. Bandinelli, G. Dell'Omo, L. Pucci, G. Giovannitti, F. Caricato, M. 
Mariani, R. Navalesi, R. Pedrinelli and G. Penno. Dept. of 
Endocrinology and Metabolism, Dept. of Cardiology, University of 
Pisa, Italy. 
Aims: Endothelial behavior is altered in patients with established 
atherosclerotic disease and in those with risk factors related to insulin 
resistance (IR) but without overt atherosclerosis. Several data suggest that 
endothelial dysfunction and IR are linked. Hypercholesterolemia is 
associated with impaired endothelial function, but not with IR. Materials 
and Methods: The link between endothelial dysfunction (transcapillary 
leakage of albumin, TERalb) and IR (HOMA) has been studied in 127 
non-diabetics: 23 healthy controls (C), 47 hypertensives with no overt 
atherosclerosis (EH), 12 subjects with familial hypercholesterolemia (FH), 
30 normotensives with overt atherosclerosis (A TH) and 15 subjects with 
hypertension and atherosclerosis (EHI A TH). Results: EH and FH were 
younger, BMI was higher in EH and EH/ATH. ATH, EH/ATH and FH had 
higher LDL-ch (p<O.OOOI) and ApoB (p=0.004). LDLlApoB ratio was 
higher in FH (p<O.OI) and similar in the other four groups. ATH and 
EHI A TH had higher triglycerides (p=0.02). 24 hour sBP and dBP were 
higher (p<O.OOI) in EH and EH/ATH, and similar in C, FH and ATH. 
TERalb was 6.5±1.6 %/h in C, higher (logTERalb, ANOV A, p=O.OOOI) in 
EH (9.1±2.6 %/h, p<O.OI), ATH (9.9±2.4, p<O.OOI) and EH/ATH 
(l0.8±3.3, p<O.OOI), and intermediate in FH (7.9±1.l %). HOMA IR was 
similar in C: 2.22±1.1l; EH: 2.59±1.32; FH: 2.11±0.75; ATH 2.27±1.38 
and EH/ATH: 2.57±1.03. A positive regression was found between 
TERalb and HOMA IR (n. 127, r=0.30, p=0.0015) and remained after 
controlling for age, BMI, smoking, LDL and triglycerides and presence of 
atherosclerosis or hypertension. After stratifying by LDLI ApoB quartiles, 
such regression drops in the 1st (r=0.57, p=0.79) and 2nd quartile 
(r=0.19, p=0.36), while persists in the 3rd (r=0.46, p=0.015) and 4th 
quartile (r=0.40, p=0.03). Conclusions: Our data suggest that insulin 
sensitivity (HOMA IR) is a significant "predictor" of endothelial 
dysfunction (widespread permeability) in those patients with high 
LDLlApoB ratio. 

1231 
VASCULAR FUNCTION AND AGEING IN SUBJECTS WITH A 
GENETIC PREDISPOSITION TO TYPE 2 DIABETES 
B.C. Lee, A.C. Shore, J.M. Humphreys, A.T. Hattersley and J.E. Tooke. 
Department of Diabetes and Vascular Medicine, School of Postgraduate 
Medicine and Health Sciences, University of Exeter, Exeter, UK. 
Diabetes is a known risk factor for cardiovascular disease and has often 
been likened to accelerated ageing of the vasculature. Normoglycaemic 
offspring of Type 2 diabetic parents have previously been shown to 
have metabolic abnormalities and are at increased genetic risk of 
developing of diabetes. It is unclear whether genetic predisposition 
might be itself be associated with accelerated ageing effects on vascular 
function. Aims: To explore the relationship vascular function and 
ageing in this at risk population. Methods: Using laser Doppler 
fluximetry we assessed maximum microvascular hyperaemia (MMH) to 
local heating of the skin in 21 non-obese, glucose-tolerant offspring of 
two Type 2 diabetic parents (group 2) and 21 age and sex matched 
controls (group 1), (10 M, age 40 [19-54) vs 42 [21-55)yrs, median and 
range, p=0.39). All underwent OGTT and serum insulin and plasma 
glucose were measured. Results: MMH did not differ between the two 
groups, However minimum microvascular resistance (mean BPIMMH) 
was correlated with age in group 2 but not in group 1, (Rs=0.47, p=O.03, 
Spearman rank). Fasting plasma glucose was similar in the two groups 
but the two hour values and the area under glucose curve were 
significantly higher in group 2 compared to group 1, (6.4 [5.3-6.6) vs 
4.9 [4.2-4.6) mmol/I, p=0.005) and (13.6 [1O.8-17.4J vs 12.0 [9.1-15.1J 
mmol/I h, p=O.OOI Mann-Whitney) respectively. Conclusions: In 
individuals predisposed to Type 2 diabetes, with subtle derangements of 
glucose metabolism, the effects of age on vascular function appears to 
be more pronounced than in matched controls. 

