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INSULIN REPLACEMENT BY SOMATIC CELL GENE THERAPY: PILOT 
STUDY 
C. Stewart, N.A. Taylor, K. Docherty and C~J. Bailey. Department of 
Pharmaceutical Sciences, Aston University, Birmingham, UK, and 
Department of Medicine, University of Birmingham, Birmingham, UK. 

Somatic cell gene therapy is a potential method to achieve insulin delivery in 
diabetes. To assess the feasibility of this approach cultured pituitary AtT20 
cells were transfected by calcium phosphate coprecipitation with a plasmid 
construct (pMtNeohppI/1) containing the human preproinsulin gene and a 
metallothionein promoter. Teansfected cells were isolated and cultured in 
modified Dulbecco's medium containing 10raM glucose. The cells 
constitutively released insulin at approximately 4ng/106 cells/24h. Exposure 
to several standard insulin seeretagogues (raised concentrations of glucose, 
potassium and calcium) did not significantly alter insulin release, but IBMX 
stimulated insulin release two fold. 2 x 106 transfected cells were implanted 
intraperitoneally into athymic nude mice. Release of insulin in vivo was 
evaluated using a specific human C-peptide assay. Human C-peptide was 
detected in the plasma after implantation, rising to a concentration of 
0.167-+0.015 pmol/ml (n=10) after 14 days. Following injection of 
streptozotocin (200mg/kg, ip) human C-peptide concentrations were 
maintained at about 0.15pmol/ml. Development of hyperglycaemia was 
delayed in these mice, but severe hyperglycaemia eventually occurred 
(26.7-+4.0 retool/i, n=7 after 21 days despite C-peptide concentrations of 
0.10-+0.01 pmol/ml) associated with severe insulin resistance. The results 
suggest that somatic cell gene therapy could be a feasible approach to insulin 
delivery. 

SUBCUTANEOUS ABSORPTION OF FAST-ACTING INSULIN 
ANALOGS: KINETICS AND BIOEFFECTIVENESS 
J. Radziuk, J. Davies, S. Pye, R. DiMarchi, J. Shields and R. Chance, 
Dept. of Medicine, University of Ottawa, Ottawa, Canada and Lilly 
Research Laboratories, Indianapolis, U.S.A. 
We used two series of insulin analogs in pigs with surgically pre- 
implanted intravenous catheters to examine rapidity of subcutaneous 
absorption and effects on glucose removal. These analogs were based (i) 
on the substitutions X(B28)Pro(B29) and Asp(B10)X(B28)Pro(B29) with 
X=Lys, Val and Glu, and (ii) on the substitution Asp(B10) and deletions 
des(B27-30), des(B28-30), and des(B29-30). Parameters of analog kinetics 
were determined from a 2hr step intravenous analog infusion (12.5/~g/kg- 
hr). Analog sensitivity (SI) was determined from the ratio: (mean glucose 
infusion rate to maintain fasting glycemia)/(mean analog concentration). 
Absorption rates, determined following subcutaneous injection are 
reported as time for 90% absorption. In series (i) absorption time of all 
analogs (except Val(B28)Pro(B29)-insulin: 139+ 13 min) was near 100 
min and faster than Humulin (151_+17 rain, p< 0.05). Plasma 
concentrations were lowest and S~ maximal for Lys(B28)Pro(B29)-insulin 
(702+_78pmol/1 and 0.24_+0.04, respectively) and comparable to Humulin 
(696_+66pmol/1 and 0.21_+0.03). Asp(B10)Val(B28)Pro(B29)- and 
Asp(B10)Lys(B28)Pro(B29)-insulin demonstrated similar parameters but 
higher concentrations. Of the series (ii) analogs those with the tripeptide 
deletion (des(B28-30) exhibited the lowest plasma levels and highest SI 
des(B28-30)-insulin: (420_+120pmol/1 and 0.48_+0.15); Asp(B10) 
des(B28-30)-insulin: (450+ 144pmol/1 and 0.51_+0.17). However, only 
Asp(B10)des(B28-30)-insulin was absorbed more rapidly than Humulin 
(84_+9 min, p< 0.05). In conclusion, Lys(B28)Pro(B29)-insulin and 
Asp(B 10)des(B28-30)-insulin are optimal demonstrating the lowest plasma 
concentration, highest sensitivity and rapid absorption. 
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ACTION PROFILE OF THE RAPID ACTING INSULIN 
ANALOGUE, HUMAN INSULIN B28ASP. 
L. Heinemann, T. Heise, L. Nelleman-Jorgensen#, A.A.R. 
Starke, and M. Berger, D0sseldorf, West Germany; # 
Bagsvaerd, Denmark 
The insulin analogue (IA) B28Asp has higher absorption rates 
from subcutaneous tissue compared to regular human insulin 
but identical receptor binding properties. We measured the 
t ime-action profile of B28Asp and regular human insulin 
(euglycemic glucose clamp, blood glucose 5.0 mmol/l, 14 
healthy volunteers). SC injection of 0.15 U/kg body weight 
(9.5-14.3 U) of either insulin preparation resulted in 
comparable values of maximal insulin action (maximal 
glucose infusion rates (GIR)), total amount of glucose infused 
and area under the GIR curve. However, half-maximal GIR 
was reached significantly earlier after injection of B28Asp 
(44+_9 min) as compared to regular insulin (56+_23 rain, 
p<0 .01) .  45 and 60 min after injection of regular insulin GIR 
had increased by 3.4_+1.8 and 4 . 8 + 2 . 3  mg/kg/min, 
reflecting 30+_15 and 42_+17 % of maximal action of 
10.6+_2.4 mg/kg/min. Following the injection of B28Asp, 
GIR had increased by 6.3+_2.7 after 45 min and by 7 . 9 + 2 . 8  
mg/kg/min after 60 min, reflecting 6 4 +  28 % and 81 +_26 % 
of maximal action of human regular insulin. After 240 min 
GIR was significantly lower after injection of B28Asp than 
after regular insulin. Serum insulin concentrations increased 
after injection of B28Asp to peak values of 451 +_ 115 pmol/I 
within 40 min and declined within 240 min to 127+_57 
pmol/I. In contrast, peak insulin concentrations of 256+_48 
pmol/I were reached 120 min after injection of regular human 
insulin and were still 232+_49 pmol/I after 240 rain. The IA 
B28Asp showed a significantly faster onset of action and 
higher peak insulin levels as compared to regular insulin. 
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CARCINOGENIC EFFECT OF THE HUMAN INSULIN 
ANALOGUE B10 Asp IN FEMALE RATS 
Jorgensen L.N., Dideriksen L,H., Drejer K., 
Bagsvaerd, Denmark 

In the human insulin analogue B10 Asp, His is substituted by 
Asp at the B10 position by genetic engineering technology. 
B10 Asp is absorbed twice as fast as human insulin after s.c. 
injection. B10 Asp has a 3 times higher affinity for the insulin 
receptor and the IGF1 receptor than human insulin, whereas 
the mitogenic activity in various cell types has been reported 
10-20 times higher than human insulin. The aim of this study 
was to evaluate potential long-term effects of high doses of 
B10 Asp in rats. Groups of 20 rats were injected for one year 
with saline (A); human insulin 200 U/kg/day (B); B10 Asp in 
the following doses: 12.5 U/kg/day (C); 50 U/kg/day (D), 200 
U/kg/day (E). Complete necropsy including macroscopic and 
microscopic examination was carried out. The following inci- 
dences of mammary tumours were found in the female rats: 

A B C D E 

Benign tumours 0 0 11% 0 44% 

Malignant tumours 0 0 I 0 11% 23% 
i 

(adenocarcinomas) I 
5% of male rats, group D, had benign tumours. No other 
neoplastic lesions were found. Thus a dose-dependent car- 
cinogenic effect was found. Whether this is directly related to 
the increased mitogenic activity remains to be elucidated. 
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FAST ACTING H U M A N  INSULIN ANALOGUES WITH A 
SINGLE AMINO ACID DELETION IN THE B-CHAIN. 

P. Balschmidt and J. Brange, 
Diabetes Research, Novo Nordisk A/S, Bagsvaerd, Denmark. 

A new class of human insulin analogues has been developed 
and produced by biosynthetic and semisynthetic methods. 
These analogues are characterized by the deletion of a single 
amino acid residue close to the C-terminal of the B-chain. The 
analogues have been evaluated by measuring the in vitro 
biological potency in mouse fat cells, by osmometric determina- 
tion of the association state in solution at ~aeutral pH and by 
the blood glucose lowering effect found after subcutaneous 
injection in pigs. The in vitro biological potencies relative to 
human insulin were found to be 218% for des[PheB25]-human 
insulin, 157% for des[TyrB26]-human insulin and 168% for 
des[ThrB27]-human insulin. The average molecular weight at 
neutral pH in Zn-free 1 mM solutions of des[PheB25]-HI and of 
des[TyrB26]-HI was determined to 9.0 kD for both analogues. 
After subcutaneous injection in pigs of a preparation containing 
des[Thr~27]-H/ a substantially faster decrease of the blood 
glucose level was found in comparison to the human insulin 
preparation Actrapid | and the maximum effect was achieved 
after 80 rain. vs. 150 rain. for Actrapid | In conclusion, human 
insulin analogues with an amino acid residue deleted close to 
the C-terminal of the B-chain are new candidates for improved 
fast acting insulin injection preparations. 
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New Insulin Preparations With Prolonged Action 
Profiles: 
A21-Modified Arginine Insulins 
G.Seipke, K.Geisen, H.-P.Neubauer, C.Pittius, 
R.Rogkamp and D.Schwabe, IIoechst AG, Frankfurt, 
FRG 
New insulin analogues have been designed to ob- 
tain soluble preparations with protracted action 
profiles better than the standard crystal sus- 
pensions. Arginine insulins are intermediates of 
the proinsulin/insulin conversion with a pro- 
tracted action due to a shift of the isoelectric 
point towards physiological pll. Replacement of 
Ash(A21) with other uncharged residues through 
site-directed mutagenesis resulted in a dramatic 
improvement of this effect. Analogues were 
characterized by free fat cell assay, decrease 
of blood glucose after i.v. injection in 
rabbits, 3 month immunization of pigs and thy- 
midine incorporation in cultured aortic endo- 
thelial cells. Evaluation of profiles was per- 
formed by measuring serum insulin and glucose 
after s.c. injection in rabbits and dogs. Com- 
pared to human insulin, the potency of these 
analogues is not substantially reduced. The 
slight structural modification does not effect 
the immunogenicity and growth promoting activity. 
Subcutaneous injection of acidic solutions of 
GIy(A21),Arg(B31),Arg(B32) insulin in dogs and 
rabbits shows a protracted action profile which 
is twice as potent as the human NPI{ insulin 
used as a standard. Our results clearly state 
the importance of position A21 not only for 
stability but also for pharmacokinetic proper- 
ties of insulin analogues. 
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EFFECTS OF ORALLY ADMINISTERED INSULIN NANOCAPSULES 
IN DOGS. 
D. Hillaire-Buys 1, R. Puech 2, A. Hoeltzel 3. M. Aprahamian 3, G. 
Ribes 2 and C. Damgd 3. 1Facult6 de Mddecine, Laboratolre de 
Pharmacologie, Montpellier ; 2UMR 9921 du CNRS, Montpellier, 
FRANCE ; 3INSERM U 61, Strasbourg, FRANCE. 

Polyalkylcyanoacrylate nanocapsules (< 300 nm), used as a 
drug carrier for insulin, have been previously shown to 
preserve the therapeutic effect of insulin when administered 
orally to rats. This work was designed to investigate the 
effects of oral insulin nanocapsules (NC) in normal and 
diabetic dogs. In normal dogs (n = 6) a single oral 
administration of NC (100 U/kg) decreased both 
hyperglycemia and insulinemia induced by an i.v. glucose 
injection (0.3 g/kg) ;this effect was maximal after 9 days 
(- 72 and - 70 % respectively, p < 0.01) and had disappeared 
on the 15th day. However, fasted glycemia remained 
unchanged. In dogs made diabetic by alloxan (50 mg/kg i.v.) 
(n = 6) a single oral administration of NC at the same dose 
resulted, from the 2nd to the 7th day, in a reduction of 
postprandial hyperglycemia (- 26 %, p < 0.01), a drop of 
glucosuria (- 77 %, p < 0.01), a decrease in elevated plasma 
glucagon and somatostatin levels (- 37 and - 27 % 
respectively, p < 0.01). In conclusion, our results suggest 
that oral administration of insulin nanocapsules induces 
beneficial persistent effects on glycemia and hormonal 
profiles in dogs, suggesting that this new route of 
administration could be of interest in the treatment of 
diabetes. 
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GUT MOTILITY IN DIABETES MELLITUS 
P.Thies, A.Adler, H.D.Janisch, H.E.Bechtel, 
G.Barzen* and K.E.Hampel, Dep. Internal Medicine 
Gastroenterology and Nuclear Medicine*, Klinikum 
Rudolf Virchow, Free University Berlin, Germany 
Autonomic neuropathy (AN) is a frequent 
complication of diabetes mellitus (DM). 
Cardiovascular tests only detect high grade AN. 
Gastrointestinal symptoms (S) in DM pts have 
been related to gut motor disorders due to AN. 
We evaluated whether gastrointestinal motility 
tests are more helpful than the cardiovascular 
tests. METHODS: 39 DM patients (6 type 1/33 type 
II) were evaluated by means of gastric (GE) 
liquid/solid, esophageal (ET) radionuclide 
transit; orocaecal transit time (OCT) by H2 
breath test and esophageal function by 
manometry, abnormal (Mp): rabbit ear phenomenon, 
alterated propagation velocity, amplitude of 
contraction. AN was assessed by Ewing-Clarke and 
E/I-test. RESULTS:(mean + SD) 

S Mp ET GE:li/~o OCT E/I EQ 
group % % s t I/2 min min bt/min 
I 60 60 9,2 35,2/59,6 175 8 5 1,07 

+ 3,4 16,7/11,3 55 I 7 0,03 
II 21 66 8,4 23,8/70,5 155 5 3 1,07 

+ 5,2 16/26,5 61,9 0 9 0,03 
Control: 7,1 23,9/46,2 95,7 ]3 6 1,08 

+ 4,7 9,1/16,3 15,1 6 8 0,03 
CONCLUSION: Concerning the symptoms there were 
significant differences between the two groups 
(60% vs. 21%). Only one pt had marked delay of 
ET. In DM I gastric emptying of liquids was 
significantly delayed but not in DM II 
suggesting that this test only reveals severe 
neuropathy. OCT-measurement showed a tendency 
for prolongation. Esophageal manometry is more 
helpful in detection of AN than the cardio- 
vascular tests even in DM II patients. 
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EFFECT OF HYPERGLYCAEMIA ON ANTRAL, DUODENAL 
AND JEJUNAL MOTILITY IN HEALTHY INDIVIDUALS 

V. Urbanavicius, B. Eliasson, E. BjSrnsson, J. Fowelin, S. 
Attvall, H. Abrahamsson and U. Smith. Department of Medicine, 
Sahlgren's Hospital, G6teborg, Sweden. 
Impaired gastrointestinal motor activity is commonly seen in 
diabetic patients. However, factors controlling gastric and small 
intestine motility are poorly understood. The aim of this study 
was to investigate the influence of acute hyperglycaemia on 
antral, duodenal and jejunal motility. 
Seven healthy subjects (age 22-33) years were investigated 
twice; before and during acute hyperglycaemia clamped at 15 
mmol/I with 20% glucose infused i.v. for 90 min. Motility was 
measured with a manometric technigue using tube with eight 
channel recordings; 3 recording points in antrum and 5 
recording points along the duodenum and proximal jejunum. 
The area under the curve (AUC) for the control period of 30 
minutes of phase II motility was compared with a similar period 
during acute hyperglycaemia. 
The integrated AUC for the pressure, calculated for all intestinal 
segments, before and during hyperglycaemia was 7424+627 
and 3933+390 mmHg/30 min, respectively (p<0.0001), i.e. 47% 
reduction during hyperglycaemia. Compared with the control 
period hypergtycaemia decreased the pressure in antrum 49% 
(p<0.001), in the proximal duodenum 34% (p<0.05), in the distal 
duodenum 51% (p<0.01) and in the proximal jejunum 52% 
(p<0.05). Thus acute hyperglycaemia reduces antral, duodenal 
and jejunal motor activity in healthy subjects. 
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S~ALL INTESTINAL HYP]~{ACTIVITY IS ~ ~ MOTOR 
IN THE UPP~ Girl OF TYPE I DIABh~fICS 

AUT(~K]MIC I~OPA_-I~Y. 
H.J.A. Jebbink I, A.J.P.M. Smout I, B. Bravenboex 2, L.M.A. 
Akke/qnar~ and G.P. van Berge Henegouwen I. Depts. of 
Gastroenterology I, Endocrinolog~ and Surgery, University 
Hospital, Utrecht, The Netherlands. 
The reports on motility abnormalitios in type I diabetics 
are inconsistent. The aim of our study was to 
characterize the interdigestive and postprandial motor 
abnormalities in type I diabetics with cardiac autonomic 
neuropathy (CAN). Antro-duodeno-jejunal manometry was 
performed in 20 type I diabetics (age 47+2,7 yrs; 
duration of diabetes 25_+9 yrs) with CAN (7 severe, 7 
definite and 6 early involvement) and in ii controls. 
During the study euglycemia was maintained and symptoms 
were monitored. During fasting the phase of motor 
quiescence (I) was shorter in diabetics than in controls 
(6_+1 and 21_+4 rain respectively; p<0.002). In phase II the 
number of antral contractions and motility ir~ex (MI) 
were not different, but the number of small intestinal 
contractions was higher in diabetics than in controls 
(p<0.05). The fed state was shorter in diabetics with 
postprandial symptoms during the study than in controls 
and diabetics without symptoms (73_+27, 156_+12 and 140_+13 
rain respectively; p<0.02). The diabetics had a lower 
number of antral contractions only in the first 30 rain 
after the meal. The number of small intestinal 
contractions was higher in diabetics than in controls 
(p<0.03). This hyperactivity had a pattern of non- 
propagated high-al~olitude contractile activity at maximal 
frequency ("bursts") in 18 diabetics (90%) and in only 3 
controls (27%), during 7.9+1.6 % and 0.8_+0.5 % of the 
total time respectively (p<0.002). No correlation between 
motility variables and severity of CAN was found. We 
conclude that in particular small intestinal motor 
abnormalities, predominantly in the interdigestive state, 
are found in type I diabetics with CAN. These 
abnormalities, mainly hyperactivity, are associated with 
symptoms, but are not related to the severity of CAN. 
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Gastric emptying in type 2 diabetes: role of 
hyperglycemia. 
R. Ebert, J. Zarth, W. Creutzfeldt. 
Department of Medicine, University of 
G6ttingen, FRG. 

The effect of hyperglycemia on gastric emptying 
and the function of the emptying rate on 
subsequent blood glucose profile was examined 
in 26 type 2 diabetics without neuropathy and 
22 healthy controls. Gastric emptying of 
glucose (75 g/400 ml) was measured by marker 
technique. The diabetics exhibited a 
significantly delayed gastric emptying (glucose 
delivered at 75 min.: 64.8 _+ 4.2 controls vs. 
44.6 -+ 5.9 g diabetics; p < 0.01). To evaluate 
the role of hyperglycemia the glucose load was 
repeated in controls during I .V. glucose 
infusion which mimicked the blood glucose 
response of the diabetics. At comparable blood 
glucose levels the gastric emptying was 
markedly delayed and even significantly slower 
than in diabetics. To examine the effect of 
slowed gastric emptying on blood glucose 
profile in diabetics the anticholinergic drug 
butylscopolamine (20 mg i.v. ) was injected 5 
min. before the glucose load, thereby delaying 
only the initial emptying rate by 20 per cent. 
This marginal effect reduced the peak glucose 
in diabetics from 15.7 + 1.3 to 9.8 _+ 0.9 
mmol/l (p < 0.02) and curtailed the plasma 
levels of insulin, C-peptide and gastric 
inhibitory polypeptide by more than 30 per 
cent. Conclusion : Based on identical blood 
glucose levels the gastric emptying in 
diabetics is enhanced. Moreover, the initial 
gastric emptying is a crucial determinant for 
the subsequent blood glucose response. 
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PATTERN OF GASTROINTESTINAL TRANSIT DISORDERS IN 
LONG-STANDING TYPE 1 DIABETES MELLITUS 
J. Nusser, K. Hundegger, R.Landgraf and U. Karbach. Medizinische 
Klinik, Klinikum Innenstadt, Universitiy of Munich, Munich, FRG. 

Gastroparesis is a common feature in patients with diabetes mellitus 
(DM). In contrast, there is only limited information concerning small 
intestinal transit time (SIT) and colonic transit time (CT) in diabetics. As 
most previous studies focused on only one segment of the gut, the extent 
of gastrointestinal (GI) dysfunction in DM cannot be discerned. The aim 
of the study was to evaluate the frequency and the extent of GI transit 
disorders in DM by a non-invasive technique which allows the selective 
determination of gastric emptying (GE), SIT and CT. 
Methods:  In 11 controls and 20 patients with long-standing (>15 y) 
DM, GI transit of a copper pellet was measured by a metal detector. The 
pellet can be accurately located in the stomach, duodenum, cecum and 
rectum. 
Results:  GE in diabetics was significantly prolonged (217+26 min) 
compared with controls (73+7 rain; p>0,0001). In 17 diabetics (85%), 
GE was above the normal range, being delayed by 164-+22 min 
compared with controls. SIT was also significantly delayed in diabetics 
(202M9min; controls: 115_+17 rain; p=0,005), but SIT was above the 
normal range in only 8 patients (40%) The delay in SIT compared with 
controls was 173-+18 min. CT was considerably, but not significantly 
(p=0,2) prolonged in diabetics (70_+12 h vs 40-2_5 h in controls). 42% of 
diabetics had a CT above the normal range, being delayed by 71-+7 h 
compared to controls. Involvement of one GI segment (usually the 
stomach), was established in 45% of diabetics, 2 segments in 30% and 
all 3 segments in 15%. 
Conclusions: Gastroparesis is the predominant G1 transit disorder in 
DM, occuring in 85% of patients, although in about 40% of diabetics 
SIT or CT are delayed as well. The results exhibit a heterogeneous 
pattern of transit disorders in the different GI segments studied. 
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EFFECTS OF ERYTHROMYCIN DERIVATIVE (EM523) 
ON GASTRIC EMPTYING AND POSTPRANDIAL 
INSULIN REQUIREMENT IN GASTROPARETIC 
INSULIN-DEPENDENT DIABETIC PATIENTS 
M. Ishii, F. Kasai, 17. Nakamura, T. Baba, N. Hirota and 
K. Takebe, Hirosaki University School of Medicine, 
Hirosaki, Japan 

We studied the effects of EM523, an erythromycin derivative 
on gastric emptying and postprandial insulin requirement in 6 
i n s u l i n - d e p e n d e n t  d iabet ic  pa t i en t s  with gas t ropa res i s .  
Postprandial insulin requirement was evaluated by measuring 
the insulin infusion rate during the feedback control with a 
Biostator. At the same time, gastric solid and liquid emptyings 
were evaluated by measuring the disppearance rate of 99mTe in 
stomach and the plasma acetaminophen concentration after a 
test meal, containing both substances, respectively. Studies 
with and without 30-min infusion of EM523 (4 rag, given 15 - 
45 min after the test meal) were performed in the same patients 
on separate  days .  An in t r avenous  EM523 s ign i f ican t ly  
increased the postprandial insulin requirement during the first 
90 minutes (from 2652 [862] to 5595 [818] mU, mean and 
[SE]) and plasma acetaminophen concentrations during 30 - 
120 min, and decreased the remaining isotope in s tomach 
during 30 - 120 min after the test meal, respectively. Patients 
showed no apparent peak for postprandial insulin requirement 
during the 3-hour control study without EM523, whereas the 
peak rate was observed within 90 min after the test meal with 
EM523 administration. The results suggest that EM523 may 
improve the gastric emptyings  and insulin requirement  in 
insulin dependent diabetic patients with gastxoparesis. 
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LONG-TERM EFFECT OF CISAPRIDE ON GASTROPARESIS 
IN TYPE 1 (INSULIN-DEPENDENT) DIABETES MELLITUS. 
O. Schnell, F. Schweisz, M. Haslbeck. Diabetes Research 
Institute and Schwabing City Hospital, Munich. 

Delayed gastric emptying is a well-recognized complication of 
long-standing diabetes mellitus. Various pharmacologic 
agents have been used for treatment, but none has been 
demonstrated to have long-term efficacy. 
To assess the long-term effect of cisapride on gastric 
emptying, gastrointestinal symptoms and glycemic control 8 
long-standing Type 1 (insulin-dependent) diabetics (mean age 
40+12 yr, diabetic duration 18+5 yr, HbAlc 10+2.1%) were 
treated with cisapride (10 mg ti.d.) for one year. Initially, after 4 
weeks and 1 year isotope (99Tc) scintiscanning technique 
(T5o) was performed to measure gastric emptying. Gastro- 
intestinal symptoms were evaluated by a standard question- 
naire (score). Glycemic control was assessed by HbAlc and 
post-prandial plasma glucose. In the beginning all diabetics 
had a delayed gastric emptying (54.8+_2.9 min). The 
administraion of cisapride increased gastric emptying 
siginficantly to 42.8+14 min after 4 weeks (p=0.011) and 
36.2_+16.9 min after 1 year (p=0.021). tn 2 diabetics gastric 
emptying was continiously prolonged (> 60 rain) under treat- 
ment. The total score for gastrointestinal symptoms improved 
from 12+1.2 to 2+1 (p=0.001) and 3+4 (p=0.009) respectively. 
HbAlc decreased from 10+2.2% to 8.9_+1.8% and 8.9_+1.5% 
but did not reach statistical significance. There was no 
siginificant change in mean insulin dose and postprandial 
plasma glucose. 
These results indicate that cisapride is effective in long-term 
treatment of diabetic gastroparesis considering the significant 
increase of gastric emptying and reduction of gastrointestinal 
symptoms. However the therapeutic effect should be 
controlled by isotope scinti-scanning technique. 
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BASAL GASTRIN AND POSTHEPARIN DIAMINE OXIDASE 
PLASMA ACTIVITY IN DIABETICS WITH AUTONOMIC NEU- 
ROPATHY 
J.Loba,K.Brozynski,J.Ruxer and C.Chmielecki.Dia- 
betology&Gastroenterology,Medical Academy,Depart- 
ment of Biogenic Amines,PAS, Lodz, Poland. 

In diabetics with autonomic neuropathy (AN) there 
is significant higher basal gastrin secretion. 
There are also reports that hypergastrynemia can 
be found in patients with chronic small bowel di- 
seases. Postheparin diamine oxidase (DAO) plasma 
activity reflects small bowel morphologic and fu- 
nctional integrity. The aim of this study was to 
find out if, in the course of diabetic AN, high 
basal gastrin values were accompanied by low po- 
stheparin DAO plasma activity. The study was car- 
ried out in 3 groups. Group A)-I2 Type 2 (non-in- 
sulin-dependent) diabetics with AN diagnosed by 
the use 5 common tests, B)-20 Type 2(non-insulin- 
dependent) diabetics without any complications, 
C)- control group-20 patients. Blood samples were 
taken for the measurement of basal gastrin and 
DAO activity and the next at 60'after i.v. injec- 
tion of 150 mg heparin only for DAO.The basal va- 
lues of gastrin in group A were significantly hi- 
gher (147pg/ml) compared to group B (78pg/ml) (p< 
0,05) and to group C (62pg/ml) (p<O,O5).There we- 
re no significant differences according to basal 
gastrin between group B and C.Basal values of DAO 
activity were nearly the same (5Opmol/ml).Posthe- 
parin DAO plasma activity was significantly lower 
in group A (247 pmol/ml) compared to group B (441 
pmol/ml) (p<O,Ol) as well as to group C (541 pmol 
/ml) (p<O,Ol).No differences were found in posthe- 
parin DAO plasma values between group B and C. In 
the course of diabetes mellitus with AN relative- 
ly high basal gastrin concentrations are accompa- 
nied by low postheparin plasma DAO activity. It 
could be supposed that in these cases there is a 
certain degree of small bowel mucose damage. 
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PRECURSOR AND REGULATORY EFFECTS OF GLUTAMINE 
ON GLUCONEOGENESIS IN MAN 
N.Nurjhan,* A.Bucci,* I.Toft, T. Jenssen, and 
J.Gerich,* Pittsburgh, PA*; and Troms~, 
Norway. 

Although glutamine is the most abundant 
amino acid in plasma and muscle, little is 
known of its metabolism in man. In vitro 
studies suggest that it may be a major 
precursor of alanine and an important 
gluconeogenic substrate. Therefore, to assess 
the effect of glutamine availability on 
production of glucose and alanine from 
glutamine, we infused normal postabsorptive 
volunteers with glutamine at 3 times its basal 
turnover rate for 4h along with [3-3H]glucose 
and [U-14C]glutamine. Glutamine infusion 
increased plasma glutamine 4-fold from 
0.63• to 2,20• mmol/liter (p<0.01); 
glutamine turnover (~mol/kg/min) also 
increased approximately 3-fold (4.2• to 
11.8• Production of glucose from 
glutamine increased more than 6-fold from 
0.36• to 2.33• ~mol/kg/min (p<0.01) so 
that the proportion of hepatic glucose output 
due to glutamine increased from 3.4• to 
20.5• (p<0.02) and the proportion of 
glutamine disposal used for gluconeogenesis 
increased 2-fold (10.5• vs 24.3• 
p<0.05). Plasma alanine increased from 
0.33• to 0.42• mmol/liter (p<0.05) and 
the proportion of alanine derived from 
glutamine increased from 2.0• to 9.7• 
(p<0.05), Conclusion: The disproportionate 
increase in glucose formation from glutamine 
compared to the increase in glutamine 
availability suggest that glutamine acts no 
only as a gluconeogenic precursor but also as 
a regulator of gluconeogenesis. 
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PERSISTENT ENDOGENOUS GLUCOSE PRODOCTION DESPITE SOPRA- 
PHYSIOLOGICAL INSULIN LEVEES DURING EUGLYCAEMIC CLAMPS. 
R.Harper, R.D.G.Neely, D.P.Rooney. E.R.Trimbleand P.H.Bell. 
Metabolic Unit and Department of Clinicai 8iochemistry, 
Royal Victoria Hospital, Belfast. 

In euglyeaemic clamp studies performed in normal subjects 
at high insulin levels (>100 mU ~I), endogenous glucose 
production (EGP) is usually assumed to be completely 
suppressed. However this assumption is based on non- 
steady state tracer measurements of EGP which are prone 
to negative errors. We have used purified [6-3H] glucose 
in an optimal tracer infusion proEoeol to assess the 
suppression oF EGP in 4 hr euglycaemic clamps performed 
in 6 normal men at supraphysiological plasma insulin 
concentrations (561• P1)(mean • while plasma 
glucose (5.3• l -I ) and glucose specific activities 
(mean 100+3% of basal) were maimtsined cons• from 
80-240 min. In all subjects isotopically determined glucose 
appearance was greater than the glucose infusion rate both 
at 80-120 min (62.9• vs 92.9• umol kg-lmin -I) and 
200-240 min (73.8• vs 63.8• umol kg-lmin -I) (both 
p<O.O01) and calcula[ed EGP was always greater than zero 
(+10.0• at 80-120 min and +10.0• umol kg-lmin -I 
at 200-240 min). In 5 subjects EGP was partly suppressed 
but showed a wide variation (EGP 20 to 91Z of basal at 
80-120 min and 31 to 87% of basal at 200-240 min) while in 
one subject EGP increased (by >50%) to greater than basal 
levels. We conclude thst supraphysiologica] insulin levels 
do not completely suppress EGP during euglycaemic clamps. 
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V A G O T O M Y  I N C R E A S E S  H E P A T I C  G L U C O S E  
P R O D U C T I O N  
S. Frontoni, #S. Farrace, S. Gambardella, A. Lala, V. Spallone, 
:I:L. Rossetti and G. Menzinger - Cattedra di Malattie del 
Ricambio, Universita' di Roma Tor Vergata; #D.A.S.R.S., Rep. 
Medicina, Pratica di Mare, Roma; $Div. of Endocrinology, A. 
Einstein College of Medicine, Bronx NY, U.S.A.- 

A physiological role of the parasympathetic nerves to the liver is 
not proven, but it appears that these nerves interact with and 
complement the effects of insulin. In order to evaluate the effects 
of parasympathetic denervation on insulin-stimulated glucose 
metabolism, we studied two groups of awake, unrestrained 
male Sprague-Dawley rats, after a 24-h fast: vagotomized rats 
(VAG; n=5) and control animals (CAV; n=5). All rats underwent 
a euglycemic hyperinsulinemic (3 mu/kg.min) clamp study, with 
a prime, continuous infusion of [3-SH]-glucose. Basal hepatic 
glucose production (HGP) was increased in VAG when 
compared to CAV (46.7-+1.1 vs 42.2_+1.7 p.mol/kg.min; p<0.04). 
Following insulin infusion, I-IGP was significantly higher in VAG 
than in CAV rats (27.8,+5.0 vs 12.2,+3.3 p.mol/kg.min; p<0.03). 
However, no significant difference was observed in either 
glucose uptake (CAV: 121.1+7.2 vs VAG: 117.2_+8.3 
i~moi/kg.min) or whole body glycolysis (CAV: 82.2_+3.9 vs VAG: 
77.2+8.9 I~mol/kg'min). Therefore, these data indicate that vagal 
innervation plays a role in the regulation of glucose metabolism 
in the liver. In conclusion, it could be suggested that 
parasympathetic disruption in diabetic autonomic neuropathy 
may contribute to the worsening of metabolic control. 
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EFFECTS OF LIPID MANIPULATIONS ON GLUCOSE 
UTILIZATION IN OBESE PATIENTS 
A. Golay~, R. Munger2, and J.-P. Felber 2 Diabetes 
Treatment and Teaching Unit, University Hospital, 
Geneva~ and Inst. of Physiology, Lausanne 2,  
SwitzeHand 
Seven obese non-diabetic patients participated in three 
protocols in order to see the effects of changing lipid oxidation 
on glucose utilization (storage and oxidation). 1) Intralipid 
2) 8-pyridylcarbinol (6-PC), a FFA lowering agent, or 3) 
isotonic saline (NaCI) were infused during 2 hours, and 
followed by a 2-hour euglycemic hyperinsulinemic clamp. 
When lipid oxidation was increased prior the clamp with a 2- 
hour Intralipid Infusion, glucose uptake (2.6 _+ 0.6 mg/kg-min) 
and glucose storage (0.4,+0.5 mg/kg-min ) during the clamp 
were diminished compared to NaCI infusion (glucose uptake: 
3.5 + 1.1 mg/kg-min and glucose storage:1.0_+ 0.8 mg/kg-min 
glucose ). In contrast B-PC lowered lipid oxidation and induced 
an increase of glucose uptake (4.1 + 1.0 mg/kg-min, vs 3.5 -+ 
1.1 mg/kg-min, after NaCI) and glucose storage (1.6-+0.6 
mg/kg-min, vs 1.0_+ 0.8 mg/kg-min, after NaCI). Changes in 
glucose metabolism were significantly different between the 
B-PC and Intralipid tests (p <0.01), In addition the changes of 
glucose uptake were negatively correlated with those in lipid 
oxidation prior to the clamp (p<0.005). The changes of glucose 
storage due to the Lipid oxidation modifications were smaller 
than those observed in the group of control subjects. In 
conclusion, the negative relationship between lipid oxidation 
and glucose storage exists in obese patients. 
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RELATIONSHIPS BETWEEN GLUCOSE- AND LIPID 
METABOLISM IN TYPE 2 DIABETES MELLITUS 
M.C. Blonk, M.A.J.M. Jacobs, C.E. Friedberg and R.J.Heine. 
Free University Hospital, Department of Internal Medicine, P.O. 
Box 7057, 1007 MB Amsterdam. 

The role of the Raudle cycle in the pathogenesis of insulin 
sensitivity in type 2 diabetes is still a matter of debate. In 46 
patients with type 2 diabetes (26F/20M, age:59.1t6.1 yrs, 
BMh29.3t4.8 kg/m2, HbAlc:7.4• we determined various 
measures of insulin action by means of indirect calorimetry and 
euglycemic hyperinsulinemic clamp (65mU/kgLBM/h) with 
assessment of glucose turnover rates ([3-3H]glucose). The rate 
of basal lipid oxidation (mean• 6.2• Fmol/kgLBM/min) 
correlated inversely with basal glucose oxidation rate (mean• 
2.8• Izmol/kgLBM/min): r=-0.46;P<0.001, and positively with 
%bodyfat: r=0.45;P<0.001, whereas no correlation was found 
with basal levels of plasma NEFA. During the clamp the 
increase of total glucose disposal rate (22.2-+3.6 to 30.3• 
p.mol/kgLBM/min), was significantly correlated with 
enhancement of the glucose oxidation rate (2.8-+2.4 to 
9.5• r=O.74;P<0.001. The incomplete 
suppression of lipid oxidation rate during the clamp (6.2+1.1 to 
4.2• Izmol/kgLBM/min) correlated inversely with glucose 
oxidation rate (r=-0.62;P<0.001) and with both total (r=-0.52; 
P<0.001) and nonoxidative (r=-0.42;P=0.01) glucose disposal. 
Conclusion: our results suggest that in the basal state increased 
Randle cycle activity is associated with low glucose oxidation 
rate, while hyperinsulinemia stimulates glucose oxidation either 
directly or via suppression of lipid oxidation. 
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BASAL AND GROWTH HORMONE PULSE STIMULATED METABOLISM DURING FAS- 
TING IN HUMANS; EVIDENCE FOR INCREASED LIPOLYTIC GH RESPONSIVENESS. 
N.Meller, N. Porksen, K.G.M.M. Alberti. Institute of Clinical 
Experimental Research, University of Aarhus, DK and Dept. of 
Medicine, University of Newcastle upon Tyne, UK. 

To assess the effects of short-term fasting on basal and growth 
hormone (GH) stimulated substrate metabolism 7 normal healthy 
subjects were studied for 2h in the basal state and thereafter for 
4�89 after an i.v. bolus injection of 140pg GH in randomized order 
following: 1 ) 12h and 2) 36h ("fasting") fast. 
Fasting induced: 1) Decrements in circulating concentrations of 
insulin and C-peptide (p<0.05) and increments in glucagon 
concentrations (p<0.05). 2) Reduced plasma glucose values, 
isotopically determined glucose turnover and forearm glucose uptake 
(p<0.05). 3) Increments in circulating levels of all measured lipid 
intermediates (free fatty acids (FFA), 3-hydroxybutyrate (3-OHB) and 
glycerol) and forearm uptake of 3-OHB (p<O.05). 
Following injections serum GH rose to a peak of 17.0 + 2.7 ng/ml. 
This was associated with: 1) Unchanged concentrations of 
hormones and parameters of glucose metabolism. 2) Increased 
levels of lipid intermediates, the increase being most pronounced (p 
< 0.05) in the fasting state (FFA: 1775 + 150 (fasting) vs 980 + 
100/Jmol/I, 3-OHB: 1780 + 360 {fasting)vs 230 -+ 90pmol/I, p < 
0.05); with high concentrations of lipid intermediates in the fasting 
state a net forearm release of 3-QHB was observed. 
These data show that short-term fasting is characterized by 
increased mobilization of fat. This may partly be due to enhanced 
lipolytic responsiveness to GH, which in absolute terms appears to 
be increased with fasting. 
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KETONE BODY METABOLISM BY HUMAN ADIPOSE 
TISSUE. 
SW Coppack and JM Miles. Endocrine Research Unit, Dept of 
Medicine, Mayo Clinic, Rochester, MN. 

Ketone bodies (KB) are an important metabolic fuel for 
heart, skeletal muscle, kidney and brain. Little is known, however, 
regarding their role as oxidative fuel for adult human adipose tissue 
(AT). We measured the in vivo uptake of total KB (acetoacetate 
+ B-hydroxybutyrate) and oxygen (02) uptake by AT in ? healthy 
male volunteers (26.8 • 1.3 y, 74.6 • 2.1 kg, BMI 23.4 • 0.5 kg.m "2, 
mean • SEM) after an overnight fast. Arterial and abdominal 
subcutaneous vein cannulae were sited for measurements of 
arteriovenous differences across this tissue bed. AT blood flow was 
measured with mXe and total body fat (TBF) content by dual 
photon X-ray absorptinmetry. Abdominal venous KB concentration 
was lower than arterial (249 + 62 vs 265 • 65 lxmol.1-1, p<0.02). 
Net uptakes of KB and 02 in adipose tissue were 0.15 • 0.06 and 
3.4 • 0.5 i~mol.minl.100 g-~ respectively. KB oxidation would 
account for 21.2 • 10.5 % of adipose tissue O z uptake. TBF was 
12.8 • 1.4 kg; systemic adipose tissue KB uptake was estimated at 
0.24 • 0.13 i~mol.kg'1.min "1. Assuming systemic KB turnover of 
=3 itmol.kg~.min "', AT accounts for =8% of systemic KB disposal. 
Thus AT is a minor, but significant site of KB disposal in the 
postabsorptive state. KB are an important fuel for adipose tissue, 
accounting for =20% of postabsorptive O z consumption by this 
tissue; KB might be even more important in this regard in ketotic 
conditions such as fasting or poorly controlled insulin-dependent 
diabetes. 
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VASOREACTIVITY OF AORTIC RINGS FROM DIABETIC RATS IS DE- 
PENDENT ON DIABETES DURATION AND GLUCOSE CONCENTRATION. 
B.J. Heesen, Y. Ido, J.R. Williamson, B.H.R. Wolffenbuttel. 
Washington University (St.Louis, USA). 

In this study we compared the in vitro contractile response 
to phenylephrine (Phe, 100 p.M) and relaxation response to 
acetylcholine (Ach, 100 ~M) of isolated aorta rings from Sprague- 
Dawley rats with short term (DS, 9 days, blood glucose 27.0 + 5.2 

SD mM), long term (DL, 6 wks, blood glucose 26.0 _+ 5.0 mM) 
streptozotocin-diabetes, and non-diabetic controls (C) in normal 

(5mM) and high (30raM) medium glucose concentration. Aortic 
rings were obtained at the age of 12 wks and mounted between an 
isometric force transducer. No difference in maximum Ach-induced 

relaxation (63%) was observed between C and DL in 5 mM glucose; 
exposure to 30 mM impaired relaxation in C (to 27% p<0.001 vs 
C 5mM), but improved relaxation in DL (95% p<0.01 vs C 5raM). 
Relaxation was impaired in DS in 5 mM and 30 mM glucose (22 % 

p< 0.01 vs C 5mM). Phe-induced contraction was reduced by 19% 
in C in 30 raM, and in DS in 5 and 30raM compared to 5 mM 

glucose; contraction in DL in 5 and 30raM was impaired by 47% 
(p<0.01) compared to C (5mM). Thus, endothelium-dependent 
relaxation is dependent on diabetes duration and in vitro glucose 

concentration. Relaxation, but not contraction, of DL arteries is 
improved by 30raM compared to 5raM glucose. 
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IMPAIRED VASCULAR REACTIVITY IN TYPE 1 (iNSULIN- 
DEPENDENT) DIABETES MELLITUS 

P,G. McNally 1 , P.A.C. Watt 2, A.C. Burden 1 , J.R. Hearnshaw 1 and 
H.Thurston 2 Departments of Diabetes 1 and Medicine 2, Leicester 
Royal Infirmary, UK 

Altered reactivity of resistance arteries may play a role in the 
pathogenesis of diabetic microangiopathy by modulating systemic 
blood pressure and/or tissue blood flow. This study documents the 
reactivity of isolated resistance arteries taken from gluteal 
subcutaneous fat (<300 #m internal diameter), from 8 Type 1 
(insulin-dependent) diabetics (mean age 28 years; mean duration 
19 years (range 13-25) and 9 normotensive age-sex matched 
controls, in a Mulvany myograph preparation [Ethical Committee 
Approved]. All were normotensive (supine random zero blood 
pressure; control vs diabetic [mean • 112.2+_4.3/72.3+3.9 
vs 118.0+5.4/73.7_+3.0 mmHg, NS), had normal urinary 
microalbumin excretion (3.7+_0.9 vs 3.8_+0.8 I~g rain -1) and no 
family history of hypertension. Contractile responses to potassium 
(127mM), noradrenaline (NA, 10-8-10 -5 M) and angiotensin II 
(All, 10-11-10 -7 M) were recorded, relaxation studies were 
performed in maximally contracted vessels using acetylcholine 
[endothelium-dependent] (ACH, 10-8-10 .5 M), and sodium nitro- 
prusside [endothelium-independent](SNP,10-9-10 -5 M). 
Vascular sensitivity (ED50) to NA and All was similar in controls 
and diabetics. However, maximal contractile responses were 
depressed in diabetics to potassium (2.86_+0.38 vs 1.77_+0.16 
mN/mm, p=0.012), NA (3.67_+0.59 vs 2.33_+0.38 mN/mm, 
p=0.08) and All (2.11___0.51 vs 0.49_+0.27 mN/mm, p=0.019. 
Relaxation to ACH was impaired (70+9 vs 38_+13 %, p<0.05), but 
normal with SNP (90_+2 vs 83_+5 %, NS). These findings reveal 
impaired vascular reactivity and endothelial function in Type 1 
(insulin-dependent) diabetics, factors that may contribute to the 
development of diabetic microangiopathy. 
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DOES PLASMINOGEN ACTIVATOR INHIBITOR PLAY A 
ROLE IN DETERMINING THE OUTCOME FROM 
THROMBOLYTIC THERAPY? R.P. Gray, D.L.H. Patterson 
and J.S. Yudkin. Academic Unit of Diabetes and 
Endocrinology and Department of Cardiology, Whittington 
Hospital, London, UK. 

The role of plasminogen activator inhibitor (PAl-1) in reperfusion 
and reocclusion after myocardial infarction is still unclear. We 
measured PAl-1 activity in 110 non diabetic and 45 diabetic 
subjects admitted with acute myocardial infarction. Levels of 
PAl-1 activity on admission were significantly higher in diabetic 
compared to non diabetic subjects (24.6_+6.9 vs 18.6_+7.9 
AU/ml;p=0.0001). We calculated time to peak creatine kinase - 
MB (CK-MB) isoenzyme in 123 (80%) subjects as a short time 
to peak has been shown to be a valid index of reperfusion. In 
the 98 subjects receiving thrombolytic therapy, median time to 
peak CK-MB was 15.5 h (7.5 to 24) in diabetic subjects (n=26) 
compared to 12 h (5 to 26) in non diabetic subjects (n=72) 
(p=O.005). In subjects with time-to-peak _< 12 h, indicating likely 
successful reperfusion, PAl-1 activity was 17.5_+7.8 compared 
to 22.8_+7.7 in those with time-to-peak > 12 h (p=0.001). In 
multiple regression analysis including both diabetes and 
admission PAl-1 activity in the equation, both diabetes 
(p=0.0001) and PAl-1 activity (p=0.029) were significantly 
related to reperfusion. These results suggest that (1) diabetic 
subjects have elevated PAl-1 activity on admission with acute 
myocardial infarction and (2) both diabetes and elevated PAl-1 
activity were independently associated with a reduced likelihood 
of reperfusion following myocardial infarction. 
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PLASMINOGEN ACTIVATOR INHIBITOR I LEVELS IN 
PLASMA ARE ASSOCIATED WITH INSULIN RESISTANCE. 

B.J. Potter van Loon, C~ Kluft, J.K. Radder, 
M.A. Blankenstein and A.E. Meinders. Dept. of 
Endocrinology and Metabolism, University 
Hospital, P.0.Box 9600, 2300 RC Leiden, The 
Netherlands. 