1233 
MICROVASCULAR FUNCTION AND FEATURES OF INSULIN 
RESISTANCE SYNDROME IN HEALTHY ADULTS 
J.E. Tooke, B.C. Lee, I.M. Humphreys, A.T. Hattersley and A.C. Shore. 
Department of Diabetes and Vascular Medicine, School of Postgraduate 
Medicine and Health Sciences, University of Exeter, Exeter, UK. 
Microvascular complications are often present when diabetes is diagnosed later in 
life. This may be due to a long period of undiagnosed diabetes or may indicate 
that abnormalities of microvascular function precede diabetes. Previous studies 
have demonstrated that cutaneous microvascular vasodilatory capacity is 
decreased in subjects with fasting hyperglycaemia who have only mild 
derangements of glucose metabolism but no diabetes and in this group 
abnormalities are related to insulin sensitivity. Whether such abnonnalities 
predate fasting hyperglycaemia or are influenced by the subjects' insulin 
resistance are unknown. Aims: (1) To investigate whether microvascular function 
is deranged in normoglycaemic subjects at high genetic risk of Type 2 diabetes 
and (2) To explore the links between microvascular function and an individual's 
sensitivity to the actions on insulin. Methods: Using laser Doppler fluximetry we 
assessed maximum microvascular hyperaemia (MMH) to local heating of the skin 
in 21 non-obese, glucose-tolerant offspring of two Type 2 diabetic parents (10 M, 
age 40 [19-54] yrs, median and range), and 21 age and sex matched controls. 
Blood was taken for PAl-I, vWF, tPA, lipids, fasting glucose and insulin. 
Results: MMH did not differ between the two groups, (I.S3 [0.84-2.S5] V vs 1.56 
[0.86-2.19] V controls, Mann-Whitney). Significant correlations (Spearman) 
between minimum microvascular resistance (mean BPIMMH) and insulin 
resistance were observed in the combined group (Triglyceride p=0.024, Total 
cholesterol p=0.022, PAI-l p=O.OO3, tP A, p=0.026) and an inverse correlation 
with insulin sensitivity (p=0.031). Conclusions: The MMH was not abnormal in 
subjects at increased risk of diabetes. However the data provide evidence to 
support the association between features of the insulin resistance syndrome and 
microvascular dysfunction. 
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1234 
IMPROVEMENT IN ENDOTHELIAL FUNCTION DEPENDS MAINLY ON 
BLOOD PRESSURE BUT NOT GLUCOSE CONTROL IN TYPE 2 DIABETES 
C. Kiviet-Boehm, M.D. Enderle, V. Schwelling, B. Balletshofer, S. MattMei, K. 
Rett, H.U. Hl!ring, and M. Pfohl', Departtnent of Endocrinology and 
Metabolism,'University ofBochum, University of Tuebingen, Germany 
Aims: Type 2 diabetic patients suffer from endothelial dysfunction that can be 
demonstrated by a reduced flow associated vasodilatation (FAD%) using high 
resolution ultrasound. We were interested in the question whether amelioration of 
glucose metabolism would restore endothelial function. 
Patients and Methods: We studied 24 consecutive type 2 diabetic patients from our 
outpatient clinic (II f, 13 m, age S2.3±IS.2 y, BMI 32.8±7.S kg/m', diabetes 
duration 8.1±9.1 y) with insufficient diabetes control. FAD% was measured at first 
visit and after intensifying antidiabetic treatment 3 months later. A high resolution 
ultrasound system with a transducer up to 13.0 MHz and an axial resolution of 0.12 
mm was used for the determination of FAD%. Values are given as means ± SD, 
significance was tested by paired samples T-test and correlation by ANOVA. 
Results: HbAle improved from 9.3±1.S % to 7.6±1.5% (delta HbA1c = 1.7%, 
P=O.OOOS), but was not related to an improvement in FAD% (4.13±2.8% to 
4.6±2.9%, delta FAD% = 0.47 %, P = 0.67). Although mean total cholesterol, 
triglycerides, and blood pressure were not influenced significantly, there was 
a weak but not significant negative correlation between delta FAD% and the 
delta tota! cholesterol (R = -0.27, P = 0.21 ). In those patients that changed 
blood pressure there was a clear negative correlation between delta systolic 
blood pressure [-50 to +30 mmHg] and delta FAD% [-7.5 to +14%](R = -0.47, 
P = 0.02). Conclusions: Our data indicate that improvements in endothelial function 
in type 2 diabetic patients are not likely to be caused by an improvement in glucose 
control alone, whereas lowering of the systolic blood pressure will probably have the 
most favourable effect on endothelial function in these patients. This underlines the 
need for a multifactorial approach in the management of diabetes and its 
complications. 

1236 
ACE GENE POLYMORPHISM IS A POTENTIAL RISK FACTOR 
NOT FORMACROANGIOPATHY, 
BUT FOR MICROANGIOPATHYIN JAPANESE NIDDM. 
H.Itoh, T.Utsugi, Y.Ohyama, T.Uchiyama, T.Ohno, N.Katoh, 
S. Tomono, S.Kawazu and R.Nagai, Maebashi, Japan 
Back Ground:ACE polymorphism has been reported to be a candidate 
risk factor for the development and progression of diabetic 
nephropathy. Recently, we reported the significant association 
between ACE polymorphism and diabetic retinopathy as well as 
nephropathy in Japanese NIDDM. 
Aim:This study was initiated to analyze the relationship between 
macroangiopathy and ACE gene polymorphism in Japanese NIDDM. 
Materials and Methods:Japanese NIDDM patients who had been 
diabetic longer than 10 years (N= Ill, male: N=58, female: N=53, total 
average age: 6Oyears) were recruited to this study. ACE gene 
polymorphism was determined by PCR methods using DNA from 
patients' peripheral white blood cells. We followed for 7 years to see 
whether these patients had macro angiopathy, such as angina pectoris, 
myocardial infarction, cerebral vascular attack and ASO. Nephropathy 
was detennined by the urinary albumin index:;;; 10 mg/g.creatinine. 
Retinopathy was diagnosed by two independent opthalomologists. 
Results:Among III patients, eight patients had cardiovascular events 
(DD: N=l, ID: N=2, II: N=5), and eleven patients had cerebral vascular 
attacks(ID: N=5, II: N=6). There was no patient with ASO. In this 
study, we did not find a significant association between ACE gene 
polymorphism and macro angiopathy. In contrast, the D-allele of ACE 
gene was significantly more frequent in the patients with 
nephropathy(P=0.036, by X2 test) and RetinopathycP=0047, by X2 
test) in the same patients above. 
ConcIusion:Genetic risk factor for macro angiopathy is different from 
that for microangiopathy. 

1235 
DIETARY FATTY ACIDS INFLUENCE BOTH INSULIN SENSITIVITY AND 

ENDOTHELIUM DEPENDENT V ASOREACTIVITY IN TYPE 2 DIABETES. 

M.Ryan, D.Mclnerney, D.Owens, P.Collins, AJohnson and GH.Tomkin. 
Adelaide/Meath F/ospital, Trinity College, Dublin The Royal College of 
Surgeons in Ireland. 
Insulin resistance and impaired endothelial-dependent vasoreactivity predict 
atherosclerosis. Aims to examine the effect of an oleic acid-rich diet on insulin 
resistance and endothelium dependent vasoreactivity. Materials and 
Methods II type 2 diabetic patients were changed from the usual linoleic acid
rich diet to an oleic acid-rich diet for 2 month. Insulin-mediated glucose 
transport was measured in isolated adipocytes. Fatty acid composition of the 
adipocyte membranes was determined by gas-liquid chromatography. 
Endothelium dependent and independent flow mediated vasodilatation (FMD) 
were measured in the superficial femoral artery. Resu1ts There was an increase 
in oleic acid and decrease in linoleic acid on the oleic acid-rich diet (p<O.OOOI). 
Diabetic control was unchanged but fasting glucose/insulin decreased on the 
oleic acid-rich diet (p<O.OS). Insulin-stimulated glucose transport was greater 
on the oleic acid-rich diet (O.S6±O.17 vs O.29±O.14 nmolllO' cells/3mins, 
p<O.OOOI). Endothelium dependent FMD was greater on the oleic acid-rich 
diet (3.90±0.97% vs 6.l2±1.36% p<O.OOOI). There was a significant 
correlation between adipocyte membrane oleic/linoleic acid and insulin 
mediated glucose transport (p<O.OOI). There was a significant positive 
correlation betw"een adipocyte membrane oleic/linoleic and endothelium 
dependent FMD (r=0.61,p<0.OOI) but no relationship between insulin 
stimulated glucose transport and change in endothelium dependent FMD. 
Conclusions A change from polyunsaturated to monounsaturated diet in type 2 
diabetes reduced insulin resistance and restored endothelium dependent 
vasodilatation suggesting an explanation for the anti-atherogenic benefits of a 
Mediterranean-type diet. 

1237 
LlPOPROTEINLIPASE MODULATES GLYCATED LDL INDUCED 
EFFECTS IN CULTURED VASCULAR ENDOTHELIAL CELLS. 
S.Baumgartner-Parzer, M.Artwohl, W.Graier, C.Ludwig, M.Roden, 
W.Waldhausl, Dept. Int. Med. Ill, Div. Endocrinology & MetabOlism, Univ. of 
Vienna, Austria 
Hyperglycemia is closely related to the occurrence of late diabetic vascular 
complications. Glycated lipoproteins are suggested to be involved in these 
processes. Aims: This study was thus designed to evaluate the effects of 
glycated LDL (low density lipoprotein) in HUVECs (human umbilical vein 
endothelial cells). Methods: PrOliferation, apoptosis and protein expression 
were measured by 3H-thymidine assays and Western blot analysis. In vitro 
glycated LDL as well as glycated and non glycated LDL fractions from 
diabetic patients were used for the experiments. Results: HUVECs, 
incubated (24 - 48h) with in vitro glycated LDL (100,.ug/ml), exhibited 
reduced proliferation (70%), but increased apoptosis (120%) compared to 
their intraindividual control cells cultivated with non glycated LDL. In parallel 
expression of endothelial NO-Synthase (eNOS: 130%), Retinoblastoma 
protein (pRb: 131 %) and of p27 (130%) were increased. Addition of 
lipoproteinlipase (LPL- 0.1 U/ml) did not affect proliferation and Cyclin D3-
expression, but modulated basal as well as glycated LDL induced apoptosis 
and reduced eNOS (65%), pRb (71%) and p27 (63%). Exposure of HUVECs 
to glycated LDL from diabetic patients slighty reduced proliferation (91 %) 
versus their intraindividual non glycated LDL fraction, associated with a 
diminished Cyclin D3 expression (87%). Increased rates of apoptosis were 
exclusively observed in the presence of LPL (130%).ln none of the LDL pre
parations oxidation products were detectable. ConclUSions: The obser
vations, that in vitro and in vivo glycated LDL as well as LPL differentially 
modulate proliferation, apoptosis and associated protein expression in 
vascular endothelial cells suggest glycated LDL and LPL to have a potential 
role in the development of late diabetic vascular complications. 
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1238 
HYPERGLYCEMIA DECREASES THE GLUTATHIONE CONTENT 
IN THE AORTIC TISSUE OF DIABETIC RATS 
Y.Tachi, YOkuda', C.Bannai· ,M.Shinohara, HShimpuku, K.Yarnashita* 
and K. Ohura, Osaka Dental University, 'University of Tsukuba, Japan 
Aims: Glutathione (GSH) redox cycle plays a major role in scavenging 
hydrogen peroxide (H20,) under physiological conditions. Recently, we 
demonstrated that high glucose reduced H20, scavenging activity in human 
vascular smooth muscle cells. We also showed that high glucose decreased 
the intracellular GSH content and the rate of uptake of cystine, a rate
limiting factor in maintaining GSH levels (FEBS Lett.421:l9-22,1998). 
We investigated here, whether hyperglycemia impairs the GSH redox cycle 
fWlction in diabetic rats in vivo. Materials and Methods: Wistar rats were 
divided into three groups, streptozotocin-induced diabetic (SfZ-D,n=7), 
insulin-treated SfZ-D (I-SfZ-D,n=8) and non-diabetic controls (C,n=7). 
The GSHcontent in extracted aortic tissue was enzymatically measured and 
expressed as n mollmg protein. Furthermore, Otsuka Long-Evans 
Tokushima Fatty (OLETF) rats developed diabetes spontaneously and the 
correlation between the GSH content in the aortic tissue and blood glucose 
level was investigated. Results: The GSH content in the aortic tissue was 
significantly reduced in the SfZ-D group (0.99±O.l4 n moVmg protein) 
compared with the C group (1.6S±0.15 n moVmg protein). Insulin 
treatment significantly restored the GSH content in the I-SfZ-D group 
(1.45±0.11 n moVmg protein). The GSH and blood glucose levels in all 
Wistar rats were significantly correlated (r = - 0.69, p<O.OI, n=22). An 
identical correlation between GSHcontent and blood glucose was obtained in 
OLETF rats (r = - 0.64, p<0.05, n=IO). Conclusions: Hyperglycemia 
causes impairment of the function of the GSH redox cycle in both Sf Z
induced diabetic Wi star rat and OLETF rat aortic tissue in vivo. Our results 
suggest that glycemic control prevents the development of diabetic 
macrovas;ular dis:>rder.;, partly by maintaining the GSH redlx cycle function. 

1240 
ERYTHROCYTE ANTIOXIDANT STATUS OF TYPE 2 DIABETIC 
PATIENTS WITH AND WITHOUT COMPLICATIONS 
K. Farkas, M. Sasvari", E. Szaleczki, P. Pusztai and A. Somogyi. 2nd Department of 
Medicine, Semmelweis University of Medicine, "Central Research Laboratory, 
Haynal Imre University of Health Sciences, Budapest, Hungary 

Oxidative stress plays a role in the pathogenesis of late complications of diabetes 
mellitus. In erythr0cre lysate of Sl type 2 diabetic patients (age:58.9±9.6 years; 
BMI:29.5±S.3 kglm) and 29 healthy subjects (age:4S.2±S.1 years; BMI:27,2±3.7 
kglm') reduced and oxidised glutathione (GSH, GSSG), glutathione peroxidase 
(GSH-PX), superoxide dismutase, glutathione reductase (GSH-R), catalase activity 
(CAT) and thiobarbituric acid reactive substances were detennined. Diabetic patients 
were divided according to carbohydrate, lipid status and existence of diabetic late 
complications. No significant difference could be observed between the controls and 
the diabetic group with good metabolic status (HbA,c<7.S%, n=2S). Compared to 
the controls poor metabolic status (n=53) was associated with a decrease in GSH 
(7.4S±2.2 vs 8.79±2.4IlMlgHgb, p<O.05), GSSG (O.SS±OAS vs 1.l9±O.5 IlMlgHgb, 
p<O.05) GSH-PX activity (6.07±l6 vs 7.05±1.45 U/gHgb, p<O.05), and a higher 
CAT activity (l.52±O.3 vs 1.31±O.26 BU/ml haemolysate, p<O.05). Lower GSH-PX 
(6.07±1.6 vs 6.93±1.29 U/gHgb, p<O.05) and higher CAT activity (1.52±O.3 vs 
1.32±O.27 BUlml haemolysate, p<O.05) were observed comparing diabetic patients 
with poor and good metabolic status. Considering lipid status, hyperlipaemic controls 
(triglyceride>1.7mmolll, cholesterol>5.2 mmolll, n=21) showed reduced GSH 
(S.2±1.97 vs IO.34±2.S5IlM/gHgb, p<O.05) compared to the normolipidaemic 
controls (n=8). Hyperlipaemic diabetic patients (n=67) had a decreased GSH 
(751±189 vs I0.34±2.S5 IlMlgHgb, p<O.05), GSSG (O.9I±OA9 vs 1.3S±O.67 
llM/gligb, p<O.05), GSH-PX activity (6.31±1.55 vs 7.71±1.6U/gHgb, p<O.05) 
compared to the healthy group. GSH level was lower in diabetic patients with (DC, 
n=29) and without complications (DNC,n=52) compared to the healthy group (n=29) 
(7.59±2.32 vs S.79±2.4IlM/gHgb; 7.67±1.36 vs 8.79±2A IlMlgHgb, p<O.05). CAT 
activity was higher in the DNC group compared to the controls (1.45±O.3 vs 
1.31±O.26 BU/ml haemolysate, p<O.05). Comparing the DC and DNC groups no 
significant difference was found in the examined parameters. In our study, changes in 
the antioxidant parameters were associated with the actually impaired carbohydrate 
and lipid status rather than with manifest late complications of type 2 diabetic 
patients. This result suggests that the free radical reactions and their consequences 
that playa role in the pathogenesis of diabetic late complications are more likely to be 
detectable locally. 