The fibrinolysis inhibitor plasminogen 
activator inhibitor type I (PAI-I) has been 
identified as a cardiovascular risk marker. It 
is associated with hypertriglyceridaemia, 
hyperinsulinaemia and type II diabetes, 
conditions in which insulin action is impaired. 
To determine whether PAI-I is related to 
insulin action, we studied 9 obese nondiabetics 
and 10 obese type II diabetics by means of a 
sequential hyperinsulinaemic euglycaemic clamp 
study. Insulin sensitivity was determined by 
the insulin level at which glucose uptake by 
the peripheral tissues is half-maxlmal 
(ED50pgu). PAI-I antigen at 8:30 hrs correlated 
significantly with EDs0pgu (r=0.865, p<0.001) in 
both nondiabetics (r=0.977, p<0.001) and in 
diabetics (r=0.868, p<0.01). Multiple 
regression analysis disclosed EDs0pgu , fasting 
plasma proinsulin level, and body mass index as 
the only significant determinants of PAI-I, 
accounting for 94, 3.5 and 0.2 % of the total 
variance of PAI-I respectively, but insulin 
level was not independently related to PAI-I. 
The findings suggest a causal relationship 
between insulin action and PAI-I levels, and 
suggest that PAI-I may have a role in the 
pathogenesis of athero-thrombosis, induced by 
insulin resistance. 
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POLYMORPHONUCLEAR SUPEROXIDE PRODUCTION IS 
ACTIVATED IN POOR-CONTROLLED TYPE 2 DIABETES 
MELLITUS. 
Y.Boirie*,P.Nguyen**,H.Grulet* ,V.Durlach*,G.Potron** and 
A.Gross*. 
*Medical clinic, Robert Debre Hospital, **Hematology Department, 
Robert Debre Hospital, Reims France. 

Activated polymorphonuclear leukocytes (PMN) have been associated 
with cardiovascular risk and atherogenesis through leukocyte- 
endothelial interaction and lipid peroxidation. Spontaneous and phorbol 
ester stimulated superoxide production was investigated in 
hyperglycemic state and after glycemic normalization (insulin or 
antidiabetic drugs administration) in 10 poor-controlled type 2 diabetics 
(HbA1C = 9.38-+1.34%) without evidence of infection or 
macrovascular complications. Superoxide anion generation by PMN 
was assessed by determination of superoxide dismutase inhibitable 
reduction of ferricytochrome C (nmol/106 cells/5min) and oxygen 
metabolism of PMN from diabetic subjects was compared to 5 non- 
diabetic controls. Glycemie values reached 1.84+0.56 mg/ml initially 
and decreased to 1. t 8-+0.19 mg/ml after antidiabetic treatment. Diabetic 
PMN exhibited a greater superoxide production in hyperglycemic state 
compared to non-diabetics, in stimulated conditions (17.72-+2.74 vs 
14.04+1.36,p<0.05) but not spontaneously (2.94+1.31 vs 
3.1-+0.95,NS). After treatment, a decrease of superoxide generation 
from diabetic PMN was noted (17.88-+2.52 and 16.23+4.13,NS) and 
compared to controls, PMN activation was restored to normal while no 
different values could be found between the PMN from diabetics and 
non-diabetic subjects (18.34+4.86 vs 16.04-+9.08 and 3.52+1.18 vs 
4.08-+ 1.6,in stimulated and non stimulated condition respectively,NS). 
These findings provide evidence of PMN activation in poor-controlled 
Type 2 diabetes and show that metabolic control is associated with a 
reduction of superoxide anion production to normal values. Thus, 
PMN activation must be related to the metabolic abnormalities 
associated with uncontrolled non-insulin-dependent-diabetes meUitus 
and the hypothesis of its participation in diabetic vascular complications 
can be suggested. 
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GLlffATIflONEhND SUPEROXIDEANION PRODUCTIVE A~IVITYIN DIABETIC 
POLYII}RTIt0NUCLFARLE1]KOCYTES 

A. Kuzuyama t, H. Senmaru z, H.Mori 3, H.Narihara s, K.Kashima 3 and 
K.0hohashi' 1 Department of Internal Medicine,0tsu Manicipal 
Hospital,Shiga, z Rakuwakai-Murutamachi Hospital, Kyoto, and 

Third Department of Internal Medieine,Kynto Prefectural 
University of Medicine, Kyoto, Japan 

It is accepted that one of the cause of the susceptibility to 
certain infections in diabetic patients is the impairment of 
superoxide anion(02-) productive activity in polymurphonuclear 
leukocytes(PMNs). But i t s  mechanism has not been clearly 
elucidated. Glutathione is important as the oxidation-reduction 
agent in vivo. We investigated the correlation betweenglutathione 
concentration and 02- production in PMNs. Forsyl-methionyl- 
leacyl-phenylalanine stimulated Oz- production was assayed 
spectrophotometrically by the reduction of ferricytochrome C. 
Glutathione was extracted by hyperchloric acid and measured by 
glutathione reductase-OTNB recycling method. 02- productive 
activity in diabetics(n=17) was significantly lower than that 
in controls(u=2l)(9.5 • vs 14.4 • 5min, 
p<0.901). Significant decrease in 61utathione concentration of 
diabetic PMNs(n=13) was found compared with that of control 
PMNs(n=14) (1.09 • vs 1.42_+0.24nmol/106eells, p<fl.O01). After 
masking of glutathione by N-ethyl~aleimide, Oz- production was 
significantly decreased in controls. There was a correlation 
between concentration of glutathioneand 0~- productive activity 
in control PK~ls(currelation coefficient= 0.780, p<0.01). These 
results suggest that decreased glutathione concentration might 
be one of the factors accounting for the impairment of 02- 
productive activity in diabetic P~t~s. 
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EFFECT OF ATRIAL NATRIURETIC FACTOR ON 
CYTOSOLIC FREE CALCIUM CONCENTRATION IN RAT 
MESANGIAL CELLS 

K.Matoba, A.Kanamori Y.Abe and Y.Yajima. Dept. of 
Intern. Med., Kitasato Univ., Sagamihara, Japan 

We previously reported that plasma atrial natriuretic 
factor (ANF) levels increase in early stages of diabetic 
nephropathy. In this study, we examined the effects 
of ANF on glomerular mesangial cells (MCs) through 
the changes of responsiveness to angiotensin II (AII) 
and ATP. Rat MCs were cultured for 5 days in RPMI 
1640 medium. Cytosolic free calcium concentration 
([Ca2+]i) was measured in fura-2 loaded MCs by dual 
wave length spectro-fluorometry. Both All  and ATP 
caused a rapid increase in [Ca2+]i in dose dependent 
manner. Preincubation of MCs with 10-7M ANF for 10 
min significantly reduced the peak response of [Ca2+]i 
to 10-TM AII (from 244.8_+32.7% to 178.3+23.9, 
expressed  as percent  increase above the basal,  
p<0.01). Moreover, ANF treatment caused the same 
response of MCs to 10-4M of ATP (238.2+23.0 % vs 
164.7+30.4, p<0.01). Recently, it has been reported 
that extracellular ATP exerts significant effects on 
MCs function. Therefore, these results suggest that 
elevated levels of ANF modulate the physiological 
regulat ion of Ca2+-media ted  second m e s s e n g e r  
systems in MCs and have some implications in the 
pathogenesis of diabetic nephropathy. 
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EFFECT OF GLUCOSE CONCENTRATIONS ON THE 
RESPONSE OF CYTOSOLIC FREE CALCIUM LEVELS TO 
ANGIOTENSIN II IN RAT MESANGIAL CELLS 
A.Kanamori, K.Matoba, Y.Abe and Y.Yajima. Dept. of 
Intern. Med., Kitasato Univ., Sagamihara, Japan 

The contractility of glomerular mesangial cells (MCs) 
is regulated by the change of cytosolic free calcium 
levels ([Ca2+]i). To assess MCs function in diabetes, we 
studied the effect of glucose concentrations on the 
responsiveness  of [Ca2+]i to angiotensin II (AII) in 
MCs. The MCs were cultured for 5 days in RPMI 1640 
media containing glucose at 5.5mM (N), 25mM (H) or 
5.5raM plus mannitol 19.5mM (M). [Ca2+]i were 
measured in Ca 2+ free buffer with EGTA, using fura-2 
and dual -wavelength  spec t rof luorometry .  [Ca 2+]i 
showed a rapid peak increase in response to 10-7M 
AII (the first response),  then returned to basals 
within 3 min in the three groups. After the AII- 
induced transient increase in [Ca2+]i, addition of CaC12 
caused a second increase in [Ca2+]i in N and M groups. 
In H group, however,  the AII-induced first peak 
response  (209_+24%; percent  increase above the 
basal) was significantly lower than those in N 
(295+15%) or M (308+28%) groups, and CaCI2- 
induced second increase in [Ca2+]i was abolished. 
These results suggest that high glucose level itself, 
and not high osmolality, affects the response of MCs 
to AII through the change of Ca2+-mediated second 
messenger systems. 
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MECHANISMS OF GLUCOSE-ENHANCED SYNTHESIS OF 
EXTRACELLULAR MATRIX BY RAT MESANGIAL CELLS 
G. Pugliese (1), F. Pricci (1), G. Cristina (1), F. Pugliese (1), P. Men6 (1), 

D. Andreani (1), G. Galli (2), A. Casini (2), C.M. Rotella (2), U. Di Mario (3). 
Universities of (1) Rome, (2) Florence, and (3) Catanzaro, Italy. 

To investigate mechanisms of glucose-enhanced extracellular matrix 
synthesis by rat mesangial cells, we assessed effects of D-glucose (5.5 
[G5.5] and 30 [G30] mM): 1) vs iso-osmolar concentrations of sugars which 
do not enter the cell (mannitol [M]) or gain limited (D-galactose [Gall) or no 
(L-glucose [LG]) access to metabolic pathways but are capable of inducing 
nonenzymatic glycosylation; 2) + the aldose reductase inhibitor (ARI) Alcon 
1576 (14 uM, gift of Alcon) or 1 mM sodium pyruvate ([P], which is able to 
correct glucose-induced polyol pathway-dependent increased 
NADH/NAD +, via the lactate deydrogenase reaction). Cells were cultured 
for 4 weeks through 6-8 passages in DMEM + 17% FBS under the 
conditions indicated above. Sub-confluent cells were exposed for 24 h to 6- 
aminoproprionitrile (100 ug/ml) and ascorbic acid (50 ug/ml) and levels of 
type I (C-I) and IV (C-IV) collagen, fibronectin (FN), and laminin (I_AM) 
released in media were quantified by an enzyme immunoassay. FN, LAM, 
C-IV, but not C-! synthesis was increased by G30 compared to G5.5, 
starting at week 2 (FN: 876.8+89.9 ng/ug DNA vs 591.5+46.4; LAM: 
13.6+...+_1.4 vs 9.2+1.4 C-IV; 365.0• vs 202.1+54.4; p<O.0O01) and 
persisting throughout the remaining 2 weeks. These changes were partly 
mimicked by Gal (FN: 726.6+90.5, p<O.0001 vs G5.5; I_AM: 11.6+2.2, 
p<0.003; C-IV: 301.7+65.7, p<O.00Ol) and LG (FN: 723.5+100.2, 
p<O.O0Ol; LAM: 11.9+2.2, p<0.002; C-IV: 303.7+60.1, p<0.0O01), but not 
by M. Matrix changes were delayed but not prevented by P and ARI. These 
results suggest that multiple mechanisms may be operating in glucose- 
induced matrix overproduction, including nonenzymatic glycosylation and 
glucose- (and potyol pathway-) dependent cytosolic redox changes; 
increased osmolarity seems to play a minor role, if any. 

32 
PARACRINE RELATIONSHIPS BETWEEN PGF~, HYALURONAN AND 
MESANGIAL CELL PROLIFERATION AND SULPHATION ACTIVITY. 

R.G. Larkins, P. Mahadevan, J.R.E. Fraser and M.E. Dunlop. 
University of Melbourne Department of Medicine, Royal Melbourne 
Hospital, Victoria 3050, Australia. 

Exposure in vivo or in vitro to elevated glucose leads to increased 
production of vasodilatory prostaglandins (PGs) by glomeruli and 
mesangial cells. This study aimed to determine whether this increased 
PG production, could, in addition to its early functional effects, 
provide a link with the later structural changes of diabetic 
nephropathy. From analogy with other tissues, the effects of PGs on 
hyaluronan (HA) production by glomerular cores was examined. HA 
production by glomerular cores from streptozotocin diabetic rats was 
increased compared with control rats (13.6 _+ 0.6 vs 11.1 + 0.3 
~g/mg protein, p < 0.025). Exposure in vitro to PGE2 1.5 x 10gM 
caused a further increase (to 21.6 4- 1.8 p < 0.005 diabetic and 14.4 
4- 0.4 control p < 0.05). HA (250 ng/ml) led to a decrease in the 
relative degree of sulphate incorporation into glycosaminoglycans and 
proteoglycans in the pericellular matrix (sulphation ratio 0.078 4- 
0.003 vs 0.088 4- 0.003, p < 0.05). Additionally, in cultured 
mesangial cells, HA 250 ng/ml and PGE 2 10-8M led to an increase in 
3H-thymidine incorporation at 24h (to 179 + 14% and 161 + 12% of 
control respectively, p < 0.005). It is concluded that increased PG 
synthesis secondary to a high glucose environment can lead to changes 
in glomerular HA synthesis which can affect sulphate incorporation 
and mesangiaI cell proliferation. These paracrine effects provide 
possible links between initial biochemical consequences of 
hyperglycaemia and later structural changes in the glomerulus. 

33 

GLOMERULAR FILTRATION AND TUBULAR REABSORPTION OF 
ALBUMIN IN EARLY AND ESTABLISHED STZ-DIABETIC RATS 
B.J. Tucker ~, R.C. Blantz 1 and R. Rasch ~. ~Univ. of Calif., San Diego, 
La Jolla, CA 92093, USA and 2Univ. of Aarhus, Aarhus, DK. 

Microalbuminuria is considered to be an indicator of the onset of 
diabetic nephropathy in Type 1 (insulin dependent) diabetes. 
However, early glomerular abnormalities in Type 1 diabetics may 
result in increased filtration of albumin prior to any observed increase 
in albumin excretion (Uatb). Glomerular and tubular albumin kinetics 
(with 1251-albumin) were examined in streptozotocin diabetic Munich- 
Wistar rats (STZ-D, 65 mg/kg BW i.v.) at 7-10 days (7d, untreated, 
blood glucose (BG) = 20_+1 mmol) and 50-70 days (50d, poorly 
controlled, BG = 17-+1 mmol) after onset of STZ-D. These animals 
were compared to non-diabetic rats (CON, BG = 7-+ 1 mmol). Sub- 
groups of each condition received acute lysine treatment (+L, 200 
mg/kg BW/hr) to block tubular protein reabsorption. In addition, 
non-vascular albumin distribution volumes (Vda, b) were measured in 
the kidney and compared to morphometric measurements of 
interstitial space (INT) to assess tubular uptake of albumin. Ua, b in 
CON was 20-+3 #g/min and was not altered at 7d STZ-D (19-+3 
#g/min, NS) but increased in 50d STZ-D to 118+13 #g/min 
(P<0.05). With +L, Ua, b was 30_+6 #g/rain in CON+L (NS to CON) 
and increased in 7d STZ-D+L (67_+10 #g/min, P<0.05) and was 
126-+ 11 fl, g/min in 50d STZ-D + L (NS to 50d STZ-D). Vda, b increased 
from CON (23_+ 1% of cortical volume) in both 7d STZ-D (37-+4%) and 
50d STZ-D (28-+1%). +L decreased Vdal b in 7d and 50d STZ-D to 
values not different from either CON or INT (INT=21 _+2% in CON, 
19-+1% in 7d, and 20_+2% in 50d STZ-D) indicating that increases in 
Vda3 b were due to tubular reabsorption of albumin. 
Conclusions: Increased glomerular filtration of albumin occurs early 
in STZ-D, but albumin does not appear in the urine due to the 
inherent tubular capacity for albumin uptake, in 50d STZ-D, despite 
increased glomerular filtration of albumin, tubular reabsorption of 
protein was decreased by >50% compared to 7d STZ-D resulting in 
both factors increasing Ua~ b, 
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RENAL AND NEURAL ASCORBIC ACID METABOLISM IN THE 
SPONTANEOUSLY DIABETIC INSULIN-DEPENDENT BB/EDINBURGH 
RAT. 

R.M. Lindsay, S.A. Walker, C.C. McGuigan, W. Smith and 
J.D. Baird, The Metabolic Unit, University of Edinburgh 
Department of Medicine, Western General Hospital, 
Edinburgh, U.K. 

Reduced plasma ascorbic acid (AA; vitamin C) 
concentration in human diabetic subjects and 
streptozotocin-induced diabetic rats has suggested a 
link between AAmetabolism and diabetic microangiopathy. 
This study investigated plasma, kidney and sciatic nerve 
concentrations of AA in the spontaneously diabetic 
HB/Edinburgh (Be/E) rat. Samples of blood, kidney and 
sciatic nerve were removed from age-matched (mean• 
age = 174• d) non-diabetic and diabetic (duration of 
diabetes = 79• d) BB/E rats. Plasma was deproteinised 
using 5% metaphosphoric acid (MPA). Kidney and sciatic 
nerve (lyophilised) samples were homogenised in 5% MPA. 
Total AA was determined by fluorimetry. Mean glycated 
haemoglobin (HbAI), measured by electroendosmosis, was 
significantly higher (p<0.05) in the diabetic rats (5.9 
• than the non-diabetic animals (4.9• There 
was no significant (p>0.1) difference in mean values for 
either plasma (i.9.9f4.5 pmol/l vs 30.7• pmol/l) or 
nerve (239• pmol/mg dry weight vs 244• pmol/mg) AA 
levels in the diabetic (n=8) and non-diabetic (n=10) 
groups, in fact two diabetic animals had significantly 
elevated nerve AA concentrations (1940 pmol/mg and 3890 
pmol/mg). Mean kidney AA level was significantly lower 
(p<0.O2) in diabetic rats (340• pmol/mg) than non- 
diabetic animals (500• pmol/mg). We conclude that 
increased oxidative stress in the kidney may be 
important in the development of diabetic nephropathy but 
seems unlikely to be involved in diabetic neuropathy. 
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DECREASED ENDOTHELIN-I mRNA IN THE KIDNEY OF 

STREPTOZOTOCIN (STZ) INDUCED DIABETIC RATS 

Yau-Jiunn Lee, Shyi-Jang Shin, Shiu-Ru Lin, Yung-Hsiung Lai, 

and Juei-Hsiung Tsai, Kaohsiung Medical College, Kaohsiung, 

Taiwan 

Endothelin-1 (ET-1)caused reduction in renal blood flow, glo- 

merular filtration rate, urinary sodium excretion, and was capable 

to stimulate mitogenesis in mesangial and gIomerular cells. 

Moreover mRNA for preproendothelin is present in renal glom'- 

erular cells and in the inner medulla. Some reports indicated that 

the development of diabetic nephropathy is associated the local 

production of growth factors. In this study, we try to investigate 

whether renal ET-1 local production is affected in the STZ- 

induced diabetic rats. Twenty Wistar rats were induced to 

diabetes by STZ, and sacrificed on the 2, 4, 7, 14, 21, 28, 35 and 

42 days later to obtain the kidney. The random plasma glucose 

levels of diabetic rats were higher than 350rag/all on the 3rd day 

after STZ injection and on the sacrificed day. Renal total RNA 

was extracted by guanidine isothiocyanate. Ten-microgram total 

RNA per lane was fractioned on 1 ~  fermaldehyde-agarose gel 

and then transfered to nylon membrane, and hybridized with a 

random-primed ~zP-labelled Ecd~I fragment of rat ET-1 eDNA. 

The result revealed that  renal ET-1 mRNA expression decreased 

progessively from day 7 to day 42. Our finding suggested that  

local production of ET-1 on the kidney may be decreased in early 

stage of STZ-induced DM. 
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GTP-BINDING PROTEINS IN ISLET SUBCELLULAR FRACTIONS: 
REGULATION BY LIPID PRODUCTS OF PHOSPHOLIPASES A 2 AND D 

A. Kowluru and S.A. Metz, University of Wisconsin, Madison, WI, 
53792 USA 

Low molecular-weight GTP-binding proteins (LMW-GBPs) have been 
implicated in late stages of stimulus-secretion coupling, but have not 
been studied in normal islets. Therefore, we studied [a22P]GTP 
binding and GTPase activity in islet subcellular fractions. Four 
LMW-GBPs (23-28 kDa) and one heterotrimeric GBP (39-40 kDa) 
were labeled in secretory granules (SG)> heavy membranes> 
cytosol. Kinetic analysis of GTP-specific hydrolysis revealed 3 
GTPases in homogenates (Kin 370 riM, 2.2 tzM, and 720/~M GTP). 
The highest affinity GTPase was ribosylated and thereby inhibited by 
pertussis-toxin pretreatment, and thus presumably corresponds to 
heterotrimeric Gi and/or Go. We investigated regulation of these 
GTPases by lipid products of insulinotropic phospholipases (A2 and 
D) endogenous to islets. In individual and/or reconstituted fractions, 
arachidonic acid, phosphatidic acid,and lysophosphatidylcholine (but 
not control lipids phosphatidylinositol, phosphatidylcholine, and 
lysophosphatidylethanolamine) inhibited GTPase in a concentration- 
dependent manner (by up to 60-80% at 100 #g/ml lipid). These 
effects on GTPase were not due to inhibition of GTP binding and/or 
exchange, as assessed by [3sS]GTPyS binding. Therefore, inhibition 
of GTPase would maintain GBPs in their activated, GTP-bound state. 
These data identify regulatable GBPs in islet fractions which may be 
a locus (i.e., "GE") at which phospholipase activation culminates in 
insulin secretion. 
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AN EFFECTOR DOMAIN PEPTIDE OF GTP-BINDING PROTEIN RAB3 

STIMULATES INSULIN RELEASE FROM PERMEABILIZED HIT CELLS 

G.-D. Li, R. Regazzi, W.E. Balch* and C.B Wollheim, Division de Biochimie 
Clinique, Department of Medicine, University of Geneva, Geneva, 
Switzerland and *Department of Molecular Biology, Research Institute of 
Scripps Clinic, La Jolla, CA 92037, U.S.A. 

rab3 is a low molecular weight GTP-binding protein of the ras 

superfamily. This protein is present on cellular vesicles including 

insulin granules, and thus may control vesicular transport and 

membrane fusion. A synthetic peptide of rab3 (rab3AL), 

corresponding to the effector domain of ras which interacts with 

GTPase-activating protein (GAP), was used to examine whether rab3 

plays a role in exocytosis of insulin. Insulin-secreting HIT-T15 cells 

were permeabilized with 1.5 U/ml streptolysin-O for 5 min. Optimal 

GTP~S (100 pM) stimulated insulin secretion 2-fold at basal Ca 2§ level 

(0.1 pM), but did not increase further high Ca2*-induced release (3-5 

fold) during 5 rain incubation, rab3AL (50 pM) enhanced (2-fold) the 

insulin secretion at either low (0.01-0.1 pM) or high (1-100 pM) Ca 2+. 

The effect of GTP~S was also doubled by 50 pM rab3AL. The effect 

of rab3AL was dose-dependent with ECso at about 15 pM. tn contrast 

to rab3AL, the synthetic peptide of the effector domain of ras or rabl, 

at 50 pM, had no effect on basal or stimulated insulin release, rab3AL 

did not promote insulin secretion from intact cells. These results 

suggest that i) rab3 and its effector may be involved in the regulation 

of insulin secretion and ii) the mechanism underlying rab3AL action is 

distinct from that of Ca 2+ and GTPTS. 
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INDUCTION OF HEPARIN-SENSITIVE OSCILLATIONS OF 
CYTOPLASMIC Ca 2+ IN HYPERPOLARIZED B-CELLS. 
Per-Eric Lund and Bo Hellman Department of Medical Cell 
Biology, University of Uppsala, Sweden 
Glucose induction of sinusoidal Ca 2+ oscillations in 
pancreatic J3-cells requires periodic depolarisation with a 
resulting entry of the ion. Combining whole cell 
configuration of the patch clamp technique and dual 
wavelength fluorometry with I00 pmolll Indo-1 it was 
analysed whether it is possible to obtain Ca 2+ oscillations 
also when maintaining J3-cells in a hyperpolarized state. 
Activation of the G-proteins either by internal perfusion 
with I00 J~mol/l GTP-y-S or external application of 100 
#molll carbachol in J3-cells held at -70 mV resulted in 
oscillations of cytoplasmic Ca 2+ from a basal level of 60- 
100 nmolll to tenfold higher values. These Ca 2+ transients 

were sufficiently pronounced to activate 70-150 pA K + 

currents in a K+-rich medium. The oscillations obtained 
after external application of carbachol had a similar 
frequency (1.52 _+ 0.13 Imin) as those recorded during 
internal perfusion with GTP-~{-S. When omitting Indo-1 the 
frequencies recorded from current measurements after 
injection of GTP-y-S increased from 1.40_+ 0.07 to 2.32 +_ 
0.22 Imin. Irrespective of whether the oscillations 
reflected a response to GTP-y-S or carbachol they were 
completely abolished by injection of 100 J~g/ml heparin. It 
is concluded that both external and internal activation of 
G-proteins result in J3-cell oscillatory activity, probably 
mediated by intracellular release of Ca 2+ in response to 
activation of a heparin-sensitive inositol-l,4,5- 
trisphosphate receptor. 
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EFFECT OF GLUCOSE CONCENTRATION ON 
INSULIN AND "GLUCOSE-SENSOR" GENES 
EXPRESSION IN INS-1 CELLS 
M. Asfari, B. BrYant, C. Boissard, and  G. Rosselin. 
INSERM U.55, HSpital Saint-Antoine,  PARIS, 
FRANCE. 

It is s u g g e s t e d  t h a t  g lueok ina se  a n d  g lucose  
t r a n s p o r t e r  2 (GLUT2) a r e  t h e  s o - c a l l e d  
"glucose-sensing" a p p a r a t u s  of j3 cells. Increase  in 
g lucose  from 2.8 to 20 mmol /1  resu l ted  in a 4 
fold inc rease  of insu l in  secre t ion  in INS-1 cells. 
We inves t iga ted  the  expres s ion  of t he se  genes  
a n d  t h a t  of  i n s u l i n  a t  d i f f e r en t  g l u c o s e  
concen t ra t ions .  Cells were cu l tu red  at  2.8, 10, 
and  20 retool/1 glucose and  0.1% FCS for 72h.  At 
10 mmol /1  the  mRNA levels of all t hese  genes  
were equal  to control  levels (10% FCS a n d  10 
mmol /1  of glucose) and  reduced  to 50% a t  2.8 
m m o l / 1  g l u c o s e .  At 20 m m o l / 1  g l u c o s e ,  
g l u c o k i n a s e  mRNA sl ight ly  inc reased ,  GLUT2 
mRNA m o d e r a t e l y  d e c r e a s e d  a n d  p r o i n s u l i n  
mRNA reduced to about  75%. GLUT1 mRNA was  
no t  detected u n d e r  the  cu l tu re  cond i t ions  we 
tes ted .  In s imi la r  cu l tu re  condi t ions  sec re ted  
i m m u n o r e a t i v e  i n s u l i n  were  0 . 4 8 5 + 0 . 0 2 ,  
1.39+0.01 and  1.07+0.2 and  the  con t en t s  were 
3 .28+0.02,  5.05+0.03,  1.79+0.09 m g /  106 cells 
at  2.8, 10, and  20 retool/1 of glucose respectively. 
There fo re ,  g l u c o k i n a s e  GLUT2 a n d  i n s u l i n  
mRNAs levels do not  vary  s imilar ly  a t  different 
glucose concentra t ions .  Fur the rmore  glucose h a s  
o p p o s i n g  effects  on i n s u l i n  s e c r e t i o n  a n d  
syn thes i s  at  20 rmnol/1. 
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MALONYL-COA IN g-CELL SIGNALLING : CONTROL OF FATTY 

ACID OXIDATION OR SUBSTRATE FOR LIPID BIOSYNTHESIS ? 

T. Bran, F. Assimacopoulos-Jeannet, E. Roche and M. Prentki. 
Division de Biochimie Clinique, University of Geneva, Switzerland. 

We have proposed that malonyl-CoA is a metabolic coupling 

factor in nutrient-induced insulin release. Malonyl-CoA is the first 

intermediate in lipid biosynthesis pathway and it also controls fatty 

acid oxidation. Its concentration results from the balance between its 

synthesis by acetyl-CoA carboxylase (ACC), degradation by 

malonyl-CnA decarboxylase and usage by fatty acid synthase (FAS). 

We therefore studied the expression of ACC and FAS in rat 

pancreatic islets and clonal g-cells (HIT). Two ACC isozymes were 

detected in both islets and HIT cells : a 265 kDa isoform present in 

Iipogenic tissues and a 280 kDa isoform thought to be implicated in 

fatty acid oxidation regulation. Islets and HIT cells contained high 

amounts of ACC mRNA, protein and enzymatic activity. In 

contrast, FAS mRNA and enzymatic activity were undetectable in 

islets whereas they were abundant in lipogenic tissues. These 

observations demonstrate that de novo lipid biosynthesis is not 

involved in g-cell signalling. The data rather suggest that malonyl- 

CoA formation in g-cell is strickly involved in regulating fatty acid 

oxidation. In addition, the results explain why malonyl-CoA rises 

markedly and rapidly upon g-cell nutrient stimulation i.e. it is not 

diverted to lipid biosynthesis. 
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HYPOGLYCEMIA INDUCES AN HYPERSENS1TIZATION OF THE 
INSULIN RECEPTOR TYROSINE KINASE ACTIVITY. 
P. Sbraccia, M. D'Adamo, A. Giaccari, D. Zorretta*, F. 
Leonetti, A. Buongiorno*, and G. Tamburrano. Division of 
Endocrinology 1, University "La Sapienza", *Clinical 
Biochemistry Laboratory, Istituto Superiore di Sanita', Rome, 
Italy. 

To investigate the effect of hypoglycemia "per se" on the 
regulation of muscle-derived insulin receptor tyrosine kinase 
activity (TKA), 2 groups of SDrague-Dawley rats were infused 
with either Insulin 14mU'K~l 'min -1) (INS) or 
Phloridzin (3 mg'Kg "1" rain "~1) (PHL); plasma 
glucose was maintained at mean values Of 3.3 and 3.5 mM in INS 
and PHL respectively, by a variable glucose infusion (clamp 
technique); 6 hour-fasted rats represented the control group 
(C). Receptors were isolated under conditions designed to 
preserve their in vivo phosphorylation state, and their TKA 
towards poly(Glu-Tyr) was measured in the absence and presence 
of in vitro exposure to insulin. Insulin infusion resulted in 
an enhanced "in vivo" TKA (p<0.05 vs C and PHL). Surprising 
was the finding of a slight increase (p<0.05 vs C) of the in 
vivo TKA in PHL. The in vitro insulin dose response curves of 
TKA showed no significant differences between INS and C. In 
contrast, there was a marked increase of the 
insulin-stimulated TKA in PHL (p<0.001 vs C and INS); at 100nM 
insulin TKA was 1.8 fold more responsive when compared to both 
C and INS. Moreover, in PHL the half-maximal stimulation of 
TKA was <0.5 riM, being over 10 fold more sensitive to insulin 
than both INS (3.8+0.03 nM; mean+SE)  and C (4.2+0.05 riM. 
mean_+SE). In coffclusion: hypogly~mia associated-with low 
plasma insulin concentrations determines an hypersensitization 
of the intrinsic tyrosine kinase of the insulin receptor. 
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Nasal Insulin Outpatient Study in Type I Diabetes 

RR Holman and J Steemson. Diabetes Research Laboratories, 

Radcliffe Infirmary, Oxford. OX2 6HE. 

19 patients (15 male) with Type I diabetes on basal and prandial 

insulin therapy completed an open, randomised, crossover study 

comparing U500 Novolin | nasal insulin with meals and U100 

soluble subcutaneous insulin 30 minutes before meals with four 

week outpatient treatment periods culminating in 24 hour inpatient 

metabolic profiles. Mean age was 39.0 y (SD 9.9), diabetes duration 

11.2 y (SD 9.7), body mass index 24.5 kg m -2 (SD 3.6) and total 

daily insulin dose 0.7 IU kg -1 (SD 0.1). Four subjects noted slight 

and one moderate nasal irritation. Frequency of transient 

hypoglycaemia was similar for both therapies apart from a more 

severe episode in one patient who took nasal insulin without a meal. 

When on nasal insulin, mean fasting plasma glucose levels were not 

significantly different but incremental mean postprandial glucose 

values were elevated (4.4 v 3.0 mmol/1, p=0.011), mean HbAlc 

values higher (9.1 v 8.5, p<0.001), mean weight lower (71.7 v 

73.3 kg, p<0.001) and admitted dietary intake tended to be less. 

U500 Novolin * nasal insulin, given as a single administration 

immediately before meals, was effective in treating Type I diabetic 

outpatients but achieved less satisfactory glycaemic control with the 

limited dose range available. 
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A DOUBLE BLIND, PLACEBO CONTROLLED DOSE RESPONSE 
STUDY OF NASAL INSULIN IN RELATION TO A 
STANDARD MEAL IN TYPE 2 DIABETIC SUBJECTS 

J.C. THOW and P.D. HOME. Department of Medicine, 
University of Newcastle upon Tyne, UK. 

The aim of this study was to compare the efficacy 
of nasal insulin (500U/ml) , placebo nasal spray 
and subcutaneous insulin injection in relation 
to standard meal in nine insulin treated type II 
diabetic subjects (fasting C-peptide >0.30nmol/l) 
Each received either active nasal insulin (50, 
100 or ~50 U), placebo nasal spray or subcutan- 
eous insulin (8-9 U) on separate days in random 
order immediately (nasal insulin) or 20 min 
before (subcutaneous insulin) a standard meal. 
Following nasal insulin, free insulin concent- 
rations rapidly increased to reach peak values 
after 20-40 min of 75, 108 and 155 mU/l for 50, 
100 and 150 U of nasal insulin respectively 
before returning to baseline by ]20 min. In 
contrast, after subcutaneous injection, free 
insulin concentrations reached a peak around 
120 min thereafter remaining above control day 
values for the remainder of the 300 min study. 
The area under the blood glucose curve (0-]20min) 
was significantly lower following 100 (16.8• 
(• and ]50 U (]5.4• of nasal insulin 
compared to placebo (20.8• p<0.05) . Following 
150 U nasal insulin, blood glucose concentration 
did not rise significantly above baseline during 
the 300 min study. Nasal insulin was well 
tolerated and did not cause hypoglycaemia. In 
these well controlled, insulin sensitive type II 
subjects, nasal insulin improved meal related 
blood glucose control in a dose dependent manner. 
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Long term, Large-scale Clinical Evaluation of Performance of 
the M1000 Programmable Implantable Insulin Pump. 
Michel PINGET for the INFUSAID Study Group, Strasbourg, 
France. 

We report the performance of 123 M1000 pumps (INFUSAID | 
Norwood) which have been implanted for the delivery of U100 
Hoeesht 21 PH Insulin in 177 Type I diabetic patients at 15 
centers. The total duration of pump implant is 203 years (mean 
19,8 months/pump).  One pump failure, in the stop mode (circuit 
break) has been reported, and one pump has been explanted due to 
suspicion of battery depletion. Eleven irreversible catheter occlusions 
have been reported. Glycemic control was assessed by monthly 
HhAIc values and daily blood glucose readings. A decrease/ 
stabilization of mean HbA lc levels was realized, as was an increase 
in the frequency of glucose readings in the normal range during the 
first 18 months of pump therapy. Analysis of 24 hour glucose profiles 
performed at baseline and month 6 indicates that mean glyccmia 
decreased in 63 %, standart deviation decreased in 76 %, and M- 
value decreased in 76 % (n=49 patients). The incidence of severe 
hypoglycemia was monitored during a three-month intensive 
therapy phase pre-implant (10.8 %/pt yr) and during daily 
pump therapy (2.0 %/pt yr). Hence the increase in glycemic 
control is realized without increase in glycemic control is realized 
without a concurrent increase of severe hypoglycemia. 
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THE FRENCH EXPERIENCE OF INTRAPERITONEAL 
INSULIN THERAPY W I T H  IMPLANTABLE 
PROGRAMMABLE INFUSION PUMPS. 
J.L. Selam, C. Broussolles, N. Jean-Didier, H. Hanaire- 
Broutin, D. Raecah, E. Renard, O. Ziegler, for the 
EVADIAC Group, France. 

Implantable insulin pumps are evaluated pre- 
routinely on a large-scale in France, under the scrutiny 
of the EVADIAC Group. As of January 1992, 7 centers 
have reported 171 pump implantations in 162 type I 
diabetic patients, aged 39- + 1 yrs, with diabetes 
duration of 18 -+ 1 yrs, representing 145 patients-years 
of experience (range : 3-25 months). There has been no 
death, pump overflow or severe infection, and only 2 
patients elected to return to conventional therapy. 
Rates of reintervention for catheter malfunction and on 
pump site were 15.3 and 8.3 % patient-years 
respectively, including 3 pump failures and 6 pump- 
pocket erosions/infections. Severe hypoglycemias and 
ketoacidosis rates were 6.2 and 5.5 % patient-years. 
Overall diabetes control and glycemic fluctuations 
slightly improved when compared to preimplantation : 
HbAlc 7.1 -+ O.1 vs 6.6 -+ 0.2 (NS), SD of home blood 
glucose testings 69 �9 2 vs 60 + 3 mg/dl (p < 0.05) at 0 
and 15 months respectively. We conclude that 
implantable programmable insulin pumps have proven 
reasonable safety and efficacy on a large-scale although 
still relatively limited duration basis. 
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ACARBOSE SIGNIFICANTLY IMPROVES GLUCOSE CONTROL IN NON- 
INSULIN-DEPENDENT DIABETES MELLITUS SUBJECTS (NIDDM): 
RESULTS OF THE MULTICENTER CANADIAN TRIAL. S. Ross*, 
Calgary, J.-L. Chiasson*, J. Hunt*, Vancouver, R. Josse*, 
Toronto, J. Mukherjee*, Toronto, C. Palmason*, Toronto, 
R. Rodger*, London, E. Ryan*, Edmonton, and M. Tan*, 
Halifax and T. Wolever*, Toronto, Canada. 

Persistent elevation of post-prandial glucose will 
contribute ~o long-term poor control of diabetes in NIDDM 
subjects. In a randomized double-blind placebo- 
controlled one year trial, the efficacy and safety of 
Acarbose, an alpha glucosidase inhibitor, was studied in 
354 NIDDM subjects treated with either diet alone (D) or 
diet plus sulfonylurea (S), metformin (M), or insulin 
(I). Glucose control was assessed by fasting glucose 
(FG), HBAIC, and area under the curve following a 
standard test meal (AUC). The mean FG for all subjects 
was 12.1 • 0.6 mmol/L and was not affected by Acarbose in 
all four groups. The AUC, however, was significantly 
decreased (p = < 0.0001) in all four treatment groups. 
There was a significant decrease in HbAIC in D (p = < 
0.0335); S(p = < 0.0020); M(p = < 0.0058). There was a 
clinically relevant but not significant fall in HbAIC in 
the I group. A multivariate logistic regression model 
was fitted to the data using treatment, demographic, 
baseline biochemical and nutritional parameters as 
predictors. The treatment parameter (Aearbose vs 
Placebo) proved to be one of the strongest predictors of 
response except in the I group. Response is defined as 
an HbAIC of < .07 and/or a drop of i% or more from 
baseline. Other strong predictors were body mass index 
and baseline HbAIC. The odds of being a responder to 
Acarbose, was 4:I(D); 3:I(S); 12:I(M). While GI adverse 
events were increased in the Acarbose group, none of 
these events were serious or life threatening. These 
data indicate that Acarbose is an effective and safe drug 
to use as adjunct therapy in NIDBM patients. 
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Multicentre Trial of Miglitol in Patients with Non-Insulin 

Dependent Diabetes 

IM Stratton and RR Holman for the Miglitol Study Group. Diabetes 

Research Laboratories, Radcliffe Infirmary, Oxford. OX2 6HE. 

A six month, double-blind trial of  an alphaglucosidase inhibitor, 

recruited 315 diet or sulphonylurea treated diabetics in 22 UK centres. 

Equal numbers were randomised to placebo, Miglitol 50rag or 100rag 

tds. Body weight, glycaemic indices and lipid levels were monitored 

regularly, with initial and final 3 day diet diaries. 201 (64%) with 

median age 61 y, diabetes duration 4 y, mean HbAlc 8.0 % (SD 

1.2), fasting plasma glucose 10.7 mmol ~ (SD 3.0) and body mass 

index 27.8 kg m-2 (SD 4.8) completed the study. 67% of the 114 

who withdrew cited flatulence or diarrhoea, particularly if on active 

therapy. No significant changes occurred in mean body mass index, 

admitted dietary intake, triglyceride or HDL cholesterol tevels. Final 

mean total cholesterol Ievels were significantly lower in the placebo 

group than the 50 or 100 mg tds active therapy groups (6.3 v 6.7 v 6.8 

mmol 1-1, p<0.01) whilst higher levels were seen in the placebo group 

for HbAlc (8.7 v 8.2 v 7.9 %, p<0.01) and fasting plasma glucose 

(12.1 v 11.4 v 10.0 mmol 1-1, p<0.005). Improved glycaemic, but 

not cholesterol, levels were obtained over a six month period in 

patients allocated to Miglitol. 
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VIBRATORY PERCEPTION AND THERMAL DISCRIMINATION IN 
RELATION TO GLYCEMIC LEVEL IN A CAUCASIAN POPULATION 
J.N.D. de Neeling, 1 R.J. Heine, ~'2 F.W. Bertelsmann ~ and L.M. Bouter, I 
~lnstitute for Research in Extramural Medicine, 2Department of Internal 
Medicine, 3Department of Neurology, Vrije Universiteit, Amsterdam, The 
Netherlands 

To establish the relationship between glucose metabolism and the 
occurrence of neuropathy, we studied subjects with various degrees of 
glucose intolerance, as assessed in an epidemiotogic survey in a general 
Caucasian population, aged 50-76 years (the Hoorn Study). Included were 
65 subjects with previously diagnosed diabetes mellitus, 87 with newly- 
detected diabetes, 236 with impaired glucose tolerance and 238 with 
normal glucose tolerance. In this age/gender/glucose tolerance stratified 
random sample, we assessed vibratory perception (VP) and thermal 
discrimination (TD) thresholds of the foot. Both thresholds were significant- 
ly related to age and gender, women having lower thresholds than men. 
in a multiple regression analysis, controlling for age and gender, neither 
VP nor TD was related to post-load plasma glucose. TD showed a weak 
positive relation with serum concentration of fructosamine only (p=0.06). 
However, VP was positively related to fasting plasma glucose (p<0.01), 
HbAlc (p=O.0f) and fructosamine (p<0.0001). The relation of VP with 
fructosamine persisted, even when excluding diabetic subjects from 
analysis (p=0.02). Thus, our cross-sectional data suggest that, in a 
Caucasian population, the function of thick, myelinated nerve fibres, as 
measured by vibratory perception threshold, is inversely related to 
glycemic level, even in the non-diabetic range. 
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BLOOD GLUCOSE CONTROL AND PROGRESSION OF 
DIABETIC NEUROPATHY: EIGHT YEARS RESULTS FROM 
THE OSLO STUDY. 
K.Dahl-J~rgensen, K.F.Amthor, T.Julsrud-Berg, M.Skard-Heier, 
T.Ganes, L.Sandvik, O.Aagen~es, K.F.Hanssen. Aker Diabetes 
Research Centre and Depts. of Neurology, Oslo, Norway. 

Forty-five type 1 (insulin-dependent) diabetic patients (age 18-42 
years, diabetes duration 7-23 years) were treated either with 
continuous insulin infusion, multiple injections (x4-6 daily) or 
conventional (x2 daily) treatment and followed prospectively for 
eight years. Mean HbA1 at start 11.2-+2.2(SD)%. Mean HbA1 
during eight years 9.5 +_ 1.5(SD)%, range 7.3-13.2% (normal 
<7.6%) (p< 0.01). Motor and sensory nerve conduction velocities 
(NCV) were measured at start and after eight years. A significant 
reduction of NCV was observed during eight years in patients 
with mean HbAI>10% (n=12) compared to patients with mean 
HbAl<10% (n=33). AMNCV n.peroneus: -4.8_+4.9 vs 
-2.2_+5.2 m/see (p<0.01). AMNCV n.tibialis post: -6.8_+5.7 vs 
-3.9_+ 5.5 m/sec (p< 0.05). ASNCV n.surealis: -8.9_+ 7.8 vs -4.6 _+ 5.3 
m/sec (p<0.05). Multiple regression analysis showed that a 
change in HbA1 of 1% resulted a 1.3 m/sec change in NCV during 
eight years. In conclusion: Less progression of diabetic 
neuropathy was observed in the group of patients with improved 
blood glucose control during eight years. 
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ACTH*9-analogue in a randomized, double-blind, placebo 
controlled trial in diabetic patients with neuropathy. 
B.Bravenboer, P.H.Hendriksen, L.Oey, A.C.van Huffelen, 
W.H.Gispen and D.W.Erkelens. University Hospital Utrecht, the 
Netherlands. 