1239 
IID ANGIOTENSIN CONVERTING-ENZYME GENE 
POLYMORPHISM IN IDDM PATIENTS: RELATIONSHIPS 
WITH AER AND OXIDATIVE STRESS. 
A Manto, L. Todaro, G Marra, P Cotroneo, M Nannipieri*, A 
Bertacca*, D Pitocco, R Navalesi ", G Ghirlanda. Dept Inter Med, 
Catholic Univ Rome and "Dept of Endocrinology and Metabolism, 
Univ Pisa, Italy. 
Aim: Oxidative stress seems to contribute to development 0 f 
endothelial dysfunction and to diabetic complications. We studied the 
relationships between ACE gene polymorphism and endothelial 
dysfunction, measured by AER, and oxidative stress, evaluated by 
conjugated dienes(CD). Materials and Methods we studied 43 
normotensive, normoalbuminuric Type I diabetic patients (mean age 
33±10 yrs, mean duration of disease 13.9±S.5, mean HbAlc 
7.2±0.S). We divided the patients according to the lID polimorphism 
(19DD, I SID, 6I!). Results: AER levels were significantly higher in 
DD compared to ID (5,S±5,3 vs 3,6±2,9!1g/min; p=0.02) and to II 
genotype (5,S±5,3 vs 2,8±2,4!1g/min, p=O,OI). DD and ID genotype 
showed higher levels of total CD compared to I! (0.037S±O.0031 and 
0.0372±0.0035 vs 0.0332±0.0034 AU, p=0.012 and p~0.018, 
respectively). Significative higher mean HbAlc levels was also 
associated to the presence of D allele (DD vs I! 7.4±0.7 vs 
6.7±1.l%, p<0.05; ID vs I! 7.2±0.S vs 6.7±1.l%, p<0.05). No 
differences we found in lipid profile, age, duration of disease and 
smoking habit among the three groups. Conclusions: Our data showed 
that IID ACE gene polimorphism could influence AER and HbAlc 
levels in normoalbuminuric normotensive type I diabetic patients. 
The finding that patients with D genotype had higher levels of AER, 
CD and HbAlc suggest that these patients seems to be more prone to 
the effects of hyperglicemia and to glucotoxicity. Hyperglicaemia 
may induce, via the production of oxigen radical species, higher 
levels of peroxidation products, such as CD, and consequently, an 
higher rate of endothelial dysfunction. 

1241 
Postprandial incrases of circulating methylglyoxal in type-II 
diabetic and non-diabetic subjects_ 
U. Boes, E. Klaus·, P. Dittrich*, T.C. Wascher, Dept. of Internal 
Medicine and *Dept.of Pharmacology and Toxicology, University of 
Graz, Austria 
Aim: Methylglyoxal (MG) is an early glycation product and is 
implicated in the genesis of diabetic vascular disease. In diabetic patients 
elevated levels of circulating MG are observed but a large overlap is 
found between MG levels in diabetic and in non-diabetic subjects and 
only week correlations between glycemic control and blood MG levels 
are reported. No information exists on possible postprandial alterations 
of MG in either type-II diabetic or non-diabetic subjects. Methods: 
Circulating levels of MG were determined in 6 type-I! diabetics (m/f 3/3, 
age 57±11 years, HbAlc 9.2±0.8%,) and 6 non-diabetic controls (m/f 
3/3, age 53±6 years) before and up to 4 hours after a standardized 
breakfast (520 kcal, 65 g carbohydrates). MG in blood was assayed by 
derivatization with 1,2-diamino-4,5-dimethoxybenzene and HPLC of 
the resulting product with fluorescence detection. Results: At baseline 
concentrations of 160±82 nmolll MG in diabetic and 235±140 nmolll in 
non diabetic subjects were measured. After the meal MG levels in blood 
increased in diabetic patients 3.6-fold to 433±227 nmoVI (p< 0.019 vs. 
baseline). In non-diabetic controls a 2.7-fold increase up to 492±233 
nmolll (p< 0.016 vs. baseline) was observed. Although the difference 
between diabetics and non-diabetic controls is statistically not 
significant, the increase observed in diabetics was about 135 % of that 
found in non-diabetics. Conclusions: Our data provide evidence that 
in the postprandial state circulating MG levels in blood increase in type
I! diabetics as well as in healthy controls. 
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1242 
DETECTION OF METHYLGL YOXAL ADDUCTS IN THE URINE OF 
DIABETIC PATIENTS 
Z.Wagner', I.Wittmann', L.pat6', LWagner', I. Mazitk' and I.Nagy'- '2nd 
Dept. of Medicine, 'Central Research Laboratory, University Medical School 
of Pees, Pees, Hungary. 
Aims: Advanced glycation end products play an important role in the 
development of tissue damage in diabetes mellitus. The aim of the present 
study was the investigation of the excretion of different glycation end 
products in the urine of 98 diabetic patients (73 with normal and 25 with 
elevated serum creatinine). 
Methods: Methylglyoxal, an intermediate product of the glycation, formed 
with L-arginine in an in vitro model two fluorescent peaks. Using the 
fluorescent characteristics of these (excitation/emission: A~320/400 urn and 
B~340/425 urn) and the generally accepted wavelength of the so called non
specific advanced glycation end product (C~370/440 urn), the excretion of 
these products was investigated in the urine of diabetic patients. 
Results: These three particular giycation end products showed significant 
intercorrelations in the urine: A vs. B: R~0.80, A vs. C: R~0.53, B vs. C: 
R~0.83 (p<0.001). Concentrations of these glycation end products in the 
urine correlated negatively with the serum creatinine in the range between 
120-240 ~ol/l, R values were in the case of A:-0.80, B:-0.84 C:-0.88 
(p<0.001). 
Conclusions: Data presented here verity that L-arginine-methylgiyoxal 
adducts can be detected in the urine of diabetic patients. One of these adducts 
(340/425 urn) showed a close correlation with the excretion of the non
enzymatic glycation end product measured at 370/440 urn. Elimination of 
these products by the urine is decreased in the stage of early renal 
insufficiency leading to retention of them in the circulation and probably this 
way causing progression of diabetic nephropathy and atherosclerosis. 

1244 
IMPROVEMENT OF ENDOTHELIAL FUNCTION IN WOMEN WITH A 
HISTORY OF GESTATIONAL DIABETES MELLITUS (GDM) AFTER SHORT 
TERM ADMINISTRATION OF ASCORBIC ACID 
E. Anastasiou, M. Alevizaki J. Lekakis, C.M. Papamichael, K. 
Stamatelopoulos, A.Souvatzoglou and S. Stamatelopoulos. 1 st Endocrine 
Unit & Diabetes Centre and Dept of Medical Therapeutics ALEXANDRA 
University Hospital, Athens. 
Aims: We have recently shown that both obese as well as non-obese 
normoglycemic prior-GDM women have disturbed endothelial function of 
conduit arteries associated with insulin resistance. As antioxidant therapy is 
known to improve impaired endothelial function in other disease states such 
as Diabetes Mellitus, we tested the hypothesis that acute oral administration 
of ascorbic acid might have a short term beneficial effect in this population. 
Materials and Methods: Seventeen women with a history of GDM, age 
36.4±3.9yrs, 8MI 28.2±6.6kg/m2 and basal insulin resistance (HOMA) 3.8±2.7 
were enrolled in a prospective randomised, double blind cross-over trial. High
resolution echo Doppler Ultrasound was used to measure right brachial artery 
changes during reactive hyperemia, (an endothelium dependent vasodilator -
FMD) and after 0.4 mg of nitroglycerine sublingually (an endothelium 
independent vasodilator - NID). Each subject was assessed on two occasions: 
on day 1 baseline FMD was estimated and 2g ascorbic acid or placebo was 
given orally. Two hours later FMD and NID were estimated. On day two the 
same procedure was repeated with the opposite treatment. Results: Ascorbic 
acid administration resulted in a significant improvement of FMD (2.6±2.7% to 
9.0±3.3%, p<0.05), whereas no improvement was observed after placebo 
(3.0±2.3% to 2.6±1.9%, ns). NID was similar after ascorbic acid or placebo. 
Conclusions: Oral administration of ascorbic acid acutely improves 
endothelium dependent vasodilatation in the brachial artery in prior-GDM 
women with various degrees of insulin resistance. This finding supports the 
hypothesis that insulin resistance per se may play a role in the increased 
oxidative stress which contributes to endothelial dysfunction. 

1243 
POSTPRANDIAL PHASE AND GENERATION OF OXIDATIVE 
STRESS IN DIABETES: EFFECT OF ANTIOXIDANT VITAMINS. 
F. Feletto, Taboga c., Tonutti L., Lizzio S., Russo A., Selmo V. and 
Ceriello A.. Udine, Italy. 

Aims: it is known that oxidative stress is involved in the pathogenesis of 
diabetes and especially in cardiovascular complications. Recently it has been 
demonstrated that the postprandial phase is followed by the generation of 
oxidative stress in diabetic patieuts. It is also known that although the 
assumption of natural antioxidant substances with meals prevents 
cardiovascular complications, actually the administration of supplements of 
vitamins does not seem to exert any effect. Considering that the maximal 
production of oxidative stress is during the postprandial phase we evaluated 
if this phase is the most advantageous for administration of supplements of 
vitamins. Materials and methods: we studied 10 type 2 diabetic 
patients (age: 58±2,4 M±SD) during: I)administration of 600 Kcal meal, 
2) administration of vitamin C (1 g) + vitamin E (400 mg), 3) meal + 
vitamins, 4) meal + regularly long term taken vitamins (3 weeks). The 
blood samples were taken at 0- 60- [20-180 minutes and glycaemia, 
insuliuaemia, MDA (p~O.OI by ANOVA for repeated measures), TRAP 
(total radical antioxidant parameter) were measured out in each one. 
Results: during the meal we could observe an increase of MDA (p~0.0 I by 
ANOVA for repeated measures) and a reduction of TRAP (p~0.01). The 
assumption of vitamins alone was unable to exert any effect. The 
administration of vitamins during the meal turned out to be more effective 
than the long tenn administration in preventing the generation of oxidative 
stress (p~.01). Conclusions: these data indicate that the administration of 
antioxidant substances during the meal is more effective in preventig the 
meal induced oxidative stress generation. lit may be suggested that vitamins 
could reduce oxidative stress also blocking radical production within the 
bowel. 