The ACTH4-9-analogue ORG 2766 is effective in the prevention 
and treatment of experimental diabetic neuropathy. The aim of 
this study was to see whether ORG 2766 is effective for 
neuropathy in type 1 diabetic patients. Sixty-two patients were 
selected; mean age 46.3 -+ SD 11.4 years, duration of diabetes 
24.8 _+ 11.3 and HbA1 9.4 -+ 2.4%. Inclusion criteria: vibratory 
threshold (VT) > p95 and/or warm thermal threshold (T/w)  in 
the hand > p95. Patients were randomly divided into 2 groups: 
group 1 (n=32) received placebo and group 2 (n=30) was treated 
with ORG 2766 3mg sc. every 24 h. At 0, 4, 8 and 12 months the 
following neurophysiological parameters were measured: VT, 
T/w,  cold thermal threshold, sensory nerve conduction velocity 
(NCV) in ulnar and sural nerve, motor NCV in ulnar and tibial 
nerve, Hoffmann reflex latency, cardiovascular autonomic score, 
darkness adapted pupil size and pupil constriction latency. 
Results: mean changes -+ SD versus baseline at 4, 8 and 12 
months for VT are: ORG 2766; -0.17 _+ 0.40, -0.27 __ 0.45 and 
-0.34 --- 0.24 #m, and placebo; -0.14 _+ 0.55, -0.17 +_ 0.49 and 
-0.20 -+ 0.46 (difference at 12 months p=0.05). There were no 
differences for the other variables. Conclusion: ORG 2766 
improves vibration threshold in patients with diabetic neuropathy, 
necessitating further and larger studies to ascertain effects on 
other neurophysiologic parameters. 
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UNMYELINATED FIBRE PATHOLOGY IN DIABETIC PATIENTS WITH 
MILD NEUROPATHY 
A. Veves, R. Malik, C. Townsend, S. Thompson and 
A.J.~ Boulton. Manchester Royal Infirmary and 
0niverslty of Aberdeen, UK 

We studied the unmyelinated fibre pathology in sural 
nerve biopsies of 15 diabetic patients (mean age 47 
years, 8 type i, mean duration of diabetes 16.3 years) 
and compared them with 8 age-m~tched controls. The 
results were also related to neuropathy symptom score 
(NSS) and quantitative sensory testin~ including 
current perception threshold (CPT) assessed with a 
neurometer. There was no difference in the mean 
unmyelinated fibre density between diabetic patients 
and controls (50511 fibres/mm -2 • 6084 SE vs 56059 • 
5054) but the fibre diameter in diabetic patients was 
smaller (0.521 ~m • 0.034 vs 0.876 • 0.018, p(0.001). 
An increase was found in the unassociated Schwann 
cell profile density (36205 • 4039 vs 8905 • 1105, p< 
0.0001), the total Schwann cell profile density (61393 
• 4472 vs 44805 • 3616, p< 0.02) and the % of 
unassociated Sehwann cell profile density (5B. II • 
4.25 vs 20.83 • 3.09 p< 0.0001). A positive 
correlation was found between NSS and the unassociated 
Schwann cell profile density (r = 0.55, p< 0.05), 
unmyelinated fibre density and CPT at 250 Hz (r = 
0.58, p< 0.05) and fibre diameter and CPT at 2 kHz (r 
= 0.59, p< 0.05). No correlation existed between any 
unmyelinated fibre pathology and myellnated fibre 
density, warm thermal threshold, vibration perception 
threshold and electrophyslolo~y. We conclude that 
unmyelinated fibre pathology with increased 
degeneration rates and axonal atrophy are present in 
patlents with early neuropathy and that CPT may be of 
use in assessing this abnormality. 
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AN ASSOCIATION BETWEEN TISSUE OXYGENATION AND 
NERVE FUNCTION WITH EVIDENCE OF REVERSIBILITY 
MJ Young, A Veves, MG Walker and AJM Boulton. 
Manchester Royal Infirmary, Manchester, UK 
Diabetic peripheral neuropathy is probably 
caused by a combination of metabolic factors 
and neuroischaemia. We assessed the 
relationship between nerve function and 
transcutaneous tissue oxygenation (TcPO2) in 
diabetic neuropathy and non-diabetic peripheral 
vascular disease. Thirty-four diabetic 
patients, mean age 41 (range 30-70) years, mean 
duration 21 (9-34) years, were studied. On the 
dorsum of each foot, TcPO2 was measured at 44~C 
with a TCM3 monitor (Radiometer, Copenhagen), 
skin temperature with an infra-red thermometer 
(Mikron, USA) and peroneal motor conduction 
velocity (PMCV). PMCV correlated with TcP02 
r= 0.59 p<0.001 but not with skin temperature 
r= 0.16 p>0.2. In each patient comparing the 
higher TcP02 leg (mean ! SD) (70.2+__9.3 mmHg) 
with the lower TcPO2 leg (61.7!10.0 mmHg), PMCV 
was significantly higher 45.3+__7.1 m/s vs 
41.5• m/s p<0.01, but not temperature, 
31.4+__0.4 vs 31.I~0.5~C p=NS. We also studied 
ten non-diabetic patients before and after 
unilateral femoro-popliteal bypass, mean age 
59.5 (49-77) years. TcP02 (59.3!i0.7 to 
70.7+_7.2 mmHg p<0.01) and PMCV (42.6+_6.1 to 
46.7~3.2 m/s p<0.01) increased significantly in 
the operated leg, but not in the unoperated leg 
(63.2!8.8 vs 63.0!4.6 mmHg and 45.1• vs 
43.4+__7.2 m/s p=NS). Skin temperature did not 
change in either leg, 30.3~0.4 vs 30.4~1.3~C 
and 30.8+_.1.3 vs 30.2~1.2CC respectively (p=NS). 
These studies provide further evidence for the 
role of ischaemia in the aetiology of 
neuropathy and suggest that increasing tissue 
oxygenation can improve nerve function. 
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USE OF MORPHOMETRY IN THE ASSESSMENT OF 
BIOCHEMISTRY IN SURAL NERVE BIOPSIES FROM DIABETIC 
NEUROPATHIC PATIENTS 
K. Steiner, A.A.F. Sima, T.C. Hohman, D.A. Greene and The 
Tolrestat Study Group. Wyeth-Ayerst Research, Princeton, 
NJ, USA and University of Michigan, Ann Arbor, MI, USA 

In diabetic animal models correlations of nerve 
biochemistry and function are easily made since they 
precede morphologic changes. In human neuropathic 
patients nerve fiber damage complicates these 
comparisons. We have used nerve morphometry to 
interpret the relationship between nerve biochemistry and 
function. Following nerve conduction studies sural nerve 
biopsies were obtained from 160 diabetic neuropathic 
patients. Nerve levels of glucose, sorbitol, and fructose 
were quantitated by GC/MS. Nerve morphometry was 
assessed by light and electron microscopy. As expected, the 
nerve levels of sorbitol and glucose were positively 
correlated (p<0.001). but nerve sorbitol content was not 
positively correlated with the degree of nerve fiber loss. 
Instead the sorbitol/glucose ratio correlated positively with 
fiber density (p<0.01) and fiber occupancy (p<0.01) (a 
measure of intracellular volume) presumably reflecting 
the intracellular localization of sorbitol versus the total 
tissue distribution of glucose. The sorbitol/glucose ratio 
also correlated with sural nerve amplitude, (p<0.001) an 
electrophysiological measure of nerve fiber number. In 
summary, nerve sorbitol correlates with measures of nerve 
fiber number and volume confirming its intracellular 
localization. Therefore. human nerve biochemistry can be 
interpreted only on the basis of a simultaneous assessment 
of nerve structure in diabetic neuropathy. 



OP9 
Metabolism In Vitro 
54 

STIMULATION BY GLUCOSE OF LIPOGENIC ENZYME 
GENE EXPRESSION IN RAT ADIPOSE TISSUE. 
F. FOUFELLE, B. GOUHOT*, J-P.  PEGORIER*, D. 
PERDEREAU*, J GIRARD* AND P. FERRE. u342, INSERM, 
Hosp.St-Vincent-de-Paul, Paris and *CEREMOD, UPR 1511, CNRS, 
Meudon, France. 

The expression of fatty acid synthase (FAS) and acetyI-CoA 
carboxylase (ACC) is low in the adipose tissue of suckling 
rats and increases markedly at weaning to a high 
carbohydrate diet. We have studied in vitro the factors 
regulating this phenomenon. Inguinal adipose tissue pieces 
from 19-day old suckling rats were incubated for 6-hr in 
Minimal Essential Medium. Total RNA was extracted, blotted 
and analysed using cDNA probes specific for FAS and ACC. 
Insulin (10-7M) added in the presence of lactate and pyruvate 
did not stimulate the expression of FAS and ACC. Glucose 
(20mM) alone resulted in a 5-7-fold increase of FAS and 
ACC mRNA. Insulin potentiated the glucose effect. 3-O- 
Methyl-Glucose, a non-metabolizable glucose analog had no 
effect. However, 2-deoxy-glucose (1raM) of which metabolism 
stops after its phosphorylation into glucose-6-phosphate, 
leading to the accumulation of this latter compound, 
stimulated the expression of FAS and ACC to the same 
extent than 20mM glucose. Assay of glucose-6-phosphate in 
adipose tissue pieces cultured in various conditions showed 
a striking parallelism between its concentration and the 
induction of FAS and ACC rnRNA. We conclude that glucose- 
6-phosphate could be the messenger metabolite involved in 
the stimulation by glucose of lipogenic enzyme gene 
expression. 
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Insulin and non esterified fatty acid regulation of 
triglyceride and apo-B secretion - a proposed mechanism. 

BYRNE CD, WANG TWM & HALES CN. Department of 
Clinical Biochemistry, University of C a m b r i d g e ,  
Addenbrooke's Hospital, Hills Road, Cambridge, CB2 
2QR. 

Increased plasma triglyceride and apo-B concentrations may 
contribute to the premature development of ischaemic heart 
disease in diabetes. Insulin and non esterified fatty acids 
(NEFA) are potent regulators of triacylglycerol and apo-B 
secretion and yet their mechanism of action is poorly 
understood, The present study was undertaken to examine 
regulation of triglyceride and apo-B secretion by insulin and 
NEFAs over periods of time up to 72h in the human 
hepatoblastoma cell line Hep G2. Insulin decreased 
intraeellular apo-B by 20% (p<0.001) and secreted apo-B by 
30% (p<0.001), whereas insulin increased intracellular 
triglyceride by 16% (p<0.01) and decreased triglyceride 
secretion by 40% (p<0.001). Oleate increased intracellular 
apo-B by 21% (p<0.01), secreted apo-B by 50% (p<0.001), 
intracellular triglyceride by 100% (p<0.001) and secreted 
triglyceride by 30% (p<0.001). Regression analysis showed 
there was no correlation between intracellular triglyceride 
content and triglyceride and apo-B secretion but there was a 
significant correlation between intracellular apo-B content 
and triglyceride and apo-B secretion (r=0.89, p<0.001 for both 
analyses). These results show that insulin inhibited triglyceride 
and apo-B secretion throughout the 72h. We conclude that 
the availability of intracellular apo-B to form lipoproteins 
regulates lipoprotein secretion and both insulin and NEFAs 
regulate triglyceride and apo-B secretion by this mechanism. 
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EFFECT OF DIET ON INSULIN AND CONTRACTION MEDIATED GLU- 

COSE TRANSPORT AND GLUCOSE TRANSPORTERS IN RAT MUSCLE. 

X. Han, T. Ploug and H. Galbo. Dep. Medical Physiology, 

Panum Institute, Blegdamsvej 3, 2200 Copenhagen N, Den- 
mark. 

A diet rich in fat is known to diminish insulin mediated 

glucose uptake in muscle. This study elucidated the me- 

chanism and explored whether also contraction mediated 

glucose uptake is affected by diet. Rats (3 wks old) were 

fed a diet rich in either fat (F, 73% of energy) or car- 

bohydrate (CH0, 66%) for 5 wke. Hindquarters were perfu- 

sed. Contractions were elicited'by stimulation of the 

sciatic nerve. Glucose transport was measured by uptake 

of 3-0-(14C)-methyl-D-glucose (40mM) in fast-twitch 

white superficial gastrocnemius (FW), fast-twitch red 

deep gastrocnemius (FR) and slow-twitch red coleus (sm) 
muscles. Amount of GLUT 1 and GLUT 4 glucose transpor- 

ting proteins was determined by Western blot. Glucose up- 

take was lower (p < 0.05) in hindlegs from F than from 

CH0 rats at 150 uU/ml insulin (0.7 +- 0.07 (SE) vs 0.9 • 

0.0S mg/min/leg) as well as during contractions (0.8 ~ 

0.08 vs 1.0 ~ 0.i). Glucose transport elicited by maxi- 

mum insulin (20.000 uU/ml)(SR: 1.7 • 0.2 vs 2.6 2 0.2 

umol/g/5 min, p < 0.05) and contractions (SR: 1.8 f 0.2 

vs 2.6 ~ 0.3, p < 0.05) were in red muscle decreased in 

parallel in F compared to CH0 rats. GLUT 4 was decreased 
by 29% (FW, p < 0.05), 21%(FR, p < 0.05) and 13% (SR, 

p < 0.i), whereas GLUT 1 was identical in F compared to 

CH0 rats. Conclusions: Both insulin and contraction me- 

diated glucose uptake in muscle are reduced by fat 
feeding. This reflects a decrease in glucose transport 

due to decreased GLUT 4 content. 
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INSULIN-LIKE GROWTH FACTOR iI STIMULATES 
GLUCOSE TRANSPORT IN HUMAN SKELETAL MUSCLE. 

J.R. Zierath, P. Bang, D. Galuska, K. Hall, and H. Wallberg- 
Henriksson. Departments of Clinical Physiology and 
Endocrinology, Karolinska Hospital, Stockholm, Sweden. 

Insulin-like growth factor II (IGF-II) has been reported to be 
elevated in type 1 diabetes mellitus and correlated with HbA1 c 
levels. Furthermore, IGF-II has effects on glucose metabolism 
which are similar to insulin. In the circulation, IGF-II is associated 
with specific insulin-like growth factor binding proteins (IGFBP's) 
which may alter the effects of IGF-II at the target tissue. Although 
IGF production can occur within the musculature, the physiologi- 
cal role of IGF-II and the IGFBP's in human skeletal muscle is 
undefined. We investigated the effect of IGF-II and IGFBP-I on 
3-0-methylglucose transport in incubated human skeletal muscle 
strips. Increasing concentrations of IGF-II (0, 10, 30, and i00 
ng/ml) stimulated glucose transport in a dose-dependent manner 
(0.79_+0.07, 0.86_+0.17, 1.11_+0.15, p<0.05, and 1.47_+0.19, 
p<0.01,1xmoI x ml 4 x hr -I, respectively). Glucose transport was 
maximally stimulated in the presence of 100 ng/ml (13.4 nM) of 
IGF-II (P<0.01),which corresponded to the effect of 100 ~U/ml 
(0.6nM) insulin (1.51_+0.18#mol x ml-lx hr -I, P<0.01).Exposure 
of muscle strips to IGFBP-1 (500 ng/ml) inhibited the IGF-II (100 
ng/ml) stimulated glucose transport by 40% (P<0.05). These data 
demonstrate that IGF-II stimulates the glucose transport process 
in human skeletal muscle. Furthermore, IGFBP-1 appears to play 
a counter-regulatory role in the IGF-II stimulated glucose trans- 
port. 



A18 

58 
SKELETAL MUSCLE MAY BE A SITE FOR 
DEGRADATION OF CGRP AND POSSIBLY AMYLIN 
B. Leighton, A. Chantry and E.A. Foot 
Department of Biochemistry, University of Oxford, South Parks 
Road, Oxford OXl 3QU, UK 

Amylin and calcitonin gene-related peptide (CGRP) have potent 
inhibitory effects on insulin-mediated glucose metabolism in 
skeletal muscle. CGRP is located and released from nerves to bind 
to receptors on muscle fibres. The mechanisms that operate to 
degrade, and hence inactivate, these peptides are unknown. We 
investigated the degradation of 12SI-hCGRP, measured by increased 
solubility of CGRP peptide fragments in trichloroacetic acid, in 
incubated rat skeletal muscle preparations. The degradation of 1% 
of 12SI-hCGRP.mg wet wt-t.2h -1 of muscle is defined as one unit of 
activity. The rate of degradation of ~2SI-hCGRP was significantly 
lower in extensor digitorum longus muscles (type lI fibres), 0.30 + 
0.02 Units versus soleus (type I fibres) 0.39 _+0.03 Units (n=7; P 
<0.05). Neither insulin nor substance P affected the rate of 12sI- 
hCGRP degradation. The rate of degradation was significantly 
diminished by some protease inhibitors, including pheuathraline 
and phenylmethanesulphonyl fluoride. Phenanthroline (1 raM) 
decreased the degradation rate in soleus preparations from 0.47 + 
0.02 Units to 0.14 + 0.02 Units. The rate of degradation of 12sI- 
hCGRP was also decreased in soleus muscle isolated from insulin- 
resistant dexamethasone-treated rats (0.36 + 0.02 Units) versus 
controls (0.44 + 0.05 Units; n=8). These results suggest that a 
mechanism operates in skeletal muscle to degrade CGRP and 
possibly amylin. The effectiveness of this degradative process 
might play a role in determining the magnitude and/or duration of 
the response of skeletal muscle to both peptides. 

59 
VANADATE-INDUCED GLUCOSE PRODUCTION IS 
BLOCKED BY INSULIN AND INDOMETHACIN 
M.Roden, K.Liener, C.Ffirnsinn, and W.Waldhfiusl; Division of 
Clinical Endocrinology and Metabolism, Department of 
Internal Medicine III, Vienna, Austria 
Vanadium compounds have been shown to exert insulin-like 
effects on isolated rat skeletal muscle and adipocytes. Similarly, 
vanadate treatment decreased blood glucose levels of diabetic 
rats and mice. On the other hand, both stimulation and inhibi- 
tion of hepatic glycogen synthesis by vanadate have been repor- 
ted. To test the net effect of vanadate on hepatic glucose meta- 
bolism we perfused isolated livers obtained from fed Sprague- 
Dawley rats in a flow-through system with oxygenated Krebs- 
Ringer buffer (pH 7.4) and dialyzed human erythrocytes 
(hematocrit 20%) at a flow rate of 7.0 ml.min -1. Continuous 
infusion of 50-500 tzmol.ml 1 sodium-orthovanadate resulted in 
a dose-dependent long-lasting elevation of net hepatic glucose 
release (maximum: 6.3+0.9 /zmel.min-l.100gbw-r). Vanadate 
did not increase the cAMP levels (0.11--+0.02 nmol/l at 10 min) 
in the effluent perfusate, while the subsequent infusion of 
glucagon stimulated both glucose (maximum: 12.6+ 1.0 
txmol.min-l.100gbw -1) and cAMP output (0.99+0.39 nmo~  at 
10 rain). The vanadate effect was completely blocked by indo- 
methacin (10 -4 reel/l), but not by omission of Ca 2+ from the 
perfusion medium. Insulin inhibited vanadate4ndueed glucose 
production dose-dependently (p<0.01).In conclusion, ortbo- 
vanadate stimulates glycogenolysis in the perfused rat liver, 
which might be mediated by prostaglandins. 
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IDENTIFICATION AND REGULATION OF THE ENDO- 
THELIAL G L t  COSE TRANSPORTER BY GLUCOSE. 
P.R/Ssen, A.Gross, F.Vinals, S.Zink, M.Palacin, and A.Zorzano, 
Diabetes-Forschungsinstitut, Dfisseldorf, University of Barcelona, 
Barcelona. 
The regulation and mechanisms of glucose uptake by the endothe- 
lium have not yet been identified. Therefore, we studied the 
uptake of glucose by bovine aortic endothelial cells, identified the 
respective glucose transporter, and proved the influence of insulin 
and glucose on the expression of the glucose transporter. The 
uptake of glucose followed Michaelis-Menten kinetics (Vmax=12 
nmol/min/mg protein, K=2 raM). Insulin did not influence the 
uptake of glucose, although high affinity insulin receptors 
(Kd=0.4 riM) are present. By immunoblotting glut 1, but no Glut 
4 could be identified on endothelial cells. Preincubation of BAEC 
with increasing concentrations of glucose (10-44 raM) reduced 
the uptake of glucose for 40-50% within 4 hours. In parallel the 
amount of glut 1 protein was diminshed. The changes in glut 1 
were specifically induced by glucose and reversible. Preliminary 
data indicate furthermore that the reduction in glut 1 protein is 
associated with a diminuition of the appropriate m-RNA (Nort- 
hern blot). Similar results were obtained with microvascular 
endothelial cells from rat heart. In summary, macro- and microvas- 
cular endothelial cells containe Glut 1, but no Glut 4. Glucose 
distinctly influences the translation and transcription of glut 1. 
Both kinds of endothelial cells, in which the acute uptake of 
glucose is not influenced by insulin, dispose of effective mecha- 
nisms to prevent an overloading of the cells with glucose by 
reducing the amount of Glut 1 and thus to reduce the damaging 
effects of hyperglycemia on endothelium. 
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INVESTIGATION OF INSULIN INFLUENCE ON ENDOTHELIAL 
PERMEABILITY AND OF INSULIN EXCHANGE 
S. Zink and P. Rtsen, Diabetes Research Institu- 
te, Auf'm Hennekamp 65, 4000 DUsseldorf, Germany 
Bovine endothelial cells from aorta (macrovascu- 
lar, BAEC) and retina (microvascular, BREC) were 
cultivated on polycarbonate filters to investiga- 
te the barrier function of endothelium and the 
influence of insulin on endothelial cell permea- 
bility. Endothelial cells bound insulin specifi- 
cally with a dissociation constant of 
Kd=4.1• for 1150• high affinity 
receptors per cell. The uptake of insulin was 
<0.5% per hour. In spite of high affinity recep- 
tors, insulin did not influence BAEC and BREC 
permeability for several diffusion markers such 
as 14C-sucrose and fluorescent dextranes (4- 
70kD). Insulin (radius 1.3nm) itself passed the 
endothelium mainly through the intercellular 
clefts (two different pore sizes: 0.5nm and 
8.6nm). This paracellular exchange was not satu- 
rable and increased linearly with time, following 
the equation y=0.11t+0.09 (r=0.999, y=% exchanged 
insulin of total insulin, t=time in minutes). 
There was no difference in insulin exchange 
between micro- and macrovascular cells (BAEC: 
2.24%, BREC: 2.15% exchange of total insulin in 
20min). Monensin, an inhibitor of pinocytosis, 
did not influence the exchange of insulin (up to 
50~M Monensin)~ Taken together, insulin has no 
influence on the permeability of bovine aortic 
and retinal endothelial cells. Furthermore, the 
exchange of insulin across BAEC and BREC is not 
receptor mediated and follows diffusion kinetics. 
These data do not support the hypothesis of the 
endothelium as an active storage pool for insu- 
lin. 
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INSULIN INCREASES AVP-INDUCED ENDOTHELIN-1 
RELEASE FROM HUMAN VASCULAR SMOOTH MUSCLE 
CELLS. 
G. Anfossi, F. Cavalot, P. Massucco, L. Mattiello, E. Mularoni, 
S. Burzacca, A. W. A. Hahn* and M. Trovati. Department of 
Clinical and Biological Sciences, University of Turin, Italy; 
*Department of Research, Basel University Hospital, Switzerland. 
Endothelin-1 (ET-1) is a vasoactive peptide produced also by 
vascular smooth muscle cells (VSMC) under suitable stimuli, 
including arginine vasopressin (AVP). Endothelin-1 is involved in 
the control of vascular tone through vasoconstrictor effects and is a 
mitogen for VSMC. Insulin plays a role in the pathogenesis of 
hypertension and atherosclerosis. Therefore, we investigated 
whether insulin influences basal and AVP-stimulated ET-1 release 
from VSMC obtained from human microvessels and cultured in 
MEM supplemented with 10% FCS, antibiotics, glutamine and 
buffers. VSMC were investigated at the passages 5-8 following 
quiescence by serum starvation. Insulin (80 and 320 gU/ml), AVP 
(10 nM) or their association were added to cell cultures; medium 
was collected after 6 hours and ET-1 was determined by RIA. ET-1 
(pg/200 ~tl medium, m+SEM) in unstimulated cultures was 
15.2+0.8; insulin at 320 gU/ml increased ET-1 levels (20.6+0.8, 
p<0.01), while at 80 ~tU/ml it failed to stimulate ET-1 (15.3+_1.4). 
ET-1 levels with AVP were 20.4+_1.6 (p<0.025), with 80 rtU/ml 
inanlin+AVP 26.2+2.4 (p< 0.002), with 320 gU/ml insulin+AVP 
30.6+1.2 (p<0.0001). In conclusion, insulin at physiological 
concentrations enhances AVP-induced ET-1 release from human 
VSMC, whereas a t  higher concentrations it increases by itself 
ET-1 release. Therefore, it can be hypothesized that the insulin 
effects on vascular tone and atherogenesis are partially mediated by 
its influence on ET-1 release. 
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PLASMA ENDOTHELIN LEVELS AND VASCULAR EFFECTS OF 

L-ARGININE IN TYPE 1 (INSULIN-DEPENDENT) DIABETES. 

R.A.Smulders, C.D.A.Stehouwer, C.G.Olthof, G.J. van Kamp and 

A.J.M.Donker. Department of Internal Medicine, Free University 

Hospital, Amsterdam. 

Uncomplicated Type 1 diabetes is associated with vasodilation, 

the mechanism of which is unknown. To investigate the role of 

endothelial mediators, we measured plasma endothelin levels and 

studied the effects  of iv L-arginine (precursor of nitric oxide 

(NO); 0.5 g/kg in 30 min) in 8 male Type 1 diabetic patients and 

matched controls. After  L-arginine (compared to an equivolumic 

0.9% NaCl infusion), blood pressure, heart rate and plasma atrial 

natriuretic peptide and endothelin levels did not change in either 

group. Baseline endothelin level was lower in the patients (4.3 -+ 

1.1 vs 5.7 -+ 1.1 pg/ml; P<0.O5 vs controls). Plasma cGMP (NO's 

second messenger) increased in the controls (from 5.0 +- 1.5 to 

7.4 -+ 2.8 nM; P=0.05 vs NaC1) but the respons in patients was 

blunted (from 4.2 +- 1.1 to 5.7 -+ 1.9 nM; P=0.19 vs NaC1), 

consistent with increased basal NO release. Lower leg 

extracellular volume (electrical conductivity method) increased 

in the controls (1.6 +- 1.1 vs 0.1 -+ 1.4%; P=0.03 vs NaC1), but not 

in the patients. These findings suggest a role for the endothelium 

in explaining the vasodilation observed in uncomplicated Type 1 

diabetes. 
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DOES MODERATE EXERCISE STIMULATE THE RELEASE 
OF ENDOTHELIN? 
L. Monnier, C. Colette, C. Percheron, J. Mercier and C. Pre- 
faut. Department of Metabolic Diseases, Lapeyronie Hospital, 
34059 Montpellier Cedex France. 

in order to assess the possible role of moderate exercise in 
stimulating the release of endothelin by endothelial cells, 9 
patients (4 diabetics and 5 controls) were asked to pedal for 
30 min on a ergometer bicycle at a workload of 40% of the 
previously estimated maximum value (VO2 max). Platelet ag- 
gregation responses to ADP (1.25; 2.5 and 5 #M), and the 
following plasma parameters were measured before (TO) and 
immediately after (T30) exercise: norepinephrine (NE, 
nmol/I), 11 dehydro-TXB2 (pg/ml), GH (ng/ml) and endothelin 
(ET-1, ET-2 and big ET-1, fmol/ml). Plasma endothelin 
concentrations were not significantly different at TO in both 
controls (median=8) and diabetics (median=13). In the 9 pa- 
tients taken as a whole, the following parameters (mean 
_+SD) were increased at T30: aggregation response to ADP 
2.5 #M (p<0.05); NE (1.5_+0.5 vs 2.8_+0.9, p<0.01); GH (1_+3 
vs 14_+1, p<0.02); 11 dehydro-TXB2 (87_+19 vs 123 _+72, NS). 
ET levels remained unchanged (12_+8 vs 14-+6) but changes 
in plasma levels of ET and NE were strongly correlated 
(r=0.84, p<0.02). In conclusion, these preliminary results de- 
monstrate that changes in plasma endothelin levels during 
moderate exercise depend strongly on changes in NE levels, 
involving probably the c~ adrenergic receptors of the endothe- 
lial cells. 
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VASCULAR RESPONSES IN THE FOREARM OF 
MICROALBUMINURIC TYPE 1 (INSULIN-DEPENDENT) 
DIABETIC PATIENTS: EVIDENCE OF ALTERED NITRIC 
OXIDE BIOSYNTHESIS 
T.G. Elliot(,  J.R. Cockcroft 2, P-H Groop 1, K. Earle 1, A. Morocutti 1, 
G.C. Viberti 1 and J.M. Ritter z. XUnit for Metabolic Medicine, 
ZDepartment of Clinical Pharmacology, Guy's Hospital, London 
Objective: To determine whether microalbuminuric diabetics 
(MICRO-AER) have impaired endothelium-dependent vascular 
reactivity. Patients: We studied fourteen (8M,6F) normal controls 
(CONTROLS), fourteen (8M,6F) normoatbuminuric diabetics 
(NORM-AER) (median, range albumin excretion rate 8, 4-18 
p.g/min), fourteen ( l lM,3F)  MICRO-AER (54, 21-199 I~g/min) age 
(mean+SEM: 36-+2, 40+3, 39-+2 years), duration (23+2, 23_+2 
years), with similar cholesterol and fructosamine. Mean BP was 
90-+3, 95+2, 100-+3 m m  Hg. Methods: All subjects were 
euglycaemic when studied. We measured forearm bloodflow using 
plethysmography during brachial artery infusions of saline and an 
inhibitor of endothelial nitric oxide biosynthesis N~-monomethyl-L - 
arginine (LNMMA). Endothelium-dependent (carbachol) and 
independent (sodium nitroprusside, SNP) vasodilation was also 
measured before and during LNMMA infusion. Data were 
analyzed by analysis of variance. Results: Basal bloodflow was 
similar in all groups as was dose response of SNP and carbachol. 
LNMMA caused vasoconstriction (p < 0.001) but less so in MICRO- 
A E R  (25+5%) than in NORM-AER (46_ + 11%) or CONTROLS 
(53-+7%). LNMMA did not alter the response to SNP but 
significantly inhibited (p < 0.05) the peak response to carbachol in 
CONTROLS (% increase over control with LNMMA 463 _+ 59% vs 
356-+48% without LNMMA) and NORM-AER (428-+52% vs 
295-+22%) but not MICRO-AER (457-+76% vs 444_+89%). 
Conclusion: Euglycaemic MICRO-AER have normal basal forearm 
bloodflow despite evidence of altered basal and stimulated 
endothelial nitric oxide synthesis. 
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Protein Metabolism In Vivo 
66 
In vivo effect of insulin on protein synthesis 
in skeletal muscle and liver. 
I. TAUVERON, C. CHAMPREDON, E. DEBRAS, G. BAYLE, Y. 
BONNET, Ph. THIEBLOT, J. GRIZARD. Service de 
DiaMtologir CHRU, BP 69, 63003 CLERMONT-FERRAND 
CEDEX FRANCE - Laboratoire d'Etude du M6tabolismc 
Azot6, INRA, THEIX, 63122 CEYRAT FRANCE 
Insulin fails to stimulate whole body protein synthesis 
in adult animals, including lactating goats. Whole body 
protein synthesis measurements may obscure a potential 
anabolic effect of insulin in some tissues, The aim of the 
present experiment was to determine whether or not 
insulin alter protein synthetic rate in vivo either in 
skeletal muscles or in liver. Two groups of animals were 
used. The experimental group was infused with insulin 
for 2.5 hours under a glucose clamp, resulting in a 60 
fold increase in plasma insulin. In addition all blood 
amino acids were maintained at their basal levels by a 
continuous infusion of a spdcific amino acid mixture. 
The control group received only saline. Protein 
synthesis was assessed by a flooding dose of L(2.3,4-sH) 
valine. Fractional synthesis rate (FSR) of six skeletal 
muscles (tensor fasciae latae, longissimus dorsi, 
masseter, diaphragmus, anconeus and semitendinosns) 
and liver was calculated assuming that either tissue 
homogenate or plasma free valine specific radioactivity 
was representative of valyl-tRNA, Under these 
conditions, insulin was unable to affect FSR both in liver 
and various skeletal muscles. These results explain the 
lack of effect of insulin on whole body protein synthesis 
and suggest that the anabolic effect of insulin in vivo 
may be attributed to an inhibition in proteolysis. 
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INSULIN SELECTIVELY AFFECTS HEPATIC PROTEIN 
SYNTHESIS IN HUMANS. 
P. De Feo, E. Volpi, G. Cruciani, P. Lucidi, G.P. Reboldi, F. 
Santeusanio, G.B. Bolli, and P. Brunetti. Istituto di Medicina 
Interna e Scienze Endocrine e Metaboliche, Universit& di 
Perugia, via E. dal Pozzo, 06126 Perugia, Italy. 
Short-term insulin deficiency does not affect estimates of whole 
body protein synthesis (WBPS) but decreases albumin and 
increases fibrinogen fractional synthetic rates (FSR) in type 1 
diabetic subjects. To establish the effects of physiologic 
increments in plasma insulin concentration on WBPS and on 
hepatic protein synthesis (albumin, fibrinogen and APOBlOO), 6 
normal volunteers (27_+.2 yr, MEAN• were studied in a 
random order on two different occasions at three day intervals, 
during either a 240 min saline infusion (control study) or an 
hyperinsulinemic (0.4 mU.kg-l.min -1) euglycemic (4.7+0.1 mM) 
glucose clamp. WBPS and FSR of hepatic proteins were 
calculated using plasma [14C]KIC specific activity (SA) as 
precursor pool (240 min infusion of [1-~4C]leucine) and the 
increase over the time in [~4C]leucine SA derived from purified 
and hydrolyzed proteins. Insulin (174,+14 pM) reduced (p<0.01) 
WBPS (1.70.+0.1 vs control 2.06-+0.09 pmol.kg-tmin-1), 
increased (p<0.02) albumin FSR (7.2-+0.4 vs control 
6.2+0.6%.day% decreased (p<0.05) fibrinogen FSR (18,+1 vs 
control 23_+2%-day4), whereas did not affect APOBlOO FSR 
(51=~4 vs control 49-+4%.day-I). In conclusion: plasma insulin 
increments in the post-prandial range increase albumin 
synthesis and decrease or do not affect the synthesis of other 
hepatic proteins. The stimulatory effect of insulin on albumin 
synthesis may serve to capture part of ingested essential amino 
acids and prevent their oxidative losses. 
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DO N O N - E S T E R I F I E D  FATTY ACIDS REGULATE 
SKELETAL MUSCLE PROTEIN TURNOVER IN MAN? 
M Walker, E Shmueli, SE Daley, BG Cooper and KGMM Alberti. 
University of Newcastle upon Tyne, Newcastle upon Tyne, UK. 
Elevated plasma non-estefified fatty acid (NEFA) levels contribute 
to the glucose insulin insensitivity in obesity and Type 2 (non- 
insulin-dependent) diabetes. We examined whether they also 
influence skeletal muscle protein metabolism by measuring 
forearm 2Hs-phenylalanine exchange. 2Hs-phenylalanine was 
infused (0.5 mg.kg4.hr 4) for 300 rain in 7 healthy subjects on 2 
occasions. 10% Intratipid (30 ml/hr) or 0.154 mol/1 NaC1 were 
infused in random order from 120 min. Measurements were taken 
during baseline (90-120 min) and infusion (270-300 min) periods; 

represents change from baseline. Intralipid infusion increased 
plasma NEFA levels (1.31 s 0.13 [mean + SEM] vs 0.49 + 0.05 
mmol/1; p < 0.05) and forearm NEFA uptake (+  45 _ 76 vs -51 __ 44 
nmol. 100mlforearm[FA] -t.min-t; p < 0.05). Serum insulin and blood 
ketone body levels were comparable throughout the study. Plasma 
phenylalanine levels fell with Intralipid (65 + 6 vs 56 _+ 5 #mol/i; 
comparison, p <0.02), but there was no effect on net  forearm 
phenylalanine exchange (-9 + 1 and -9 4- 2 nmol. 100mlFA -1.min-1). 
However, forearm phenylalanine disposal [Rd] (12 4- 2 vs 17 4- 2 
nmol.100mlFAl.min4; (5 comparison, p<0.02) and release [Ra] 
(21 4- 3 v s 2 6  4- 3 nmol.100mlFA-l.min4; ~ comparison, p<0.05) 
decreased to a compaxable degree with Intralipid. Thus, elevatexi 
plasma NEFA levels decrease skeletal muscle phenylalanine and 
protein turnover, but not net phenylalanine exchange. Therefore, 
the fall in plasma phenylalanine levels appears to be secondary to 
an effect of NEFA at some other tissue. 
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ACUTE GROWTH HORMONE (GH) EFFECT ON IN VIVO PROTEIN 
DYNAMICS AND LIPOLYSIS IN HUMANS. 
K.S. Nair, F.A. Kenney, and K.C. Copeland, Departments of 
Medicine and Pediatrics, University of Vermont, 
Burlington, Vermont 05405 

We investigated the mechanisms of GH induced protein 
anabolic effects in 12 normal males treated with GH (n=7) 
or Saline (n=5). We infused lac-leucine (LEU) and 
2Hb-phenylalanine (PHE) for 420 min during a somatostatin 
clamp with replacement of basal serum levels of CH (2-4 
ng/ml), insulin'(60-80 pM/L), and glueagon (130-150 
pg/ml). Femoral arterial and venous catheters were 
inserted, and regional blood flow was determined by 
iodogreen dye dilution. Between 210 and 420 min, @H was 
infused (in GH subj eats) at a rate sufficient to increase 
serum GH concentrations into the high-physiologic range 
(15-20 ng/ml) for 3 hours, while the basal GH infusion 
rate was continued in C subjects. IGF-I levels remained 
constant (400-600 ng/ml) in both groups, and C-peptide 
levels were suppressed (less than 20 pM/L) and not 
different between groups. The period of high-physiologic 
GH exposure resulted in an increase in serum glycerol 
(p=0.038) indicative of lipolysis, but without 
alterations in serum glucose or A~V glucose differences. 
LEU oxidation was reduced in G}t compared to C subjects 
(p-0.02), but no significant differences in LEU or PIIE 
flux were observed. The nonoxidative portion of LEU flux 
(indicative of whole body protein synthesisi) was higher 
in GH ccompared to C subjects (p=O.05). No differences 
in LEU or PHE appearance rates or balances across-the-leg 
were noted. Conclusion: a 3 hour infusion of GH in the 
high-physiologic range increasedwhole body protein 
synthesis and decreased leucine oxidation. We could 
demonstrate no evidence for a simultaneous GH-induced 
increase in protein synthesis across-the-leg, a region 
comprised largely of skeletal muscle. These results 
indicate that the early effects of GM on protein 
synthesis occur predominantly in non-muscle tissue. 
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PEOTEIN ECONOMY IN INSULIN-DEPENDENT DIABETES 
DUR]ING PR[']- AND P()ST}IFPAT]C ]NSUI,IN THERAPY 
E.J.Freyse t ,H,Petrzika 2 ,U.Grimm 3 ,K,Rebrin I and 
[. F~ sober j ; ] InslJ tu~e of Diabetes "G. ](atseh" 
ka~'Isbur~ and 21nstitute of Medical Genetics. 
Univ. of Gt-e] fswa]d; 3 German institute of 
Nutrit ]onsl [{eseareb, Bergholz-Rehbriicke~Germany 
To s~sse,{s the ext,ent of whole body protein cata- 
bo] ]sin in wel]-compensated~ insulin treated 
diabetes~ urea production rate was estimated in 
body weight bal~nred, chronic insulin-dependent 
<it a~)ebie dogs~ which were normal ly meat- 
~)o~irished. In resLi[~g, overnight-fasted state, 
l:ll~'y were insulin infused over ]6 h, in paired 
experiments either J.v. or porLa]]y (p.o.). Over 
the final 6 h, a primed continuous infusion of 
15X2-u~ea was applied. Ir~sulin doses of 
0.70+0.13 (i.v.) and ] .D3+0.13 mU/kg.min (p.o., 
n:4 e:~. , x+SEM) were infused to establish 
p e r J p h e r s ] - v e n o [ l s  pl~sma I}%I e f  0.198_+0.035 and 
0 .188+0 .033  nmo l / 1 ,  repee tJ  r e l y  ( c o n t r o l s  
! ) . 0 [ 0 9 0 . 0 ]  ). G lyeaemia  was 5 . 2 •  5.8_+0.3 and 
6.]+0.2 mm(,]/l, respectively. Average ~]ttca~on 
e o n c e r l l : r a t i o n s  ( a n t i s e r u m  No. 185) were 16+5, 
9+2 arid ]2+4 pmo ] / ]  and t o t a l  amino a c i d  concen-  
trat ion amounted to 2.00+0.17, 2 .02+0 .27  and  
2.22+(].]2 mmo]/] (NS]. Urea turnover was unex- 
pectedly higtl with only minor differences in 
relation I:o the route of insulin administration: 
i . v ,  26.8+1.8, p.o. ]4.8!3.] (NS), controls 
7.5• /ml~o]/kg.mJn (S). If, hewever, the ani- 
mals were fed a protein-redueed~ carbohydrate- 
enriched diet, urea production decreased by 
20 % (contr,) and 50 % [diabet, ies) with i.v. 
p.o. differences preserved. Conclusion: carbo- 
hydral,e-enriched nutrition may reduce urea pro- 
duction ~is a basis for the evaluation of thera- 
peutic effects on protein metabolism in 
diabel es . 

OP 12 
Is lets  I 
72 

EXPRESSION OF CERTAIN ANTIONCOGENES AND CELL 
CYCLE RELATED GENES IN PANCREATIC ISLETS 
J. Mares, S. Svanholm, I.-B. Hallgren, M. Welsh. Dept. of 
Medical Cell Biology, Uppsala, Sweden. 
To obtain a possible explanation for the low proliferative 
capacity of the adult pancreatic j3-cell, expression of two 
antiproliferative genes (Rb and p53) as well as certain genes 
important for the cell cycle and mitosis (cyclin B 1, cyclin D, 
p34  cdc2 and p33 cdk2 kinases) was assessed by the 
pelymerase chain reaction (PCR). cDNA was prepared from 
liver, spleen and islets and used as template for the 
ampl i f ica t ion react ions. The opt ical  dens i ty  of the 
autoradiographs after Southern blotting was normalised by 
parallel PCR-amplification of cDNA coding for the enzyme 
glyceraldehyde-3-phosphate dehydrogenase. Islet expression 
of the p53 and Rb genes was lower or similar to that of spleen, 
making expression of these genes unlikely as an explanation 
for the low replicatory potential of the ~-cell. Levels of cyclin D 
mRNA and mRNA encoding p33 cdk2 kinase did not differ from 
those of spleen. However, a decreased islet expression of the 
genes coding for cyclin B 1 and p34 cdc2 kinase compared with 
those of spleen was observed (0.7_+0.2 vs 24.1_+7.1, p<0.001 
and 1.3_+1.1 vs 25.7_+2.3, p<0.01). These results suggest that 
low expression of cyclin B 1 and p34 cdc2 kinase may play a 
role in maintaining adult 13-cell in a state of a low proliferative 
capacity. 
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LEUCINE METABOLISM AFTER LIVER TRANSPLANTATION IN HUMANS. 
A. Battezzati, L. Luzi, E.Regalia, G.Perseghin, E.Bianchi, G. Colella, F. 
Bozzetti, F. Montalto, R. Doci, L. Gennari, G.Pozza, and V. Mazzaferro. 
Department of Medicine, H San Raflae]e, and Liver Transplantation Unit, 
National Cancer Institute, Milan, Italy. 
End-stage liver disease is characterized by reduced leucine (leu) and 
branched chain amino acids (bcaa) concentration, increased protein 
catabolism, and insulin resistance. In order to assess the effect of Orthotopic 
Liver Transplantation (OLT) on leucine/protein metabolism, 6 patients with 
stable liver function after OLT [age=42+5y; IBW=98• transplant age=5• 
rno.; prednisone=10mg.daT 1;cyclosporin=5mg.kg -1-day 4; albumin= 3.3 
(before) --> 4.4 g/I (after OLT); bilirubin=2.2-->0.9 mg/dl;AST=74->48 
U/I;PT=1.5~1.08], and 6 control subjects (con) were studied by means of the 
[1-14C]leucine infusion and indirect calorimetry. Basal plasma IRI (13+2 vs 
7+2 p~U/ml), C-peptide (3.1+0.9 vs 1.7+0.5 ng/ml) and glucagon (110!28 vs 
55+10 ng/ml) were higher in OLT vs con respectively (p<0.01). Basal plasma 
glucose (4.3+0.2 vs 5.0• mmol/I), FFA (0.82~0.21 vs 0.64+0.19 mmol/I), 
lactate (0.54+0.12 vs 0.58+0.41 mmol/I), were similar in OLT and con. Basal 
plasma leu (69+5 vs 127+6), boaa (279+21 vs 387+34 gmol/I) and ~- 
ketoisocaproate (23+2 vs 30+2 pmol/I), were reduced in OLT with respect to 
con (p<0.01). No difference was observed in basal phenylalanine, lysine, 
glutamine, alanine and glycine. Basal endogenous leucine flux (ELF:33+4 vs 
39• and non-oxidative leucine disposal (NOLD:30• vs 33• gmol.m-2.min - 
1) were similar in OLT and con (p=NS), while leucine oxidation (LO: 2.7 vs 
5.5) was reduced in OLT vs con (p<O.01).After 180 rain of basal equilibration 
period a 1 mU.kgq.min 4 euglycemic insulin (= 70 p,U/ml) clamp was 
performed for additional 3 hrs, OLT demonstrated a defective decrease of leu 
(69-)44 vs 127-->52), ELF (33--)28 vs 39-+26) and LO (2.7-->2.5 vs 5.5---)4.6) 
respect to con (p<0.05). Tissue glucose disposal was reduced in OLT 
(4.6+-1.2) vs con (7.8• mg'kg-l'min-1)(p<0.001). In summary OLT show 
a)in the basal state:l, reduction of leu, bcaa and LO 2. two-fold increase of 
insulin 3. normal ELF (proteolysis) and NOLD (protein synthesis); b) during 
insulin intusion:l.defective inhibition of ELF and LO; 2. impaired stimulation 
of peripheral glucose uptake, In conclusion, the alteration of leucine/protein 
metabolism and the insulin resistance characteristic of liver cirrhosis do not 
appear to be normalized within five months after liver transplantation. 

73 
CLONING OF RHOMBOTIN, AN ONCOGENE OF THE LIM 
DOMAIN FAMILY NORMALLY EXPRESSED IN NEURONAL 
TISSUE, FROM A RAT ENDOCRINE CELL LINE. 

K.lund, J. S. Petersen, B. K. Michelsen, and O. D. Madsen. 
Hagedom Research Laboratory, DK-2820 Gentofte, Denmark 

Rhombotin belongs to the family of LIM-domain proteins which 
contains a common metal binding, zinc finger-like motif. Normal 
rhombotin expression is detected predominantly in the developing 
nervous system. Rhombotin is considered a protooncogene since it is 
activated by translocations associated with lymphoid tumor formation. 
By PCR we have cloned rhombotin from rat endocrine cell line Rin- 
5AH cDNA. Direct sequencing of PCR products revealed a sequence 
homology to the human and mouse rhombotin genes of >93% and 
>96%, respectively. On pancreatic sections immunohistochemistry 
using antibodies raised against rhombotin-specific peptides reveals the 
presence of rhombotin-related immunoreactivity in glucagon- 
producing alpha cells. No staining is detected in other pancreatic cell 
types. Interestingly, a similar staining pattern is seen with an antibody 
raised against another LIM-domain protein, Cysteine Rich Intestinal 
Protein (CR/P) which consists of a single LIM domain. The high 
degree of evolutionary conservation of the rhombotin gene points at 
an important function for this oncogene. Rhombotin expression in 
alpha-cells and endocrine tumours could, in turn, suggest that alpha- 
cells possess an islet regenerating potential. 
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MECHANISM OF ACTION OF GROWTH HORMONE IN THE 
PANCREATIC BETA CELL: MUTATIONAL ANALYSIS OF THE 
GROWTH HORMONE RECEPTOR 
G.ALLEVATO, N.BILLESTRUP and J.H.NIELSEN 
HAGEDORN RESEARCH INSTITUTE, GENTOFTE, DENMARK. 
Growth Hormone (GH) stimulates insulin expression and proliferation 
of rat pancreatic t3-cell through specific receptors(GH-R). The aim of our 
study is to investigate the mechanism of action of GH in the insulin 
producing cell line RIN-SAH and the role of the internalisation of the 
complex GH/GH-R in its signalling mechanism. We previously showed 
that domains of the GH-R between amino acid residues 294 and 454 are 
required for efficient internalisation. By comparing the sequences for 
GH-R and PRL-R from several species a highly conserved region is 
found between amino acid residues 294 and 454 containing a proline- 
rich cluster that has been proposed to play a role in association with a 
signal transducer protein and/or it could be involved in the 
internalisation mechanism. In addition tyrosine phosphorylation has 
been suggested to play a role in ligand dependent endocytosis. To test 
these hypotheses we constructed one GH-R mutant lacking the 
consensus sequence GH-RA297-311, one carrying a stop codon after this 
sequence, GH-R1-319, and another one in which the tyrosines in position 
333 and 338 were mutated to phenylalanines GH-RFF. We expressed 
them transiently in COS 7 cells, and we tested for internalisation. 
Analysis of GH-uptake mediated by single cohort of receptors was 
performed at 37 ~ C after preincubation with 125I-hGH at 4 ~ C for 2 
hours. As determined by acid wash stripping of surface bound 125I-hGH 
the GH-R A 297-311 and the GH-RFF internalised 70 % of the specific cell 
associate radioactivity like the wild type GH-R1.620 whereas the clone 
expressing GH-R1-319 showed a markedly decreased internalisation. In 
conclusion, these results indicate that the domain responsible for 
internalisation is located between residue 319 and 454 and that 
phosphorylation of tyrosines in positions 333 and 338 is not involved. 
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H O R M O N A L  REGULATION OF G R O W T H  H O R M O N E  
A N D  PROLACTIN RECEPTOR EXPRESSION IN INSULIN 
PRODUCING CELLS. 
J . H . N i e l s e n ,  A . M o l d r u p ,  E . D . P e t e r s e n ,  D . J e n s e n ,  
N.Bi l les t rup and  G.Allevato. H a g e d o r n  Research  
Laboratory, Gentofte, Denmark.  