1245 
ANTIOXIDANT EFFECT OF 5- AMINOIMIDAZOLE- 4- CARBOXAMIDE 
RIBOSIDE (AlCA-r) IN NEONATAL- STREPTOWTOCIN- INDUCED 
DIABETIC RATS 
A.G. Akkan, S. Ozyazgan, E. Ince, G. Sultuybek, M. Oztiirk, D.O. Yillar. Univ. 01 
Istanbul, Cerrahpasa Fac. of Medicine, Dept. of Pharmacology, 34303, Istanbul
TIJRKEY. 
Aim : Free radical- mediated oxidative stress has been implicated in the development 
and exacerbation of several degenarative diseases such as diabetes mellitus. The 
present study was designed to investigate whether AICA-r has the antioxidant effect 
in some tissue of diabetic rats. 
Materials and Methods: Studies were perfonned in untreated control rats (n~5), 
llCOIllItal- streptozotocin (STZ)- induced (100 mg!kg, i.p. at the second day of their 
birth and were then maintained 16 weeks) diabetic rats (JF5), AieA- treated (10 
mg/kg/day, i.p., for one month, begimring at the 16th week) control rats (n=5) and 
AICA- treated (10 mg!kglday, i.p., for one month, beginning at the 16th week) 
diabetic rats (n=5). Malondialdehyde (MDA, nmoUmg protein) and glutathione 
(GSH, JUlIol/g tissue) levels were detennined by spectrophotometry in aorta, 
pancreas, liver, brain, lung, kidney, heart and spleelL All values are expressed as 
mean±s.e. Statistically analysis of the data was performed using ANOV A followed 
by Tukey- Kramer mnltiple comparisons test. P<0.05 was considered as statistically 
significant 
Results: 1. MDA levels were significantly bigher in aorta (p<0.001) and lower in 
kidney (p<0.01) and heart (p<0.001) and there were no significant differences in 
pancreas, liver, brain, lung and spleen of diabetic versus control rats. AICA
treatment normalized the decreased MDA levels in kidney and heart whereas not 
affected the increased MDA level in aorta of diabetic rats. 2. GSH levels were 
significantly lower in all tissues of diabetic nsed present study versus control rats ( 
p< 0.001, O.os, 0.001, 0.001, 0.001, 0.001,0.001 and 0.05 respectively) and AICA 
treatment Significantly increased all of the decreased GSH level of diabetic versus 
untreared diabetic control rats ( p< 0.001, 0.05, 0.01, 0.01, 0.05, 0.001, 0.001 and 
0.05 respectively). 
Conclusion : Our results suggest that experimental diabetes can produce changes on 
the oxidant/antioxidant system not only in pancreas but also in aorta, liver, brain, 
lung, kidney, heart and spleen and AICA treatment, at least in part, oouId improve 
the changes on the oxidant/antioxidant system in diabetes. 
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HOMOCYSTEINE RELATED GENE VARIANT IS NOT 
ASSOCIATED WITH ISCHAEMIC HEART DISEASE. 
M. ODAWARA AND K. YAMASHITA, 
UNIVERSITY OF TSUKUBA, TSUKUBA, JAPAN. 
(Aims)Ischaemic heart disease (IHD) is a common macro
vascular complication of type 2 diabetes mellitus (DM), 
which may cause premature death along with diabetic 
nephropathy. A CAT mutation at nucleotide position 677 
of methylenetetrahydrofolate reductase gene has been 
reported to be associated with IHD in Caucasians. 
However, conflicting results have also been reported. To 
know its role in the pathogenesis of IHD, we investigated 
whether this mutation is associated with IHD in Japanese 
patients with type 2 DM. 
(Materials and Methods)We genotyped 68 diabetic patients 
with IHD and 140 diabetic patients without IHD. The 
patients with IHD were diagnosed as having IHD by 
either the presence of a past history of myocardial 
infarction or of an angiographically documented coronary 
artery stenosis. The risk factors such as age, duration of 
diabetes, onset age of type 2 DM, systolic and diastolic 
blood pressure were not different between the IHD+ and 
IHD- groups. The genotypes were determined by PCR
RFLP method. (Results)This variant was not associated 
with IHD in Japanese patients with type 2 DM (Chi
squared=0.93, p=.150). Allele frequencies were not 
different between the two groups (Chi-squared=0.008, 
p=0.93) 
!ConclusionslUnlike some previous reports on 
Caucasians. this variant is unlikely to playa major role in 
the development of IHD in Japanese with type 2 DM. 

1248 
MTHFR MUTATION AND SUBCLINICAL CAROTID IMPAIRMENT 
IN AGING NON DIABETIC WOMEN 
A. Passaro, *A Vanini, F. Calzoni, K. D'Elia, M. Carantoni, G. Zuliani, 
R. Fellin, and A. Solini. Department of Internal Medicine II University of 
Ferrara and 'Section of Ultrasonography S. Anna Hospital, Ferrara, Italy 
Aims: hyperhomocysteinemia is an independent vascular risk factor. 
Little is known about the relationship between a point mutation (C677T) 
in the gene encoding MTI-IFR, a key enzyme in homocysteine 
metabolism, and early stages of atherosclerosis. Materials and 
Methods: we investigated the relationship between plasma homocysteine 
concentration (Hey), measured by HPLC, MTHFR mutation, evaluated 
by polymerase chain reaction followed by HinfI digestion, and carotid 
geometry in 120 healthy women aged 52-80 years with normal glucose 
tolerance after OGTT and normal albumin excretion rate. In all women 
we measured intima-media thickness (IMT), speed of systolic peak (SPS), 
end-diastolic speed (EDS) and resistance index of intracranial circulation 
(IR) by ultrasound high-resolution B-mode imaging. All data are expressed 
as mean±SE. Results: 22 women were homozygous for the mutation 
(Group A), 67 were heterozygous (Group B) and 31 were homozygous for 
the wild-type allele (Group C). The three groups were comparable for age, 
BMI, lipid pattern, presence of hypertension. Plasma Hey did not differ 
in the three groups (l0.3±1.6 vs l2.7±2.3 vs 10.05±1.3 fAl1l01l1, p~NS). 

Group A had significantly higher IMT respect to groups B and C 
(0.26±0.08 vs 0.14±0.01 and 0.16±0.02 mm, p~0.03), and higher EDS 
(27.7±1.8 vs 22.8±0.9 and 20.8±1.6 em/sec, p~0.02 vs Group C). No 
differences were observed in both SPS (76.9±5.6 in A, n.8±2.6 in B and 
69.0±4.3 cm/sec in C) and IR (0.70±0.01 in A, 0.7±0.09 in B, 0.69±002 
in C). In a multivariate regression analysis, age and IMT were 
independently associated with MTHFR mutation (p< 0.005). 
Conclusions: MTHFR homozygosis for C677T mutation is associated 
with some ultrasound parameters of asymptomatic carotid impairment. 
These observations suggest that MTHFR mutation could be a marker of 
early stages of atherosclerotic disease. 
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METHYLENETETRAHYDROFOLATE REDUCTASE GENE POLYMORPHISM 
IS NOT ASSOCIATED TO DIABETIC NEPHROPATHY IN TYPE 2 DIABETES 
L. Scaglione, R. Gambino, M. Gay, E. Lillaz, M. Cassader, G. Pagano and P 
Cavallo-Perin. Dipartimento di Medicina Interna, Universita di Torino, Italia 
Aims The increased susceptibility of type 2 diabetic patients with nephropathy to 
atherosclerosis can be explained only in part by the association with risk factors such 
as hypertension and hyperlipidemia. Mild hyperhomocysteinemia has been identified 
as an indipendent risk factor for atherosclerotic vascular disease both in diabetic and 
non-diabetic subjects. The individuals homozygous for the 677C--'tT (677TT) 
mutated allele of the 5, 10-methylenetetrabydrofolate reductase (MTHFR) gene have 
a 30-50% increase of plasma homocysteine, when compared to individuals 
homozygous for the 677C (677CC) allele. The aim of this study is to evaluate if the 
presence of diabetic nephropathy in type 2 diabetic patients is associated to the 
677C--'t T mutation. Materials and Methods MTHFR genotyping was performed on 
all type 2 diabetic patients with diabetic nephropathy attending the outpatient diabetic 
clinic ( No. 94), and on 93 normoalbuminuric type 2 diabetic patients matched with 
the cases for sex, and duration of diabetes. Genomic DNA was amplified by PCR, 
cleaved by enzimatic digestion with HinJ I, and electrophoresed through a 10% 
nondenaturing polyacrylamide gel. 
Results 

Variable 
MTHFR Genotypes 
677CC 
677CT 
677TT 
Allelic frequency 
677C allele 
677T allele 

nephropathic 
n,(%) 
33 (35) 
42 (45) 
19 (20) 

0.574 
0.425 

normoaJbuminuric 
n.(%) 
40(43) 
39 (42) 
14 (15) 

0.639 
0.360 

The 677T allelic frequency is not statistically different between the nephropathic 
group and the normoalbuminuric group (0.425 vs 0.360, FO.36) 
Conclusions Our present observations suggest that the 677C--'tT mutation of the 
MTHFR gene, which is known to cause mild hyperhomocysteinemia, is not a genetic 
factor for explaining the increased incidence of cardiovascular disease in type 2 
nephropathic diabetic patients. 

1249 
SERUM HOMOCYSTEINE LEVELS ARE ASSOCIATED WITH THE DEVELOPMENT OF 
(MICROjALBUMINURIA, FOLLOW-UP OF THE HooRN STUDY 
CDA Stehouwer, PJ Kostense, G Nijpels, JM Dekker, RJ Heine, LM Bouter and A 
Jager. University Hospital Vrije Universiteit, Amsterdam, The Netherlands 
Aims: MicroaJbuminuria is a strong indicator of risk of future cardiovascular 
disease and renal dysfunction. Slightly increased levels of homocysteine (Hcy), an 
independent risk factor for atherothrombotic disease, have recently been found to be 
associated with the presence of (micro)albuminuria. It is, however, unknown 
whether increased Hcy levels precede the occurrence of (micro)albuminuria. 
Materials and methods: NormoaJbuminuric su~ects (n~316; 50 with non-insulin
dependent diabetes mellitus [NIDDM]) of an age-, sex-, and g1ucose-tolerance
stratified sample of a population-based cohort study were investigated after a mean 
follow-up duration of 6.1 years. Development of (micro )albuminuria was defined as a 
mean albumin-to-creatinine ratio >2.0 mglmmol at follow-up examination. 
Results: The cumulative incidence of (micro)albuminuria was 14.0% among non
diabetic su~ects and 22.7"/0 among NIDDM patients. Age-, sex- and g1ucose
tolerance-adjusted logistic regression analyses showed development of 
(micro)albuminuria to be significantly associated with Hey levels >19.0!=01Jl as 
compared to Hcy levels <9.1 !=01Jl (OR 5.08[1.12-23.00]) For Hey levels of 9.1-
14.0 and 14.1-19.0 !=ol/l, the ORs were 1.21[0.48-3.04] and 1.83[0.63-5.30], 
respectively. Substitnting Hey levels as a continuous variable for categories of Hey 
levels showed that a 5 !=01Jl increase of the Hey level was associated with a 
1.33(0.93-1.89) increased risk of developing (micro)albuminuria. Additional 
adjustment for insulin resistance, blood pressure, body mass index, presence of 
cardiovascular disease, retinopathy, current smoking or creatinine clearance did not 
materially affect the results. Analyses performed in non-<liabetic and diabetic subjects 
separately gave similar results among non-<liabetic subjects. Among diabetic subjects, 
the association between Hey level and (micro)albuminuria could not be estimated, 
because there was an insufficient number of diabetic subjects with high Hey levels. 
Condusion: Hyperhomocysteinemia level is an independent detenninant of the 
development of (micro) albuminuria among non-diabetic su~ects, even after 
adjustment for creatinine clearance. We could neither prove nor reject an association 
between Hey levels and the development of (micro)albuminuria among NIDDM 
subjects. These data suggest that homoeysteine may play a ~thophysiological role in 
the development of (micro )albuminuria. 
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1250 
IMPROVED METABOLIC CONTROL AND SERUM TOTAL 
HOMOCYSTEINE LEVELS IN TYPE 2 DIABETES PATIENTS 
J. Drzewoski, L. Czupryniak, G. Chwatko*, and E. Bald*. Metabolic Diseases and 
Gastroenterology Department, Medical University of L6di; *Environmental 
Chemistry Department, University of L6di, L6di, Poland. 
Background. A high serum total homocysteine (tHcy) level has been shown to be an 
independent risk factor for atherosclerosis and cardiovascular disease, also in type 2 
diabetes. The relation between the degree of metabolic control and tHcy level in this 
group of patients has not been established. Aims. To assess the influence of 
improved metabolic control of diabetes on tHcy levels in type 2 diabetes. Materials 
and metbods. The study subjects were divided into two groups: I - II type 2 
diabetic patients, in whom insulin monotherapy was going to be initiated due to 
insufficient control with oral agents (mean age 65.2±4.7 yrs, BMI 26.3±2.4 kg/m', 
duration of diabetes 10.5±3.9 yrs); II (controls) - 7 well-matched, well-controlled 
type 2 diabetics treated only with insulin (mean age 64.3±3.9 yrs, BMI 26.9±3.0 
kg/m', duration of diabetes 11.3±4.2 yrs). Subjects with known cardiovascular 
disease were excluded from the study. Fasting serum tHcy concentration was 
assessed by bigh-performance liquid chromatography at baseline and after 3 months 
of insulin treatment, which aimed at achieving the optimal metabolic control. 
Results are shown in the table 

HbA,,(%) tHcy( olll) daily insulin (IV) 
I group 1** I II 1* II I I II 
baseline 9.6±1.3## I 6.8±l.O 19.0±5.2## 14.3±3.6 0 I 59±ll 
after 3 months 7.8±l.l' I 7.0±l.O 17.4±4.9## 14.9±4.0 54+8 I 61+10 

·p<0.05 baselme vs after 3 months values; **p<O.OI baselme vs after 3 months 
values; 'p<0.05 Ivs lJ; "p<O.OI Ivs lJ 
Condusions. Improvement in metabolic control achieved with insulin was 
associated with slight, but statistically significant decrease in fasting tHcy levels in 
type 2 diabetic patients. Our rmdings suggest that insulin and the level of metabolic 
control may play role in homocysteine metabolism in diabetic patients. 