G r o w t h  h o r m o n e  (GH),  p ro lac t in  (PRL) a n d  p lacen ta l  
l ac togen  (PL) are k n o w n  to s t imula te  insu l in  p roduc t ion  
and  proliferation of pancreat ic  beta cells. We  have  recently 
s h o w n  tha t  the  receptors  (R) for bo th  GH and  PRL are 
expressed  in the embryonic  mouse  pancreas as early as day  9 
a n d  tha t  the  expres s ion  is e leva ted  in the  panc reas  of  
p r e g n a n t  rats.  In  i so la ted  is lets  the  G H R  m R N A  was  
inc reased  by  d e x a m e t a s o n e  (DEX) and  p roges t e rone  (P), 
whe rea s  the  PRLR m R N A  was  increased by PRL, GH an d  
e s t r ad io l  (E). In  o rde r  to s t u d y  the  t ime  a n d  d o se  
dependence  of these  effects we m e a s u r e d  the  m R N A  levels 
in RIN 5AH ceils by a RNase protection assay. The effect of  
DEX and  P on GHR m R N A  was  seen after 1 h and  maximal  
after 16 h. In contras t  the effect of  GH a n d  PRL on  PRLR 
m R N A  requi red  exposure  for 24 to 48 h. Significant effects 
were  seen at 0.4 n g / m l  DEX or 100 n g / m l  P and  10 n g / m l  
GH or PRL. These  resul ts  indicate  that  the  express ion  of 
G H R  a n d  PRLR is s t i m u l a t e d  by  g lucocor t ico ids  an d  
somatolactogenic  h o r m o n e s  at physiological  concentrat ions 
and  it is hypo thes ized  that  these ho rmones  are involved in 
the  regula t ion  of the g rowth  of the  endocrine pancreas  bo th  
in the  p r e g n a n t  m o t h e r  and  in the  fetus.  Dis turbances  in 
this  regulat ion m a y  lead to impai red  g rowth  of the beta cell 
mas s  increasing the  risk of developing diabetes. 
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CHARACTERIZATION OF GABAA RECEPTOR STRUCTURE ON 
RAT PANCREATIC ISLETS 

p. Borboni, P. De Stefanis, A. Fusco, G. Sesti, 
*E. Faloia, *G. Arnaldi, *R. De Pirro, R. Lauro. 
Cattedra di Endocrinologia, II Universita' di 
Roma Tot Vergata, Roma, Italy, *Cattedra di 
Endocrinologia, Universita' di Ancona, Ancona, 
Italy 

Three major subunit families of the GABA A 

receptor have been identified named 5, ~ and ?; 
different expression of each subunit leads to 
different biochemical and functional receptor 
characteristics. The presence of the GABAA 
receptor has been demonstrated on ~ cells of 
guinea pig pancreas by immunohistochemical 
sudies (Nature 341,233,1989). The aim of this 
study was to characterize the GABA A receptor 

structure on pancreatic islets studying the 
expression of the receptor subunits mRNAs on 
neonatal rat islets. Total RNA, extracted from 
cultured islets by the RNAzol method, was 
transcribed by M-MLV reverse transcriptase (200 
U) . The cDNA obtained was amplified by Hot Tub 
DNA polymerase (2.5 U) using specific primers 
for each subunit. Results demonstrated that rat 
neonatal islets express mRNAs for only 2 of the 

5 subunits of the ~ family (~i and ~4), for all 

the subunits of the ~ family (~i, ~2 and ~3 ), and 
for only one of the 3 subunits of the ? family 
(?3). Therefore GABA A receptor on pancreatic 
islets is ethero-hexamer The characterization of 
GABA A receptor structure on pancreatic islets is 
important in order to understand the role of the 
GABAergic system in the modulation of the 
endocrine pancreatic secretion. 
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MECHANISMS INVOLVED IN THE IN VITRO 
REGULATION BY GLUCOSE OF ISLET GLUT2 
mRNA 
J Ferret, J Fernandez, C Tomas, R Casamitjana, R Gomis. 
Endocrinology and Hormonal Biochemistry Units, Hospital Clinic, 
Barcelona, Spain. 

Abnormal glucose-induced insulin secretion has been ascribed 
to diminished expression of islet GLUT2 glucose transporter 
in several animal models of diabetes. Alternatively, decreased 
GLUT2 in these animals could be a consequence of a primary 
defect of 13-cell glucose metabolism. To explore this issue we 
have investigated the mechanisms by which glucose normally 
regulates islet GLUT2 mRNA (GLUT2). GLUT2:I3-Actin 
ratios were measured by Northem analysis from rat islets 
cultured for 24 hours under selected conditions. Glucose 
16.7 mM vs 5.5 mM increased 2.8 kb-GLUT2 accumulation 
353+69 %. Time-course studies with glucose 16 mM 
showed 251% GLUT2 induction after only 8 hours. 
Mannoheptulose 11 mM + Glucose 16.7 mM inhibited 
GLUT2 (25+2%), whereas glyceraldehyde 11.2 mM + 
glucose 5.5 mM partially mimicked the effect of high glucose 
(172+18%). Similarly, GLUT2 was enhanced by mannose, 
but not by 2-deoxyglucose. Tunicamycin, an N-linked 
glycosylation inhibitor known to modify the effect of glucose 
on another glucose transporter, did not affect GLUT2 levels. 
RNA synthesis inhibitor actinomycin D completely abolished 
stimulation by high glucose, but did not alter GLUT2 at 
glucose 5.5 raM. These results suggest that in vitro glucose 
acutely induces accumulation of islet GLUT2 mRNA, at least 
partly due to enhanced gene transcription, and that glucose 
metabolism is required for this effect. 
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APPEARANCE OF DIABETES-ASSOCIATED ANTIBODIES IN F1 (NODXB10) 
MICE AFTER TRANSPLANTATION OF NOB BONE MARROW. 
F.Dotta, L.Wicker, L.Peterson, S.Dionisi, D.Andreani and U.Di 
Mario. Clinica Medica 2 - Endocrinologia, University of Rome "La 
Sapienza", Rome - Italy; Merck Sharp & Dohme Research 
Laboratories, Rahway, NJ USA, Dept.of Clinicaf and 
Experimental Medicine, University of RC, Catanzaro, Italy. 
Sera from 98% of Non Obese Diabetic (NOD) mice and from 
35% human type 1 diabetics have antibodies recognizing a 
protein antigen (polar antigen) located at the secretory pole of 
cells on frozen sections of the RINm38 rat insulinoma. In NOD 
mice chimera studies have shown that diabetogenesis is 
dependent on expression of NOD derived susceptibility alleles at 
the level of hematopoietic stern cells, since autoimmune 
diabetes can be transferred from NOD into diabetes resistant F1 
generation mice (NODxB10) by bone marrow transplantation. In 
the present study we aimed to estabilish whether the alleles 
responsible for the presence of anti-polar antibodies are 
expressed at the bone marrow level. Anti-polar antibodies were 
determined by indirect immunoperoxidase in sera from mice of 
the following strains: NOD (n=20); B10 (n=14); Ft (NODxB10) 
mice (n = 17); Flmice (n =9) irradiated (1000R) at 4 weeks of age 
and reconstituted with bone marrow cells from NOD (n=9) or 
from Fl(n=3) mice. Anti-polar antibodies were present in 100% 
NOD mice, were absent in B10 and Flmice, but were found in 
77.8% (7/9) of F1 mice transplanted with NOD bone marrow 
and not in F1 receiving F1 bone marrow. These data provide the 
first evidence that expression of antibodies associated to 13 cell 
autoimmunity can be induced, similarly to diabetes and insulitis, 
by transplantation of NOD bone marrow into F1 mice. 
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THE MECHANISM OF SULFONYLUREA-INDUCED 
DIABETES PREVENTION IN THE BB RAT. 
D. Cheta, S. Takei, N. Hosszufalusi, E. Chan, and M.A. Charles. 
Diabetes Research Program, University of California, Irvine, 
California, U.S.A. 
Glipizide prevents diabetes in the BB rat, although the mechanism 
is unclear. We thus examined islet histology after glipizide 
treatment (100mg/kg/day) from 30 to 200 days of age. The 
diabetes incidence at day 85 was 24% in controls and 5% in 
glipizide treated rats (p <.025). The inflammation prevalence in 
diabetic rats was 100% in both groups, tn nondiabetic rats the 
prevalence was 93% in controls (n=27) and 88% in treated rats 
(n = 34), but the severity of inflammation, scored quantitatively and 
blindly, was less in treated animals (p < .002). At 200 days diabetes 
incidence was higher in controls (47%) than in treated rats 
(24%)(p<.02). At 240 days no rebound increase in diabetes 
incidence occurred. The inflammation at 240 days (nondiabetic) 
was 86% in controls and 44% in treated rats (p<.01), and the 
severity was also tess (p<.01). Glimeperide also prevented 
diabetes similarly. These data indicate that the sulfonylureas in BB 
rats a)prevent diabetes, b)act by an autoimmune component since 
both prevalence and severity of islet inflammation are decreased, 
c)do not enhance the likelihood of diabetes-onset by increasing 
beta cell secretion and d)may be useful in human diabetic 
prevention studies since these drugs also improve remission rates 
in new onset patients and has direct in vitro actions to suppress 
human lymphocyte proliferation. 
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PREVENTION OF HIGH- AND LOW-DOSE STREPTOZO- 
TOCIN DIABETES WITH D- AND 5-THIO-D-GLUCOSE 
Z. Wang, C. Dohle, S. Green and H. Gleichmann. Diabetes 
Research Institute at the University of Dtisseldorf, DiJsseldorf, 
Germany and Department of Pharmaceutical Chemistry, 
Hebrew University, Jerusalem, Israel 

In mice the effect of glucose compounds on diabetes induced 
either by a single high dose of streptozotocin (HD-STZ) or by 
multiple low doses (LD-STZ) was studied. We found that 5- 
thio-D-glucose (5-T-G), a sulfur analogue of D-glucose (D-G), 
prevented dose dependently both HD-STZ and LD-STZ- 
induced hyperglycemia and that D-G, which was only tested in 
the LD-STZ system, was also protective, albeit somewhat less 
than 5-T-G. This protective effect was achieved by injecting 
i.p. 5-T-G and D-G, respectively, right before STZ. In 
C57BL/6 mice pretreatment with 5-T-G significantly 
(p <0.0002) prevented diabetes in 100% animals treated with 
either HD- or LD-STZ compared to mice, having received STZ 
only. Comparable results were obtained in BALB/c mice. 
Interestingly, pretreatment with 5-T-G failed to prevent STZ- 
induced immune reactions: By using the popliteal lymph node 
assay the T cell-dependent immune reactions to STZ as antigen 
was not affected, and the STZ-induced perivasculitis of 
pancreatic islets were not changed by pretreatment with 5-T-G. 
In conclusion, our data indicate that 5-T-G and D-G protected 
against hyperglycemia by preventing the B-cell toxic effects of 
STZ, not by preventing its immunologic effect in the LD-STZ 
model. 
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PANCREATIC g-CELLS EXPRESSING MHC 
CLASS II MOLECULES ARE INCAPABLE OF 
PRESENTING ANTIGEN. 
J-L. DIAZ, J. CLARKE, J. WAYS AND P.HAMMONDS. 
Glaxo, Research Triangle Park, North Carolina. 

It has been proposed that pancreatic g-cells aberrantly 
expressing MHC class II molecules may present self-antigens 
and initiate 1DDM. In this study, we sought to establish: (a) 
the identity of class II + cells in rat islets (using the fact that only 
cells of haematopoietic origin have the Leucocyte Common 
Antigen, LC-A); (b) whether class II + g-cells are capable of 
presenting antigen. Class II expression was measured by 
immunofluorescent double-labeling and flow cytometry 

analysis. Pre-incubation of pre-diabetic BB rat islets in IFN-'y 
and TNF-ot resulted in an increase in the number of class II + 
cells (7.4 to 26.5%). Although the dispersed islets contained a 
small number of LC-A + cells, the increase of class II expression 
occurred predominantly (21.1%) in LC-A-cells. Similar 
increases were observed using islets from Lewis rats and RIN- 

5mF cells, a source of pure B-cells (2.9 to 25.9%). g-cells did 
not present antigens to T-cell lines, even after pre-incubation 
with cytokines. Our results suggest that: (a) tile class II 
molecules detected on dispersed islet preparations after treatment 
with cytokines are expressed on B-ceils, and are not found 
exclusively on haematopoetic cells; (b) this ability is 
widespread, and not restricted to B-cells from BB rats; (c) 
expression of MHC class II molecules is not sufficient to allow 
B-cells to function as antigen presenting cells. 
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REPETITIVE INJECTIONS OF INTERLEUKIN 113 INDUCE 

HYPERGLYCEMIA IN THE BB AND OTHER RAT STRAINS 

J. Reimers, L. Mcrch, L.D. Wogensen, T. Mandrup-Poulsen and J. 

Nerup. Steno Diabetes Centre, Gentofte, Denmark. 

The effects of repetitive interleukin 113 (IL-1) injections on blood 

glucose (BG), temperature (TP), and IL-l-binding plasma proteins 

in DP-BB, DR-BB and Wistar Furth (WF) rats were investigated. 

Thirty day-old DP-BB (n=40), DR-BB (n=55), and WF (n=55) 

rats were randomized to daily injections of human IL-1 (4.0 ~g/kg) 

or vehicle + pair-feeding for 13 weeks or until diabetes onset. IL-1 

induced hyperglycemic episodes (BG > 9 mmol/1) in a higher 

number of DP-BB rats (16/20) compared to DR-BB (4/27) (p< 

0.00005) and WF rats (11/28) (p =0.01). IL-1 induced fever during 

more weeks in DP-BB rats (11/13) than in DR-BB (4/13, p= 

0.005) and WF rats (6/13, p=0.04). In IL-1 treated rats an IL-1- 

binding IgG was demonstrated in 5/5 DR-BB and 5/5 WF rats by 

size exclusion chromatography, but only in 1/5 non-diabetic DP-BB 

and 0/5 diabetic DP-BB rats. Binding of 125I-IL-1 to IgG could be 

displaced by cold IL-1, but not by IL-la or TNF~. We conclude 

that IL-1 induces hyperglycemia in all the investigated rat strains 

and that the DP-BB rats are more sensitive to the hyperglycemic 

and fever-inducing effect of repetitive IL-1 injections compared to 

DR-BB and WF rats, explainable by a reduced capacity for IL-1- 

antibody production. 
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CLINICAL CHARACTERISTICS AT ONSET OF CHILDHOOD 
INSULIN-DEPENDENT DIABETES MELLITUS IN EUROPE 
A. Green and the EURODIAB ACE Study Group. Department of 
Medical Genetics, Odense, Denmark. 

As part of the multinational EURODIAB ACE project on 
childhood onset insulin-dependent diabetes mellitus we studied 
clinical characteristics at disease onset. The analysis was based 
on 3062 cases, comprising all cases of insulin-dependent 
diabetes diagnosed 1989-1990 among children aged 0-14 yrs. 
in 24 study regions throughout Europe and Israel (total study 
population: 16.8 mill. children). In 98.2%, insulin was 
administered within a week after clinical diagnosis of diabetes; 
in 85.6%, the diagnosis was preceded by symptoms of less than 
2 months of duration. At onset, 0.5% of the cases died. After 
grouping the study regions according to population risk of 
disease the distribution of age at onset varied statistically 
significantly (Chi-square: 104.1, df 70, p=0.005) between risk 
categories but without consistent patterns of variation. For all 
study regions, relatively fewer and relatively more cases were 
diagnosed during early summer and during autumn and/or 
winter, respectively. We conclude that (1) in epidemiological 
surveys commencement of insulin treatment may for practical 
purposes be equated with clinical onset of diabetes; (2) across 
Europe childhood diabetes shows distinct seasonality at onset; 
(3) further studies are needed to elucidate the geographical 
variability regarding disease precipitation at different age levels; 
and (4) death in conjunction with the onset may represent a 
hitherto unrecognized problem in Europe. 
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ANTIBODIES TO COW'S MILK PROTEINS AS RISK 
DETERMINANTS FOR EARLY ONSET TYPE 1 (INSULIN- 
DEPENDENT) DIABETES 
G. Dahlquist, 1 E. Savilahti 2 and M Landin-Olsson 3 
1 Department of Pediatrics and department of Epidemiology 

and Health Care Research, University of Ume&, Sweden 
2 Department of Pediatrics, Helsinki University Hospital, 

Finland 
a Department of Internal medicine, University of Lund, Sweden 

To study whether antibodies to cow's milk proteins are risk 
determinants for childhood onset type 1 (insulin-dependent) 
diabetes we examined 116 recent onset diabetic children and 
112 age and sex matched controls. Sera were blindly analysed 
for cow's milk IgA, IgG and IgM antibodies as well as antibodies 
to B-lactoglobulin and islet cells (ICA). All antibody levels tended 
to be increased among cases but statistically significantly so for 
cow's milk IgA antibodies (p<0.001) and B-lactoglobulin IgA 
(p<0.01) as well as for ICA that was found among 92% of cases 
versus 3% of controls. Breast-feeding duration was significantly 
inversely related to the log of 13-1actoglobulin IgG (p=0.04) and 
cow's milk protein lgA antibodies (p<0.001). Formula feeding 
was significantly correlated to 8-1actoglobulin IgG antibodies 
(p=0.01) and cow's milk protein IgA antibodies (p=0.04). In a 
logistic regression analysis it was found that IgA antibodies to B- 
lactoglobulin was related to an increased risk for diabetes with an 
odds ratio of 8.83, (p=0.046). This increase in risk was 
independent of formula feeding as well as the presence of the 
other antibodies studied including ICA. It is concluded that IgA 
antibodies to 8-1actoglobulin are significantly associated with an 
increased risk for diabetes at young age independent of ICA- 
status and an early introduction of cow's milk formula. 
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EVIDENCE OF TIME AND SPACE CLUSTERING OF TYPE 
[ DIABETES IN CHILDREN. 
U. Samuelsson*, J. Carstensen**, C. Johansson* and J. 
Ludvigsson*. Dept. of Pediatrics* and Dept of Oncology**, 
University Hospital, Link6ping, Sweden. 

Diabetic children are sometimes diagnosed in clusters. If this is not 
just random distribution it would strongly support the hypothesis 
that environmental factors sometimes elicit the disease. By using 
the method developed by Knox, time and space clustering was 
analysed in all 584 cases of type I diabetes diagnosed between 
1977 - 1990 and below the age of 16 from 4 pediatric departments 
in South-East Sweden. The overall annual incidence for the study 
period was 25.2 per 100.000 children aged 0 - 15 years, with the 
highest peak 1983 (39.2) and lowest 1977 and 1989 (18.9 resp. 
20.7). Statistically significant clusters were found both for time 
and space with the highest significance obtained for the cut off 
values of 15 km and 7 months, respectively (p < 0.001). There 
was no evidence of time clustering at distances more than 20-25 
km. Analysis of subsets did not reveal any significant 
heterogeneity. 
Our results indicate that locally appearing factors (infectious?) 
sometimes elicit clusters of IDDM in children. 
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INFECTION AND THE CAUSES OF CHILDHOOD DISEASES: 
EVIDENCE FROM COMMUNITY LIFESTYLE STUDIES 
A Staines, *HJ Bodanksy, *C Stephenson, H Liliey, and 
RA Cartwright.  LRF Unit for Clinical Epidemiology, 
University of Leeds and *Academic Unit of Medicine, 
Leeds General Infirmary 

A diabetes register for children aged 16 or under from 
1978 to ]990 was compiled for Yorkshire in Northern 
England. There is evidence of substantial variation in 
diabetes incidence both between districts (X 2 = 81.35 on 
19 df, p=0.0001), and wards (X 2 = 649.3 on 533 df, 
p=0.0004). District  incidence rates ranged from 3.89 in 
Calderdale to 15.03 in Holderness. A strong linear 
relationship was found between high rates and low ward 
population density (1981 census). The relat ive risk for an 
increase in population density from one quintile to the 
next was 0.90 [95% CI = 0.85 to 0.95, LRS = 1~.006 on 1 
df, p = 0.000063]. The pattern of incidence by age was 
very different in rural areas than in urban areas. In 
rural wards the incidence rates were considerably higher 
for children under 8 [Rate ratio = 1.60; 95% CI = 1.21 to 
2.00] than the rates in urban wards, whereas for older 
children the two rates were more similar IRate ratio - 
1.06; 95% CI = 0.84 to 1.34]. Children of pre-school age 
in rural areas are relatively shielded from the normal 
urban circulation of infectious agents. This pattern of 
age incidence suggests that  age at first exposure to 
certain infectious agents may play a significant role in 
the aetiology of childhood diabetes. 
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CHILDHOOD DIABETES AND INFANT FEEDING: A POPULATION 
BASED CASE-CONTROL STUDY 
C.F. Verge, N.J'. Howard, L. Ixwig, LM. Simpson and M. Silink. Ray Williams 
Institute, Children's Hospital, Camperdown (C.F.V., N.J.H. & M.S.) and Department 
of Public Health, University of Sydney (L.L & J.M.S) both in Sydney, Australia. 

The aetiohigy of Insulin-Dependent Diabetes Mellitus appears to involve both 
genetic and non-genetic factors. We aimed to study environmental factors with a 
population based case-control study. All incident cases in the 0-14 years age-group 
in New South Wales were ascertained for an 18 month period. Environmental 
exposures were determined by questionnaire. For each case, two age and sex 
matched controls were randomly selected from the population. Associations were 
evaluated with odds ratios (OR) and their 95% confidence intervals (95% CI), 
adjusted for the confounding effect of maternal education level by logistic 
regression. Longer duration of breast feeding was associated with a lower risk for 
subsequent diabetes. Exclusive breast feeding for 3 months or more was associated 
with a protective effect which remained significant after allowing for maternal 
education level. The introduction into the diet of cow's milk based infant formula 
before 3 months of age was associated with an increased risk. 

Cases Coetrols 

Breast Feeding <2 85 69 
(months) 2-7 70 103 

>7 62 66 

Exclusive breast <3 114 105 
feeding (months) 23 102 153 

Introduction sf sow- >3 110 163 
based formula <3 107 g4 
(months) 

OR (95% Cl} Adjusted 
OR (95% Cll 

1 ,g# 1.0# 
0.55 (0.3~0.86) 0.64 (0.40-1.00) 
0.59 (0.a7~0.92i 0.68 (0.42.1.11) 

1.0# 1,0# 
0.61 (0.43~,66) 0.67 (0.45-0.g8) 

1.0# 1.0# 
1.68 (l.f 7-2.44) 1.51 (1.03-2.22) 

# reference category 

In conclusion, early exposure to components of cow's milk in the diet and/or short 
duration of breast feeding may be associated with an increased risk for subsequent 
diabetes. 
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F A M I L I A L  O C C U R E N C E  OF I N S U L I N - D E P E N D E N T  DIABE- 
T E S  M E L L I T U S  ( I D D M )  IN DENMARK. 
Flemming Pociot, Kirsten NCrgaard, Niels Hobolth, Ole Andersen, 
J0rn Nerup and the Danish Study Group of Diabetes in Childhood 
and Adolescense. 
Steno Diabetes Centre, Dept. Paediatric, Kolding Hospital and 
Dept. Paediatric, N~estved Hospital, Denmark. 

Familial aggregation of IDDM is well known, though the prevalen- 
ce of familial cases vary in published studies. In the present study 
the prevalence of familial IDDM was estimated in a population 
based manner. All Danish children aged 0-19 years with IDDM 
were identified by asking all pediatric departments and depart- 
ments of internal medicine to report known cases of IDDM, and 
notified cases were asked to fill in a questionnaire. The question- 
naire was filled in by 1418 of 1574 known patients giving a 
participation of 90%. Ascertainment is thought to be nearly 
complete (< 1-2% attending GPs). The male/ female  ratio was 
753/665 (p<0.001). No sex difference was found in familial cases: 
99/98. Mean age at diabetes onset was 8.1 _+ 4.2 yrs in familial cases 
vs. 8.6-+4.2 in sporadic cases (p=0.087). The prevalence of 
probands with IDDM affected Ldegree relatives was 12.8%. Ninety 
probands (6.7%) had a father with IDDM and 28 (2.1%) had a 
mother with IDDM (p < 0.0001). Sixty-six probands (4.9%) had a 
least 1 sibling with IDDM. A significant correlation of age at onset 
of affected siblings was observed (p<0.036). No significant trend 
in seasonal variation in diabetes onset was found neither in familial 
nor in sporadic cases. 
The population based cohort of young IDDM patients and their 
relatives will be important for future genetic marker studies and 
for intervention studies in prediabetics. 
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THE INCIDENCE OF TYPE 1 DIABETES IS RAPIDLY INCREASING IN 

SARDINIAN MALE ARMY CONSCRIPTS 

M. Songini, M. Loehe, M. Stabilini, A. Coppola *, G. Bess,% 

Sa. Muntoni ~*, A. Balestrieri **, G.F. Bottazzo *~* and S. 

Muntoni. Centro Malattie Dismetaboliche, Ospedale S. Mi- 

chele, Cagliari; *Ospedale Militate, Cagliari; **Istituto 

di Medieina Interna, Universit~ di Cagliari, Italy; *~ 

Dept. of Immunology, The London Hospital Medical College, 

London, U.E. 

To provide further information on the recently reported 

high incidence of Type 1 (insulin-dependent) diabetes in 

Sardinia we performed a cohort study of a series of Sara 

dinian male birth cohort. All male subjects borne live in 

Sardinia between i January 1936 and 31 December 1972 were 

investigated regarding the development of Type i (insulin 

-dependent) diabetes during the first 19 years of life 

using the files of the Sardinian Conscript Board. A total 

of 687 diabetic subjects were identified of whom all were 

of Sardinian ancestry. The cumulative rate of developing 

Type 1 (insulin-dependent) diabetes during the first 19 

years of life ranged from values close to zero for the 

first eleven cohorts (1936-45) up to 3.96% for the 1966 

cohort and lasted steadely thereafter. Poisson regression 

modelling was used to determinate the change in incidence 

over calendar time. Two significant non-linear increases 

in the cumulative incidence of the disease in the birth 

cohorts of 1945-65 (mean value 1.2%) and 1966-72 (3.96%) 

were found. The results indicate a rapidly increasing in- 

cidence of Type 1 (insulin-dependent) diabetes in males 

in Sardinia consistent with the concurrent high incidence 

observed in both sexes during the Eurodiab survey. 
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PRECONCEPTIONAL CARE OF INSULIN DEPENDENT 
DIABETIC WOMEN 
E. Baranyi, Gy. Tamfis, M.Gy. Csfikfiny, L. Anda, Zs. Ker6nyi, 
M. B6kefi, Postgraduate and Semmelweis Medical University 
Budapest 

Preconceptional care of diabetic women  aims at the preventi- 
on of maternal and fetal compIications. 698 insulin dependent  
pregnant  diabetics (White B-C: 442 D-F: 256) were treated: in 
25% of the mothers  the intensive care has been started precon- 
ceptionally (group I. n=170 newborns 171) in the remaining 
cases during gestation (group II. n=528 newborns 535). Clini- 
cal features of infants in the two groups  were as foIlows. Peri- 
natal mortality (PM): I. 3,5% II. 4,5%; congenital malformati- 
ons (CM): total: I. 5,3% II. 6,5?0 ,diabetes  attributed": I. 2,9% 
II. 4,3%; premature births: I. 13,5% II. 16,8% (N.S). In case of 
children (n=257) born to White D-F mothers  PM: I. 1/70=1,5% 
II. 14/187=5,6% (P<0,05); CM total I. 3/70=4,3% II. 
13/187=7,0%. Metabolic state of the mothers  was followed by 
glycohaemoglobin (GHb) measurements  in a group of wo- 
men with (group I. n=30) and without  (group II. n=30) pre- 
conceptional care. GHb: preconceptionally 6,3• first tri- 
menon I. 5,6-+1,2% II. 7,4• (P<0,001); second trimenon I. 
4,5• II. 5,7• (P<0,01); third tr imenon I. 4,6• II. 
5,4-+1,2% (P<0,01). As a result of preconceptional care mothers 
were near normoglycaemic before conception and normogly- 
caemic from early pregnancy. Following prepregnancy care 
fetal outcome has been generally improved,  mainly in infants 
of mothers with microvascular complications. 
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GLUCOSE METABOLISM IN NORMAL PREGNANCY AND 
PREGNANCY COMPLICATED BY GESTATIONAL DIABETES 

S B Bowes, J J Benn, T R Hennessy, A M Umpleby and C Lowy. 
Department of Endocrinology and Chemical Pathology, UMDS, St 
Thomas's Campus, London SE1 7EH, UK. 

The aim of this study was to measure insulin and glucose sensitivity 
in gestational diabetes (GD) using stable isotopes. We investigated 
glucose and insulin kinetics in normal pregnancy (n=4) and 
gestational diabetes (n=5) using an intravenous glucose tolerance 
test ( IVGTr)  labelled with 6,62H2-glucose, analysed using a 
modification of Bergman's model. Subjects were studied in the 
third trimester of pregnancy (at diagnosis for those with GD) and 
3 months post-partum. The rate of fall of glucose (Kd) following 
an IVGTI? was significantly decreased (p < 0.05) in GD (1.01 -+ 0.16 
%/min) compared with controls (1.65 -+ 0.06 %/min) during 
pregnancy and increased after delivery in both groups to 1.62 _+ 
0.26 (p < 0.05) and 2.44 -+ 0.29 %/min (NS) respectively. Glucose 
sensitivity was 0.63 -+ 0.08 x 102min -1 in the pregnant GDs and 0.83 
_+ 0.12 x 10-Zmin 1 in normal pregnancy (n=3) with values of 0.95 
_+ 0.18 x 10-2min 1 and 1.06 _+ 0.18 x 102min 1 respectively after 
delivery (NS). The GDs had a significantly lower glucose sensitivity 
in pregnancy than the normals after delivery (p<0.05). Mean 
insulin sensitivity was 1.65 -+ 0.25 x 104min-1/mU/1 in pregnancy in 
GD and 2.06 _+ 0.96 x 104minl/mU/1 in the control subjects with 
values of 4.61 -+ 2.12 x 104minl/mU/1 and 8.64 + 5.08 x 104rain -1 
/mU/1 respectively after delivery (NS). These results show impaired 
glucose disposal in gestational diabetes and indicate marked 
individual variation in both glucose and insulin sensitivity. 
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PREGESTATIONAL INSULIN-DEPENDENT DIABETIC PREGNANCY: 
ATTEMPTED NORMAUSATION OF DIABETIC CONTROL AND 
PREGNANCY OUTCOME OVER A DECADE IN 300 PATIENTS. 
R.G.R. Firth, J. Stronge, P. Scanlan and M. Foley, 
National Maternity Hospital, Dublin, ireland. 
Between 1981 and 1991, three hundred patients with pre- 
gestational insulin dependent diabetes were managed at 
the National Maternity Hospital. Objectives were to reduce 
macrosemia and other foetal complications by careful 
glycaemic control and to manage diabetic patients without 
complications in the same way as non- diabetic patients. 
Complex individualised insulin regimes were used and 
monitored with home blood glucose recording, fructo- 
samines and HbAlc's. There has been a progressive 
reduction in the incidence of macrosomia (birth weight 
> 4500 g ) from 18% to 5%, with 90% of babies weighing 
< 4000 g during the last 4 years. The caesarean section 
rate increased from 24% to 32%, induction of labour 
halved (33% to 17%) and spontaneous labour increased 
from 45% to 54% in the last 4 years. Patients delivering 
after 40 weeks gestation increased from 26% to 44% over 
the decade and in the last 4 years 83% delivered after 
38 weeks. This has been achieved without compromised 
foetal outcome. One perinatal death (Potters syndrome) 
and no cases of cerebral irritation were seen in the last 
4 years. These results show that meticulous glycaemic 
control can allow the vast majority of diabetic mothers to 
anticipate a similar pregnancy outcome to those of non- 
diabetics. 
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OUTCOME OF 445 PREGNANCIES AMONG DIABETIC MOT- 
HERS IN THE COUNTY OF NORTHERN JUTLAND 1976-90 
GL Nielsen and P Hostmp. Dept. of Obstetrics, Aalborg Hospital, 
DK - 9000 Aalborg. 
To ascertain the regional outcome and to determine the degree of 
centralisation we have recorded data from all diabetic pregnancies in 
the County of Northern Jutland (550.000 inhabitants). In the 16 year 
period 445 consequetive, unselected pregnancies among 287 women 
with diabetes mellitus were admitted. The distribution according to 
White-classification was: A: 117(26%), AB: 35(8%), B: 79(18%) C: 
128(29%), D: 54(12%), F: 32(7%) (AB=insulin-treatment institu- 
ted during actual pregnancy in women without previously recognized 
diabetes). Thirty-two wanted abortion which is legal till the end of 
12'th gestational week, thirty-six (8,7%) women had with sponta- 
neous abortions and ten (2,4%) abortions were induced for medical 
reasons. There were twelve (3,3%) perinatal deaths of which two had 
lethal malformations giving an adjusted perinatal mortality of 2,7% 
(95% confidence limits 1,8-3,6%). Five (1,6%) babies had major and 
additionally nine (2,5%) minor malformations. Total fetal loss was 
58/413=14%. Twenty-eight percent of the babies were large-for- 
gestational age. The rate of Caesarean sections were overall 44 % and 
59% in White class B-F. Ninety-eight percent of all wanted preg- 
nancies and all pregnancies reaching beyond 28'th gestational week 
were delivered of at obstetrical Departments. We conclude that the 
outcome in our county is comparable to the results published from 
similar regional surveys and that we have achieved an almost com- 
plete centralization of the management of pregnant women with 
diabetes mellitus. 
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DECREASED NON-OXIDATIVE GLUCOSE DISPOSAL IN 
NORMOGLYCAEMIC PREVIOUS GESTATIONAL DIABETICS 
P. Datum, H. Vestergaard,  C. Ktihl and O. Pedersen.  
Diabetes Center', Department of Obstetrics and Gyanaecology, 
Rigshospitalet, Copenhagen, and Steno Diabetes Centre, 
Gentofte, Denmark 

The present study was set to investigate if women with 
previous gestational diabetes (GDM), a population with 
increased risk of developing Type 2 diabetes in the years 
following pregnancy,  are insulin res is tant .  Twelve previous 
GDM's and 11 women who had a normal glucose tolerance 
dur ing pregnancy (age 36.6_+1.2 vs.  35.0+1.0 years ,  BMI 
21.6_+0.5 vs.  21.2• kg/m 2, mean_+SE) were invest igated 6- 
12 years af ter  index pregnancy.  All had a normal 75 g OGTT. 
Fasting plasma insulin was slightly higher  in the previous 
GDM's 48_+3 vs.  39_+2 pmol/1 (p<0.05). A 3-hour eugtycaemic, 
hyperinsulinaemic clamp ( 40 mU / m 2 / rain) including indirect  
calorimetry and infusion of 3H-glueose was performed in each 
subject.  InsuLin-stimulated glucose disposal was decreased in 
previous GDM's (11.1• vs.  13.5_+0.5 mg/kg FFM (fat free 
mass)/nfin, p<0.01) due to a decrease in non-oxidative 
glucose disposal (6.6!0.5 vs.  9.0+_0.6 mg/kg FFM/nfin, 
p<0.01) while glucose oxidation was normal. Basal hepatic 
glucose production was increased in the previous GDM's 
(2.92.+0.10 vs. 2.66.+0.06 mg/kg FFM/min, p<0.05). In 
conclusion, our s tudy indicates that  decreased non-oxidative 
insulin-stimulated glucose disposal and increased basal 
hepatic glucose production, both characterist ic features of 
Type 2 diabetes,  might be of pathogenic importance for both 
the previous development of GDM and the subsequent  
development of Type 2 diabetes in some previous GDM's. 
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SURFACE ADJUSTED PRIMED-CONSTANT 3JH-GLUCOSE 
INFUSION FOR COMMON BASAL PLASMA SPECIFIC 
ACTIVITY. 

O. Hother-Nielsen. Medical Endocrinological Department M, 
Odense University Hospital, Odense, Denmark. 

Labeled glucose infusates to maintain constant plasma specific 
activity has been shown to improve assessment of glucose 
turnover rates in glucose clamp studies. Appropriate labeling of 
the glucose infusate depends on a priori knowledge of expected 
individual basal plasma specific activity. Reevaluation of our 
previous primed-constant 3-3H-glucose infusion studies showed 
that in normal subjects basal plasma specific activity was tightly 
correlated to tracer infusion rate per m 2 body surface area 
(n=45, y= 0.0114x + 20, r=0.943, p<0.001). This means that, 
if the tracer infusion is adjusted for individual body surface area, 
a common level of basal specific activity should be obtained in all 
subjects. To test this hypothesis 12 normal subjects (age: 20-35 
years, weight: 65-93 kg, BMI: 20.7-28.4 kg/m 2, surface area: 
1.80-2.25 m2) received a 2 h primed-constant 3-~H-glucose 
infusion (prime: 20.106 cpm/m 2, infusion: 20.10' cpm.m-<min -') 
expected to result in a basal plasma specific activity level of 2300 
cpm/mg. Measured basal plasma specific after 2 h infusion was 
99_+10% (mean_+SD) of the expected value. In conclusion, by 
adjusting primed-constant 3-3H-glucose infusion for m ~ body 
surface area a common level of basal plasma specific activity can 
be obtained and this may facilitate appropriate labeling of the 
glucose infusate in subsequent clamp studies. 
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ISLET-CELL ANTIBODY POSITIVE GESTATIONAL DIABETIC 
WOMEN:POST-PARTUMINTRAVENOUS GLUCOSE TOLERANCE. 
D. Mauricio, R. Corcoy, M. Codina, J. Morales, 
J.M. Pou, M. Puig-Domingo, A. de Leiva, J.L. 
Rodriguez. Hospital de la Sta. Creu i S. Pau, 
Autonomous University of Barcelona, Barcelona, 
Spain. 

A decrease in first-phase insulin secretion has 
been reported in pre-type I diabetic subjects 
before the clinical onset of the disease. We 
aimed to assess intravenous glucose tolerance in 
women with previos gestational diabetes and 
islet-cell antibody positivity (ICA+) during 
pregnancy. Nine non-obese ICA+ women with 
previous gestational diabetes and normal post- 
partum oral glucose tolerance underwent an 
intravenous glucose tolerance test 12.2 • 2.5 
(mean • SD) months after the end of pregnancy. 
Sera was obtained for insulin (IRI) at 1 and 3 
minutes, and for glucose at 5, i0, 15, 20, 25, 30 
and 40 minutes after the end of glucose perfusion 
(0.5gr/kg). Glycemic values were used to 
calculate the glucose disposal rate (k value). 
First-phase insulin secretion is expressed as the 
sum of 1+3 minutes insulinemia (IRI 1+3). Results 
were compared (difference between means) to those 
of nine control non-obese ICA- women with known 
normal oral glucose tolerance, matched for age 
and BMI. ICA+ women showed lower IRII+3:632.8 • 
240.7 vs 1021.4 • 391.1 pmol/l (p<0.02), and 
lower k value 1.76 • 0.69 vs 2.7 • 0.91 (p<0.02). 
We conclude that women with previous gestational 
diabetes and ICA positivity during pregnancy show 
relative decrease of first-phase insulin 
secretion and glucose disposal rate at short term 
after pregnancy, in the presence of normal oral 
glucose tolerance. 
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MEASUREMENT OF GLUCOSE TURNOVER IN NON-STEADY- 
STATE WITH A NEW TRACER MODEL AND DECONVOLUTION 
A. Zerman ,  A. Caumo,  P. Butler*,  R. Rizza* and C. 
Cobell i .  Dept.  of Electronics  and Informat ics ,  Univ.  of  
Padua, Italy; *End. Res. Unit,  Dept. of Medicine,  Mayo 
Clinic, Rochester, MN 55905 U.S.A. 
Es t imat ion  of hepat ic  glucose product ion  (HGP) in non-  
steady-state is difficult. A new method is presented. DATA: 
A hyper insul inemic  euglycaemic clamp was performed in 
five normal  subjects. Insulin was infused (0.6 mU/Kg/min)  
for 300 rain and then d iscont inued (300-420 min).  Two 
tracers, [6-3H]-glucose and [6-14C]-glucose, were adminis-  
tered with different formats for model validation; [6-14C]- 
glucose was added to unlabelled glucose. METHODS: A new 
two-compar tment  tracer model  was developed which de- 
scribes insulin control  on glucose kinetics. Once identified 
from one tracer, the model  performed better  than Steele 's  
and Radziuk ' s  models by accurately predicting the known 
appearance rate of the other  tracer. Endogenous  glucose 
concentrat ion,  i.e., that fract ion of measured glucose con- 
centrat ion due to HGP only, was calculated from the data. 
The tracer model  was used to calculate HGP from endoge- 
nous glucose concentrat ion by deconvolution.  RESULTS:  
Despi te  the different  format  of tracer adminis trat ion,  the 
HGP profiles derived from the two tracers in each subject  
were almost  superimposable;  fur thermore a low dispersion 
was observed among subjects. Maximal HGP inhibit ion was 
89% at 300 min;  half -maximal  suppression and resumption 
times were 33.2+8.2 and 96.8_+24.4 min, respectively. The 
proposed method provides  a reliable est imate of HGP in 
non-steady-state; it is of general applicability and especially 
useful when specific activity is not successfully clamped. 
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EUGLYCEMIC INSULIN CLAMP (EIC) AND NEGATIVE 
HEPATIC GLUCOSE PRODUCTION (HGP): A REVALUATION 

G. GULLI, R.C. BONADONNA, E. BONORA, S. DEL PRATO, 
M. MATZUDA, and R.A. DeFRONZO San Antonio, Texas, 
USA 

We tested whether cycling of [3-3H]-D-glucose in 
hepatic glycogen or insufficient time for tracer 
equil ibrat ion explain HGP negat ive est imates  
during EIC. Nine healthy subjects underwent three 
40 mU/m2.min.240 min EIC with final total glucose 
disposal = 8-9 mg/min.Kg. In the first two studies, 
[3-3H]-D-glucose was infused during basal 120 rain, 
discontinued during initial 120 min and resumed in 
final 120 min of the EIC to achieve a 4-fold lower 
(study A ) o r  higher (study B) plasma specific 
activity (SA) than in the basal. G l u c o s e  
incorporated into hepatic glycogen during basal 
and released during EIC would affect HGP in study 
A (basal SA = 4284 • 237 higher than EIC SA -- 
980 • 74 dpm/mg). HGP in both studies (-0.02 • 
0.31 vs 0.15 • 0.21 mg/min.Kg) was similar and not 
different from zero. As the 120 t i m e - w i n d o w  
between basal and EIC tracer infusion could have 
depleted [3-3H]-D-glucose counts accumulated in 
liver glycogen during basal t racer  infusion,  
minimizing radioactivity recycling, in the third study 
(C) [3-3H]-D-glucose was infused as a primed- 
continuous infusion during the basal and the EIC 
(basal SA = 3990 + 356, EIC SA = 1114 • 100 
dpm/mg). Again, HGP (0.26 • 0.31 mg/min.Kg) was 
not different from study A or B or from 0. 
CONCLUSIONS: (1) tracer recycling cannot explain 
HGP negative estimates; (2) when both metabolic 
and isotopic steady state is achieved, HGP 
negative estimates are not observed. 
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A MODEL TO MEASURE TRANSMEMBRANE GLUCOSE FLUXES AND 
INq~ACELLULAR PHOSPHORYLATION IN HUMAN SKELETAL MUSCLE 
M.P. Saccomani, R.C. Bonadonna*, R.A. DeFronzo** and C. 
Cobelli. Dept. of Electronics and Informatics, Univ. of Padua, Italy; 
*CNR Institute of Clinical Physiology, Pisa, Italy; **Div. of Diabetes, 
Univ. of Texas, San Antonio, TX, U.S.A.. 
We propose a model-based method to measure in vivo the 
effects of insulin upon the individual steps of glucose 
metabolism in human skeletal muscle. We studied 5 healthy 
individuals by the euglycaemic insulin (-470 pM) clamp in 
combination with forearm technic (braehial artery and deep 
forearm vein catheterisation) and intra-arterial pulse 
injection of nonradioactive mannitol (non transportable), 3- 
O-14C-methil-D-glucose (transportable, but not metaboliz- 
able) and 3-3H-D-glucose (transportable and metabolizable). 
Washout curves in deep forearm vein were analysed by a 
f low-compartmental  model describing blood flow 
heterogeneity, transmembrane glucose transport and 
intracellular glucose phosphorylation. Transmembrane 
glucose flux into (Fin) and out of (Fout) the cell, intracellular 
phosphorylative flux (Fmet), extracellular (Vec) and 
intracellular (Vic) glucose distribution volumes and 
intracellular glucose concentration (Ci) were estimated. 
Insulin increased Fin, Fout, Fmet and Vic/Vec (67.4-+18.3 vs 
20.3+4.7 I.tmol/min/kg, p<0.02, 22.8-+5.8 vs 12.9-+2.6 
I.tmol/min/kg, p<0.1, 43.5-+12.4 vs 7.2+2.4 ~mol/min/kg, p<0.01, 
5.53 + 1.17 vs 2.83+0.34, p<0.02). Insulin stimulated 
phosphorylation more than transport (8.33-+2.1 vs 3.3+0.53 
fold, p=0.05), whereas Ci decreased (0.77-+0.17 vs 1.1-+0.25 raM, 
p<0.02), showing that phosphorylation was restrained by 
transport. CONCLUSIONS. In human skeletal muscle:l. This 
model-based approach measures the individual steps of 
glucose metabolism; 2. Glucose transport is rate-limiting 
during hyperinsulinaemia; 3. Glucose phosphorylation is 
stimulated by insulin independently from transport and 
plays an important role in determining the overall response 
to insulin. 
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MINIMAL MODEL ANALYSIS OF THE EFFECT OF 
HYPERGLYCEMIA IN INSULIN DEPENDENT DIABETES.  
G.M. Ward, J.M. Waiters, A. Kalfas and F.P. Alford. 
Endocrinology Unit and University Department of Medicine, St. 
Vincent's Hospital, Melbourne, Victoria, 3065, Australia. 

Prolonged hyperglycemia has previously been shown to reduce 
glucose disposal in type 1 diabetes. Our aim was to examine whether 
this effect was on glucose-mediated glucose disposal (SG), insulin 
sensitivity (SI) or on residual B-cell function. Five young non obese 
type 1 diabetic volunteers were studied, with undetectable fasting 
plasma C-peptide. Insulin was infused intravenously at 12 mU/kg/hr 
for 18 hours with glucose infusion adjusted 2 hourly to maintain 
euglycemia (E) or hyperglycemia (H, approximately 15 mmol/1). An 
intravenous glucose tolerance test was then performed with insulin 
being infused to approximate non-diabetic endogenous insulin and 
analysed by our modification of the Minimal Model, as we 
previously described and validated. The mean glucose disappearance 
rate (Kg) was reduced in the hyperglycemic experiments (H vs E, 
1.03 + 0.16 SEM vs 1.59 + 0.38 min -1 X 102). This indicated 
increased "insulin resistance" in the hyperglycemic group because the 
same insulin was infused in both groups. Minimal Model analysis 
indicated that this was due to reduced SI (H vs E, 0.59 + 0.27 vs 
5.58 + 1.40 min -t per mU/L x 104, p < 0.05), as there was no 
difference in SG (H vs E, 2.47 + 0.46 vs 2.57 + 0.34 min -1 X 
102). In conclusion, the effect of prolonged hyperglycemia in type 1 
diabetics with no endogenous insulin secretion is to cause a 
reduction in insulin sensitivity and has no effect on glucose-mediated 
glucose disposal. 
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Glucose tolerance and Beta-cell function assessed by Continuous 

infusion of Glucose and Oral Glucose Tolerance Test. 

J.C. Levy, M.S. Hammersley, G. Volpicelli, B. Barrow and R.C. 

Turner. Diabetes Research Laboratories, Radcliffe infirmary, Oxford, 

OX2 6HE, UK 

The one hour low-dose continuous infusion glucose test (CIG) is an 

alternative to oral glucose tolerance test (OGTT). Our aim was to 

compare these tests in 13 non-diabetic, 11 diet-treated Type 2 (non- 

insulin-dependent) diabetic and 6 impaired glucose tolerance subjects. 