Supported by the Lodz City Council Grant No AM 240-99 

1252 
HOMOCYSTE(E)INE AND ENDOTI-IELIAL DYSFUNCTION IN 
UNCOMPLICATED IDDM PATIENTS 
G Marra, S Di Gregorio*, P.Cotroneo, A. Tordi*, A Manto, M V Ciarla*, M 
Ariano*, R Strom and G.GbirIanda*, Depts Internal Medicine, Catholic Univ, and 
* Dept of Biocbemistry, Univ. La Sapienza, Rome, Italy. 
Aim: Elevated bomocysteine (Hcy) levels represent a known risk factor for 
macrovascolar disease High Hcy levels were found in IDDM patients with diabetic 
complications. We assessed the link among Hcy with other parameters of 
coagulative and endothelial status in IDDM patients. Materials and Methods:We 
evaluated 57 well-controlled non-hypertensive IDDM patients (age 32±7 yrs, 
duration of disease 11.5±6.5 yrs, HbAlc 7.4±1.1%) without diabetic 
complications, compared with 44 controls matched for age, sex and life-style. 
Results' 

IDDM Controls P 
value 

HCYmmoli1 15.3+11 9.98+5 <0.05 
Endothelin I (ET -I) fmollm! 2.8+1.6 0.5+0.2 <0.01 

C reactive protein (CRP) m~/l 1.6+1.8 0.7+0.4 <0.01 
NEFAmea/l 0.55+0.3 0.27+0.1 <0.01 

LogLp(a) mg/dl 1.31+0.5 0.53+0.3 <0.01 
Phospholipids PHO mRidl 233+32 206+28 <0.01 
Fibrin monomers (FM) mg/l 19.6+11 8.6+5.5 <0.01 

D-Dimers (D-Dim) n~1l 305+187 226+52 <0.05 
PlasminoRen (PLG % 92+17 101+12 <0.01 

IDDM patients, were characterized by: 1) higher Hcy plasma levels associated to an 
endothelial dysfunction (higher levels of ET-l and CRP), 2) an alteration of lipid 
metabolism, (higher NEFA, Lp(a) and PHO levels); 3) a procoagulant state (higher 
levels of FM and D-Dim, reduction of PLG). Significative correlations were found 
in IDDM among Hcy with HbAlc (R=0.330, p<0.05), CRP (R=0.450,P<0.01), 
NEFA (R=0.450,P<0.01) and D-Dim (R=0.280, p<0.05). Conclusions: these data 
suggest that in uncomplicated IDDM patients hyperhomocysteine can be reIated to 

1251 
PLASMA HOMOCYSTEINE AND DEGREE OF INSULIN RESISTANCE IN 
SUBJECTS WITH TYPE 2 DIABETES. 
A.-S. Dramais, M.P. Hermans, P.E. Wallemacq, B. Vandeleene and M. 
Bnysschaert. Endocrinology & Nutrition Division and Department of Clinical 
Chemistry, St Luc Hospital, Universile Catholique de Louvain, Brussels, Belgium 

Increased plasma homocysteinaemia (Hey) is an independent risk factor for 
coronary and peripheral artery diseases (CAD and PAD), and is associated 
with micro- andlor macrovascular complications in subjects with type 1 
diabetes. Raised Hey is also associated with increased urinary albumin 
excretion in type 1 and type 2 diabetes. Aims: To assess whether raised fasting 
plasma Hcy is associated with insulin resistance. Subjects and Methods: We 
used the Homeostasis Model Assessment (HOMA), a structural computer 
model of the glucoselinsulin feedback system (Diabetes Research Labs, 
Oxford) to simultaneously assess ~-cell function (%~; NI= JOO%) and insulin 
sensitivity (%S; NI= JOO%) in 61 subjects with type 2 diabetes. Results: Sex 
ratio (M:F) was 72:28, mean age (±ISD) 63.l±!o.4 yrs, known diabetes 
duration 12.9±9.3 yrs, SM! 30.0±6.l Kg.m·2, %~ 64.5±46.3, %S 42.2±20.7, 
and HbA" 8.9±2.15%. Insulin therapy was present in 46%. Past or current 
smoking prevalence was 43 and 18% respectively. Raised Hcy levels (>15.0 
mmoI.L·\ FPIA-IMx analyser, Abbott) were present in 25% of subjects (n=16; 
tHey group), while Hey levels within the normal range (>5.0<15.0 mmollL) 
were measured in the remaining 46 subjects (sHcy group). Hcy in CAD[+] 
and CAD[-] subjects was 14.5±7.6 and 12.0±5.1 mmollL respectively (NS). A 
20% prevalence for both CAD and PAD was found in sHey subjects, while 
this figure rose to 44% in tHcy subjects. There were no significant 
differences in age, SM!, WHR, smoking exposure, diabetes duration, fasting 
lipids, %~, %S and HbA" between tHcy and sHcy subjects. Conclusions: 
Increased fasting plasma homoeysteinaemia is not associated with the degree 
of insulin resistance as measured with HOMA in subjects with type 2 diabetes. 

1253 
HOMOCYST(E)INE. SIALIC ACID AND THE VASCULAR ENDOTHELIUM IN 
LONGSTANDING TYPE 1 DIAETIC SUBJECTS. J.Gibnev, UWeiss, B.Tumer, 
P.O'Gorman, G.Watts. J.Powrie, M.Croc'k, K.Sha" and M.C_jngs. Queen 
Alexandra hospital, Portsmouth: SUames'hospital. Dublin; St.Thomas·hospital, 
London. Aims: Urinary albumin excretion rate (AER) represents an early stage in 
development of diabetic nephropathy and probably reflects widespread endothelial 
damage. Plasma homocyst(e)ine (HCY) is associated with endothelial dysfunction 
and is an independent risk factor for atherosclerosis. Serum sialic acid (SSA) AND 
C-reactive protein (CRP) are markers of vascular inflammation and are both 
predictive of atherosclerosis. We wished to assess whether these vatiables reflect the 
same pathological process. Materials and methods: 88 longstanding (mean duration 
- 25 years) type I diabetic subjects were studied on 2 occasions 5 years apart. 
Retinopathy, SSA, AER and lipid profile were assessed at both timepoints. Evidence 
of coronary mtery disease (ECG and Rose questionnaire), HCY and CRP were 
assessed at the later timepoint only. Statistical analyses were performed using 
backward stepwise logistic regression models. Resnlts: Retinopathy, AER and SSA 
all progressed independently of each other. Progression of both retinopathy and AER 
were independently predicted by baseline AER only (p=O. 02 and 0.000 I 
respectively). Progression of SSA was independently predicted by apoB only 
(p<O.005). Both retinopathy and coronary artery disease at the later timepoint 
correlated with plasma HCY only. This correlation was independent of serum 
creatinine and AER. The level of HCY was determined by gender (increased in 
males. p=O.005) and serum creatinine (p<O.OOOI). CRP correlated independently 
with age. gender (increased in males, p<0.05 for both) and SSA (p<O.02). 
Conclusions: Vascular in11anunation assessed by SSA and CRP is iulluenced by 
dyslipidemia only and progresses independently of microvascular disease. Plasma 
HCY correlates with both microvascular and macrovascular complications in type I 
diabetic subjects and may have a causative role in their development. This is a 
potential explanation for the increased progression of retinopathy and atherosclerosis 
which are associated with early renal dysfunction in diabetic subjects. 
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