Each received two CIG tests (5 mg.kg ideal body weight-l.min -1) and 

two 75g OGTT. One hour CIG glucose had a significantly lower 

coefficient of variaton (CV) than two hour OGTT glucose (5% and 

16%, respectively, p<0.001) .  The two measures correlated, 

Spearman r =0.83,  p<O.001. All OGTi" defined normal glucose 

tolerant subjects (WHO criteria) had normal CIG (100% specificity). 

Of 17 subjects with glucose intolerance by OGT-r, 15 had CIG 

glucose intolerance (89% sensitivity). Beta-cell function (%B) 

measured from CIG by computer model assessment (CIGMA) was 

more reproducible than that measured by OGTT from the ratio of the 

30 min plasma insulin and glucose increments (~l/~G3o) with CVs of 

13% and 30%, respectively, p<0.02.  %B and bl/~G3o correlated 

r=0.86,  p<0.O01). CIGMA also assesses glucose sensitivity (CV = 

20%), while OGTT does not. In conclusion, the one hour CIG test is 

a specific and sensitive test for WHO defined abnormal glucose 

tolerance, and measures of glucose tolerance and Beta-cell function 

more precisely than the OGTT. 
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CALCITONIN GENE-RELATED PEPTIDE (CGRP) AND AMYLIN INHIBITION 
OF INSULIN RELEASE IS REVERSED BY THE 8-37 CGRP FRAGMENT, 
R.A. Silvestre, P. D6gano, M. Salas, E. Peir6 and J. Marco. Hospital Puerta de 
Hierro, Universidad Aut6noma de Madrid, Madrid, Spain. 

The 8-37 fragment of human calcitonin gene-related peptide [hCGRP(8-37)] 
has been shown to antagonise the effects of both CGRP and amylin in a 

number of tissues. Thus, we have investigated the influence of hCGRP(8-37) 
(1 /~mol/I) on the inhibition of insulin release (IRI) induced by both CGRP and 
amylin in the perfused rat pancreas. Perfusate consisted of Krebs-Henseleit 

buffer supplemented with albumin (0.5%), dextran T-70 (4%) and glucose (5.5 
retool/I). Rat CGRP (75 pmot/I) inhibited the insulin response to 9 mmol/I 

glucose (incremental areas, glucose alone: 55-14,8EM, ng/10 rain; 
glucose + CGRP: 14 +-4 ng/10 min; p<0.025). This inhibition was not observed 

when hCGRP(8-37) was simultaneously infused (incremental area: 64-+30 

ng/1O rain). Rat amylin (75 pmol/I) also blocked the insulin response to 9 

mmol/I glucose (incremental areas, glucose alone: 52+-12 ng/t0 rain; 
glucose+amylin: 15-+5 rig/10 min; p<0.025). Addition of hCGRP(8-37) tothe 
perfusate counteracted this blocking effect (incremental area: 41 +- 10 ng/10 

rain; p=0.55 vs. glucose experiments). Finally, infusion of hCGRP(8-37) alone 
had no effect on glucose-induced insulin secretion. In conclusion, in the rat 
pancreas: 1) Homologous CGRP and amylin, at the picomolar level, exert 
comparable inhibitory effects on glucose-induced insulin release. 2) These 
effects are antagonised by hCGRP(8-37), thus suggesting that both peptides 

act on the B-cell, at least in part, through a common receptor. 
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INHIBITION OF GLUCOSE INDUCED INSULIN SECRETION BY AMYLIN 

IN RATS IN VIVO 

C. Fftrnsinn, H. Leuvenink, ~ Roden, P. Nowotny, and 

W. Waldh~usl; ist Med. Dept., Div. ClirL Endocrinol. &Diabe- 

tol., Univ. Vienna, Austria 

Amylin, like insulin, is secreted from pancreatic B cells 

and some studios suggest an inhibiting effect on insulin 

release in vitro. We investigated the effect of amylin 

exposure on insulin secretion in rive during hyperglyce- 

mic clamp tests in freely moving rats. Short term amylin 

infusion (2h) dose-dependently decreased the infusion 

rate of glucose required to maintain plasma glucose at 

200 mg/dl (mg/kg*mirz control, 36. 5+--5. 5; 2ug/h, 27. 8+-3. 2; 

20ug/h, 21.5+-3. 5; n=7-8; p<0. 05 vs. control). That effect, 

however, faded during lo~g term (24h) amylin infusion 

(20ug/h: 38.2+4. 4; n=7). Decreased glucose uptake was 

reflected by lower glycogen content in various muscles 

after the clamp test (glycosyl units/g r~ soleus: control, 

22. 8_+3. 4; 2h-20ug/h, 6. 3+6. 0; 24h-20ug/h, 22. 5+7. 9; 

n=5-6; p<0. 05 vs. 2h). Preliminary data on plasma insuli- 

nemia during the clamp clearly suggest that glucose 

induced insulin secretion is strongly inhibited by amylin 

(mU/l: control, n=4, 60. 8+-10. i; 2h-20ug/h, n=4, 24. 5+-7. 6; 

24h-20ug/h, n=3, 66. 7+-35. 0; control vs. 2h: p<0.05). 

Assuming that inhibition of insulin release is due to a 

direct effect of amylin on B cells, high local concentra- 

tions should lead to a strong paracrine effect inhibiting 

insulin release under physiological conditions. 
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INSULIN SECRETION PROFILE OF MODY PATIENTS 
CARRYING MUTATIONS IN THE GLUCOKINASE GENE 
G. Velho, K. CI6ment, Ph. Froguel, M.E. Pueyo, Ph. Passa, 
D. Cohen and J.J. Robert. "C.E.P.H.", "Service de 
Diab~tologie, H6pital Saint Louis" and "Service de 
Diab~tologie P6diatrique, H6pital Necker", Paris, France. 

Linkage between the glucokinase (GCK) gene and 
diabetes in families with MODY was reported. We report 
beta-cell secretory profile of 4 diabetic patients carrying 
mutations in the GCK locus (SSCP analysis). Patients 
aged 26_+11 years, BMI was 20.4_+2.1; age of onset of 
diabetes was 16_+6 years; 3 were male. Seven healthy 
individuals were used as control group. Statistics are 
Mann-Whitney's U test and data expressed as mean_+SD. 
Fasting plasma glucose and insulin were respectively 
6.9_+0.6 mM and 5_+2 mU/I. First phase insulin secretion 
( t l+ t3  rain), during intravenous glucose test, was 
subnormal but not delayed: 69_+37 vs. 151+96 mU/I insulin 
(p=0,09) and 2.7_+0.8 vs. 4.4+1.7 nM C-peptide (p=0,04). 
During glucose clamp (10 mM glucose) the mean values 
of insulin and C-peptide (t60-120 min) were reduced: 
15+10 vs 40_+11 mU/ml (p=0,01) and 1.4_+0.2 vs. 2.6_+0.4 
nM (p=0,008) respectively. Responses to intravenous 
arginine test performed at the end of the clamp were 
equally subnormal: 45_+16 vs. 194_+117 mU/I insulin 
(p=0,008) and 1.3_+0.5 vs 2.6+1.5 nM C-peptide (p=0~ 
However, 3 out of 4 patients had C-peptide values in the 
mean-lSD range of control group. In conclusion, mild 
insufficiency of beta-cell secretory capacity in response to 
glucose characterize these patients with mutations in GCK 
gene. 
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GLUCOKINASE INHIBITION DIFFERENTIALLY AFFECTS 
INSULIN RELEASE BY GLUCOSE AND ARGININE I N  VIVO.  
B. Balkan and B.E. Dunning, 
Sandoz Research Inst., E. Hanover, NJ, USA 
A prominent defect early in type 2 (non-insulin dependent) diabetes 
is an impaired acute insulin response to glucose (AIRG) while the 
response to non-glucose secretagogues remains intact, suggesting a 
specific defect in glucose-sensing. Beta-ceil glucokinase is a prime 
candidate "glucose sensor" since its activity in vitro correlates tightly 
with insulin secretion. However, metabolic effects of inhibiting 
glucokinase in vivo are unknown. We examined the effect of 
glucosamine (glucokinase inhibitor) on insulin responses to glucose 
and arginine in conscious rats. Male rats with jugular vein catheters 
received glucosamine (200mg, iv) or saline 10min prior to infusion of 
glucose or arginine (10%x0.1ml/minxl5min). Since glucosamine 
alone reduced [insulin], it is expressed as A% from prestimulus level. 
Control rats displayed normal 1 st (AIRG) and 2ndphase (area3_lSmln) 
responses (+237+23%, +2722+533%xmin, n=6). In glucosamine- 
treated rats AIR a was markedly reduced (+71+31%, p<0.01), but the 
2ndphase was unchanged (+2184_+424A%xmin, n.s., n=6). 
Concomitantly, [glucose] increased more after glucosamine 
(AUC0_lSmin=+676+56 vs +396+13mg/dlx rain, p<0.01). 
Arginine-induced insulin release (AIRAr~ , 2naphase= 
+5968+832A%xmin, n=7) was not a~tered by glucosamine 
(AIRA~=+396+29% n.s., 2ndphase= +5005• n.s., n=6). 
ArginiEe-induced hyperglycemia was enhanced by glucosamine 
(AUC0_15min: 251+82 vs 71+29mg/dlxmin, p<0.05). In summary, 
glucokinase inhibition by glucosamine resulted in islet function 
characteristic of type 2 (non-insulin dependent) diabetes, ie, markedly 
reduced AIR G with intact response to arginine. These findings 
strengthen the hypothesis that glucokinase is a crucial mediator of 
islet glucose sensing that may be defective in type 2 (non-insulin 
dependent) diabetes. 
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NITRIC OXYDE PRODUCTION IS NOT A PREREQUISITE FOR 
ARGININE INDUCED INSULIN SECRETION. 
R. Gross, M. Roye, R. Puech, D. Hillaire-Buys, G. Ribes. Facult6 de 
Mddecine, Laboratolre de Pharmacologle, Montpelller and UMR 9921 du 
CNRS, Montpellier, FRANCE. 

Two mechanisms have been proposed for arginine-induced 
insulin secretion : a direct charge-related depolarizing effect 
and/or metabolization to nitric oxide (NO). The purpose of 
this study was to evaluate in isolated perfused rat pancreas 
the respective importance of these mechanisms. First, we 
compared the effects of L-arginine and of D-arginine which 
is not a substrate for NO synthase and second, we studied 
the effect of L-arginine in presence of an inhibitor of NO 
synthase, N nitro-L-arginine methyl ester (NAME). In the 
presence of 5 mM glucose, L-arginine at 5 mM induced a 
transient insulin response (7.5 + 0.8 ng/min) and a biphasic 
one at 20 mM (56.8 + 0.9 ng/min). D-arginine, ineffective at 
5 mM, induced only a moderate monophasic increase at 
20 mM (3.6 _+ 0.9 ng/min). NAME which alone slightly 
increased insulin release (3.7 L 0.1 ng/rnin) strongly 
potentiated (43.7 + 14.2 rig/rain) the effect of L-arginine 
(5 raM). In the presence of 8.3 mM glucose, this potentialing 
effect was not observed. In conclusion, arginine could 
stimulate insulin secretion via a direct charge mediated 
effect but only at high concentrations. NO generation does 
not seem to be involved ; on the contrary, at low glucose, 
blockade of its generation, potentiates L-arginine effect, 
which is not observed in presence of a slightly stimulatory 
glucose concentration. 
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Hyperinsul inemia decreases second phase but not 
first phase arginine- induced insulin secret ion in 
humans .  
P.M. Piatti, A. Caumo, G. Santambrogio, L.D. Monti, C. 
Cobelli (% A.E. Pontiroli and G. Pozza. lstituto Scientifieo 
San Raffaele, Milano, and (o) Dipardmento di Elettroniea e 
lnformatica, Padova, Italy. 
Little is known about the feedback effect of insulin on the 
dynamics of stimulated insulin secretion. Aim of this study 
was to investigate the effect of hyperinsulinemia on first and 
second phase arginine-induced insulin secretion in humans. 
Seven healthy subjects underwent three studies (lasting 360 
min) in random order: a control study using saline infusion and 
two euglycaemic clamps using low-dose (0.3 mU/kg/min) and 
high-dose (1.2 mU/kg/min) insulin infusion. At 180 min, 
arginine (25 g) was infused for 30 min. Insulin secretion 
profile was calculated from C-peptide concentrations by using 
C-peptide kinetic modelling and deconvolution. First and 
second phase insulin secretion were obtained by integrating the 
secretion profile during 180-185 min and 185-225 min, 
respectively. Before the arginine administration, steady-state 
insulin levels (120-180 min) were (Mean-+SEM) 10.0-+0.4, 
27.6_+0.3 and 75.9-+1.3 ~tU/ml during saline, low and high 
insulin infusions, respectively. During the arginine stimulation, 
first phase was indipendent of any effect induced by both 
insulin infusions, whereas second phase insulin secretion was 
reduced (p<0.01). First phase was 76.1+11.0, 69.2+14.1, 
and 70.0+11.2 pmol/kg, whereas second phase was 
245.2_+44.7, 138.3_+35.7, and 131.1_+32.5 pmol/kg for 
saline, low- and high-dose insulin infusions, respectively. In 
summary, this study shows that second phase, but not first 
phase, insulin secretion during arginine infusion is modulated 
by the pre-stimulus insulin levels. 
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IMPAIRED TRIGLYCERIDE HANDLING IN HIGH SUCROSE 

FED STREPTOZOTOCIN TYPE II DIABETIC RAT: EFFECT OF 

FISH OIL 
E. ~ebokov~i, I. Klime~, P. ~tolba 1, and A. Mitkovii. Institute of 

Experimental Endocrinology, Slovak Academy of Sciences, 

Bratislava and 1Research Institute of Endocrinology, Prague, 

Czechoslovakia 

There is evidence (including our previous data) for the assumption 

that a buildup of lipid in muscle leads to insulin resistance, and 

that supply via stored triglycerides (TG) is an integral part of it. 

Therefore, we assessed postprandial values of serum TG, FFA, mu- 

scle TG content, liver aeetyl CoA carboxylase (A-CoAC) activity in 

the neonatal streptozotocin model of Type II diabetes (DM). Male 

Wistar rats were injected at 2 days of age with 90 mg/kg STZ or 
vehicle (C). At 8 weeks, groups were subdivided and fed either a 

basal (B) or high (63 cal%) sucrose (HS) diet for 3 weeks, supple- 

mented or not with FO (30 wt% n-3 PUFA). All diabetic rats were 

equally hyperglycemic at relative insulin deficiency. Diabetes did 

not alter the liver A-CoAC; HS feeding raised (C-B: 1.28+0.07 vs 

C-HS: 2.07+0.04 or DM-HS: 1.85+0.32 nmol min "1 mg "t, p<0.001) 

and FO normalized A-CoAC activity. Diabetes did not alter serum 

TG levels (C-B: 3.2 + 0.2 vs DM-B: 3.0 + 0.3 mmol.lt),  but HS 

diet led to a higher (p<O.O25) TG increment in DM (8.0• 

than C rats (5.0+0.4) at equal A-CoAC activity. Data suggest a 

defect in clearance of circulating TG and/or saturation of muscle 

TG deposition in HS fed STZ-DM rats, correctable by FO. 
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GLUCOSE TRANSPORTER FUNCTION AND MEMBRANE LIPIDS 
IN THE INSULIN RESISTANT HIGH FAT FED RAT. 

L.G. Fryer, N. Wollen, and Y.T. Kruszynska. University 
Department of Medicine, Royal Free Hospital School of 
Medicine, London, UK. 

High saturated fat diets lead to insulin insensitivity; the 
mechanisms are unclear. We compared insulin sensitivity 
(75 mU insulin/h euglycaemic clamp in 24h fasted rats) and 
tissue glucose transporters in Wistar rats pair-fed for 4 
weeks on a) a high fat diet (55% calories as fat, primarily 
lard), b) control diet (10% calories as fat). Fasting blood 
glucose and 3-3H-glucose turnover were similar. The area 
under the 2h blood glucose curve after 400 mg oral glucose 
was greater in fat-fed rats (11.74 + 0.19 vs 10.87 + 0.30 
mmol.l-l.2h, p <0.05). Clamp insulin levels were higher in fat- 
fed rats (153 + 18 vs 100 + 7 mU/1, p<0.05).  Glucose 
requirement to maintain blood glucose at 4.0 retool/1 from 
+120 to +150 rain of the clamp was 37% lower in fat-fed 
rats (116 + 7  vs 184 + 15 umol/min/kg, p<0.005) as was 
3-3H-glucose turnover (p<0.001); hepatic glucose output 
did not differ (fat-fed, 5 + 10, controls, 8 + 6 umol/miu/kg). 
Adipocyte 14C-glucose uptake at 100rim insulin was not 
significantly lower in fat-fed rats (0.240 + 0.018 vs 0.298 + 
0.028 fmol/h/cell, t=1.746, 0.05 <p<0.1) ;  insulin 
concentration necessary for half-maximal stimulation was 
similar. Adipocytes from fat-fed rats had 30% fewer glucose 
transporters (Glut 4); insulin-induced translocation to the 
plasma membrane was 34% lower. Muscle transporter 
numbers were normal. Membrane lipid fluidity (heart, 
muscle) was similar but the cholesterol:phospholipid ratio 
was reduced (19<0.05). The mechanisms for insulin 
insensitivity may differ in muscle and fat. Glucose 
transporter depletion may explain insulin insensitivity in fat; 
altered membrane composition could affect their function in 
muscle and heart. 
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FISH OIL INTO HIGH LARD DIET PREVENTS OBESITY, 
HYPERLIPEMIA AND ADIPOCYTE INSULIN RESISTANCE, 
IN RATS. 
I. Hainault, M. Carlotti, E. Hajduch, C. 
Guichard and M. Lavau,. INSERM U 177, 15 rue de 
l'~cole de m~decine. 75006 Paris. 

High fat diet close to Western human diet 
induces hyperlipemia, obesity and adipocyte 
insulin resistance in rat. The aim of this work 
was to examine whether the inclusion of fish 
oil into high fat diet prevented these 
deletorious effects. Rats were fed 16 days with 
diets containing {by cal.) 10% fat (C) or 50% 
fat from: lard (HL), lard 35~ + corn oil 15% 
(CO), lard 35% + fish oil 15~ (FO), with 20% 
protein and 70~ or 30~ starch. In addition to 
adipocyte insulin responsiveness and the 
expression of Glut 4 in total membranes, we 
examined fatty acid synthase (FAS) expression 
in adipose tissue and liver. As compared to C: 
i) Body weight, insulinemia and glycemia were 
unchanged by high-fat diets; 2) 
triglyceridemia, cholesterolemia and adipose 
tissues weights were higher in HL and CO but 
lower in FO; 3) adipocyte glucose transport 
responsiveness to insulin was decreased in HL 
and CO but restored in FO, in good agreement 
with diet effects on glut 4 expression; 5) 
adipose tissue FAS was decreased by 70% in HL 
and CO but unchanged by FO; in contrast, 
hepatic FAS reduction was larger in FO (85%) 
than in HL and CO (75%). In conclusion, the 
replacement of 30% of lard by FO: A) has 
differential metabolic effects on liver and 
adipose tissue. B) prevents high fat diet 
induction of obesity, hyperlipemia and 
adipocyte insulin resistance. 
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ENTEROINSULAR AXIS ACTIVATION BY GLUCOSE AND FAT IN 
TYPE 2 DIABETICS COMPARED TO NORMAL CONTROLS 
P. Lathouris, A. Pappas, N. Mitakos and B. Karamanos. Diabetes 
Center,2nd Medical Department, Athens University, Hippokration 
Hospital, Athens, Greece. 

To compare the effect of glucose and fat on the function of the 
Enteroinsular Axis in diabetics and normals, we studied 4 Groups 
of 6 subjects each, A and C Type 2 patients, B and D normals. A 
hyperglycaemic clamp at 17.8mmol/I was done for 90'. The 30' 
glucose (30g) was given orally in Groups A and B, while olive oil 
(30g) in C and D. Plasma Glucose, Triglycerides, Insulin and C- 
peptide were measured every 5'. Between 15'-30' Insulin and C- 
peptide levels remained stable. In Groups A and B Insulin abruptly 
increased the 35' and levelled the 50'. Insulin 30'vs50' 
210+_60vs760+__360pmol/I, p<.05, in A and 200+_60vs 1100+445 
pmol/I, p<.05, in B. The insulin incremental area between 30'-90', 
AvsB, was 210846+_66650vs414800+ 112265pmol/min, p< .05. In 
Groups C and D Insulin increased the 35' but levelled the 75'. 
Insulin 30'vs75' 105+__20vs201+80pmol/l, p<.05 in C, 
359+_170vs950+_310 pmol/I, p<.05, in D. The incremental area 
between 30-90', CvsD, 37820+__10200vs 303040+__101460pmol/min, 
p<.05. C-peptide changes paralleled those of Insulin, while 
Triglycerides remained stable throughout, Conclusions: 
Enteroinsular Axis activation after oral glucose is defective in Type 
2 diabetics compared 1o controls. This difference is even greater 
with fat as the oral stimulus. Enteroinsufar Axis hypofunction may 
contribute to the pathogenesis of Type 2 diabetes. 
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EFFECTS OF DIETARY MONOUNSATURATED FATTY ACIDS 
ON SERUM LIPIDS IN TYPE 2 DIABETES MELLITUS. 

K.E.Harnden, P.A.Judd, J.I.Mann and 
T.D.R.Hockaday. Sheikh Rashid Diabetes Unit, 
Radcliffe Infirmary, Oxford, U.K. 

Recent studies in non-diabetic subjects have 
shown that monounsaturated fatty acids (MUFA) 
may have a hypolipidaemic effect equal to that 
of polyunsaturated fatty acids (PUFA) without 
reducing HDL-cholesterol. We compared the 
effects on plasma lipids of 3 diets high in 
MUFA, PUFA and saturated fatty acids (SFA) in 
22 patients with Type 2 diabetes (16 
experimental, 6 control). After a high 
carbohydrate/fibre, low fat baseline diet for 2 
weeks, all continued on the baseline diet for 18 
weeks with the 16 experimental patients 
isocalorically given fat high in MUFA, PUFA and 
SFA, each for 6 weeks in random order. LDL- 
cholesterol levels were similar on PUFA and MUFA 
(mean• 3.63• and 3.56• mmol/l, 
respectively), and significantly lower than on 
SFA (4.03• ntmol/l, p<0.Ol). HDL-cholesterol 
levels did not differ significantly, though 
highest on MUFA and lowest on SFA. The ratio of 
HDL-cholesterol to LDL-cholesterol was 
significantly higher on MUFA (0.40• than on 
SFA (0.34• p<0.05). Ratios on PUFA 
(0.36• were not significantly different. 
Control plasma lipids remained unchanged 
throughout. MUFA appear as effective as PUFA in 
producing a more favourable lipid profile than 
SFA in Type 2 diabetes mellitus. 

113 

THE INFLUENCE OF DIETARY FATIY ACIDS ON POSIPRANDIAL LIPID 
LEVELS IN TYPE 2 (NON-INSULIN-DEPENDENT) DIABETIC PATIENTS. 
C.E.Friedberg, T.Teeriink, J.P,Nauta, and R.J.Heine. Dept. of Internal 
Medicine and Clinical Chemistry. Free University Hospital, Amsterdam, The 
Netherlands. 
Dietary fish oil (FO) and linoleic acid (I.A) lower serum triglycerides and 
cholesterol levels, respectively. Postprandial, meal- derived chylomicrons 
(CM) are the main tdglyceride containing particles converted into 
chylomieron remnants (CMR). We studied the influence of FO addition to a 
LA enriched diet on postprandial levels of CM and CMR in 12 Type 2 
diabetic subjects. During a randomized double blind trial (4 months) a LA 
enriched diet (P/S 1.0) with daily either 6 g corn oil (CO=placebo) or 3 g 
FO capsules(1800 mg EPA, 1200 mg DHEA) was consumed. Before and 
after 4 months a LA enriched testmeal (P/S 1.0) was given, supplemented 
with vitamin A (27.000 IE/m2 body surface area) after a 12 hour fast. 
Chylomicron retinyl palmitate (CM.RP) and chylomicron remnant retinyl 
palmitate (CMR.RP) were measured at 1-2 hourly intervals for 12 hours. In 
both groups area under curve (AUC• CMR.RP and peak(+SD)of 
CMR.RP were lower at 4 months than at baseline but not significantly 
different from each other: AUC CMR.RP: FO+LA: -1296 (+3246),LA: - 
1030( • 1329)(nmol/Ix12h) p = 0.87, Peak CMR.RP: FO + LA: -1387( • 745),LA: 
-1162 (+689)(nmol/I) p=0.61} In the FO+LA group the AUC CM.RP was 
significantly lower than in the LA group: -3959(+4391)and 
+ 1163(+ 1554)(nmol/Ix12h)p=0.03 and the peak CM.RP tended to be 
lower: FO+LA: -524(-+683)and LA: +208(+424)(nm01/I) p=0.06. (two- 
sample t-test). The chronic addition of FO to a LA enriched diet lowers 
postprandial chylomicron levels while chylomicron remnant levels 
decreased in both groups. Thus dietary FO may beneficially influence the 
cardiovascular risk in type 2 diabetes. 



A32 

OP 19 
Immunology II 
114 

NATURAL COURSE OF PRIg-TYPE 1 DIABETES IN HIGH RISK INDI- 
VIDUALS 
M. Knip, P. V/ihfisalo, J. Karjalainen, R. Lotmamaa, H.IL Akerblom and the Study 
Group on Childhood Diabetes in Finland. Department of Pedlatrics, UMverslty of 
Oulu, Oulu, the children's Hospital, II Department of Pediatrics, University of 
Helsinki, Helsinki and the National Public Health Institute, Helsinki, Finland 

To characterize the prediabetic period we observed 58 siblings of newly diagnosed 
diabetic children, who were found to be positive for islet cell antibodies (ICA) 
and/or insulin autoantibodies in their initial blood sample taken within 6 months 
after the diagnosis of the index case. Thesiblings were followed for an average 
period of 48 months with sequential blood samples and intravenous glucose tole- 
rance tests (IVGTTs). During that period 17 siblings presented with clinical signs 
of Type 1 diabetes. The duration of the known prediabetic period ranged from 0.5 
to 48 months. The converters were younger than the unaffected siblings (7.1. vs. 9.9 
years; p < 0.05) and had higher initial levels of conventional ICA and complement- 
fixing ICA (CF-ICA; p <0.01). In addition they had lower first phase insulin 
response (FPIR; 1 +3 min) in the first IVG'IT (p <0.001). Subsequently the 
converters had on all occasions higher ICA levels and lower FPIR (p < 0.05 or less) 
than the other siblings. In addition the glucose elimination rate was lower in the 
converters (p <0.01 or less) from the third IVGTr onwards. No sign of further 
loss of B-cell function could be observed in the converters after the first IVGTr. In 
the converters the CF-ICA levels increased up to 18 months (p < 0.05). Accord- 
ingly those siblings manifesting clinical Type 1 diabetes were characterized by young 
age, strong and increasing signs of islet ceil-specific aut oimmunity, reduced insulin 
secreting capacity and emerging glucose intolerance. The present observations do 
not support a linearly progressive B-ceil destruction in the prediabetie period. 
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HIGH PREVALENCE OF ISLET CELL ANTIBODIES (ICA) IN 
HEALTHY SCHOOLCHILDREN IN SARDINIA, 
Sa Muntoni*,A L0viselli*,E Martino*,F Velluzzi*,M Shattock**,A 
Balestrieri*,M Songini***,S Mnntoni***,G F Bottazzo**. *Institute of 
Internal Medicine, University of Cagliari,** Department of Immunology, 
The London Hospital Medical College, London,***Centm Malattie 
Dismetaboliche, Ospedale S. Michele, Cagliari. 
Recently, Sardinia has shown the second highest incidence of IDDM 
in Europe (Eurodiab survey). To confirm this unexpected trend, we 
assessed the prevalence of ICA in 2,632 unselected healthy 
schoolchildren (aged 6-I4 yr). They were all of Sardianian ancestry 
and living in different villages of 3 of the 4 provinces in the island. 
To date, 1,894 sera have been analysed. Overall, ICA >5  JDF-U 
were detected in 4.42% and ICA >20 JDF-U in 0.97%. Divided 
geographically, they all showed differences. 

IDDM Individuals ICA (JDF-U) (%) 
iO0,O00/yr 
0-I4 yrs >5 5-20 >20 

CAGLIARI 27.5 [033 42 (4.06) 27 (2.61) 15 (1.45) 

NUORO 30.6 470 21 (4.46) 18 (3.82) 3 (0.63) 

ORISTANO 44.3 391 4 (1.02) 2 (0.51) 2 (0.51) 

The Table shows that the Oristano province, that with the highest 
incidence of type I diabetes, had the lowest prevalence of ICA. In 
another 368 healthy individuals (aged 19-29) from the Sassari 
province (incidence 20.71/100,000/yr), the frequency of ICA was the 
highest observed in the 4 provinces (9%, ICA >5  JDF-U). The high 
IDDM incidence rates in Sardinia are consistent with these ICA data 
in a healthy young population in the island. However, the overall ICA 
prevalence and IDDM incidence distribution do not geographically 
overlap. 
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FOLLOW-UP OF CHILDREN FROM BACKGROUND 
POPULATION WITH HIGH ICA TITRES. 
C.LEVY-MARCHAL, J.TICHET, I.FAJARDY, F.DUBOIS, 
P.CZERNICHOW- HSp.Robert Debit, Paris and IRSA, Tours, France 
In 1990-91, ICA have been tested in 13 390 unselected school-children 
(age 6-17 yr) as part of  a research program on risk factors for Type ] 
diabetes in background populations. The first blood collection was 
assayed for ICA detection by the immuno-fluorescence technique using a 
single human pancreas and for HLA-DQ typing. 28 sera were found 
with ICA ?-20 JDFu (0.2%; groupl) and 170 between 4-20 JDFu (1.3%; 
group 2). A significant (p<0.01) enrichment of alleles encoding for art 
alanine at the position 57 of the DQfl chain was observed in the children 
with high ICA titres in comparison to ICA-negative children ( gronp3 <a 
JDFu) 
n alleles'-,xgronps 1 (n =12) 2 (n=76) 3 (n=93) 
ala 57 DQ BI'--,, 

2 4 (33%) 7 (9%) 9 (10%) 
1 7 (58%) 29 (38%) 40 (43%) 
0 1(9%) 40 (53%) 44 (47%) 

Among the 2 groups 95 (48%) children have been followed for a median 
duration of 12 mth. ICA titres were remarkably stable in the group 1, 
among which one boy has become diabetic; in the group 2, 3 children 
converted into values >20 JDFu, and 12 (15%) became negative among 
whom 11 were previously measured at the detection limit. This study 
emphasizes that 1) given the low incidence of the disease in France ICA 
would probably not be sufficient to identify school-children at risk for 
Type 1 diabetes 2) according to the DQ B1 alleles distribution, high ICA 
fitres seem to be more informative like in I ra degree relatives. 
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PERSISTENT CELLULAR AND HUMORAL IMMUNE CHANGES IN THE 
PREDIABETIC PERIOD: A PROSPECTIVE TWIN STUDY. 
R.D.G.Leslies R.Y.N.Tun. M.Peakman, L.Aiviggi, M.J.Hussain 
S.S.S.Lo, M.Shattock, G.F.Bottazzo, D.Vergani, and D.A. 
Pyke. Dept of Diabetes, St. Bartholomew's Hospital, 
Dept of Immunology, King's College Hospital~ Dept of 
Immunology, Royal..London Hospital, London~ U.[<. 
To test whether immune changes associahed with Type 1 
diabetes persist in the prediabstic period, we pe2formed 
a i0 year prospective study of non-diabetic identical 
twins of recent onset patients with Type 1 diabetes; 
twins were followed to diagnosis of diabetes or fcr at 
least 6 years. Samples were tested for cellular 
(activation of T-lymphocytes (ATL)) and humoral (ICA and 
IAA) changes and compared with 22 controls. Of 19 twins, 
9 developed diabetes, the i0 remainder have been 
followed for a mean of 10.2 years. The positive 
predictive value of increased levels of ATL'S (>6%), 
ICA (> 4 JDF units) or IAA at referral was 89%, 90% and 
100% respectively. All 9 prediabe~ie twins had either 
cellular or humoral changes detected in every sample 
(ATL's 29/32; ICA 38/39; IAA 2/39 samples). In twins 
remaining non-diabetic ATL's, ICA and IAA were rarely 
detected (1/41, 6/44, 0/44 samples respeetively)~ and 
none had immune changes throughout the study-peried 
(p<O.O01). In summary, once induced the immune process 
leading to Type i diabetes is both predictive and 
persistent, not intermittent. These observations are 
consistent with a brief, not a prolonged, period of 
induction of this process. 
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8-CELL SPECIFIC T-CELL CLONES FROM PERIPHERAL BLOOD 
OF TYPE I DIABETES PATIENTS. 
Aram A.Kallan, Bart O.Roep, Susan D.Arden*, John C.Hutton* 

and Ren~ R.P. de Vries. Dept. of Immunohematology and Blood 

Bank, University Hospital Leiden, the Netherlands, *Dept. of 
Clinical Biochemistry, University of Cambridge UK. 

T-lymphocytes appear to play an important role in the 
pathogenesis of type I Diabetes. Recently we have screened 

several newly diagnosed patients for T-cell reactivity against a 

preparation containing the B-cell specific antigen of Mw 38 kDa. 
We found that reactivity could be detected in the majority of T- 
cell lines derived from peripheral blood mononuclear cells of 

these patients. In order to identify the fine-specificity of these T- 
cell lines, we have isolated T-cell clones from a number of these 

patients. We obtained T-cell several clones directed against 38 
kDa protein present in insulin-secretory granules (ISG). In 
addition, this study reveals other r-J-cell specific proteins that are 

recognized by CD4 +, HLA-DR restricted T cell clones from 

patients. The exact nature of these proteins remains to be 
determined. Cloning of B-cell specific T-cell lines appears to be 

helpful to identify possible autoantigens and in turn enables us 
to study the characteristics of T lymphocytes that may be 
involved in the destruction of r~-cells. 
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ELEVATED CIRCULATING ADHESION MOLECULES IN 
TYPE l DIABETES AND SUBJECTS AT RISK OF DIABETES 

S. Martin I, H. Kolb 2, R. Rothlein 3, E.A. Mainoifi 3, T.K. 
Kishimoto 3, J. Bertrams 4, E.F. Lampeter 2. 1The Center for 
Blood Research, Harvard Medical School, Boston, MA , USA, 
2Diabetes Research Institute at the Heiurich Heine University, 
Dilsseldorf, FRG, 3 Boehringer lngelheim Pharmaceuticals Inc., 
Ridgfield, CT, USA, 4 Elisabeth Hospital, Essen, FRG 

We recently described the reduced expression of adhesion 
molecules on monocytes in Type I diabetes. We now have 
analysed for abnormalities in the production of shortly discovered 
circulating forms of ICAM-1 (clCAM-1) and L-selectin (cL- 
selectin). Groups of 14 patients with recent onset Type 1 diabetes 
and 33 first degree relatives (27 ICA-negative, 6 ICA-positive) 
were compared with 100 healthy blood donors, cICAM-1 and cL- 
selectin were measured by specific "sandwich" ELISA. Abnormal 
high levels of adhesion molecules (above 2 SD of the normal 
range) were found in 10 of 14 patients with recent onset Type 1 
diabetes (p < 0.0001) and in all of the first degree relatives with 
islet cells antibodies (ICA). Most interestingly, elevated adhesion 
molecules levels in ICA negative relatives identified those with 
high genetic risk of Type 1 diabetes. I.e., all of 14 relatives with 
HLA DR 3, 4 had abnormal cL-selectin levels (mean 2.5 + 0.8 
ng/ml) while of the remaining 13 relatives with other HLA types 
none had abnormal levels (mean 0.8 • 0.2 ng/ml, p<  0.000l). 
Normal blood donors with HLA DR 3 or 4 did not have elevated 
cL-selectin levels. We conclude that circulating adhesion 
molecules represent a new marker of Type 1 diabetes which 
identifies persons at genetic risk independent of ICA status. 
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MORTALITY EXPERIENCE OF TYPE 1 (INSULIN-DEPENDENT) 
DIABETES MELLITUS 1940-1991 

N.T. Raymond 1 , P. G. McNally 2, P.R. Burton 1 , J.L. Botha 1 , P.G.F. 
Swift 2, A.C. Burden 2 and J.R. Hearnshaw 2, Departments of 
Epidemiology and Public Health 1 and Diabetes 2, Leicester Royal 
Infirmary, UK 

A population-based mortality study of 845 (M46O:F385) Type 1 
(insulin-dependent) diabetics diagnosed aged<17 years from 1940- 
89 was determined 31 December 1991 representing 14,039 
person-years of risk. Trends in relative risk of death by calendar 
date were investigated using Cox Proportional Hazards Modelling. 
Age, sex and calendar time adjusted Standardized Mortality Ratios 
(SMR) were estimated using Generai Linear Modelling. Median age 
at diagnosis was 10 years (range 3 months - 16 years); median 
duration of diabetes of 14 years (range 1-51). Forty patients died 
(4.7%); median age at death 31 years (range 11-51). A further 
four deaths occurred at onset from ketoacidosis (excluded from 
analysis). Adjusting for age there was evidence of a decline in the 
risk of death with calendar year of diagnosis. The maximum 
likelihood estimate of the linear decline in risk with calendar date 
was equivalent to a 40% fall in risk per decade (95% CI, 17-58%, 
p=0.005). By dividing date of diagnosis into five decades and 
treating the resulting variables as being categorical, it was shown 
that between 1940-49 and 1980-89 the risk of death fell by an 
estimated 93% (95%CI, 34-99%). Between 1940-49 and 
1980-89 the SMR fell from 519 (95% CI, 307-876) to 119 
(95% CI, 17-843), representing an estimated linear decline in 
SMR/decade of 24% (95% CI, (1-42%; p=0.035). These findings 
show that the prognosis for Type 1 (insulin-dependent) diabetes 
mellitus has improved over this era. 
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A DRAMATIC CHANGE OF MORTALITY PATTERN IN 
JAPANESE IDDM 
N. Tajima, M. Matsushima,  M. Maruyama, T. Kitagawa, 
R.E. LaPorte and DERI group. Tokyo, Japan,  and Pittsburgh, 
USA. 

The aim of the present  study is to monitor a popvJation- 
based IDDM cohort in J apan  to identify the change in the 
mortal i ty pa t tern  in the recent years. A total of 1428 (male 
574, female 854) IDDM with onset age <18 yrs, who were 
diagnosed between 1965-1979 were followed up and the living 
status as of 1-1-1990 was determined. Of 1428, 1367 (95.8%) 
were traced and 90 cases were deceased with the mean  age 
at  death of 24 -+6 yrs, and the duration of IDDM of 15 -+4 yrs. 
The morta l i ty  ra te  was 5.7 per  1,000 person-yrs for both  
sexes, a 9.1-fold increased risk of dying compared to the 
general population. The 10-, 15-, 20-, and 25-year survival 
were 98%, 95%, 91% and 83%, respectively. Of 90 deceased 
cases, 27 died due to diabetic renal disease, 21 by DKA, 12 by 
violence/accident,  11 by infection, 5 by CHD/CVD, 4 by 
hypoglycemic coma, 10 by others/unknown. The risk of all 
cause and  renal  disease mortal i ty appeared to decline in 
the 1980's compared with the 1970's (all cause:2.2 vs 7.1/1,000, 
renal:0.13 vs 1.13/1,000). After 1985, the number  of death  
due to DKA decreased and accidental/macrovascular deaths 
increased.  The dramat ic  change in morta l i ty  p a t t e r n  
observed among Japanese  IDDM may a t t r ibute  to be t t e r  
medical/social circumstances and adequate access to renal  
dialyses in the recent years. 
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THE MORTALITY OF PATIENTS WITH TYPE 1 DIABETES 
MELLITUS IN NORWAY, 1973-1991. 
1t. GIosH and G. Joner, Aker Diabetes Research Center, Aker 
University Hospital, Oslo, Norway 

The aim of the study was to determine the mortality in diabetes 
patients in Norway. The mortality status of  all subjects with Type l 
diabetes mellitus diagnosed from 1973 through 1982 and age at 
diagnosis below 15 years, was determined September 1st, 1991. Of 
the 1914 cases included in the follow-up, 27 were deceased. A two- 
fold increase of risk for early mortality was found in this cohort 
compared to the background population (SMR=238). The crude 
mortality rate was 107/100,000 personyears. A review of  death 
certificates, patient records and autopsy reports revealed that 
accidents and suicides accounted for the majority of  the deaths 
(10/27). Acute diabetic complications were the cause in 5/27; one  

cardio-vascuiar death was observed; diabetic renal disease did n o t  

cause any death. Mors subita was an important cause of  death in  

these young individuals (8/27). In 3 oat of  these 8 cases, 
hypoglycemia was noted at the death certificate as a possible 
underlying cause, and in another 3 cases the circumstances could 
indicate hypoglycemia. The premature mortality in diabetes patients 
needs further investigation. 
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MORTALITY FROM SUICIDE IN A COHORT OF DANISH MALES WITH 
TYPE 1 (INSULIN-DEPENDENT) DIABETES MELLITUS. 
E.N.Stenager, K.O.Kyvik, A.Green and A.Svendsen 
Depar~nent of Psychiatry, Clinical Institute and 
Department of Clinical Genetics, Institute of Cc~munity 
Health, Odense University, Odense, Denmark 

We investigated the mortality from suicide in the cohort 
of all Danish males w{th Type 1 (insulin-dependent) 
diabetes mellitus born 1949-1964 (inc!), with diagnosis 
established before age 20 years (n=1682). Follow-up frc~ 
diagnosis to death or Jan. i, 1991 was based on record 
linkage with the national population register and supple- 
mented with information from death certificates obtained 
from the Danish National Registry os Deaths; from publish- 
ed vital statistics, cause-specific standardised mortality 
ratios (SMR), adjusted for age an calendertime, were 
calculated. Among 168 deaths recorded during follow-up, 12 
were officially- classified as suicide (SMR 12/7.48 = 1.6, 
0.05 < p < 0.i); for the age group 20-24 years SMR was 
2~ p < 0.005, Furthermore, all deaths officially 
classified as due to unknown causes (n=28) and accidents 
(n=22) were re-classified according to standardised 
suicidological criteria; for deaths from unknown causes, 
3 could be re-classified as probable and 2 as possible 
suicide, whereas 1 of the deaths due to accidents could 
be re-classified as possible suicide. We cnnclude that (i] 
young males with Type 1 (insulin-dependent) diabetes 
mellitus may confer a higher risk of committing suicide 
than expected, and (2) suicide may present an under- 
estimated cause af death among patients with Type 1 
(insulin-dependent) diabetes mel!itus. 
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MORTALITY FROM CORONARY HEART DISEASE IN NON- 
INSULIN-DEPENDENT DIABETIC AND NON-DIABETIC 
SUBJECTS 
T. ROnnemaa, M. Laakso, K. Py~r&l~i, V. Kallio and P. Puukka. 
Rehabilitation Research Centre of the SIl, Turku, Finland 
and Department of Medicine, University of Kuopio, Finland 
Our aim was to compare the mortality from coronary heart 
disease (CHD) in non-insulin-dependent diabetic (NIDDM) 
and non-diabetic subjects in areas representing a relatively 
low (West Finland) or high (East Finland) CHD incidence in 
the general population. CHD and its risk factors were exa- 
mined in 1982-1984 in 510 NIDDM patients and 649 non- 
diabetic subjects aged 45-64 yr in East Finland, and in 549 
diabetic and 724 non-diabetic subjects of the same age in 
West Finland. Mortality by January I, 1990 was analyzed 
using death certificates, autopsy data and hospital records. 
Figures for age-adjusted cardiovascular mortality were in 
men: East Finland, diabetic 20.2%, non-diabetic 6.8% (p<0.00l); 
West Finland, diabetic 15.5%, non-diabetic 4.1% (p<0.001). 
The respective figures in women were: East Finland, diabe- 
tic 14.096, non-diabetic 0.6% (p<0.001); West Finland, diabetic 
8.6%, non-diabetic 0.3% (p<O.0Ol}. Age-adjusted mortality 
from CHD was in men: East Finland, diabetic 17.8%, non- 
diabetic 4.5% (p<0.801); West Finland, diabetic 12.7%, non- 
diabetic 3.2% (p<0.001). The respective figures in women 
were: East Finland, diabetic 8.2%, non-diabetic 0.6% (p<0.001); 
West Finland, diabetic 5.6%, non-diabetic 0.0% (p<0.001). 
The results suggest that NIDDM accelerates CHD indepen- 
dently of possible genetic and environmental factors which 
are responsible for regional differences in CHD incidence in 
the back-ground population. 
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EXCESS MORTALITY IN TYPE 2 DIABETIC PATIENTS WITH 
MINIMAL ELEVATION OF ALBUMIN EXCRETION 
JM MacLeod, J Lutale 1 and SM Marshall. Diabetes Unit, Newcastle 
General Hospital and 1Department of Medicine, University of 
Newcastle upon Tyne, Newcastle upon Tyne, UK. 

In 1983-4 urinary albumin excretion rate (AER)was measured in 
525 Type II (non-insulin-dependent) diabetic patients. In 1992 we 
determined the fate of those with abnormal AER (>10.6 ~g/min) in a 
timed, overnight collection, n=174) compared to patients with 
normal AER (n=226) matched for age, sex and duration of diabetes. 
Of the abnormals 43.7% were alive, 51.7% dead and 4.6% unknown 
at follow-up vs 63.5% alive, 29.7% dead and 6.8% unknown in the 
control group (x2=20.9, p<0.001). In the group with abnormal AER 
those who died were older at study onset (71+1 vs 63+1 years, 
p<0.001) with longer duration of diabetes (11.8_+0.9 vs 7.6+8 years) 
and higher HbA I (11.4-+0.4 vs 9.7_+0.5%), p<O.01) than those alive. 
There was an increase in mortality in the group with minimal 
elevation of AER, (10.6-30gg/min; n=92) compared to matched 
controls with AER <10.6 ~tg/min (n=123); 48 alive, 41 dead, 3 
unknown vs 82 alive, 34 dead, 7 unknown, x2=17.02, p<0.001. We 
conclude that abnormal  AER below the accepted level of 
microalbuminuria is associated with increased mortality in Type II 
diabetes, suggesting that current definitions of microalbuminuria 
should be revised. 
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A NEW MODEL FOR IMPAIRED GLUCOSE TOLERANCE DUR- 
ING PREGNANCY:MACROSOMIA IN STREPTOZOTOCIN-INDUCED 
DIABETIC RATS WITH ISLET-TRANSPLANTATION 
M.Honda, H.Ohgawara, Q.Fu ~, C.Toyoda*, M. Kobayashi* 
and Y.Omori, Diabetes Center and*Department of Patho- 
logy, Tokyo Women' s Medical  Col lege ,  Tokyo, Japan .  

This  s t u d y  was  u n d e r t a k e n  to develop a new animal  
model f o r  g e s t a t i o n a l  d i a b e t e s  and mi ld  g e s t a t i o n a l  
hype rg lycemia .  S ix  f e m a l e W i s t a r  r a t s  were r e n d e r e d  
d i a b e t i c  w i t h  s t r e p t o m o t o c i n .  I s o - t r a n s p l a n t a t i o n  was 
performed i n t r a p e r i t o n e a l l y ( i s l e t s  f rom 13 newborn r a t  
p a n c r e a s e s  to one r e c i p i e n t ) .  The i r  blood g lucose  was  
reduced and they  showed mild hype rg lycemia .  The r a t s  

were  then  ma ted .  E i g h t  age and w e i g h t - m a t c h e d  normal  
r a t s  were used  as c o n t r o l .  An ora l  g lucose  t o l e r a n c e  
t e a t  was  performed a t  day 10 of g e s t a t i o n .  Blood 
g lucose  l eve l s  in the i s l e t - t r a n s p l a n t a t i o n  group were 
s i g n i f i e a n t i y  h ighe r  than  those  of the c o n t r o l  group a t  
60 minu t e s  ( 2 0 9-1:4 3 vs 1 3 3•  1 5 m g / ' d l ,  r e s p e c t i v e l y ,  
p ( 0 . 0 0 1 )  and 120 m i n u t e s (  1 4 7 •  1 0 5 •  
r e s p e c t i v e l y ,  p ( 0 . 0 0 1 ) .  The number of f e t u s e s  of the 
t r a n s p l a n t e d  group was  ne t  s i g n i f i c a n t l y  d i f f e r e n t  f rom 
the c o n t r o l .  P e t a l  body we igh t  was s i g n i f i c a n t l y  h e a v i e r  
in the i s l e t - t r a n s p l a n t e d  group(  6.6• vs 5 .9•  
r e s p e c t i v e l y ,  p ( 0 . 0 0 1 ) .  These r e s u l t s  s u g g e s t  t h a t  
the i s l e t - t r a n s p l a n t e d  r a t  may se rve  as a model for  
impai red  g lucose  t o l e r a n c e  and mild d i a b e t e s  dur ing 
p regnancy .  This animal model may be u s e f u l  in i n v e s t i -  
g a t i n g  the mechanism of macrosomia  in f e t u s e s  f rom 
r a t s  w i t h  impa i red  g lucose  t o l e r a n c e  dur ing p regnancy .  
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MORPHOLOGY OF PANCREATIC ENDOCRINE CELLS IN NEONATAL 

MACROSOMIA PROM STREPTOZOTOCIN-INDUCED DIABETIC RATS WITH 

ISLET-TRANSPLANTATION 

Q. Fu, M. Ronda*, H. 0hgawara', N. Igarashi, C. Toyoda, Y. 0mori" and 
M. Kobayashi,Department of Pathology and "Diabetes Center, 
Tokyo women's Medical College, Tokyo, Japan 

Newborns from Wistar ra ts  with streptozotocin-induced diabetes 
which underwent i s le t - t ransplan ta t ion  exhibited macrosemia(mean 
bir th weight 7.44• n=9, vs newborns from normal rats  5.8• 
0.32g n=8). Sections of pancreatic t issues from the newborns 
were immunostained for insulin (B cel ls) ,  glucagon(A cei ls)  and 
somatostatin ( D ce l l s  ). The B cel ls  were examined for insulin 
under an immunoelectron microscopy. Quantitative morphological 
analysis was performed on the endocrine pancreas by automatic 
image analyzer. The percentages of i s l e t s  and the fractional 
area of B and A cel ls  in the pancreatic t issues were s i g n i f i -  
taut ly  higher in macrosomic newborns compared with the controls 
(p<0.01 respectively),  bat the fractional area of D cel ls  and 
re la t ive  ra t io  of A/B ce l l s  was not s igni f icant ly  different  in 
both groups. The volume density of granules and mitoehondria 
in the B ce l l s  of maerosomic newborns was s ign i f ican t ly  higher 
than that in controls ( p<0.05 respectively ). These resul ts  
suggest that hyperplasia and the hyperfunctJonal s tate of B 
ce l ls  in maerosomia may accelerate fe ta l  growth. The morpholo- 
gicaI changes of the endocrine pancreas in macrosomic newborns 
from mildly hyperglycemic rats  during pregnancy were similar to 
those seen in human diabetic pregnancy. 
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GLUCOSE TRANSPORTER GENE EXPRESSION IN RAT EMBRYO 
AND ITS REGULATION IN THE DIABETIC STATE. 
S. Akazawa, R. A., Troeino, 5'. Takao, M. Akazawa, tL Takino, Y. Maeda, 
S. Okuno, E. Kawasaki, A. Yokota, and S. Nagataki. 
The First Department of Internal Medicine, Nagasaki University School 
of Medicine, Nagasaki, Japan 
We have shown that hyperglycemia-induced embryopathy could be 
mediated by myo-inositol depletion of embryo as a result of 
increased accumulation of glucose (Diabetologia33: 597, 1990). The 
present study was performed to investigate glucose transporter (GLUT) 
expression during early organogenesis and its regulation in the diabetic 
conditions. Both GLUT- 1 mRNA and protein, by Northern and Western 
blot analysis, were highly expressed in embryo during early 
organogenesis, reaching peak levels on day 10 of gestation (the main 
period of neural tube formation). Immunohistochemical staining 
showed that GLUT-1 protein was predominantly distributed in the tissue 
of neural tube and noted to be lc~alized at the plasma membrane of the 
neuroepithelial cell. High expression of GLUT-1 mRNA and protein 
levels persisted in the embryo on day 10 even in the diabetic conditions in 
both streptozotocin-induced diabetic rats (4.6-t-0.6 mg/ml) and conceptus 

cultured from day 9 for 24 h with hyperglycemic media (4.2 mg/ml). 
Furthermore, the diabetic states did not change also the staining intensity 
and cellular distribution of the GLUT-1 protein in the neural tube. 
High expression of GLUT-1 in the neural tube during the period of 
neurulation despite the diabetic environment may play a role in 
hyperglycemia-induced neural tube defects, by permitting increased entry 
of glucose into neuroepithelial cells, leading to myo-inositol depletion of 
embryo. 
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GENERATION OF FREE OXYGEN RADICALS IN EMBRYOS 
OF DIABETIC PREGNANCY. 
U. J. Eriksson, L. A. H. Borg, E. Cagliero, H. Fersberg, and 
P. Wentzel. Department of Medical Cell Biology, University of 
Uppsala, Uppsala, Sweden. 

The aim of the study was to evaluate the possible role of free 
oxygen radicals in the embryonic maldeve[opment of diabetic 
pregnancy. Rat and mouse embryos from in vitro culture (ges- 
tational days 9-11), as well as embryos of diabetic rats (days 
11-13) were examined. We found severe malformations and 
growth retardation in rodent embryos after in vitro culture in el- 
evated concentrations of glucose (30-50 mM), ~-hydroxybutyr- 
ate (2.5-10 raM) and ~-ketoisocaproate (1-3 mM), individually 
as well as combined. The deleterious effects on embryonic de- 
velopment by all these agents was alleviated by addition of su- 
peroxide dismutase (SOD) to the culture medium. The findings 
suggest that the teratogenicity of these compounds is coupled 
to generation of free oxygen radicals. Further support for this 
concept was the finding of increased mRNA levels of MnSOD 
and increased activity of SOD in embryos subjected to elev- 
ated glucose concentration in the culture medium, as well as in 
embryos of diabetic rats. The data suggest that enhanced sub- 
strate-induced production of free oxygen radicals in embryonic 
tissues mediates the teratogenic effect of the diabetic environ- 
ment. The teratogenicity of the diabetic environment may result 
from the combined influence of several disturbed metabolic 
parameters in the mother and conceptus. 
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MATERNAL h"IPOGLYCEMIA DURING EARLY ORGANOGENESIS IMPAIRS 
EMBRYONIC GROWTH IN DIABETIC RATS. K. Tanigawa, M. 
Kawaguchi and Y. Kato. Department of Internal Medicine, 
Shimane Medical University, Izumo, Japan 

The present study was designed to determine whether 
maternal hypoglycemia alters early organogenesis in 
normal and diabetic rat embryos. Female Wistar rats were 
injected i.v. with streptozotocin (45 mg/kg) 2-3 weeks 
before mating. 0n day 9.5 after conception, mother rats 
received saline or actrapid human insulin injection (400 
mU) i.p. after fasting for 20 h. Hypoglycemia as low as 
3.5 mmol/l was maintained for 60 min. Pregnancy was 
terminated on day 11.5 and embryos were examined. The 
number of somites was smaller in diabetic embryos than in 
normal embryos (25.9• vs. 26.7• p < 0.005), and 
hypoglycemia reduced somite number in both rat embryos. 
Crown-rump length (mm) was smaller in diabetic than in 
normal embryos (3.69• vs. 4.03• p< 0.005). 
Maternal hypoglycemia significantly lowered crown-rump 
length in both embryos: 3.0% in normal and 4.3% in 
diabetic embryos, respectively. Protein content was also 
reduced in diabetic embryos compared with normal embryos 
(264• vs. 282• pg, p < 0.005). In addition, maternal 
hypoglycemia further lowered protein content in diabetic 
embryos (205• pg, p < 0.005), but this effect was less 
prominent in normal embryos. A teratogenic effect of 
maternal hypoglycemia was observed in diabetic embryos 
but not in normal embryos. These data indicate that 
maternal hypoglycemia during early organogenesis strongly 
impairs growth in diabetic embryo. 
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ISLET TRANSPLANTATION IN DIABETIC PREGNANT RATS REDUCES 
THE DIABETOGENIC EFFECT IN THEIR OFFSPRING 

L. Aerts and F.A. Van Assche, Leuven, Belgium 
Lab, of Obstetrics @rid Gyn@ecology, K,U, Leuven, Belgium 
Diabetes of the mother during pregnancy induces alter- 
ations in the fetus, resulting in impaired glucose 
tolerance in the offspring. In youngsters of severely 
diabetic mothers, three hours glucose infusion gives a 
normal rise in plasma glucose but abnormally high insulin 
levels. This hyperinsulinemia is associated with hyper- 
responsiveness of the B-cells and insulin resistance (pre- 
vious publications). In order to normalize maternal 
glycemia, isolated islets from neonatal rats were trans- 
planted into the vena porta of severely hyperglycemic 
(Streptozotocin) rats at day15 of gestation. Strict 
glycemic control of the mothers was achieved throughout 
fu r the r  gestat ion and lac ta t ion .  In the adult of fspr ing 
of these transplanted rats (SDTX) insu l in  levels  during 
glucose infusion were s i gn i f i can t l y  lower than in the o f f -  
spring of sham-transplanted d iabet ic  mothers (SD) and were 
not d i f f e ren t  from contro ls (CO). 

~U/ml Omin. 30min. 60min. ]80min. ]80+60min. 

CO ( i ] )  18 • 2 90 • 7 86 + 8 112 • 12 33 + 5 
SD (16) 20 + 2 164 • 9* 173 7 7* ]83 + 10" 52 ~ *  
SDTX (16) 25 + 3 129 + 18 103 7 14 147 u 25 37 + 6 

The work confirms that  hyperglycemia of the mother during 
la te  gestat ion (the period of development of the endocrine 
pancreas and of the insu l in - receptor  systhem) is the in- 
ducing factor  for  the diabetogenic tendency in the o f f -  
spring, since normal isat ion of th is  hyperglycemia e l im i -  
nates i t s  long-term consequences. 
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REGULATORY ROLE OF BASAL INSULIN LEVELS ON 
GLUCOSE-MEDIATED GLUCOSE METABOLISM. 
S. Del Prafo, E. Bonora, G. Gulli, R.A. De Fronzo and R.C. Bonadonna. 
Cattedra di Malattie del Ricambio, University of Padova, Italy and 
Division of Diabetes, San Antonio, Tx, USA. 

The ability of acute hyperglycemia (HG) to promote glucose 
utilization end metabolism was studied in 6 normal females (32+3yo; 
BMI 23.4+1.2 kg/m 2) participating in two 240 min hyperglycemic 
(13.4 vs 13.7 mM; CV=2.4_+.4%) clamps performed with 
somatostatin (500 #g/h), glucagon (0.5 ng/minkg), 3-[3H] - and 
U-[14C]-glucose infusions, and indirect calorimetry. Basal insulin 
(0.1 mU/min.kg) was replaced only in one study (50 vs 22 pM; 
p<0.001). 3H-glucose (20.5+_1.3 vs 18.9+_1.4) and 14C-glucose Rd 
(20.0_+1.4 vs 17.2_+1.3 p, mol/min-kg) were similar with and 
without basal insulin. With insulin replacement, exogenous glucose 
infusion (12.3_+1.4 vs 6.7_+2) was higher and hepatic G production 
lower (8.0-+0.1 vs 11.4_+1.3 p.mol/min.kg; both p<0.05). In spite of 
similar glucose utilization, hyperglycaemia+insulin, as compared 
with no insulin replacement, was associated with higher glycolytic 
rate (3H20 generation; 14.4-+0.2 vs 9.0+2.1), plasma glucose 
oxidation (14002 production; 11.2+1.6 vs 6.4_+0.9), and total 
carbohydrate (from indirect calorimetry) oxidation (15,1_+1.1 vs 
7.0_+0.6; all p<0.05). On the contrary, total non-oxidative 
carbohydrate metabolism (5.8_+1.9 vs 11.6_+1.7), non-oxidative 
plasma glucose metabolism (8.1_+2.1 vs 10.8 _+.9), and Cori cycle 
(1_+.3 vs 1.4_+.3 p.moVmin-kg) were lower  (p<0.05). Without 
insulin replacement, hyperglycaemia was associated with higher 
plasma FFA levels (0.69_+0.12 mM) and lipid oxidation (3.0_+0.2 
i~mol/min.kg) than with hyperglycaemia+insulin (0.14• mM 
and 0.6• p.mot/min.kg, respectively; p <0.005). In conclusion, 
basal insulin: 1) does not enhance promotion of glucose disposal by 
hyperglycemia; 2) is associated with lower HGP and Cori cycle; 3) 
diverts glucose disposal to glucose oxidation rather than non-oxidative 
glucose metabolism. 

133 
GLUCOSE FLUXES AFTER AN ORALGLUCOSE LOAD IN PATIENTS 
WITH TYPE 2 DIABETES OF VARIABLE SEVERITY. 

F. FIERY and E.O. BALASSE. Laboratory of Experimental 
Medicine. Free University of Brussels. Brussels, Belgium. 

Since the relative contribution of the liver and peripheral 
tissues to postprandial hyperglycaemia in type 2 diabetes 
remains controversial, we reevaluated this issue using a 
dual isotope technique-combined with indirect calorimetry. 
Glucose (G) kinetics was measured before and during 5 h 
following the ingestion of 75 g of G in 3 groups of subjects: 
Controls (C) (n=11), mildly diabetic (mD) (n=7) and 
severely diabetic (sD) (n=12) patients. The basal and 
mean 0-5 h G concentrations averaged respectively 
5.5+0.2 and 6.8+0.2 mM in C, 6.5_+0.2 and 10.2_+0.6 mM in 
mD and 10.8+0.6 and 15.7+0.7 mM in sD. The amount of 
oral G appearing in systemic circulation was identical 
(88% of the load) in the 3 groups. Hepat ic g lucose 
product ion (HGP) was similar in C and mD in the basal 
state (80+5 vs 76+4 mg/m2,min) and during the 5 h 
fo l lowing G ingest ion (38-+3 vs 30-+3 mg/m2.min) but 
higher in sD under both condit ions (108+5 and 54+3 
mg/m2.min ;  p<0.001). Mean 0-5 h tissular uptake was 
comparable  in the 3 groups (~150 mg/m2.min) whereas 
metabo l i c  c learance rate was lower  in sD (54+_3 
ml/m2.min) and mD (78-+4 ml/m2.min) than in C (127-+6 
ml/m2.min). In conclusion, the exaggerated postprandial G 
response characterizing type 2 diabetes results only from 
a remova l  defect  in mD and from a combinat ion of 
excessive HGP and impaired removal in sD. 
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NORMAL SPLANCHNIC UPTAKE OF DIETARY GLUCOSE IN 
DIABETIC CIRRHOTIC PATIENTS. 
P. Tessarl, S. Inchlostro, R. Orlando, M. Zanetti, 
A. Pino, M. Vettore, G. Biolo, M.C. Marescotti, A. 
Tiengo. Departments of Metabolic Diseases and of 
Internal Medicine, University of Padova, Italy. 
To evaluate the role of splanchnic uptake of 
dietary glucose on carbohydrate intolerance in 
liver cirrhosis, we have studied 6 diabetic 
cirrhotics withdrawn from their hypoglycaemic 
therapy, and 5 controls, both in the fasting state 
and during a 260-min mixed-meal continous 
administration (~ii Cal/kg of BW, 50% glucose, 18% 
amino acids, and 32% fat). D-[6,6-2H]glucose was 
infused i.v. to trace total glucose Ra as well as 
systemic appearance of both D-[2-3H]-labelled and 
unlabelled glucose. In the cirrhotics fasting 
glucose concentration (11.4• mmol/L) and Ra 
(17.5• ~mol/kg.min) were greater (p<0.001 and 
p<0.04) than in controls (4.4• mmol/L and 
10.1• ~mol/kg.min). After the meal, steady- 
state glucose levels were greater (p<0.01) in the 
cirrhotics (16.6• mmol/L) than in controls 
(7.5• but total glucose Ra was comparable in 
the two groups (20.1• vs 21.5• ~mol/kg.min, 
respectively). Insulin increased from 16• to 
45• ~U/ml in the patients, and to a similar 
level in controls, i.e. from 10• to 69• ~U/ml. 
Percent splanchnic uptake of dietary glucose was 
comparable in the cirrhotics (66• and in 
controls (71• (P = NS). Thus, peripheral 
insulin-resistance appears to be the major cause 
of post-prandial carbohydrate intolerance in liver 
cirrhosis. 
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REGULATION OF HEPATIC GLUCOSE PRODUCTION BY INSULIN 
AND HYPERGLYCAEMIA IN DENERVATED HUMAN LIVER. 
G. Perseghin, L.Luzi, E, Regalia, A, Battezzati, E. BJanchi, G. Colella, 
F. Bozzetti, F. Montalto, L, Gennari, G. Pozza and V. Mazz~erro. H 
San Raffaele, and National Cancer Institute, Milan, Italy. 
To assess  the role of hepatic innervation on the regulation of hepatic 
glucose production (HGP) during euglycemlc hyperinsulinemia, 
hyperglycemia/hyperinsulinemia and hyperglycemia alone, 6 stable 
pat ients  after Orthotopic Liver Transplantat ion (OLT: age=44-+5 y; 
IBW=I01-+1%; t ransplant  age=8-+2 too; prednisone=10 mg.day-1; 
cyclosporin=5 mg-kg-l.day -I) 6 pat ients  with Chronic Uveitis (CU) on 
the same Immunosuppressive drugs and 6 controls (CON) were 
studied three t imes with the infusion of [3-3H]glucase. Study I: i 
mU.kg-l.min-1 euglycemic clamp (SS glucose=4.8 raM); Study 2 :+4 .5  
mM hyperglycemic clamp (SS=9 raM); Study 3: +5.5 mM 
hyperglycemic (SS~ 11.5 mM) clamp plus somatostat ln infusion (337.5 
ggr/hr}, plus  basal  glucagon (0.4 ng-kg4.min-z) and  insul in  (0.1 
mU.Kg-l.min -I] replacements. Basal  IRI (85+I 1 vs 56_+6 vs 48_+6 pM), 
C-PEP (0.96+0.3 vs 0.68+0.1 vs 0.67_+0.3 nM} and glueagon (132_+18 
vs 93_+12 vs 79_+4 pg/ml) were higher in OLT vs CU and CON resp. 
[p<0.01}. Basal  HGP (1.9_+0.1 vs 1.9-+-0.2 vs 2.0-+0.2 mg-Kg4.min -I) was 
similar in the 3 study groups. During the last  hour  of Study 1 plasma 
IRI (442_+14 vs 430-+15 vs 456_+21 pM), C-PEP (0.27_+0.2 vs 0.25_+0.1 
vs 0.24_+0.1 riM) and glucagon (110-+12 vs 91_+7 vs 89_+7 pg/ml) were 
similar in all groups; the suppression of HGP was  defective in OLT 
(0.8_+0.2) vs CU and CON (0.3 and 0.2+0.I)(p<0.01). In Study 2 the 
insul in  (FP: 286• vs 292-+18 vs 250-+18; SP: 280-+16 vs 259-+14 vs 
262-+12 pM) and C-PEP secretion (FP: 1.88_+0.3 vs 1.75-+0.2 vs 
1.95_+0.3; SP: 3.07_+0.2 vs 3.31_+0.2 vs 2.64_+0.5 nM) were similar in 
OLT, CU and CON. G1ucagon concentration decreased in OLT [139_+7- 
>75_+28 pg/ml  (p<0,01]], to the same value of CU and CON (p=NS), 
HGP was  normally suppressed in ali groups (60-120 min: 0.2_+0.1 vs 
0.1_+0.1 vs 0.3_+0.2 mg.kg4.min4). During Study 3 (60-120 rain) 
plasma IRI (45_+5 vs  40-+4 vs 42_+3 pM) and glucagon (85_+7 vs 94_+10 
vs 85_+5 pg/ml} were comparable (p=NS) and HGP was normally 
suppressed [0.5_+0.2 vs 0.2_+0.1 vs 0.3+0.1 mg.kg 1.min-l(p=NS)] in all 
groups. In conclusion, denervated liver show an  altered regulation by 
insul in  at  euglycemla. In contrast,  the modulat ion of HGP by 
hyperglycemia is maintained. These results  further support  the 
existence of intrinsic hepatic autoregulation by glucose in humans.  
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INSULIN ADMINISTERED INTRAPERITONEALLY AND 
INTRAVENOUSLY SUPPRESS IDENTICALLY HEPATIC 
GLUCOSE PRODUCTION AT MATCHED SYSTEMIC 
LEVELS. 
B. Bouhanick, J. M'Bemba, A. Cheval ier ,  J .J .  Rober t ,  
G. Slama and J.L. Selam. Dept.  of Diabetology and 
INSERM U.341, Hospital  Hotel -Dieu,  Paris ,  France.  

The major  po ten t i a l  advan tage  of in t rape r i tonea l  
(IP) insulin admin i s t ra t ion  is the  res to ra t ion  of a por to-  
per iphera l  insulin gradient .  However,  spec i f i c  ac t ion  of 
the  l a t t e r  on hepa t i c  glucose product ion (HGP) is s t i l l  
debated.  Four adul t  type  I insul in-dependent  d iabe t i c  
pa t i en t s  underwent  2 randomly ordered,  sequent ia l ,  
euglycemic ,  mode ra t e ly  hyper insul inemic  glucose clamps.  
The in t ravenous  (IV) c lamp consis ted in 2h-insulin r a t e s  
of 0.2, 0.4 and 0.6 mU/Kg/min, and the  IP c lamp in 
3h- ra tes  of 0.4 and 0.6 mU/Kg /min  given into the  
chronic  c a t h e t e r  of an implan ted  pump, via  punctur ing 
i ts  s idepor t .  HGP was measured  isotopiea l ly  using 6.62H 
glucose  IV infusion. Per iphera l  insulin levels  were  2-3 
t imes  higher  with IV insulin, ma tch ing  only for the 0.2 
IV and 0.4 1P sequences  : 16.5 • 2.6 and 15.3 • 1.8 
mU/ l  respec t ive ly .  Per iphera l  glucose up take  was 0, 1.0 
• 0.4 and 3.8 + 0.9 m g / K g / m i n  during the IV c lamp vs 
1.0 • 0.6 and 1.7 • 0.3 mg /Kg /min  during the  IP 
clamp.  HGP was 2.2 • 0.2, 0 and 0 mg /Kg /min  IV, vs 
1.9 • 0.2 and 0.7 • 0.5 mg /Kg /min  during IP sequences.  
Thus, g lucose  up take  as well  as HGP were  equiva len t  
during IP and IV infusions when sys t emic  insulin levels  
matched ,  r a the r  than  when insulin r a t e s  matched .  These 
da ta  sugges t  the  p r imacy  of sys t emic  insulin over  
por ta l  insulin in i ts  r e s t r a i n t  of HGP, and thus no 
spec i f i c  advan tage  of 1P over  IV insulin adminis t ra t ion .  
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SUSTAINED RESPONSE OF HEPATIC GLUCOSE 
PRODUCTION (HGP) TO GLUCAGON IN TYPE 2 
DIABETIC SUBJECTS 
M.Matsuda, A.Consol i ,  P.Bressler, R.A.DeFronzo, and 
S.DelPrato, San Antonio, USA 
To establish whether increased HGP in NIDDM can be due 
not only to hepatic insulin resistance but also to increased 
hepatic sensitivity to glucagon we infused 7 NIDDM and 8 
matched non diabetic subjects with glucagon at 4 different 
infusion rates (0.2, 1, 6 and 8 ng/kg/min) while endogenous 
insulin and glucagon secretion were blocked by somatostatin 
infusion. Insulin was infused throughout the study at a rate 
able to maintain euglycemia before glucagon infusion. Each 
subjects was studied on 4 occasions: glucagon was infused at 
a constant rate for 4 hrs and HGP was measured by 3-3H - 
glucose infusion. HGP increased sharply in both groups 
during the first 2 hrs of glucagon infusion (maximum HGP 
integrated during 0-120 rain = 1.3_+0.1 vs 1.5_+0.2 mg/kg/min in 
NIDDM and non diabetic respectively, p=n.s.). No difference 
was observed in the ED5o glucagon dose for HGP response 
during 0-120 min. (0.78_+0.13 and 0.88• ng/kg/min, 
p=n.s.). However, during the last 2 hrs of the study, in NIDDM 
HGP remained elevated above baseline at all the 4 glucagon 
infusion rates (integrated HGP =0.38_+0.14, 0.63_+0.22, 
0.79_+0.25 and 0.80_+0.25 mg/kg/min) while in the non diabetic 
subjects it returned back to baseline (integrated HGP= 
0.03_+0.01, -0.06-+0.15, -0.39_+0.41 and -0.19_+0.23 mg/kg/min). 
We conclude that in NIDDM HGP fails to return to baseline 
during prolonged glucagon infusion as it happens in non 
diabetic subjects. This ability of glucagon to stimulate a 
sustained increase in HGP might play a role for the increased 
HGP observed in NIDDM. 
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ARACHIDONIC ACID-INDUCED PROTEIN PHOSPHORYLATION 
IS NOT REQUIRED FOR ITS EFFECT ON INSULIN SECRETION. 
H. Basudev, P.M. Jones, S.J. Persaud, A. Band and S.L. Howell. 
Biomedical Sciences Division, King's College London, Campden Hill 
Road, London, UK. 

We have previously reported that arachidonic acid (AA) induces the 
phosphorylation of an 18kDa protein in electrically permeabilised rat 
islets of Langerhans. This protein is not a substrate for calcium 
calmodulin-dependent protein kinase (PK), PKA or PKC. We have now 
investigated whether this effect can be attributed to unmetabolised AA 
and whether AA-induced phosphorylation is required for insulin secretory 
responses to AA. I00#M AA induced the phosphorylation of the 18kDa 
protein in the presence of both the lipoxygenase inhibitor 
nordihydroguaretic acid (NDGA,100,uM) and the cyclooxygenase 
inhibitor indomethacin (10/zM) suggesting that this phosphorylation was 
a result of AA itself. 50nM staurosporine had no effect on AA-induced 
32p incorporation into the 18kDa protein but, this concentration of 
staurosporine markedly inhibited PKC activity extracted from islets 
(control, 100.4+6.7; +50nM staurosporine, 20.8+2.1 fmol/islet/min, 
n=3, p < 0.01). Complete inhibition of the AA-induced phosphorylation 
was observed with a concentration of staurosporine (200nM) which is 
known to inhibit other protein kinases. However, 200nM staurospQrine 
had no effect on AA-induced insulin secretion in the presence of a 
substimulatory glucose concentration (2raM glucose, 0.13+0.07; 
+100#M AA, 1.42-t-0.19; +200nM staurosporine, 1.74+0.19 
ng/islet/h, mean+SEM, n=9, p>0.2). Furthermore, other fatty acids 
which are known to be present in islets such as oleic acid (OA, 100/zM) 
and linoleic acid (LA, 100p.M), also stimulated the phosphorylation of an 
18kDa protein. However, these fatty acids had no effect on insulin 
secretion (+ 1001zM OA, 99.1 + 12.3; + 100/xM LA, 68.2 +9.0 % control, 
p > 0.l) in experiments where AA clearly stimulated insulin secretion 
(+ 100#M AA, 291.3___64.7 %control p < 0.0l). These results suggest 
that AA and some other fatty acids can promote 32p incorporation into the 
18kDa protein, independently of PKC activation, and that the AA-induced 
phosphorylation is not required for insulin secretory responses to AA. 
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GLUCOSE INGESTION CAUSES INCREASED FREQUENCY 
AND AMPLITUDE OF INSULIN PULSATILITY 
P.C. Butler, S.J. Vore, C. Jones, and D. Acock, Department 
Comparative Medicine, East Carolina University, Greenville, NC, and 
Endocrine Research Unit, Mayo Clinic, Rochester, MN. 

It is well established that in the fasting state insulin secretion is 
derived in part from intermittent secretory bursts (pulsatile secretion). 
However, the role of pulsatile insulin secretion towards the 
postprandial insulin response is unknown. We sought to address this 
question by studying dogs with chronically implanted portal vein 
catheters. Portal vein blood was sampled at one minute intervals for 
60 minutes both before and following ingestion of 30 g of glucose. 
Time series data were analyzed for pulses by cluster analyses. During 
fasting portal vein insulin profiles demonstrated secretory bursts with 
an amplitude of 385 • 63 pmol and frequency of 5.8 + 0.3 pulses/hr. 
Following meal ingestion there was a dramatic increase (P < 0.01) in 
both amplitude (931 • 217 pmol) and frequency (12 • 1 pulses/hr) of 
insulin secretory burst activity. Deconvolutional analyses indicates 
that basal (nonpulsatile) insulin secretion was unaltered following 
meal ingestion, while the contribution of pulsatile insulin secretion 
increased from - 40% when fasting to - 85% postprandially. We 
conclude that increased postprandial insulin secretion is achieved 
mainly by both increased frequency and amplitude of insulin secretory 
bursts. Since pulsatile insulin secretion is impaired in patients with 
Type 2 diabetes mellitus, it is possible that loss of insulin pulsatility 
contributes to carbohydrate intolerance in this disease. 
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MOLECULAR INTERACTION OF GLIMEPIRIDE (HOE 490) 
WITH THE SULFONYLUREA RECEPTOR 
W. Kramer, R. Oekonomopulos, L PiJnter and H.-D. Summ 
Hoechst AG, W-6230 Frankfurt/Main 80, Postfach 80 03 20 

Glimepiride (HOE 490) is a new orally active sulfonylurea for the 
treatment of Typ 2 (non-insulin-dependent) diabetes. The interaction 
of glimepiride with the sulfonylurea-receptor being part of an ATP- 
sensitive K+-channel was investigated using g-cell membranes 
prepared from rat t-cell tumors. Glimepiride competed with the 
binding of [3H]glibenclamide to g-cell membranes showing an IC50- 
value of 81_+2 nM compared with 16 ! 5 nM for unlabeled 
glibenclamide and 12 + 2 t~M for tolbutamide. Photoaffinity 
labeling of the sulfonylurea-receptor of M r 140 000 by 
[3H]glibenclamide was inhibited by glimepiride in a concentration- 
dependent manner; half-maximal inhibition of labeling of the 140 
kDa-protein was achieved with 10 -8 M glimepiride compared with 3 
x 10 -8 M for glibenclamide and 6.5 x 10 -5 M for tolbutamide. 
[3H]Glimepiride can be used as a direct photoaffinity probe as 
shown by covalent labeling of albumin after irradiation with UV- 
light. Photoaffinity labeling of 6-cell membranes with 
[3H]glimepiride resulted in a predominant labeling of a 65 k Da  
polypeptide. After solubilisation with CHAPS both, [3H]glimepiride 
and [3H]glibenelamide were highly incorporated only into the 65 
kDa-protein upon UV-irradiation. The labeling of the 65 kDa-protein 
was strongly inhibited by the presence of furosemide and 
tolbutamide whereas diazoxide showed no effect. These results 
suggest that two polypeptides of M r 140 000 and M r 65 000 are 
constituents of the sulfonylurea-receptor. In intact J3-cell membranes, 
glimepiride preferably binds to the 65 kDa-protein. 
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SOMATOSTATIN INDUCTION OF PULSAT1LE INSULIN 
SECRETION IN TYPE 2 DIABETES MELLITUS: EFFECT ON 
INSULIN SENSITIVITY 
H.E.Rice and D.R.Matthews. Diabetes Research Laboratories, Oxford, 
UK. 
Eight Type 2 diabetic subjects were studied to detemline whether 
restoration of regular pulsatilc insulin secretion could improve insulin 
sensitivity and glycaemic control. A random, double-blind study 
comprised i.v. administration of either 20/zg somatostatin (Study P) or 
0.9% NaC1 (Study C) pulse, over I0s, repeated at 16rain intervals, for 
14h overnight, followed by a lh basal period, 15rain insulin tolerance 
test (ITF) and 2h hypcrglycaemic clamp. Somatostatin inhibited insuIin 
output and induced regular endogenous pulsatile insulin secretion. 
Mean plasma insulin waveform obtained was identical to that of normal 
subjects. Maximal suppression of plasma insulin (45%) occurred at 
6rain 17s after injection and the short half-life of somatostatin allowed 
recrudence of insulin secretion and recovery to baseline within the 
pulse-administration interval of 16rain. Oscillation amplitude was 2.65 
mUll (+31% mean). No regular cyclical oscillations of plasma insulin 
were observed after saline delivery. Somatostatin administration 
impaired overall t - c e l l  function (Homeostasis model assessment, 
HOMA %B; Study C vs. Study P, 74 +7.2 -6.5 vs. 47 +6.9 -6 .1 % ,  
P<0.005) (mean _+SEM), and glycaemic control (fasting plasma 
glucose; 7.02 +0.67 vs. 8.58 _+0.83 retool/l, P<0.005). No significant 
reversal of insulin resistance was observed following induction of 
insulin pulsatility (HOMA %S; 36 +8.4 -6.8 vs. 39 +7.9 -6.5 %, NS), 
(ITT, glucose disappearance rate; 0.09 _+0,02 vs. 0.10 _.+0.02 
mmol/1/min, NS), (M/I ratio; 0.19 _+0.04 vs. 0.22 _+0.10 mg/(kg.min) per 
mU/1, NS). In Type 2 diabetic subjects, somatostatin induced regular 
cyclical oscillations of plasma insulin. Repeated delivery of a 20,ug 
somatostatin pulse i.v. for 14h impaired t - ce l l  activity, so that, despite 
restoration of pulsatile insulin secretion no reversal of insulin resistance 
was effected. 
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PRESERVED INCRETIN ACTIVITY OF GLP 1 [%36 AMIDE] 
BUT NOT OF SYNTHETIC HUMAN GIP IN PATIENTS 
WITH TYPE 2-DIABETES MELLITUS 
M. A. Nauck, M. M. Heimesaat, C. Ibrskov, J. J. Hoist, 
R. Ebert and W. Creutzfeldt, Department of Medicine, 
University of G6ttingen, FRG and Panum Institute/ 
Rigshospitalet, Copenhagen, Denmark. 

In Type 2-diabetes, the overall incretin effect is reduced. The 
present investigation was designed to compare insulinotropic 
actions of exogenous incretin hormones (GIP and GLP-1 [7-36 
amide]) in 9 Type 2-diabetic patients (fasting plasma glucose 7.8 
mmol/1; HbAlc 6.3 _+ 0.6 %) and in 9 age- and weight-matched 
normal subjec[g. Synthetic human GIP (0.8 and 2.4 pmol/kg/min 
over 1 h each), GLP-1 [7-36 amide] (0.4 and 1.2 pmol/kg/min 
over 1 h each), and placebo were administered under 
hyperglycaemic clamp conditions (8.75 mmol/1) in seperate 
experiments. Plasma GIP and GLP-1 [7-36 amide] concentrations 
(RIA) were comparable to those after oral glucose with the low, 
and clearly supraphysiological with the high infusion rates. Both 
GIP and GLP-1 [7-36 amide] dose-dependently augmented 
insulin secretion (insulin, C-peptide) in both groups (p < 0.05). 
With GIP, the maximum effect in Type 2-diabetic patients was 
significantly lower (by 54 %; p < 0.05) than in normal subjects. 
With GLP-1 [7-36 amide] Type 2-diabetic patients reached 71% 
of the increments in C-peptide of normal subjects (difference not 
significant). Glucagon decreased during hyperglycaemic clamps in 
normal subjects, but not in Type 2-diabetic patients. GLP-1 [%36 
amide], but not GIP, lowered glucagon (p < 0.05) in both groups. 
In conclusion, in mild Type 2-diabetes, GLP-1 [7-36 amide], in 
contrast to GIP, retains much of its insulinotropic activity and 
reduces glucagon concentrations. 
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EFFECTS OF CYCLOSPORINE ON INSULIN SECRETION AND 
GLUCOSE METABOLISM 
A.Tun~kale, H.11kova, U.G6rpe,M.Ozyazar, M.Ayaz, R.Ataman, 
and N.Ba~na9tk. istanbtd University, Cerrahpasa Medical Faculty, 
Istanbul, Turkey. 
Type I diabetes being an autoimmune disorder is experimentally 
treated with cyclosporine(Cy) at its early stages.The data gathered on 
its effects on insulin secretion and glucose homeostasis are 
contradictory.To assess the potential effects of Cy on g-cell function 
we studied insulin and C-peptide secretion during a mixed meal load 
in nondiabetic subjects who were renal transplant recipients on 
immunosuppressive treatment with cy (5mg/kg/day) +azathioprine 
(Az)+prednisone(P) (group I:7 patients aged 27.7+11.2 years) or 
Az+P(group II : l l  patients aged31+10 years). The differences of 
daily doses of P and Az between the two groups were nonsignificant. 
Blood samples were taken at 0,15,30,45 and 60 minutes for glucose, 
insulin and C-peptide measurements.In group I glucose values were 
4.1+0.9, 5.6+0.3, 6.2_+1.0, 6.9+1.9, 6.8+1.6 mM, C-peptide 
values 0.25+0.06, 0.28-+0.12, 0.31-+0.12, 0.35_+0.13, 0.34_+0.18 
nM and insulin values 81-+47.4, 492_+414 738_+762 , 624_+486 , 
354_+264 pM respectively. In group II glucose values were 4.4_+0.8 
,6.2_+0.8, 6.2_+1.1, 5.4+0.4, 5.6+0.6 mM, C-peptide values 
0.37_+0.16, 0.5_+0.2, 0.5_+0.3, 0.57_+0.26, 0.5_+0.2 nM and insulin 
values 168_+60, 582_+612, 618_+342, 480+264, 516_+354 pM 
respectively. There were no statistically significant differences 
between the group receiving Cy treatment and the group not receiving 
Cy regarding glucose(p>0.05),  C-peptide(p>0.05)  and 
insulin(p>0.05) at respective time points except the 0 time point of 
insulin measurement (p=0.01).We conclude that despite the data that 
cy impairs insulin secretion in islets and HIT cells, it appears that its 
longterm use does not result in disturbed glucose homeostasis. 
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THE ROLE OF DIETARY FATTY ACID CLASSES IN THE 
DEVELOPMENT OF OBESITY DA Pan and LH Storlien 
Garvan Institute of Medical Research. St Vincents Hospital 
Sydney. NSW 2010 AUSTRALIA. 

Modifications in membrane fatty acid (FA) composition, and 
insulin action, are possible through dietary intervention. Using 
diets of different FA compositions, with identical amounts of ~o3 
FA, we aimed to examine the metabolic fate of ex3 FA in male 

Wistar rats. Despite isocaloric feeding, weight gain was lower 
(p<0.001) on a more highly saturated (sat/o~3; 69_+8 g) diet 
than on either a high oleic (~o9/003; 93_+2 g) or high linoleic 

(t~6Ro3; 108_+4 g) diet. Analysis of red quadricep FA 
composition revealed phospholipid ~o3 levels in the satlo)3 

group (21.63_+0.78%) to be significantly higher than in either 
the to91e,,,3 diet (17.68_+0.62% p<0.05) or 0)6/ox3 (15.34_+0.65% 

p<0.05) groups. A similar pattern was observed in other 
muscles and white adipose tissue. A follow-up study using 
140-e~3 in the diet showed increased t~3 FA incorporation in 
the sat/~3 group and conversely decreased 14002  

production. These results demonstrate that metabolic fate of 
dietary FAs is strongly influenced by the overall FA profile of 
the diet. The functional consequences are seen in the 
differing rates of weight gain despite equal intakes, with to3 

FAs apparently protective against weight gain. Since obesity 
is a powerful predictor of insulin resistance these results have 
implications for dietary treatment of diabetes. 
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BENEFICIAL EFFECTS OF FISH OIL-ENRICHED HIGH 
FAT DIET ON OBESITY AND HYPERLIPEMIA IN ZUCKER 
RATS. 
M. Carlotti, I. Hainault, C. Guichard, E. 
Hajduch and M. Lavau. INSERM U177 15, rue de 
l'Ecole de M~decine Paris 75006. 

Fish oil inclusion into high fat diet has been 
shown to have beneficial effects on adiposity 
and lipemia in normal rats. We addressed here 
the question of the effects of fish oil- 
enriched high lard diet in Zucker rats which 
are genetically obese and hyperlipemic. Female 
Zucker rats, 6 weeks old were fed 8 weeks with 
diets containing (by cal.): 10% fat (C) or 50% 
fat from: lard (HL), lard 35% + fish oil 15% 
(FO), lard 35% + corn oil 15% (CO), with 20% 
protein and 70% or 30% starch. Insulin, 
triglyceridesr cholesterol and adipose tissue 
weights in 4 anatomical depots were determined. 
Hyperinsulinemia of obese Zucker rats was not 
affected by any of the diets. Both 
hypercholesterolemia and hypertriglyceridemia 
were reduced by FO to the non obese rat values. 
Body weights were similar in the four groups. 
In contrast, compared to C adipose tissue 
weights were: increased by 10% in HL, unchanged 
in CO, and decreased by 20% in FO~ with a 
differential effect in subcutaneous (-10%) and 
visceral (-30%) fat depots. In conclusion, in 
rats, genetically induced hyperlipemia and 
obesity, two risk factors frequently associated 
with non-insulin-dependent diabetes are 
markedly improved by high fat diet containing 
fish oil. 
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POSITIVE EFFECT OF W-6 POLYUNSATURATED FATTY ACIDS ON 
GLUCOSE TOLERANCE IN HEALTHY SUBJECTS 
U.S. Schwab, M.I.3. Uusitupa, P. Karhap~, M. R~s~nen, 
E.S. M~kinen and M. Laakso. Departments of Clinical 
Nutrition and Medicine and A.I. Virtanen Institute, 
University of Kuopio, Kuopio, Finland 

The effec~of a diet high in w-6 polyunsaturated fatty 
acids (PUFA-diet) on glucose tolerance and serum lipids 
and lipoproteins were studied with a cross-over study 
design in 9 young healthy subjects randomized either to a 
PUFA-diet or a control diet high in saturated fat. The 
diet periods lasted 3 weeks and there was a 2 weeks' 
wash-out period between the diets. Both diets comprised 
40 % fat. The polyunsaturated to saturated fatty acid 
ratio was 1.5 during the PUFA-diet and 0.25 during the 
control diet. Otherwise the diets were identical and they 
were composed of normal food items. Before and at the end 
of the diets an intravenous glucose tolerance test 
(glucose dose 300 mg/kg, venous blood samples at 10 min 
intervals for 90 min) was performed. Glucose tolerance 
remained unchanged during the control diet (glucose area 
508 + 63 vs. 524 + 63 mmol/1-min, before vs. after, mean • 
SD, N.S.) but it i--mproved during the PUFA-diet (543 _+ 71 
vs. 497 + 74 mmal/1-min, p = 0.037) without changes in the 
respective insulin areas. Glucose area correlated 
positively with the fasting level of free fatty acids 
before and after the PUFA-diet (r = 0.83, p = 0.003 and 
r = 0.57, p = 0.053, respectively). During the PUFA-dLeL 
there were significant decreases in serum total 
cholesterol (15 ?~, p = 0.012), LDL-cholesterol (20 %, 
p = 0.028) and total triglyeerides (35 %, p = 0.010)' 
HDL-cholesterol did not change. In conclusion, diet rich 
in w-6 polyunsaturated fatty acids improves glucose 
tolerance in young healthy subjects. 
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Beneficial effects on blood pressure, lipid and carbohydrate 
metabolism of a h igh-monounsatura ted fat diet compared with a 
high-carbohydrate  diet in non-insul in-dependent  diabetic (NIDDM) 
subjects. 

O.W. Rasmussen M.D. 1, C. Thomsen M.DJ, K. W. Hansen 1, K. 
Hermansen M.D. 2. 
Medicalal department M (Diabetes & Endocrinology), Aarhus 
Kommunehospital 1, Medical department C (Diabetes & Endocrinology) 
Aarhus Amts Sygehus 2, Denmark. 

We compared the influence on blood pressure, glucose and fat 
metabolism of a diet rich in monounsaturated fatty acids (MUFA) with 
a high-carbohydrate diet (HCHO-dict) in a cross-over study in fifteen 
NIDDM subjects. The energy composition of the HCHO-diet was 50% 
carbohydrate and 30% fat (10% MUFA) and of the MUFA-diet 50% fat 
(30% MUFA) and 30% carbohydrate. 
As compared with the HCHO-diet, the MUFA-diet reduced 24-hour 
systolic and diastolic blood pressure (130---10 vs 126-.8 and 78-+5 vs 75-*6 
mmHg, respectively (2P<0.03)). 
Mean and peak blood glucose concentrations of the day-profiles 
following a standard carbohydrate rich diet during the MUFA-diet 
(7.6-+0.5 and 9.9-+0.6 mmol/L, respectively) were lower than during the 
HCHO-diet (8.4---0.6 and 11.3-.0.7 mmol/L, respectively). In contrast, 
similar mean insulin, FFA, glucagon and triglyceride levels were found. 
Fructosamin levels decreased significantly during the MUFA-diet (from 
353-+10 to 334---10 ~tmol/L) but were unchanged during the CHO-diet 
(323-+10 vs 323-+10 p.mol/L). 
Both diets reduced total cholesterol and LDL-cholesterol, whereas HDL- 
cholesterol was unaltered. The LDL/HDL-ratio decreased during the 
MUFA-diet from 3.4-+0.2 to 3.05-+0.2 (p<0.05) but was not significantly 
influenced by the CHO-diet (3.37-+0.2 vs 3.19-+0.2). 
Conclusions: A MUFA-diet has beneficial effects on blood pressure, 
glucose metabolism and lipoprotein composition in NIDDM subjects. 
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OMEGA-3-FATTY ACIDS INCREASE LIPOLYSIS AND 
GLUCONEOGENESIS FROM GLYCEROL BUT NOT HEPATIC 
GLUCOSE PRODUCTION OR BLOOD GLUCOSE IN NIDDM 
H. Yki-J/irvinen, I. Ahola and I. Puhakainen. Helsinki, Finland. 
Previous uncontrolled studies have suggested that dietary supplementation 
with omega-3-fatty acids may impair glycemic control in NIDDM 
although the incidence of NIDDM is remarkably low in populations where 
the use of fish oil is high. We performed a double-blind, placebo (6 
grams of corn and 6 grams of olive oil daily for 6 weeks) controlled study 
in 9 NIDDM patients (age 53-*4 years, BMI 30.7---1.8 kg/m z) using cross- 
over design. Omega-3-fatty acid supplementation consisted of 2.16 grams 
EPA, 1.44 grams DHA and 8.16 grams other fish oils daily for 6 weeks. 
Lipids, serum fatty acid composition and in vivo rates of lipolysis, 
gluconeogenesis from glycerol and total hepatic glucose production (HGP) 
were determined before and at the end of placebo and omega-3-fatty acid 
supplementation. Serum EPA of cholesterol esters increased 5-fold from 
1.3-.0.3 to 6.5-*0.8% (p<0.001) and DHA "2-fold from 0.6-.0.1 to 
1.2-+0.2% (p<0.001). VLDL-triglycerides decreased by 1.06--0.41 mM 
('30%, p<0.05) during omega-3-fatty acid and by 0.24-+0.18 (NS) during 
placebo supplementation. Serum HDL- and LDL-cholesterol 
concentrations remained unchanged. Plasma glucoses were similar basally 
(9.9-+1.1 mM) and after omega-3-fatty acids (10.2-.0.9 mM) and placebo 
(10.3--1.1 mM). After omega-3-fatty acids compared to placebo lipolysis 
(3.6-*0.9 vs 2.7-+0.4 pmol/kg.min) and glnconeogenesis from glycerol 
(2.8-+0.6 vs 2.1--0.4 ~tmol/kg.min) were significantly increased whereas 
rates of HGP were similar. We conclude that omega-3-fatty acids 
produce favourable alterations in serum lipids without adversely affecting 
glycemia in patients with NIDDM. Although use of glycerol for 
gluconeogenesis increases in the liver (presumably because of inhibition 
of its use for triglyceride synthesis), HGP remains unchanged either 
because this increase is too small to affect HGP or because of hepatic 
autoregulation of glucose production. 

149 

DIETARY FISH OIL ENHANCES PEROXIDATION OF 
SERUM LIPIDS IN TYPE 2 DIABETES MELLITUS. 

G.M. Brennan 1, JP Donnelly 1, LT McGrath 1, GE McVeigh 1, GD 
Johnston 1 and JR Hayes 2. IDepartment of Therapeutics and 
Pharmacology, The Queen's  University of Belfast, and 
2Department of Medicine, Belfast City Hospital, Belfast, 
Northern Ireland. 

Lipid peroxides may be important in the development of vascular 
disease, a common cause of morbidity in Type 2 Diabetes 
Mellitus. We studied serum lipid peroxides in 22 Type 2 diabetic 
patients before and after dietary fish oil. At baseline fasting 
venous blood samples were obtained from patients and 21 
matched controls for fluorimetric measurement  of serum lipid 
peroxides. Patients received 5 capsules twice daily of fish oil or 
placebo (olive oil) in a double blind crossover fashion for 6 
weeks, with a 6 week washout period. Lipid peroxides were 
reassessed following each treatment period. Results, expressed 
as malondialdehyde equivalents, were analysed at baseline using 
an unpaired T-test, and thereafter using analysis of variance. 
Mean serum lipid peroxides at baseline (with 95% confidence 
intervals) were significantly elevated in patients versus controls 
being 1.15 #mol/1 (0.92 to 1.38) and 0.71 #col /1  (0.62 to 0.79) 
respectively (p < 0.01). Values following placebo were similar to 
baseline. After fish oil, lipid peroxides measured 1.77/zmol/1 
(1.41 to 2.13) being significantly greater than baseline or placebo 
results (p<0.001). Thus elevated lipid peroxides in Type 2 
diabetic patients are increased further by dietary fish oil. This 
potentially adverse effect may limit the therapeutic use of fish 
oils in such patients. 



OP 25 
Immunology III 
150 

GLUCOSE REGULATION OF THE 
AUTOANTIGEN GAD IN HUMAN PANCREATIC 
I S L E T S  
E BjSrk, 0 K~mpe, FA Karlsson. DG Pipeleers, A Andersson, C 
Helterstrbm and DL Eizirik. Departments of Intemal Medicine and Medical 
Cellbiology, Uppsala University, Uppsala and Department of Metabofism 
and Endocrinology, Vrije Universiteit Brussel, Brussels, Belgium. 

Glutamic acid decarboxylase (GAD) is a 
possible primary autoantigen in type 1 diabetes 
mellitus. In this study, we determined the effects 
of different glucose concentrations on the 
synthesis of GAD in human islet cells. Human 
pancreatic islets, isolated from adult cadaveric 
organ donors, were cultured for 72 h at 5.6, 11 
or 28 mM glucose. Following culture, the islets 
were labelled with [35S]methionine. Immune- 
complexes were formed by incubating lysates of 
islet cells with serum from a patient with newly 
diagnosed type 1 diabetes or with a polyclonal 
sheep anti-GAD serum. SDS-polyacrylamide gel 
electrophoresis was carried out and 
ftuorography accomplished on dried gels. A 
single 65 kDa/GAD band was identified. The 
biosynthesis was strongly stimulated at the 
higher glucose concentrations, whereas the 
synthesis of the HLA class I proteins was not 
affected. In conclusion, increased activity of 
human islet cells seems to increase their 
antigenic expression. Possibly, such an increase 
exacerbates the auto-immune destruction of the 
E-cells in the early stages of insulin-dependent 
diabetes. 
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GLUTAMIC ACID DECARBOXYLASE IN HUMAN ISLET : EVIDENCE 
OF ITS EXPRESION IN THE CYTOPLASM OF ALFA, BETA AND 
DELTA CELLS. 
M. Vives-Pi*, N. Somoza*, F. Vargas*, P. Armengol*, Y. 
Sarri#, R. PujoI-Borrell*. 
*Immunology Unit, Hospital Germans Trias i Pujol, Badalona 
and #Endocrinology and Nutrition, Hospital Clinic i Provincial, 
Barcelona, Spain. 

The enzyme GAD is a major islet cell autoantigen whose 
expression was believed to be restricted to the beta cells. We 
have re-assessed the cellular distribution of GAD in human 
islets using double immunofluorescence staining of pancreatic 
cryostat sections and cytosmears and monoIayer cultures of 
purified islet cells. GAD-6 MoAb (Developmental Studies 
Hybridoma Bank), polyclonal antibodies C-38 and 308 to GAD 
(kindly provided by Dr. Wu, University of Kansas) and 
antibodies to insulin, giucagon and somatostatin followed by the 
corresponding rhodamine or fluorescein labelled antisera were 
used. The staining of the three types of substrate demonstrated 
that GAD is expressed not only in the beta cells but also in alpha 
and in some delta cells. We identified 2019 islet cells from 37 
smears; 86.0+_8.4 (mean of percentage_+SD) of the beta ceils, 
69.3_+15.2 of the alpha cells and 27.2+4.6 of the delta cells 
were GAD positive. In conclusion, GAD is not a beta cell specific 
autoantigen in human islets. It remains to be established if one 
of the molecular forms of GAD is beta cell specific 
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A B S E N C E  OF IMMUNE ABNORMALITIES  IN THE 
P A N C R E A S E S  OF NON-DIABETIC PATIENTS WITH 
LONG-STANDING GAD-ANTIBODIES 
S. Genovese, R. Wagner, E. Bonifacio, E. Bosi, B.M. Dean, J.M. 
McNally, C. Betterle, M.R. Christie, A.K. Foulis and G.F. 
Bottazzo. The London Hospital Medical College, London, John 
Radcliffe Hospital, Oxford, Royal Infirmary, Glasgow, UK; 
University of Padua and San Raffaele Institute, Milan, Italy. 
Type 1 (insulin-dependent) diabetes is characterized by antibodies 
to islet cells (ICA) and glutamic acid decarboxylase (GAD- 
antibodies). Both ICA and GAD-antibodies can be detected several 
years before clinical onset of the disease, but not all individuals 
with these antibodies develop type i (insulin-dependent) diabetes. 
Lymphocytic infiltration and immune histological abnormalities of 
pancreatic islets are detected at and after clinical onset of disease. 
To determine whether these immune abnormalities are present in 
patients with long-standing ICA positivity, we examined 
pancreases from three ICA-positive patients with endocrine 
autoimmunity who died without developing type 1 (insulin- 
dependent) diabetes. All the islets analysed from each of the three 
pancreases contained normal content of the pancreatic hormones 
(pro)insulin, glucagon and somatostatin. There was no evidence of 
increased HLA class I or 'de novo' class II molecule expression on 
islet cells, and infiltration of T- or B-lymphocytes or macrophages 
were not detected. Characterization of antibodies in sera from the 
patients at death, and up to 10 years before death, revealed a 13- 
cell-selective pattern of ICA, typical of GAD-antibody staining, and 
high levels of antibodies immunoprecipitating GAD from brain 
extracts. Two patients had antibodies to the 50 kD tryptic fragment 
of the 64 kD islet antigen but no antibodies to the 37/40 kD 
fragments. The third patient has not yet been tested. Thus, long 
standing GAD-antibodies can be detected in the absence of type 1 
(insulin-dependent) diabetes and of cellular immune abnormalities 
in pancreatic islets. 
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IMMUNOHISTOPATOLOGtC AND MOLECULAR STUDIES ON THE 
PANCREAS OF A NEWLY DIAGNOSED TYPE-1 DIABETIC PATIENT 
N. Somoza*, F. Vargas*, M. Martf*, C. Roura*, M. Vives*, E. F. 
Usac ~ G. Soldevila*, A. Ariza#, R. Bragadow D. Jaraquemada*, 
R. PujoI-Borrell*. 
*Immunology and #Pathology Dpt., Hospital Trias i Pujo], 
Badalona, w Immunology Dpt. Fundaci6n Jimenez Diaz, Madrid, 
~ and Nutrition, Hospital Clinic i Provincial, 
Barcelona, Spain. 

A pancreas from a diabetic patient who died two days after 
diagnosis was available for immunologic and molecular studies. 
Ricordi's digestion technique was applied and 128.000 islets 
were obtained. Snap-frozen tissue blocks were also prepared. 
Monolayer cultures and cryostat sections were stained by 
immunofiuorescence to estimate the number of insulin 
containing ceils, characterize the infiltrate and assess HLA 
class I, class II, ICAM-1 and GAD expression. 
12.2_+14.2 (mean % _+ SD) of the islets contained insulin; 
7.9_+2.3 showed perinsulitis, lymphomonocyte phenotype 
frequency: CD45+> CD14+> CD3+CD8 + > CD3+CD4 +. TCR V 
segment usage is under investigation using MoAbs, PCR and in 
situ hybridization. Preliminary results do not indicate 
preferential usage of any V segments though in one example one 
islet was surrounded by V~sb+ lymphocytes. 40.3%+_4.8 of the 
islets hyperexpressed HLA class I and all islets expressed GAD 
irrespective of insulin content. HLA class II and ICAM-1 
"aberrant" expression is still under study but appears to be 
very sporadic. These results confirm most of the features of the 
pancreas in initial Type [ Diabetes but HLA class II aberrant 
expression seems to be rare in this case while GAD is expressed 
even in islets devoid of 13 cells. 
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BIOCHEMICAL CHARACTERIZATION OF A PROPOSED ISLET TARGET 
ANTIGEN: THE GM2-1 ISLET GANGLIOSIDE. 
MPreviti, F.Dotta, C.Tiberti, L.Lenti, G.S.Eisenbarth, D.Andreani 
and U.Di Mar ie.  Depts. of Endocrinology and of Experimental 
Medicine, University of Rome "La Sapienza" , Italy; Dept. of 
Experimental and Clinical Medicine University of RC-Catanzaro, 
Italy; Joslin Diabetes Center, Boston MA-USA. 
The role as target antigen of the GM2-1 islet ganglioside is 
suggested by the -observation that it specifically inhibits the ICA 
binding on pancreatic frozen sections and its expression 
parallels the ICA antigen(s) one in animal islets. We aimed to 
biochemically characterize the hydrophylic portion of this 
molecule exposed on the cell surface to immunological 
recognition. The GM2-1 fraction, extracted from human 
pancreas and isolated by preparative TLC, was digested with 
different neuraminidases to determine the sialic acid position. 
The sugars and the sialic acid constituing the hydrophylic 
portion were identified by Gas Chromatography after acidic 
methanolysis. The sialic acid type was identified as N-acetyl 
neuramic acid located in terminal position as suggested by the 
sensitivity of GM2-1 to the neuraminidases. The sugars were 
glucose, galactose and N-acetyl glucosamine. In conclusion 
these results, first evidence on the biochemical structure of 
GM2-1 show that it shares with LM1, a major target antigen in 
autoimmune demyelinating syndrome, the presence of a single 
neuramic acid in terminal position and glucosamine in addition 
to glucose and galactose. This particular structure may confere 
to these molecules a particular charge and conformation with 
antigenic potentiality. 
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SHORT-TERM REVERSIBILITY OF HYPOGLYCAEMIA 
UNAWARENESS IN TYPE 1 (INSULIN-DEPENDENT) 
DIABETES MELLITUS. 
C. Fanelli, A.M. Rambotti, L Epifano, S. Calderone, F. Porcellati, 
P. De Fee, F. Santeusanio, P. Brunetti and G.B. Boll• Istituto di 
Medicina Intema e Scienze Endocrine e Metaboliche, Universit& 
di Perugia, via E. Dal Pozzo, 06126 Perugia, Italy. 
To test the hypothesis that meticulous prevention of 
hypoglycaernia (H) may reverse hypoglycaemia unawareness 
(HU), 5 patients with long-term type 1 (insulin-dependent) 
diabetes mellitus (18--.3 yrs), no autonomic neuropathy (AN), 3-5 
yrs history of HU and recurrent mild/severe H, HbA,o 5.3+0.4%, 
were studied at baseline (TO), after 2 weeks (T1) and 3 months 
(T2) of changed insulin program strictly aiming at pre-prandiat 
blood glucose (BG) >8 mM based on 4 BG measurements/day. 
Threshold/magnitude of H symptoms, counterregulatory hormone 
responses (CRH) and cognitive function (CF) were assessed 
during a hyperinsulinaemic-hypoglycaemic clamp (90-rain 
sequential steps of BG at 5, 4.3, 3.6, 3, 2.3 raM) (AJP 260:E67, 
1991). At TO, H symptoms barely appeared at BG 2.27-*-0.03 rnM, 
CF did not deteriorate, CRH responses were severely blunted. At 
T1 (daily BG 9.2+1.1 mM, no H) H symptoms reappeared at BG 
thresholds of 2.94+0.02/2.88-*-0.02 mM 
(neuroglycopenic/neurogenic), both threshold/magnitude CRH 
improved, and CF markedly deteriorated vs. TO (p<0.001). At T2, 
(daily BG 9.1+0.9 mM, no H, HbAlc 6.9• magnitude of H 
symptoms (score 11.1• vs. 6.2• epinephrine (1.41• 
vs. 0.81• nM), cortisol (16• vs. 11• pg/dl), growth 
hormone (20• vs. 7• ng/ml), not glucagon, further improved 
and CF deteriorated (T2 vs. T1, p<0.05). Conclusion. Meticulous 
prevention of H may acutely reverse HU in type 1 (insulin- 
dependent) diabetes mellitus, at least in subjects without AN. 

155 

ISOLATION OF A HUMAN MONOCLONAL SECRETING 
ANTI-ISLET CELL AUTOANTIBODIES FROM CD5- B 
CELLS IN TYPE 1 DIABETES. 
A.Mufioz ~ , E.F.Usac ~ , N.Somoza 2, J.Barcel53, O.ViSas 3, 
T. Gallart 3, R.PujoI-Borrell 2, R.Gomis 1 . 

Endocrinology and Nutrition Unit. Hospital Cl(nic. 
Barcelona, Spain. 2 Immunology Unit. Hospital Trias i 
Pujol. Badalona, Spain. 3 Immunology Unit. Hospital 
Cli'nic. Barcelona, Spain. 

To analyze the repertoire of several antibodies produced 
by in vitro stimulation of B lymphocytes in basis to the 
presence of CD5 antigen, we transformed with Epstein 
Barr Virus sorted CD5 + CD20 +, CD5-CD20 + and non-T 
cells from nine newly diagnosed type 1 diabetic patients 
and cultured in microtiter wells for 4-6 weeks. Culture 
supernatants from growing clones were screened by 
indirect immunofluorescence on cryostat sections of 
human pancreas. We isolated one human monoclonal 
autoantibody producing ICA, derived from CD5-CD20 + 
cells from a ICA positive type 1 diabetic child 5 days 
after the diagnosis. The isotype of this monoclonal 
(MB91) was IgM. Double immunofluorescence on both 
fixed cryostat sections and cytocentrifuged mechanical 
cell dispersions of normal human islets revealed that 
MB91 was positive for insulin and glucagon but negative 
for somatostatin containing cells. MB91 didn't stain for 
human thyroid, brain, adrenal gland and rat stomach, 
liver and kidney. It was also negative for monkey, rat 
and mouse pancreas. Binding of MB91 disappeared when 
human pancreas was treated with chloroform methanol, 
but this binding was unaffected when treated with 
pronase.This human monoclonal antibody will be useful 
for the identification of the yet unknown nature of the 
autoantigen/s in type 1 diabetes mellitus. 
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ROLE OF LIVER INNERVATION IN DEFENSE AGAINST 
HYPOGLYCAEMIA IN HUMANS. 
L. Luzi, A. Battezzati.  E. Regalia. G. Perseghin,  E. Bianchi,  G. Colella, 
I. Terruzzt, F, Bozzetti, F. Montalto, G. Pozza a n d  V. Mazzaferro. 
Depar tment  of Internal  Medicine. H S. Raffaele, University of Milan 
a n d  Liver Transp lan ta t ion  Unit, National Cancer  Institute,  Milan, 
Italy. 
In order  to a s sess  the  role of liver innervat ion in  the hepat ic  response 
in defense aga ins t  insul in- induced hypoglycemia,  6 stable pa t ien ts  
after  Orthotopic Liver Transp lan taUon (OLT: age=46• y; 
IBW=101+I%; t r ansp l an t  age=7+l  mo.; prednisone=10 mg.day~l; 
cyclosporin=5 mg.kg-l.day-1), 6 pa t ien ts  with chronic  uveitis on the  
same lmmunosuppress ive  the rapy  (CU) and  6 control  subjects  {CON} 
were s tudied with a bolus  p lus  a con t inuous  infusion of [3- 
3H]glucose. After 120 man of basa l  equilibration period, a n  
hypoglycemic (SS glucose=3.0 mM), hyperinsul inemic (0.3 mU.kg- 
1.min-z} c lamp w a s  performed. Basal  p l a sma  IRI (80-2_11 vs 55_+1 vs 
48_+2 pM}. C-PEP {0.89-+0.3 vs 0.69_+0.2 vs 0.64_+0.3 nM} and  g lueagon 
(119+_21 vs 91_+9 vs 72-+7 ng/ml)  were h igher  in OLT vs CU a n d  CON 
respectively (p<0.01}. Basal  HGP [2.0-+0.2 vs 1.8_+0.2 vs 2.0• 
mg.kg-t-min -I) was  similar  in the three groups.  Dur ing  hypoglycemia,  
p l a sma  insul in  levels were comparable  in OLT, CU a n d  CON (202• 
vs 182+_17 vs 183+_5 pM respectively). P lasma C-pep w a s  adequate ly  
suppressed  in the three s tudy  groups  (0.08-+0.03 vs 0.07_+0.01 vs 
0.09-5-_0.02 nM). Glucagon increased similarly (100 %) in the three 
g roups  dur ing  the second h o u r  of hypoglycemia to 187+_21 vs 108_+12 
vs 95_+4 p g / m l  in OLT, CU a n d  CON resp. Dur ing  the first 40 rain of 
hypoglycemia HGP was  reduced in OLT (0.8+_0.1) vs CU and  CON 
[1.3+_0.2 a n d  1.3_+0.1 mg.kg-l-min -I respectively (p<0.01)], while 
dur ing  the  40-120  min  period it was  similar  (1.3_+0.2 vs 1.4_+0.2 vs 
1.3_+0.1 mg.kg-l .mln -I) in the 3 s tudy  groups .  In summary :  OLT 
demonstra te :  1. basa l  hyper insul inemia  a n d  hyperglucagonemia,  with 
normal  HGP; 2. inhibit ion of C-PEP concent ra t ion  a n d  s t imulat ion of 
g lucagon secretion dur ing  insul in- induced hypoglycemia similar  to 
control  groups;  3. in contras t ,  OLT demons t ra ted  a n  early defect in 
the hepat ic  response to hypoglycemia,  p re sumab ly  due to the  lack of 
neuroadrenergic  innervation.  Such  defect is reverted by  the normal  
raise of counter regula tory  hormones  in the second h o u r  of 
hypoglycemia.  In conclusion,  hepat ic  irmervation plays a pivotal role 
in the early defense aga ins t  hypoglycemia,  
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FOREARM SUBSTRATE EXCHANGE DURING HYPERINSULINEMIC HYPOGLYCEMIA 
IN HUMANS; LACK OF EVIDENCE FOR MUSCLE LACTATE RELEASE. 
N. Abildgaard, L. Orskov, A. Mengel, K.G.M.M. Alberti, O. Sebmitz, 
N. Moiler. Institute of Clinical Experimental Research, University of 
Aarhus, DK and Dept. of Medicine, The University of Newcastle 
upon Tyne, UK. 

To assess forearm substrate exchange in general and any possible 
muscle source for hypoglycemia induced hyperlactataemia in 
particular, 5 healthy young male subjects were each studied twice 
during 2 h of hyperinsulinaemic euglycemia followed by 4 h of 1) 
hypoglycemia (plasma glucose < 50 rag/100ml) and 2/euglycemia. 
Insulin was infused at a rate of 1,5 mU/kg/min throughout. 
When compared to euglycemia, hypoglycemia was associated with: 
1) Increments in circulating glucagon (54.8 + 9.9 vs 22.2 _+ 2.2 
ng/I, p < 0.05), growth hormone (21.4 _+ 6.9 vs 5.2 _+ 3.4 ng/ml, 
p < 0.05) and catecholamines and increased suppression of C- 
peptide together a modest lowering of insulin values. 2) Decreased 
plasma glucose (54,8 _+ 0.8 vs 90.4 + 2.9 mg/100ml, p < 0.05), 
forearm glucose uptake (3.1 + 1.3 vs 19.9 _+ 4.4 rag/100 ml, p < 
0.05) and requirements for exogenous glucose (M-value - 5.0 -+ 
2.4 vs 12.4 _+ 0.7 mg/kg/min, p < 0.05) and impaired suppression 
of isotopically determined endogenous glucose production (0.35 +- 
0.7 vs -2.04 + 0.20 mg/kg/min, p < 0.05). 3) Exaggerated 
increase in blood lactate (1820 _ 220 vs 1320 _+ 160 pmol/I, p < 
0.05) and decrease in alanine (216 -+ 26 vs 261 + 22pmol/I, p < 
0.05). Forearm releases of both lactate (54 _.+ 89 vs 7 _+ 63pmol/I ,  
p > 0.65) and alanine were however indistinguishable. Total 
forearm blood f lows increased during both studies. 
These data suggest that forearm muscle is neither a primary site for 
glucose uptake nor for lactate release during hypoglycemia. The 
decrease in alanine concentrations is not likely to be muscle 
deloendent either. 
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EFFECTS OF ANTECEDENT GLYCAEMIC CONTROL ON 
COGNITIVE FUNCTION DURING HYPOGLYCAEMIA IN TYPE 1 
(INSULIN-DEPENDENT) DIABETIC PATIENTS 

D. Ziegler, A. Hiibinger, H. Miihlen, and F. A. Gries 
Diabetes Research Institute, Diisseldorf, Germany 

To determine whether the degree of previous glycaemic control 
may modify cognitive responses to hypoglycaemia, the glycaemic 
thresholds for and magnitude of cognitive dysfunction as assessed 
by P300 event-related potentials as well as subjective and hormonal 
responses during hypoglycaemia were evaluated. Hypoglycaemia 
was induced by intravenous insulin infusion in 18 Type 1 diabetic 
patients, 7 of whom were strictly controlled (HbAlc: 6.3_+0.3%; 
mean+_SEM; Group 1) and i1 of whom were poorly controlled 
(HbAlc: 9.1_+0.4 %; Group 2). Within 60 min, mean blood glucose 
declined from 5.6 and 5.7 mmol/l (baseline) to a nadir of 1.6 and 
1.8 mmol/1 followed by an increase to 5.6 and 4.3 mmol/1 after 
120 min in Group 1 and 2, respectively. There was no significant 
difference between both groups in regard to P300 latency at 
baseline, but between 50 and 70 min a significant prolongation of 
this component was noted in Group 2 as compared with Group 1 at 
blood glucose levels between 1.6 and 2.3 mmol/1 (p<0.05).  The 
glycaemic thresholds at which a significant increase of P300 latency 
over baseline was first noted were 1.6_+0.2 mmol/1 in Group 1 and 
3.5_+0.2 mmol/1 in Group 2 (p<0.05).  The glucose threshold at 
which the P300 amplitude was first significantly reduced was 2.2 
mmol/1 in Group 2, whereas no such a reduction was observed in 
Group 1. The glycaemic thresholds for the perception of subjective 
symptoms were 1.7_+0.2 mmol/1 in Group 1 and 2.5_+0.2 mmol/1 
in Group 2 and those for the first significant rise of epinephrine 
1.6_+0.2 mmol/I in Group 1 and 2.8_+0.1 mmol/l in Group 2 
(p<0.05).  Thus, the glycaemic thresholds for and magnitude of 
cognitive dysfunction during hypoglycaemia are reduced in strictly 
controlled as compared with poorly controlled Type 1 diabetic 
patients. These findings support the concept of  cerebral adaptation 
to antecedent low blood glucose levels. 
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R E G I O N A L  C E R E B R A L  BLOOD F L OW  IN INSULIN- 
T R E A T E D  D I A B E T I C  P A T I E N T S  E X P O S E D  TO 
RECURRENT SEVERE HYPOGLYCAEMIA. 

KM MacLeod, DA Hepburn, IJ Deary, K Ebmeier, N Dougal, G 
Goodwin and BM Frier. Department of Diabetes, Royal Infirmary of 
Edinburgh; Department of Psychology, University of Edinburgh and 
MRC Brain Metabolism Unit, Royal Edinburgh Hospital, Edinburgh, 
Scotland. 

During acute hypoglycaemia EEG studies and cognitive function tests 
suggest that the frontal lobes are particularly affected in non-diabetic 
and diabetic humans. Regional cerebral blood flow was studied in 20 
( insul in-dependent)  diabetic patients ,  10 of whom had never  
experienced severe hypoglycaemia (Group A) while 10 had a history 
of 5 or more episodes of severe hypoglycaemia (Group B). This 
latter group were recruited from a cohort previously shown to have 
significant cognitive impairment associated with recurrent severe 
hypoglycaemia. The two groups were matched for age, sex, social 
class and years of education. Brain imaging was performed at rest 
using a single slice multi-detector dedicated head-scanner after bolus 
injection of 250 MBq of 99mTc-Exametazime. Regional cerebral 
blood flow was compared between the two groups in 12 regions 
derived from a standard neuro-anatomical atlas on 2 parallel slices at 
35 and 55ram above the orbital meatal line. The results showed that 
in 21 of the 24 regions studied cerebral blood flow was increased in 
Group B v group A, although univariate analysis demonstrated a 
significant increase in basal cerebral blood flow only to the dominant 
(left) frontal region (P=0.027) in Group B. This relative increase in 
basal  blood flow to the frontal  lobe(s)  may be an adapt ive  
mechanism to mitigate the cumulative effect of  recurrent severe 
bypoglycaemia on cerebral function in patients with insulin-treated 
diabetes. 
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THE RECOVERY OF BRAIN FUNCTION AFTER HYPO- 
GLYCAEMIA IN NORMAL MAN 

B.Eckert, I.Ros~n, G.Stenberg and C-D.Agardh, 
Departments of Internal Medicine and Clinical 
Neurophysiology. 

The aim of the present study was to evaluate 
the recovery of brain function after moderate 
hypoglycaemla in normal man. Hypoglycaemia was 
induced by an intravenous infusion of insulin 
(2.5 mU/kg) in seven healthy right-handed men 
aged 25.4+1.1 years (Mean • SD). The brain 
function was evaluated with P300-amplitude 
after auditory stimulus, reaction time measure- 
ments and EEG before, during (2.4+0.44 mmol/l 
for 70 min) and three times in the recovery 
period following hypoglycaemia. Hypoglycaemia 
caused a reduction in the P300-amplitude, a 
prolongation in reaction time and minor changes 
in the EEG-activity. 15 min after normalisation 
of the blood glucose level, the P300-amplitude 
was lower than during hypoglycaemia and still 
1,5 hrs after normalisation of the blood gluco- 
se level, there was a marked reduction in the 
P3OO-amplitude. 4 hrs after normalisation of 
the blood glucose, the P300-amplitude was res- 
tituted. The reaction time was shorter 15 min 
after normalisation of the blood glucose compa- 
red to hypoglycaemia, but was not nermalised 
until 1,5 hrs after of recovery following 
hypoglycaemia. The EEG-changes were normalised 
15 min after hypoglycaemia. 

We conclude that moderate hypglycaemia causes 
marked effects in P300 and reaction time and 
that brain function measured as P300 is not 
restored after 1,5 hrs but at 4 hrs after nor- 
malisation of hypoglycaemia. 
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HUMAN oz2-HS GLYCOPROTEIN INHIBITS MITOGENIC 
BUT NOT METABOLIC EFFECTS OF INSULIN 
G. Grunberger, P.R. Srinivas, D.D. Hoekstra, M.A. Leon and 
A.S. Goustin, Detroit, Michigan, U.S.A. 

Insulin binding to its specific receptors triggers the intrinsic 
tyrosine kinase activity (IR-TKA). Availability of natural 
regulators of IR-TKA enhances our understanding of signaling 
mechanisms. We have cloned and sequenced a human homolog 
of the rat hepatic IR-TKA inhibitor, pp63. It corresponds to a2- 
HS glycoprotein. We find a2-HSG to: (a) inhibit insulin- 
dependent autophosphorylation of IR from the rat liver and 
human placenta; (b) inhibit TKA of purified liver and placenta 
IR in a dose-dependent manner. At physiologic concentrations, 
insulin-stimulated TKA was inhibited - 90% in human IR 
preparations, o~2-HSG did not affect basal IR-TKA. Inhibition 
was abolished by dephosphorylation of a2-HSG with alkaline 
phosphatase; (c) have no effect on insulin binding; (d) 
specifically prevent (half-maximal effect at 50 I~g/ml, maximal at 
500 I~g/ml) growth-promoting activity of insulin in rat H-35 
hepatoma ceils; (e) have no effect on induction of tyrosine 
aminotransferase by insulin. Human a2-HSG and rat pp63 thus 
share both structural homology and functional characteristics as 
inhibitors of insulin-mediated IR autophosphorylation, IR-TKA 
and mitogenesis. Naturally secreted tyrosine kinase inhibitors 
provide an exciting tool for dissection of the signal transduction 
pathways triggered by insulin. 
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THE IMPAIRED GENE EXPRESSION OF LIVER 
GLYCOLYTIC AND GLUCONEOGENIC ENZYMES IS 
REVERSED IN DIABETIC RATS GIVEN VANADATE. 
S.M. Brichard,  B. Desbnquois and  J. Girard.  CNRS, 
Meudon and INSERM U30, Paris, France. 

The  t r a c e  e l e m e n t  V a n a d i u m  is a p o t e n t  
insul inomimetic  agent  in  vitro. Oral adminis t ra t ion  of 
Vanada te  (V) to ra ts  made diabetic by streptozotocin 
(45 mg/kg i.v.) caused a 65% fall in plasma glucose levels 
w i thou t  modifying low insu l inemia .  We s tud ied  
whe ther  the hypoglycemic effect of V was associated 
with al tered expression of genes involved in key steps of 
hepatic glucose metabolism. Pyruvate kinase (PK-L) and 
glucokinase (GK) mRNA levels were decreased by 70% 
and 90% in diabetic ra ts  where PK and GK activities 
were lowered accordingly. Eighteen days of V t r ea tmen t  
totally restored PK mRNA and activity and partially (40% 
of control levels) restored GK parameters .  In contrast  to 
t he  glycolyt ic  enzymes ,  mRNA levels  of the  
g l u c o n e o g e n i c  e n z y m e ,  p h o s p h o e n o l p y r u v a t e  
carboxykinase (PEPCK) were increased by 1500% in 
d iabe t ic  r a t s  wi th  cor re la ted  change  in act ivi ty.  
V admin is t ra t ion  normalized both PEPCK mRNA and 
activity in  l iver of t rea ted  rats.  The 2-fold increase in 
hepa t i c  glucose t r a n s p o r t e r  (GLUT2) mRNA and 
protein,  produced by diabetes,  was also corrected. In 
conclusion, oral V given to diabetic ra ts  induces a shift of 
the predominat ing gluconeogenic flux, with subsequent  
high hepatic glucose production, into a glycolytic flux by 
pre t rans la t ional  regulatory mechanisms.  
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PHOSPHOPEPTIDES CORRESPONDING TO IRS-I  INHIBIT 
ASSOCIATION AND PHOSPHORYLATION OF INSULIN 
RECEPTOR SUBSTRATES. 
F. Grigorescu, A. Chavanieu, E. Renard and B. Calas, CRBM, 
INSERM U 249 and Endocrinology Department, Lapeyronie 
Hospital, Montpeliier, France. 

To define structural requirements of insulin receptor 

substrate interaction we studied the association and phosphorylation 

of rat liver cytosolic substrates in the presence of synthetic non- 

phosphorylated or phosphorylated peptides corresponding to 

putative phosphorylation sites of IRS-1 (pp185) and to several 

receptor domains. Insulin receptors were immobilized on antibodies 

and incubated in vitro with rat liver lysate obtained either at low non- 

ionic detergent concentration or after SDS extraction and 

renaturation. Insulin stimulated receptors were found to associate 

with protein subsla'ates of 185, 120, 85 and 45 kDa which were 

phosphorylated in the presence of 32p-ATP. Synthetic peptides 

corresponding to receptor domains Tyr 960 and to previously 

described basic "cluster A" poorly affected this interaction. By 
contrast phosphopeptides corresponding to sites Tyr 608, Tyr 628, 

Tyr 658 and Tyr 727 of IRS-1 with the motif Met-X-Met, or to site 

Tyr 46-47 selectively inhibited phosphorylation of pp185 substrate. 

Some peptides also inhibited receptor autophosphorylation. It is 

concluded that these domains of IRS-1 are involved in the 

association with and phosphorylation by the receptor and that 

synthetic peptides or phosphorylated analogues are useful tools in 

defining functional domains of receptor-substrate interaction. 
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Regulation by insulin and glucose of Glut  2 mRNA 
in liver: in vivo and in vitro studies. 
C.Postic, R.Burcelin,  A.Leturque,  J .P.P~gorier ,  
M.Loizeau and J.Girard.  
CEREMOD,CNRS, Meudon France. 

Glut2  is the  glucose t r a n s p o r t e r  specifically 
expressed in the liver and tbat  might  be implicated 
in the control of glucose metabolism. Its regulation 
was  s t u d i e d  in  vivo, u s i n g  euglycemic-  
h y p e r i n s u l i n e m i c  a n d  h y p e r g l y c e m i c -  
hype r in su l inemic  clamps. In the  liver, Glut2  
mRNA concentration was decreased 90% during a 
6 hou r s  euglycemic (lg/1) h y p e r i n s u l i n e m i c  
(660pU/ml) clamp when  compared to 24 hours  
s tarved control rats.  After hyperglycemic (2,4g/1) 
h y p e r i n s u l i n e m i c  (620~U/ml)  c lamps,  Glu t2  
mRNA concentra t ion was only decreased 50 % 
w h e n  compared  to controls .  Thus,  in  vivo, 
hyper insul inemia  inhibi ted Glut2 gene expression 
whereas  hyperglycemia par t ia l ly  prevented  this  
effect. To study the respective role of insul in  and  
glucose on Glut2 expression, pr imary  culture of 
hepatocytes were perfomed during 24 hours in  the  
presence of various concentrations of glucose (0 to 
20 mM) and  insul in.  Glucose induced a dose- 
dependen t  s t imula tory  effect on Glut2 mRNA. 
Insu l in  (10-7M) inhibi ted Glut2 expression when  
hepatocytes  were cultured between 0 to 10 mM 
glucose but  was without effect in presence of 20 mM 
glucose. In conclusion, Glut2  express ion  was 
regulated conversely by glucose and insulin both in 
vivo and in vitro, suggesting a role in the control of 
glucose metabolism in liver. 
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IMPACT OF DIABETES ON THE EXPRESSION OF GLUCOSE 
TRANSPORTERS IN RAT CARDIAC MUSCLE. 
E. Kamieli, C. Harel, M. Armoni and R. Erlizki-Bechar, 
Endocrine Inst. Rambam Med. Center and the Technion, 
Haifa, Israel. 
While enhanced glucose utilization potentially improves 
cardiac function during hypoxia, the molecular defects at the 
glucose transporter (GTer) expression cascade affecting 
glucose uptake in the rat diabetic heart are not yet clearly 
understood. Streptozotocin-induced diabetic rats (DR), 
before and after 8-day insulin therapy (8-IT), and control rats 
were used to obtain total cardiac cellular membranes and 
total RNA. To determine the number of GTer, the membranes 
were immunoblotted against specific GLUT-1 & 4 antibodies, 
using western blot analysis. The readings were adjusted to a 
known GTer number, as measured by Cytochalasin B 
binding assay in basal low density microsomes prepared 
from rat adipocytes. The level of specific GLUT rnRNA's was 
determined by using Northern blots and respective 
radiolabled cDNA probes. Compared to control, in DR, 
GLUT-4 mRNA was decreased to 52• (mean_+SEM) and 
reversed to 133+_22% upon 8-IT. GLUT-4 protein followed 
the same pattern, in these models. GLUT-1 mRNA and 
protein levels were too small to be detected. In conclusion, 
diabetes induces a rapid derangement in the rat cardiac 
glucose transporter system that can be reversed by insulin 
therapy. These defects potentially expose the diabetic heart 
to a major impairment during ischemia. 
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INSULIN RECEPTOR TYROSINE KINASE ACTIVITY AND 

GLUT 4 LEVELS IN MUSCLE OF HYPERTENSIVE RATS 

S.Bader 1, R.Scholz 1, M.Kellerer I, K.Rett 1, P.Freund 2 and 
H.U.H~ing 
lInstitut fiir Diabetesforschung, KGlner Platz 1, 8000 M/inchen 40, 
FRG 
2Boehringer Mannheim, P.O. Box 310 120, 6800 Mannheim 31, 
FRG 

We determined insulin receptor kinase activity and Glut 4 level in 
hindlimbs of spontaneous hypertensive and control rats to elucidate 
whether in analogy to other insulin resistant animal models an 
inactivity of the insulin receptor kinase or an alteration of the 
glucose transporter (Glut 4) level in the skeletal muscle might 
contribute to the pathogenesis of insulin resistance. Normotensive 
normoinsulinaemic Lewis and Wistar rats were used as insulin 
sensitive controls, obese Zucker rats as an insulin resistant control. 
Binding of 125J-insulin, crosslinking of 125J-B26-insulin, 
autophosphorylation in vitro with 32p-ATP and phosphorylation of 
the synthetic substrate Poly(Glu 4:Tyr 1) were performed after 
partial purification of solubilized receptors on wheat germ agglutinin 
columns. Glut 4 levels were determined by Western blotting of 
subcellular muscle membranes. Insulin receptors from spontaneous 
hypertensive rats compared to the controls showed no difference of 
the binding characteristics or the in vitro auto- and 
substratephosphorylation activity of the receptor, while in Zucker 
rats insulin receptor kinase defect was clearly evident. Western blots 
of skeletal muscle membrane proteins revealed no difference in Glut 
4 levels. The data suggest that insulin resistance in SHR is neither 
caused by an insulin receptor inactivity nor by a decreased number 
of glucose transporters in skeletal muscle. 
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PREVALENCE OF RETINOPATHY IN A BRITISH COHORT WITH 
DIABETES MELLITUS DIAGNOSED BEFORE AGE 2 YEARS. 

J.L. Botha, N.T. Raymond, H. Parker and P.G.F. Swif t .  
Departments of Epldemiology and Public Health, 
Univers i ty  of  Leicester  and Diabetes, Leicester Royal 
Inf i rmary,  U.K. 

A B r i t i sh  cohort of  339 chi ldren who had Type I 
( insul in-dependent)  diabetes diagnosed before age 2 
years during the years 1972-81 was establ ished during 
1989. To ve r i f y  a ret inopathy prevalence in th is  cohort 
of  3% reported in a posta] survey, 213 c l i n i c ians  were 
requested to arrange d i rec t  ophthalmoscopy fo r  t h e i r  
pat ients in th is  cohort. Af ter  an i n i t i a l  mai l ing, 
reports f o r  122(36%) pat ients ,  74(61%) males and 48(39%) 
fema]es were returned and analysed (a second mail ing is 
now proceeding). Ophthalmoscopy was performed in 
121(99%) cases, 40% by ophthalmologists, 52% by 
d iabeto log is ts  and 8% by others, with 67% of 
examinations performed wi th in  the las t  12 months. 
Pat ients '  pupi ls were d i la ted  f o r  87 (77%) exam/nations. 
Ophthalmologists were s i g n i f i c a n t l y  more l i k e l y  to 
d i l a t e  pupi ls than other examiners. 
(X2=8.74,df=2,p=O.013). Background ret inopathy was 
detected f o r  12 pat ients (I0%) and p r o l i f e r a t i v e  
ret inopathy f o r  I pat ient  (1%). More ma]es (13%) than 
females (9%) had ret inopathy,  but th is  d i f fe rence was 
not s i gn i f i can t  (X2=0.482, df=1, p=0.487). These 
pre l iminary resu l ts  indicate a prevalence of ret inopathy 
higher than prev ious ly  reported f o r  th is  cohort, but 
lower than prevalences reported in other cohorts of  
s imi !ar  diabetes durat ion.  
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ALDOSE REDUCTASE INHIBITION BENEFITS NEUROPATHY 
BUT NOT RETINOPATHY IN DIABETIC DOGS. 
R.L. Engerman, T.S. Zern, and M.E. Larson, 
University of Wisconsin, Madison, WI 53706, USA 

To evaluate the role of the polyol path in 
development of diabetic complications, dogs were 
made diabetic with alloxan (n:18), randomly 
divided between a placebo group and a group given 
the aldose reductase inhibitor Sorbinil (20-40 
mg/kg/day), and followed 5 years. Glycemia was 
managed with insulin to allow moderate 
hyperglycemia while keeping nonenzymatically 
glycated plasma protein and HbAl comparable 
between the 2 groups (mean % HbAI = 8.0 + .4 SD 
for Sorbinil, 7.9 ~ .4 for placebo, 5.6 ~ .2 
normal). Sorbinil treatment prevented elevation 
of tissue sorbitol (monitored in erythrocytes), 
and cataractogenesis in the group was less than 
in the placebo group. Motor nerve conduction 
velocity (NCV) declined slowly in the placebo 
diabetic group, becoming significantly less than 
that of nondiabetic controls by 5 years, and the 
decline was inhibited by Sorbinil. By that time, 
NCV in the Sorbinil group was significantly 
faster than in the placebo group (63 + 2 vs 58 + 
3 m/sec), and not significantly less ~han normal 
(64 ~ 3 m/sec). Retinopathy (e.g. aneurysm 
count, pericyte loss, hemorrhage) nevertheless 
was not influenced by Sorbinil. Nondiabetic dogs 
made galactosemic by a 30% galactose diet also 
have developed diabetic-like retinopathy, but the 
NCV has remained normal through 5 years, and 
aldose reductase inhibition has had no effect on 
retinopathy or NCV in the galactosemic dogs. 
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HUMAN DIABETIC CATARACT: POSSIBLE ROLE OF 
LIPID PEROXIDATION 
E. Altomare, I. Grattagliano, P. Angelini, T. 
Micelli-Ferrari*, M.L. Vigneri, G. Vendemiale 
and L. Cardia*. Institute of Clinica Medica I, 
*Institute of Clinica Oculistica, University 
of Bari, Italy. 
An increased lipid peroxidation and protein 
damage, due to monosaccharides autoxidation, 
have been reported in diabetics. Furthermore, 
antioxidant agents, have been tested in order 
to delay lens damage. These findings support 
the hypothesis of an increased oxidative 
stress as a possible cause of diabetic 
cataract formation. In this study we examined 
the lenses of ii type 2 (non-insulin- 
dependent) well controlled diabetics (mean 
age: 62• range: 56-71), on oral 
hypoglicaemic or insulin treatment operated 
for diabetic cataract and 7 healthy controls 
(mean age: 57• range 49-65), whose lenses 
were obtained after an ocular trauma. Diabetic 
patients were divided into 2 subgroups 
according to integrity or abnormality of the 
Haemo-Ocular Barrier (H-OB) as evaluated by 
pre-operative iridography. Malondialdehyde 
(MDA), marker of lipid peroxidation, measured 
spectrophotometrically as the TBA-reaction was 
determined in lenses from all subjects. A 
significant increase of MDA levels was 
observed in lenses of diabetics compared to 
those of controls (4.25• vs 1.14• 
nmol/g, M• p<0.001) and, among diabetic 
patients, in alterated lenses compared to 
intact ones (5.44• vs 2.83• nmol/g, 
M• p<0.01). These data confirm the role of 
lipid peroxidation in inducing diabetic 
cataract, expecially if an alteration of H-OB 
is present. 
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TOXICITY OF G/YCATED AND GLYCOXIDIZED LOW DENSITY 
LtPOPROTEINS TO RETINAL CAPILLARY ENDOTHELIAL CELLS. 
T.J. Lyons, W. Li, and R. Jokl. Veterans Administration 
Medical Center and Medical University of South Carolina, 
Charleston, SC, USA. 
Disruption of the inner blood retinal barrier (IBRB), which is 
formed by tight junctions between retinal capillary endothelial 
cells (REC), is an early feature of diabetic retinopathy (DR). 
We aimed to investigate the effects of low density lipoproteins 
(LDL), modified as in diabetes, on REC. We exposed cultured 
bovine REC to normal, in vitro-glycated and in vitro- 
glycoxidized human LDL (N-LDL, G-LDL, GO-LDL). LDL was 
prepared by incubation for 3 days at 37~ for N-LDL, under 
N2, with antioxidants (EDTA, DTPA) but without glucose; for 
G-LDL, under N2, with antioxidants and 50mM glucose; for 
GO-LDL, under air, without antioxidants, in 50mM glucose. In 
6 experiments, confluent REC were exposed to LDL 
(100pg/ml) or serum-free medium (SFM) for 3 days, in 5mM 
glucose. N-LDL had no significant effect on cell numbers, 
viability or cell protein. G-LDL and GO-LDL reduced cell 
numbers by 45 and 58% (p<O.01 vs day0, paired t-tests, 
n=6), viability by 62 and 76% (p<0.001), and cell protein by 
28 and 44% (p<0.05, p<0.01), respectively. Significant 
increases (p<0.02) in Lactate Dehydrogenase release were 
observed with G-LDL and GO-LDL. Observations with SFM 
were intermediate between those for N-LDL and G-LDL. G- 
LDL and GO-LDL are toxic to REC, and may contribute to the 
development of DR. 
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GLYCOXIDIZED LDL MODIFIES PAI-I RELEASE BY 
RETINAL ENDOTHELIALCELLS. 
R. Jokl, W. Li, J.A. Colwell, R.L. Klein, M.F. 
Lopes-Virella, and T.J. Lyons. Medical 
University of South Carolina, Charleston, SC, 
USA. 

We tested the hypothesis that glycated 
(G-LDL) and glycoxidized (GO-LDL) human LDL 
alter the release of tissue plasminogen 
activator (t-PA) and plasminogen activator 
inhibitor type-i (PAI-I) by bovine retinal 
capillary endothelial cells (REC) in culture. 
Pooled LDL was incubated for 3 days at 37~ 
under 3 different conditions: a) under 
nitrogen, with antioxidants (DTPA), without 
glucose (normal LDL, N-LDL); b) under 
nitrogen, with DTPA and 50mM glucose (G-LDL); 
c) under air, with 50mM glucose and without 
antioxidants (GO-LDL). In six separate 
experiments, confluent REC were incubated for 
24h with serum free medium (SFM) alone or 
containing i00 #g/ml of N-LDL, G-LDL or GO- 
LDL. GO-LDL stimulated significantly more 
PAI-I release than N-LDL (1.25 • 0.40 v 0.68 • 
0.30 ng/mg cell protein (cp), p<0.02). There 
were no significant differences in PAI-I 
release between N-LDL and either G-LDL (0.86 • 
0.35 ng/mg cp) or SFM (0.59 • 0.28 ng/mg cp). 
t-PA release by REC was not altered by 
incubation with LDL: 51 • 19, 47 • 18, 63 • 29 
and 50 • 31 ng/mg cp for N-LDL, G-LDL, GO-LDL 
and SFM, respectively. In summary, 
glycoxidized LDL can contribute to increased 
release of PAI-I by retinal endothelial cells. 
This could lead to a local decrease of 
fibrinolysis in retinal capillaries, thereby 
favouring thrombus formation. 

173 

THE ROLE OF "HYPERGLYCEMIC (METABOLIC) HYPOXIA" 
IN THE PATHOGENESIS OF DIABETIC COMPLICATIONS 
M. Van den Enden, E. Ostrow, and J. R. Williamson. 
Washington University, St. Louis, U.S.A. 
Acute hypoxic myocardial injury resulting in 

(diabetes-like) vascular, electrophysiological, and 
myocyte contractile dysfunction has been linked to 
impaired oxidation of NADH to NAD +. The present 
studies were undertaken to determine whether acute 
elevation of glucose levels in normal rat retina and 
endoneurium mimics effects of 02 deprivation on 
NADH/NAD + (reflected by increased tissue lactate/ 
pyruvate ratios). Retinal lactate/pyruvate ratios 
increased from 24.0+_4.7(SD) to 40.3-+5.7 (P<0.0001) in 
5 vs 30 mM glucose (2 hour incubation, n=7); 
endoneurial ratios increased from 9.6+0.8 to 12.9-+1.9 
(P<0.001) in 5 vs 50 mM glucose. These glucose- 
induced redox changes were significantly reduced or 
prevented by aldose reductase inhibitors (32.2+7.0, 
P=0.031 in retina; 8.6-+0.9 in endoneurium). These 
observations, together with prevention of diabetes- 
induced vascular and neural dysfunction in vivo by 
aldose reductase inhibitors and acetyI-L-carnitine, 
suggest that neural and vascular dysfunction 
developing early after the onset of poorly controlled 
diabetes may result from glucose-induced, sorbitol 
pathway-linked increases in NADH/NAD + (and 
associated imbalances in carnitine metabolism) like 
those observed in hypoxic (nondiabetic) hearts. 
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DIABETIC AUTONOMIC NEUROPATHY : 

WHICH TESTS TO USE 

P. Diem, X. Navarro, W.R. Kennedy, and R.P. Robertson 
Division of Endokfinology and Diabetes, Department of Medicine, 
University of Bern, Switzerland; Department of Neurology, and 
The Diabetes Center, Department of Medicine, University of 
Minnesota, Minneapolis, USA. 

In patients with long-standing diabetes mellitus, dysfunctions of 
the autonomic nervous system are frequent. To ascertain the 
diagnosis of diabetic autonomic neuropathy (DAN), various 
combinations ofcardio-vascular tests have been proposed. In the 
present study variations of heart fi'equency during deep breathing 
(AR6) and during a Valsalva manoeuvre (both testing 
parasympathetic function); the number of sweat glands on hand 
and feet (both testing sympathetic function); and the response of 
pancreatic polypeptide to hypoglycemia (ln[AhPP+I], testing 
vagal function) were evaluated in 24 consecutive Type 1 (insulin- 
dependent) diabetics considered as having mild to moderate DAN 
(based on past history, 2-5 tests outside mean_+lSD of normal, 
diabetes duration >15 years) as well as 10 control subjects (<1 test 
abnormal) were analyzed, looking for a model that would 
optimally discriminate diabetics from controls. 'Stepwise linear 
regression' analysis gave the following model: 

f = 1.232 - (0.040 x a r t )  - (0.039 x ln[AhPP+I]) 
(multiple r = 0.847, muh[ple r 2 = 0.717, SE = 0.254) 

Using this function, 23/24 diabetics, and 9/I0 controls were 
classified correctly (sensitivity 96%, specificity 90%). Inclusion 
of additional parameters did not improve discrimination between 
diabetics and controls. We conclude that the combined 
determination of AR6 (as a test of parasympathetic function) and of 
ln[AhPP+I] (as a test of vagal function) allows an excellent 
diagnosis of DAN. 
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LEFT VENTRICULAR MASS IS INCREASED IN 
NEUROPATHIC DIABETIC PATIENTS WITH NORMAL 
BLOOD PRESSURE 
E. Civetta, S. Frontoni, V. Spallone, G. Lanza*, MR. Maiello, G. 
Testa#, A. Lala, G. Menzinger, S. Gambardella. -Cattedra di 
Malattie del Ricambio, II Universita' di Roma- *lstituto di 
Cardiologia, UCSC, Roma- #Servizio di Diabetologia, 
Ospedale S. Camillo, Roma. 

Autonomic neuropathy is associated with a reduced nocturnal 
fall of blood pressure. It has been shown that nocturnal systolic 
blood pressure strongly correlates with left ventricular mass 
index (LVMI). The relationship between diabetic autonomic 
neuropathy, circadian blood pressure changes and 
echocardiographic parameters was investigated in 27 
normotensive diabetic patients (10 with and 17 without 
neuropathy) who underwent 24-h blood pressure monitoring 
and M-mode echocardiographic recording. The two groups 
were comparable for age, sex, duration of diabetes, body mass 
index and metabolic control. 24-h average and diurnal systolic 
(SBP), diastolic (DBP) and mean blood pressure (MBP) were 
similar. The percent changes from day to night of SBP, DBP and 
MBP were significantly lower in neuropathic patients (p<0.04). 
Increased LVMt (135.4_+10.2 vs 102.9-+6.3 g/m 2, p<0.005), 
septal wall and posterior walt width were observed in 
neuropathic patients. Fractional shortening (37.4+2.0 vs 
37.1+2.1%), peak velocity of early left ventricular filling (E), of 
late ventricular filling (A) and their ratio (E/A) were similar in the 
two groups. In summary, normotensive diabetic patients with 
neuropathy display a reduced nocturnal blood pressure fall, 
associated with an increased LVMI. The increased LVMl.may 
represent a link between diabetic autonomic neuropathy, 
nocturnal blood pressure levels and high cardiovascular 
mortality rate. 
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QUANTITATIVE CHARACTERIZATION OF CARDIAC AUTONOMIC 
NEUROPATHY BY POSITRON EMISSION TOMOGRAPHY (PET) 
M.J. Stevens, K. Allman, M. Schwa• and D.A. Greene. 
University of Michigan, Ann Arbor, MI USA 

Cardiac autonomic neuropathy may increase morbidity and 
mortality. Standardized autonomic function tests utilize indi- 
rect methods, which distinguish poorly between sympathetic 
(S) and parasympathetic (P) dysfunction. PET imaging al- 
lows direct quantification of both S and P neurotransmitter 
dysfunction. We now report our preliminary data using the 
highly specific noradrenaline analog, C-11 hyroxyephedrine 
(HED), thus directly assessing cardiac S integrity, in four in- 
sulin dependent (type 1) diabetic patients, 1 male, 3 female, 
mean (SD) age 33(10) years, diabetes duration 18(7) years. 
All had reduced heart rate variability (HRV)<10 beats/min: 
two had severe S dysfunction (valsalva ratio (VR)<1.05, sys- 
tolic blood pressure fall (SBPF)>20mmHg with symptomatic 
postural hypotension; two were less severely affected, (VR 
1.54 and 1.57, SBPF<10mmHg). Imaging was performed 
with N-13 ammonia for btood flow imaging and C-11 HED for 
neuronal imaging. Left ventricular (LV) regional distribution 
volumes (Vd) for HED were estimated to assess severity and 
homogeneity of neuronal dysfunction and compared to14 
normal nondiabetic controls. All patients had homogeneous 
blood flow images. The Vd was reduced in the all diabetic 
patients (range 1.1 to 31 mL/g, vs 44.5(3.7) mL/g in controls), 
and was greatly reduced in the two patients with postural hy- 
potensien, Vd range 1.9(1.1) mL/g to 19(18)mL/g. The extent 
of the LV affected varied from 2-83%, with distal cardiac seg- 
ments more severely affected. Conclusions. PET using C- 
11 HED allows quantitative and sensitive characterization of 
cardiac S dysfunction. Our studies suggest a nonuniform 
denervation, confirmation of which with subsequent studies 
may help elucidate its pathephysiolegy. 
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MECHANISMS OF ARTERIAL HYPOTENSION AFTER 
SUBCUTANEOUS INSULIN IN DIABETIC AUTONOMIC 
NEUROPATHY. 
F. Porcellati, C. Fanelli, P. Bottini, L. Scionti, J. Hilsted, F. 
Santeusanio, P. Brunetti and G.B. Boll• Istituto di Medic• 
Interna e Scienze Endocrine e Metabeliche, Universit~ di 
Perugia, via E. Dal Pozzo, 06126 Perugia, Italy. 
To assess the hemodynamic effects of prandial therapeutic 
doses of insulin in diabetic autonomic neuropathy (DAN), lying, 
3-5 min standing mean blood pressure (MBP), plasma 
norepinephrine, plasma volume (1251-,~3q-albumin), and leg total 
peripheral resistance (mean BP/leg blood flow, pletismography) 
were measured in 9 patients with (DAN+, score 6.6• and 6 
without DAN (DAN-, score 0.16• before and after 
subcutaneous injection of placebo and insulin (0.2 U/kg) on the 
same day, and on separate days. Plasma glucose was clamped 
at 8.5• mM throughout studies. After insulin, MBP did not 
change in DAN-, but decreased in DAN+ vs. placebo, both lying 
(94+_0.3 vs. 99• mmHg, 0.5-2 h after insulin/placebo) and 
standing (74• vs. 85• mmHg, 2 h after insulin)(p<0.01). Two h 
after insulin, standing increments in norepinephrine (0.63• 
vs. 1.03-.0.18 nM) were lower, but the decrease in plasma 
volume (3.17_+0.43 vs. 1.21• ml/kg) was greater in DAN+ vs. 
DAN- (p<0.05) and correlated with standing MBP decrements in 
both groups (r=-0.69 and 0.64, NE and PV, p<0.05). Leg total 
peripheral resistance increased similarly in DAN- (from 19-.2 to 
27• and DAN+ (from 22• to 31• (mmHg/ml/100ml/min, 
p=NS). Conclusions. Subn0rmal standing increments of 
norepinephrine and lower plasma volume after insulin, not 
compensated by appropriate increases in peripheral resistance, 
are the mechanisms of hypotension after prandial insulin in 
DAN+. 
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IMPAIRED NOCTURNAL DECUNE IN ARTERIAL BLOOD PRESSURE IN TYPE 2 (NON- 
INSUUN-DEPENDEN1D DIABETIC PATIENTS ~ NEPHROPATHY 
F.S. Nielsen, P. Rossing, M.-A. Gall and H.-H. Parving. Steno Diabetes Center 
Gentofte, Denmark 

Non-diabetic hypertensive patients lacking the normal nocturnal decline in 

blood pressure have an enhanced cardiovascular morbidity. Since cardiova- 

scular morbidity is increased in Type 2 diabetic patients we performed 24-hour 

non- invasive ambulatory blood pressure monitoring with the Takeda TM 2420 

device in 53 Type 2 diabetic patients with diabetic nephropathy compared to 

a matched group of 53 normoalbuminuric Type 2 diabetic patients. Prevalence 

of hypertension was 81% and 38% in the two groups, respectively. All anti- 

hypertensive drugs were withdrawn for at least 2 weeks. Autonomic nerve 

function was evaluated by beat-to-beat variation and orthostatic blood 

pressure measurements. Normal nocturnal decline in blood pressure 

("dippers") was defined as an average reduction in systolic and diastolic blood 

pressure ~ 10% during sleep (23-07) compared to daytime (07-23). The 

nocturnal decline in blood pressure was 6.5 -+ 11.5% in the nephropatic group 

versus 11.7 _+ 10.6% (mean _+ SD) in the normoalbuminuric group (p<0.05). 

The prevalence of dippers was reduced in the nephropatic compared to the 

non nephropatic group, 42% vs 62% respectively (p<0.05). In a regression 

analysis the nocturnal blood pressure decline was associated to beat-to-beat 

variation (p<O.02) but not to blood pressure level. Our study suggests that 

impaired nocturnal decline in blood pressure is more prevalent in Type 2 

diabetic patients with nephropathy and autonomic neuropathy. 
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A TRANSGENIC MODEL OF CHRONIC HYPERGLYCEMIA IN MICE 
WITHOUT PRIMARY ALTERATION OF ~-CELL FUNCTION. 
V. VIARD, E. SCHAEFER*, J. MORIN, L. PENICAUD**, P. RAMOS*, S. 
MAIKA*, L ELLIS*, R HAMMER* and P. FERRE. U342 INSERM, Hosp. 
St-Vincent-de-Paul, Paris, France; *H.H.MI, Dallas, Texas, ** URA307, 
CNRS, Universit6 Paris 7, Paris, France. 

Our aim was to develop a transgenic model of chronic 
hyperglycemia in which 8-cell function was not primarily 
altered. We exploit the fact that the extracellular domain of 
the insulin receptor (ectodomain) can be expressed as a 
secreted soluble protein that binds insulin selectively. A 
transgene comprising 921 amino acids of the human 
ectodomain, a 3.0 Kb segment of the mouse transferrin 
promoter and 3' SV40 polyadenylation signal was used for 
the generation of transgenic mice. Two lines were selected 
for accumulation of the ectodomain in the plasma, detected 
by the binding of 1251-insulin in a solid phase assay with a 
monoclonal antibody. The tissues expressing and secreting 
the transgenic protein were in a decreasing order of intensity 
: white fat, lung, brain, adrenal glands and liver. 
Postabsorptive transgenic mice were hyperglycaemic, 
143+11 versus 94:L--6 mg/dl (P<0.0t), had a higher total 
plasma insulin concentration, 59-t-9 versus 21:1:4 pUIml 
(P<0.001) and a higher glucose turnover rate, 23:1:2. versus 
18:1:1 mg/min/kg (P<0.09). During an hyperglycaemic clamp 
(200mg/dl), total plasma insulin was also higher in 
transgenic mice,193:L-47 versus 95:t:11 pU/ml (P<0.05). It 
suggests that plasma insulin is effectively "buffered" by the 
ectodomain. This represents a model of hyperglycemia 
without primary alteration of insulin secreting and insulin 
sensitive tissues. 
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DOES NERVE GROWTH FACTOR PLAY A ROLE IN 
DIABETIC AUTONOMIC NEUROPATHY? 
P.J. Watkins, M.M. Zanone, M. Edmonds, R.W.S. 
Tomlinson and J.P. Banga. Departments of 
Diabetes and Medicine, King's College 
Hospital, London. 
There is evidence for an autoimmune component 
to the pathogenesis of autonomic neuropathy in 
Type I diabetes. Nerve growth factor (NGF) is 
required for development and maintenance of 
autonomic nervous function, is highly 
expressed in the iris and known to have" 
structural homology to insulin. We studied the 
presence of autoantibodies to NGF in: 20 
patients with long-standing Type I diabetes 
(mean age 46.45• years, duration of 
diabetes 3 3 . 1 •  years) with abnormal 
autonomic function tests, of whom 14 had 
symptomatic autonomic and peripheral 
neuropathy, 3 had an episode of iritis and 6 
had no autonomic symptoms; 9 age-matched 
patients with Type I diabetes but with shorter 
duration of disease (21.78• and no 
complications; 10 healthy subjects (mean age 
34.6• years). We also assayed insulin 
antibodies (IA) to evaluate a possible cross- 
reaction of IA with NGF. Insulin and NGF 
antibodies were affinity purified and measured 
by ELISA, using human insulin and mouse 7S NGF 
as antigens. IA were present in 6 (30%) 
patients with neuropathy and in 5 (55%) 
without complications. We could not show 
evidence for the presence of antibodies to 
NGF, by comparing the three groups using the 
Mann-Whitney U test~ Thus it remains 
speculative whether antibodies to NGF or the 
presence of insulin antibodies cross-reacting 
with NGF play a role in autonomic neuropathy. 
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NEONATAL TOLERIZATION WITH GAD FROM RAT BRAIN IN 
NOD MICE ALTERS THE INCIDENCE OF DIABETES. 
JS Petersen,  K Hejn~es, B Michelsen,  AE Kar lsen and H 
Markholst. Hagedorn Research Institute, Gentofte, Denmark. 
NOD mice share many pathologic features with Type 1 (insulin- 
dependent )  d iabetes in man. One of these is autoant ibodies 
against GAD preceding the onset of the disease. In man approx. 
80% of newly d iagnosed individuals have GAD-Ab's.  GAD 
molecules may serve as the primary target antigen or they may 
represent  seconda ry  ant igens re leased af ter  initial 8-cel l  
destruction. To test the role of GAD in diabetes pathogenesis in 
NOD mice, we puri f ied GAD from rat brains using aff ini ty 
chromatography with a monoclonal ant ibody (GAD6). Following 
d ia lys is  aga ins t  PBS the pur i f ied mater ia l  was  in jected 
intraperi toneal ly into neonatal female NOD mice (n=10). Control 
female NOD mice received either PBS (n=10) or BSA (n=14). 
So far the cumulat ive diabetes incidence curves are as fol lows: 

80 
GAD-tolerized f ............... BSA-to]erized 60 ........ SHAM-tolerized .o 

7 

:.r 
o . , . i , ,  . 

5o ~oo ~;o 2;~ 
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In conc lus ion,  neonata l  GAD toler izat ion does not prevent  
d iabetes in at least 40% of the mice, however,  the onset  is 
signif icant ly (p<0.05) delayed compared with that observed in 
BSA and sham-toler ized animals. These data indicate that GAD 
assoc ia ted  au to immuni ty  is invo lved in the pa tho logy  of 
d iabe tes  in NOD mice. The p resence  of GAD-Ab ' s  in 
p rospec t ive ly  sampled sera from all the mice is current ly  
investigated to ascertain the effect iveness of the tolefization. 
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LINOMIDE, A NOVEL IMMUNOMODULATING DRUG, 
PREVENTS DIABETES IN NON-OBESE DIABETIC (NOD) 
MICE. 
D. J. Gross, H. Sidi, E. Rosenmann, L. Weiss and S. Slavin. 
Hadassah University Hospital, Jerusalem, Israel. 

Our aim was to ascertain the effect of linomide, an 
i rnmunomodulat ing drug, on the course of diabetes in NOD 
mice. Linomide 0.5 m g / m l  in drinking water was given to 
five-week old female NOD mice for 40 weeks. At 16 weeks 
insulitis scores for untreated (n=6) and treated mice (n=9) were 
72-+2.6% and 11.6+_2.7%, (mean_+SEM) respectively. By forty 
weeks 11/18 control animals were diabetic, in contrast to 0/18 
in the treated group. I.P. GTT (1.0 gr /kg)  revealed basal glucose 
(rnmol/L, mean-+SEM) levels of 8.2-+0.7, 6.8_+0.3, 8.3_+0.3 and 
6.3_+0.2 for surviving non-diabetic untreated (n=7), treated 
(n=18), 5 week-old male NOD controls (n=11) and normal 
Balb/c mice (n=9) (untreated vs. Balb/c p<0.013, treated vs. 
Balb/c- n.s.). 60 minute values were 18.3_+2.0, 9.8_+0.8, 10.7_+0.3 
and 8.5_+0.3, respectively (treated vs. male NOD and Balb/c 
controls-n.s., untreated vs. male NOD controls p<0.012) 
indicating that at 40 weeks all treated animals had normal 
glucose tolerance while the untreated group were either 
frankly diabetic or glucose intolerant. No inter-group 
differences of T-cell subsets, PHA reactivity or NK-cell number  
or function was observed. Linomide appears to be a highly 
effective drug for prevention of au to immune diabetes in NOD 
mice through, as yet, undefined mechanism(s). 
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INJURY OF B-CELLS AND HYPERGLYCEMIA FOLLOWING 
ADMINISTRATION OF PLATINUM ANTICANCER DRUGS 

K.O.Kohnert, H.G.Hillesheim, K.F~lt, U.Besch and 
H.P.Schr~er. Oiabetes Besearch Institute,Karlsburg 
Institute of Experimental Therapy,dena,FRG, and 
University of Lund,General Hospital,Malm6,Sweden 

Several heavy metal ions are known to impair glu- 
cose homeostasis by altering islet cell functions. 
To examine anticancer platinum compounds for their 
effects on the endocrine pancreas, male Wistar 
rats were treated with an i.v.dose of 6mg/kg oxo- 
platin (trans-dihydrexy-cis-dichlorodiammine- 
platinum IV) or 2mg/kg cisplatin (cis-dichloro- 
diammineplatinum If) for 5 consecutive days. 
Glucose tolerance was evaluated l, 2 and 80 days 
following termination of treatment by serially 
measuring plasma glucose before and after an i.v. 
glucose load (0.4g/kg).Both drugs, oxoplatin more 
severely than cisplatin, impaired giucose tole- 
rance and produced deficient insulin response 
relative to the degree of hyperglycemia. Plasma 
glucagon was paradoxically increased only by eis- 
platin. Pancreatic insulin content already ld after 
oxoplatin and cisplatin treatment was reduced by 
57% (p<O.Ol) and 27% (p<O.05), respectively. Early 
histopathological changes seen in the islets, 
following oxoplatin but not cispiatin administra- 
tion, included pyknotic cell nuclei, cytoplasmic 
vacuolization and a 42% (p<O.O01) decrease in the 
B-cell mass.Glucose tolerance and insulin secretory 
response to glucose, initially impaired after ci~ 
platin treatment, recovered during the 80-day- 
observation period. However, oxoplatin induced 
progressive loss of 6-cells and persistent hyper- 
glycemia (>20mmol/1).In conclusion, anticancer 
drugs are capable of initiating toxic reactions 
against the pancreatic B-cells. 
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CHARACTERIZATION OF A STRUCTURALLY NOVEL, HIGHLY 
POTENT, ORALLY ACTIVE ALDOSE REDUCTASE 
M.S. Malamas and T.C. Hohman. Wyeth-Ayerst Research, 
Inc., Princeton, NJ, USA 

WAY- 121,509, a spiro[isoquinoline-4(1H),3'-pyrrolidine]- 
1,2',3,5'(2H)-tetrones, is one of the most potent orally active 
aldose reductase (AR) inhibitors yet identified. In a 
spectrophotometric assay with bovine lens aldose reductase 
and DL-glyceraldehyde as substrate this compound was 
shown to be a mixed type noncompetitive/ uncompetitive 
inhibitor with high intrinsic activity (IC50=1.4X10 -8M). In 
STZ-diabetic and galactosemic rats WAY-121,509 exhibited 
exceptional oral potency, preventing polyol accumulation 
(quantitated by GC) in the sciatic nerve with ED50 values of 
0.08 and 0.3 mg/kg/day, respectively. The enantiomers of 
WAY-121,509 were indistinguishable in both in vitro and in 
vivo aldose reductase assays suggesting that there is rapid 
racemization around the C-4 asymmetric center. 
Quantitation by HPLC of the enantiomeric ratio in plasma 
samples confirmed this suggestion. The plasma half-life, 
3-4h in rats and 10-12h in dogs was estimated from plasma 
drug level measurements and from an ex vivo assay, in 
which erythrocyte AR activity was estimated at selected 
times, following a single oral dose of inhibitor. Together, 
these data demonstrate that WAY-121,509 is a highly potent 
and orally effective aldose reductase inhibitor with a 
pharmacokinetic profile compatible with once daily dosing. 
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INSULIN RESISTANCE AND POSTRECEPTOR CHANGES OF 
LIVER METABOLISM IN FAT-FED MICE. 
C.J. Hedeskov, K. Capito, S.E. Hansen, H. Is- 
lin and P. Thams. Dept. of Biochemistry A, The 
Panum Institute, University of Copenhagen, 
Denmark. 
Postreceptor insulin resistance was studied in 
liver tissue from NMRI mice after 3 months' 
fat-feeding. Intravenous glucose tolerance 
tests showed impaired glucose tolerance (p < 
0.001) and increased plasma insulin concentra- 
tions consistent with insulin resistance and 
reduced peripheral and hepatic uptake of glu- 
cose. This could also be inferred from the ob- 
servation that pro-noon the fat-fed mice were 
normoinsulinemic (66.0 • 5.9 ~U/ml vs 85.3 • 
12.3 ~U/ml for controls, NS) and hyperglycemic 
(plasma glucose 10.3 • 0.35 mM vs 8.0 • 0.30 
mM, p<0.01). In livers of fat-fed mice the 
glycogen content was reduced (91 • 8 mM vs 192 
• 19 mM, p<0.0001). Likewise glucokinase acti- 
vity was reduced (2,28 • 0.I0 U/g vs 2.71 • 
0.17 U/g, p<0.05). On the contrary, lactate 
dehydrogenase was increased (417 • ii U/g vs 
285 f 20 U/g, p<0.0001). Of the lipogenic en- 
zymes fatty acid synthase was decreased (0.30 
• 0.02 U/g vs 0.50 • 0.04 U/g, p<0.0001), 
whereas glucose 6-phosphate dehydrogenase and 
the rate limiting enzyme in fatty acid synthe- 
sis, acetyl CoA carboxylase, both were unaf- 
fected. It is concluded that insulin resis- 
tance, unchanged capacity for liver fatty acid 
synthesis and capability of greatly increased 
glucose production from lactate in liver are 
similar to what has been reported for liver 
metabolism in type 2 (non-insulin-dependent) 
diabetic subjects and may be studied in more 
detail and with more ease in this particular 
animal model. 
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AUTOANTIBODIES TO GLUTAMIC ACID DECARBOXYLASE 
VARY IN THEIR MHC CLASS II ALLELE ASSOCIATIONS. 
E. Bonifacio, S. Genovese, H. Stephens, B. M. Dean, J. M. McNally, 
G. Schwarz, E. A. M. Gale, R. Wagner, E. Bosi and G. F. Bottazzo. 
The London Hospital Medical College and Saint Bartholomew's 
Hospital, London, UK; San Raffaele Institute, Milan, Italy. 
The autoantibody responses to GAD are heterogeneous: GAD-Abs 
are detected in a proportion of individuals with also whole islet ICA, 
while in the absence of whole islet ICA, some GAD-Abs appear as 
a beta cell selective pattern. To determine whether heterogeneity 
was linked to MHC, we examined HLA DR and DQ alleles in a 
cohort of 32 GAD-Ab positive non-diabetic individuals with also 
whole islet ICA or with the beta cell anti-GAD pattern. Those with 
GAD-Abs and whole islet ICA had a predominance of diabetes 
susceptible alleles, while those with GAD-Abs producing a beta 
cell pattern did not, but rather had protective alleles. All those with 
GAD-Ab and whole islet ICA were DR3 or 4; 9 (69%) were DR 3/4. 
Only 1 (7%) individual without whole islet ICA but with the beta 
cell anti-GAD pattern was DR 3/4 (p<0.001). HLA DR2 was found 
in 8 (42%) of those with a beta cell anti-GAD pattern, and in none of 
those with also whole islet ICA (p<0.01). All those with whole 
islet ICA had DQA1 and DQB1 alleles encoding at least 2 DQaf3 
heterodimers with Arg-52 in DQc~ and non Asp-57 in DQIg, while 
DQ alleles in 36% of individuals with beta cell anti-GAD pattern 
yielded no diabetes susceptible DQcq3 heterodimers. The results 
support the hypothesis that MHC class I1 allelic variation influences 
the specificity of the autoimmune response in type 1 diabetes. 
Protection and susceptibility to disease associated with class II 
genes may result from variations in binding and presentation of 
different autoantigenic peptides. Only some of these response may 
be pathogenic. 

187 

DECREASED ISLET CELL-SPECIFIC AUTOIMMUNITY AT 
CLINICAL MANIFESTATION OF TYPE 1 DIABETES IN CHILDREN 
WITH STRONG GENETIC SUSCEPTIBILITY 
R. Veijola, H. Reijonen, M. Knip, J. Ilonen and P. V~h~salo. 
Department of Pediatrics, University of Oulu, Oulu,. Finland and 
Department of Virology, University of Turku, Turku, Finland. 

Clinical and autoimmune characteristics of 72 children with Type 1 
diabetes were registered at diagnosis and during the initial 2 years o| 
the disease in order to investigate whether subjects with the high risk 
HLA-DQB1 genotypes differ from those with neutral or low risk DQB1 
combinations. DQ genotyping was performed using sequence specific 
oligonucleotide probes derived from the region coding for the 57th and 
the surrounding amino acids of the DQ@chain. At diagnosis 
circulating levels of complement-fixing islet cell antibodies (CF-ICA) 
were lower in subjects homozygous for the non-Asp57 encoding DQB1 
alleles (n=55) as compared to those with at least one Asp57 encoding 
allele (n=17) [24.3 JDF-U (95% CI 14.8-33.8) vs. 54.7 JDF-U (95% CI 
28.0-81.3); p<0.05]. A similar trend was observed for conventional 
ICA [53.9 JDF-U (95% CI 43.8-64.0) vs. 68.3 JDF-U (95% CI 49.1- 
87.5); p=0.13]. During the 2-year observation period subjects with the 
high risk DQw2/DQw8 combination (n=30) had lower serum C-peptide 
concentrations (p<0.05 in two-way analysis of variance) and higher 
daily insulin doses (p<0.05) than the other subjects (n=42). Our novel 
observation of decreased islet cell-specific autoimmunity in non-Asp57 
homozygous children at diagnosis of Type 1 diabetes supports the 
concept of genetically determined heterogeneity within the disease and 
suggests that ill-cell damage results in weaker signs of autoimmunity in 
subjects with strong genetic susceptibility. The more rapidly 
decreasing endogenous insulin secretion and higher requirement of 
exogenous insulin in DQw2/DQw8 heterozygetes indicate that these 
patients are characterized by an accelerated J~-cell destruction during 
the early course of the disease. 
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Reactivity against glutamie acid decarboxylase 
(GAD) in type I diabetes mellitus is detected by 

a rapid precipitation assay. 

LA Velloso, 0 Kdimpe, A Hallberg and FA Karlsson. 
Dep. Internal Medicine, University Hospital, Uppsala University, 

Sweden 

The authors present a method which permits screening for GAD 
reactivity in sera of large number of type I diabetes mellitus 
patients. Recombinant forms of rat GAD-65 and GAD-67 were 
produced by a in vitro eukaryotic expression system, labeled with 
35S-methionine and partialy purified by ion exchange and affinity 
chromatography. The tracer was then incubated with patient and 
control sera, immunocomplexes were collected by precipitation 
with protein A-Sepharose and radioactivity was counted. All the 
patients and controls in the study had their sera previously titrated 
for the presence of islet cell antibodies (ICA) accordingly to the 
Juvenile Diabetes Foudation (JDF). Comparisson of titers of ICA 
and reactivity against GAD showed a important correlation 
(r2=0,74; p=0,0001), eventhough patients with low titers of ICA 
and high reactivity to GAD-65 as well as the opposite could be 
observed. This supports the fact that the autoantigen recognized by 
ICA has a different identity than glutamic acid decarboxilase. 
Concerning comparissons ICA versus GAD-67 and GAD-65 
versus GAD-67, no correlations were found. Very few patients had 
reactivity against GAD-67 supporting the fact that this form of the 
enzyme is not as imponam as GAD-65 as a autoantigen in IDDM. 
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INCIDENCE OF AUTOANTIBODIES TO GAD64 AND GAD67 IN NEWLY 
DIAGNOSED TYPE 1 DIABETIC PATIENTS AND PRED1ABET1C 
INDIVIDUALS. 
H.J. Aanstoot, S. Christgau, Y. Shi, J. Kim, K. Begley and S. Baekkeskov, 
Hormone Research Institute, University of California San Francisco, Ca 
94143-0534, USA. 

Glutamic acid decarboxylase (GAD) has two forms GAD64 and GAD67, which 
are encoded by two distinct genes. Previous studies have mainly focussed 
on incidence of antibodies to the major islet cell form, GAD64. To analyze the 
incidence of autoantibodies to both GAD64 and GAD67 in newly diagnosed 
type-l-patients we developed baculovims and COS cell expression systems 
for human GAD64 and GAD67.35S-methionine labelled GAD64 and 
GAD67 from St9 or COS cells was immunoprecipitated with sera from 26 
newly diagnosed IDDM patients, 14 prediabetic individuals and 10 controls. 
The expression of GAD in baculovirus infected Sf9 ceils and COS cells varied 
between 20-50% and 2-5% of total protein respectively. There was a 
complefe correlation between GAD64 antibodies and the islet 64kD protein 
antibodies. The analysis of sera is summanzed in the table: 

New type 1 pre-type 1 controls 

92% 86% 0% 
79% 0% 
57% 0% 

50% 0% 

GAD64 antibody or 
GAD67 antibody positive 
GAD64 antibody positive 81% 
GAD67 antibody positive 65% 
GADs4 antibody and 
GAD67 antibody positive 54% 
GAD64 antibody and 
GAD67 antibody negative 8% 14% 100% 

The results show that both GAD64 and GAD67 are targets of autoantibodies in 
type 1 diabetes and that they contain both shared and distinct autoantigenio 
epitopes. 
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HUMAN MONOCLONAL AUTOANTIBODIES TO GLUTAMATE 
DECARBOXYLASE SHARE FEATURES OF ICA AND 64KD- 
ANTIBODIES 
W. Richter, T.I-I. Eiermann +, J. Endi*, M Brandt*, R. Kientsch- 
Engel*, H. Jungfer* and W. A. Scherbaum; Dept. of Internal Medicine 
and +Dept. of Transfusion Medicine University of Ulm; Germany and 
Boehringer Mannhelm Research Center Tutzang, Germany 

The first human monoclonal islet celi antibodies (MICA 1-6) obtained 

from an individual with Type 1 (insulin-dependent) diabetes mellitus 

were all shown to recognize the Type 1 diabetes-specific 64kD 

autoantigen glutamate decarboxylase (GAD). We here investigated 

whether typical features of ICA are represented by these monoclonals. 

We show that binding of MICA 1-6 to pancreatic sections is blocked by 

preincubation of sections with ICA-positive sera but not with normal 

human sera. In addition, MICA I-6 reveal the typical features of epitope 

sensitivity to biochemical treatment of the target tissue which has been 

demonstrated for ICA, and which has been used to argue for a lipid 

rather than protein nature of target antigens. Analysis of staining 

patterns on islets by double immunofluorescence testing with a 

proinsulin-specific antibody however revealed that MICA 1-6 

predominantly stain pancreatic l~-cells in agreement with the g-cell 

specific expression of the target antigen GAD. In contrast an islet- 

reactive IgM monoclonal antibody obtained from a prediabelic individual 

stained all cells of the islet and lacked the tissue specificity of the IgG 

antibodies MICA 1-6. Our results provide direct evidence that MICA 1- 

6 share typical features of ICA and 64kD-antibodies and show that GAD 

is amongst the target antigens of ICA. 
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CARDIOVASCULAR DISEASE AND RISK FACTORS IN 
INSULIN DEPENDENT (TYPE 1) DIABETES IN EUROPE. 
B.Idzior-Walus, V.Koivisto, M.Mattock and the EURODIAB 
Complications Study Group. University College London and 31 
Centres in Europe. 

The distribution of cardiovascular risk factors has been assessed by 
standardised methods in 3296 insulin-dependent (Type 1) diabetic 
subjects from 31 diabetes centres in 16 countries throughout 
Europe. For the age-ranges:- 15-29, 30-44 and 45-59 years, the 
proportions with Minnesota-coded ECG abnormalities (possible or 
probable ischaemia) or a history of myocardial infarction, angina, 
coronary artery bypass grafting or stroke was 6.%, 8% and 25% 
respectively. Overall, 10% of patients were on antihypertensive 
drugs, with a between-centre range from 3% to 28%. Excluding 
those on therapy, the proportion of patients with systolic blood 
pressure (BP) ~ 140mmHg or diastolic BP > 90mmHg was 19%, 
with a between-centre variation of 10% to 37%. Serum cholesterol 
concentrations were measured centrally and 14 % of all patients had 
levels exceeding 6.5retool/I, with a between-centre variation of 5 % 
to 22%. On average, 32% of patients were current cigarette 
smokers, with a variation between centres of 22% to 42%. For 
insulin dependent (Type 1) diabetic patients in Europe, about 28 % 
have blood pressure or serum cholesterol levels which exceed the 
St. Vincent Action Programme targets and the frequency of 
smoking is disappointingly high for a group at high risk for 
cardiovascular disease. 
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SEQUENTIAL ANALYSIS OF ANTIBODIES TO GLUTAMATE 
DECARBOXYLASE DURING PREDIABETES AND 
RELATIONSHIPS WITH ISLET CELL ANTIBODIES 

CH. Thivolet, A. Durand, M. Tappaz and members of the Lyons' 
family study, INSERM U197 and U171, Lyon France 

Autoantibodies to Glutamate decarboxylase (GAD) were 
determined with an immunotrapping enzyme activity assay 
using rat brain homogenate in 282 siblings of 241 type 1 
diabetic patients. Among 19 islet ceil autoantibody (ICA) 
positive siblings, antibodies to GAD were found in 7 of 8 
(87.5%) siblings with ICA titres above 20 JDF units, in 2 of 263 
(0.7%) ICA negative siblings. High titre iCA and autoantibodies 
to GAD were tightly associated (x2=182, p=0.0001). None of 
the siblings with low genetic risk i.e. HLA-different to the 
diabetic proband (n=64), was found antibody positive. 
Antibodies to GAD were present only in those relatives sharing 
at least one haplotype with the diabetic proband, including two 
ICA negative but HLA-identical siblings. Autoantibodies to GAD 
were present in 6 of 8 siblings who developed the disease, 
including one ICA negative sibling. Altogether, the 
simultaneous presence of autoantibodies to GAD and high titre 
ICA increases the positive predictive value for the disease from 
66% to 75%. This study indicates therefore that autoantibodies 
to GAD are additional predictive markers for future 
development of Type 1 diabetes and should be now 
prospectively studied in high risk individuals as well as other 
autoantibodies to Beta-cell autoantigens. 
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DIABCARE - CONTINUOUS QUALITY IMPROVEMENT 

FEASIBILITY PHASE 

K Piwernetz, PD Home, U Strckle, M Massi Benedetti, 
M Antsiferov, O Snorgaard, DRR Williams, K Staehr Johansen 
and M Krans 

The WHO-IDF Steering Committee for the implementation of  
the St. Vincent Declaration established the DIABCARE 
Monotoring Group to provide the methodology for 
Continuous Quality Improvement(CQI) into Diabetes Care 
and the monitoring of the agreed targets. 
This study was designed to test the feasibility of a Europe- 
wide activity on CQI. 
For this purpose and also based upon previous European 
consensus activities a Diabetes Data Set was proposeed as 
DIABCARE Basic Information Sheet: 1i8 items in 10 main 
fields; a computer p rogram was developed to facilitate 
feedback communication. 
From 77 invited Diabetes centres in 21 European countries 47 
centres(17 countries) participated. Within three months it was 
possible to aggregate data from 3969 diabetic patients, 71% 
on Basic Information Sheet, 12% on DIABCARE disk, 17% 
from different databases. The data were evaluated according 
to indicators for process and outcome quality. Within 4 weeks 
the centres were provided ~vith this evaluation enabling them 
to compare their data with the average of all participating 
centres and those of their country. 
The results indicated the feasibility of feedback-oriented 
communication among European centres as prerequisite for 
continuous quality improvement. Representatives of European 
Health Authorities considered the programme suitable for 
further implementation at national level. 



A52 

194 

RESULTS OF A NATIONAL PROJECT ON DIABETES CARE 

Anna Gregorova, Internal Clinic of the Postgraduate 
Medical School, 762 75 Zlin, CSFR 
The aim of the study was to collect data for the national 
implementation of the Saint Vincent Declaration. Of the total 
population of 10,364,599 of the Czech Republic in 1991, there 
were 479,125 known diabetics. The number has gone up by 42% 
during the past 10 years. The number of diabetic children and 
adolescents up to age 18 was 1,592 in 1991, representing an 
annual increase of 4.5%. 
Diabetic complications: benign diabetic retinopathy occurs in 
7.7% of diabetics, malign diabetic retinopatihy in 1.3%, 
blindness in 0.2%; nephropathy without renal insufficiency in 
4.3%, with renal insufficiency in 0.7%. Health care for patients 
with diabetes is provided in 315 diabetes clinics, 12 regionals 
centers and 69 clinics for diabetic children and adolescents. 80% 
of diabetic children are on intensified insulin regimens, do their 
own blood glucose monitoring and adjust insulin dosage. With 
the aim to reach optimal and individualized management, a 
diabetes program was started in the Czech Republic in 1984. The 
results obtained serve as a basis for developing a project of 
integrated diabetes care within the intentions of the Saint 
VincenI Declaration. 
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A NATIONAL PROFILE OF KNOWLEDGE AND PSYCHOSOCIAL STATUS 
IN 2239 INSULIN REQUIRING DIABETICS 
K.A. Meadows. Chafing Cross Hospital, Department of 
Endocrinology, 9E03 Fulham Palace Road, London W6 8RF 
The aim of this study was to assess the prevalence of 
knowledge deficit and the psychosocial and attitudinal 
status of insulin requiring patients throughout the UK. 
Methods: 74 diabetes clinics were approached and agreed 
to participate in the survey in which consecutive 
attending insulin requiring patients were invited to 
complete the Diabetes Health Profile (DHP), a recently 
developed reliable and valid self-completion questionnaire 
measuring knowledge and four diabetes-related psyehosocial 
problem domains: depression, anxiety, eating problems and 
attitudes to diabetes management. Results: 54 (73%) 
diabetes clinics throughout the UK returned 2239 DHP's 
Major knowledge deficits were identified and included 
failure to recognise that poor control leads to infections 
(31%), the need to continue carbohydrates (44%) and 
insulin (40%) when ill. Main psychosocial findings 
identified in the four diabetes-related domains were: 
depression (9%), eating problems (15%) and anxiety (14%). 
Positive attitudes to diabetes management correlated 
with knowledge of management principles, footcare, diet, 
glucose monitoring, less lowered mood and fewer eating 
problems (r=O.16 to 0.48: p=O.O001). Conclusion: This 
study confirms serious knowledge deficits and significant 
psychosocial dysfunction in this large sample. 
Systematic evaluation of clinic populations represents 
an important audit function. 
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DIABETES EDUCATION IMPROVES METABOLIC CONTROL 
J.K. Radder, J. Patandin, C.G.J. Indemans, 
J.M. Wayenberg-Saman, K.J. Jager and *E.A. 
v.d. Velde. Department of Endocrinology and 
Metabolic Diseases and *Department of Medical 
Statistics, University Hospital Leiden, The 
Netherlands. 
The goal of diabetes education is to stimulate 
self care by increasing the knowledge how to 
manage the disease in order to improve 
metabolic control. "Routine"-education at our 
out-patient department by physician, diabetic 
nurse and dietician resulted in low scores of 
knowledge (28(0-76)%; median (extremes)) and 
self care (0(0-100)%) in 20 type II diabetics, 
tested by an interview (group i). Therefore, 
we developed an educational progamme (K.J. 
Jager et al., Diabeteseducatie: de patient met 
type II diabetes mellitus (1991). University 
Hospital Leiden), consisting of protocols for 
educators and information for patients. The 
dietician takes care of education for non- 
insulin-requiring patients; the education of 
insulin-requiring patients mainly is placed in 
the hands of the diabetic nurse. 29 Patients 
who followed the programme (group 2) were 
tested by the same interview as group i. The 
groups did not differ with respect to age, 
sex, BMI and diabetes duration. The scores of 
knowledge (75(32-100)%) and self care (100(17- 
100)%) of group 2 were higher than those of 
group 1 (p<0.001); in contrast to group I, in 
group 2 self care was related to HbAlc 
(p=0.05). In group 2 (but not in group i) 
HbAlc decreased in one year (from 7.8• 
0.9%(mean• 6.8• 
Conclusion: In contrast to "routine"- 
education, a structured educational programme 
improves knowledge, self care and metabolic 
control of the diabetes. 
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Long term effects of health education on health behavior, meta- 
boric control and morbidity in newly detected type 2 diabetes 
M.Hanefeld,U.Julins,S.Fischer,P.Grori,U.Schwanebeck,DIS Group 
Dept. Metabolic Diseases, Medical Academy Dresden, Germany 

One major purpose of the Diabetes Intervention Study (DIS) was 
to analyse the efficacy of intensified health education (IHE) 
on health behavior, metabolic control and inability to work. 
DIS is a controlled study with newly detected type 2 diabetics 
classified as diet controlled. 378 patients were randomly allo- 
cated to "conventional treatment" in diabetes clinics and 382 
were included in a multlinterventian trial with IHE. 

IHE consisted of a structured program for diet recommendations 
for cessation of cigarette smoking and increased physical acti- 
vity assisted by physiotherapists. IHE was continuously perfor- 
med for five years with visits every three months in the DIS 
unlts. 

After five years follow-up health behavior in the IHE group vs. 
controls was as follows: fat intake 107 g/d (43 %) in both 
groups, p/s ratio 0.39 vs. 0.26 (p < 0.01), alcohol consumption 
60 g/wk vs. 70.3 (n.s), cigarette smoking (3.1 vs. 2.5 g (n.s) 
and physical activity score 328 vs. 174 (p < 0.01). The level of 
metabolic target parameters was improved by IHE: fasting blood 
glucose 9.38 vs. 8.6 mmol/! (p < 0.05) triglyceridcs 2.6 vs. 2.1 
mmol/l (p < 0.01) and systolic blood pressure 154 vs. 143 mmHg 
(p < 0.01). 

The patients in the IHE group were significantly less frequently 
absent from work. This was due to significantly lower frequency of 
cardiovascular illness and diabetes decompensation resp. 

Our data convincingly demonstrate that IHE not only improves 
health behavior but also metabolic control, blood pressure and 
working disability. 
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TISSUE-SPECIFIC CHANGES IN GLUCOSE TRANSPORTER LEVELS 
FOLLOWING IN VIVO [3z-ADRENERGIC STIMULATION 
M.M.L. Wicrsma, RJ. Moss, S.J. Koopmans, C.v.d. Bent, LM. Bakker, D.J.v. 
Oosten, H.C.M. Sips. J.K. Radder and H.M.J. Krans. Dept. of Endocrinology, 
University Hospital, Leiden, The Netherlands. 

The association of hypertension, obesity and insulin-resistance is well- 
established. The role of the sympathetic nervous system in the 
pathogenesis of insulin-resistance is unclear. In vitro studies show 
inhibitory effects of catecholamines on insulin-mediated glucose transport. 
We studied the effect of an infusion of the ~2-adrenergic agonist fenoterol 
(F), on erythroid (GLUT1) and muscle/fat (GLUT4) glucose transporter 
levels in several insulin-sensitive tissues of the rat. 
F(bromide) was infused at either 270 (high) or 27 (low) /zg.kg-l.h -t in 
freely moving male wistar rats for 1 or 6 days. Pair-fed and solution fluid 
infused rats served as controls. GLUT protein levels were measured in 
total membrane fractions of Tibialis anterior (TIB), Soleus (SOL), 
Epididymal fat (EPI) and Brown Adipose Tissue (BAT) using affinity- 
purified polyclonal antibodies. 
F-infusion during 1 day at low dose, caused a decrease (25%) in GLUT4- 
levels in TIB. The high-dose increased GLUTl-levels in SOL (202%). 
Long-term infusions did not cause any change in GLUT-levels in these 
muscles. 
F-infusions did not affect GLUT-levels in EPI. BAT GLUT1 levels were 
increased by short and long high-dose infusions (230 and 202%). BAT 
GLUT4 levels decreased after long low-dose infusion (20%). 
We conclude that 132-adrenergic stimulation caused tissue-specific, dose 
related changes in GLUT-levels. These changes could contribute to an 
alteration in basal and insulin-stimulated glucose disposal. 
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ENHANCED INSULIN SENSITIVITY IN THE ATHLETES: INCREASED 
MUSCLE BLOOD FLOW AND GLUT-4 PROTEIN CONTENT 
V.A. Koivisto, P. Ebeling, A. Sovij/irvi and R.A. Bourey, University 
of Helsinki, Helsinki, Finland, and Washington University School of 
Medicine, St. Louis, USA 
The aim of the study was to examine the mechanisms of enhanced insulin 
sensitivity in well trained male athletes (n=9, age 25.4-+1.2 yrs, body mass 
index BMI, 23.2• kg/m 2, VO2max 57.6-+1.0 ml/kg/min, mean-+SE) 
as compared to untrained control subjects (n=10, VO2max 44.1• 
mI/kg/min). Total body glucose disposal rate was 32% greater in the 
athletes (75.8-+2.9 ~tmol/kg LBM/min, (p<0.002) than in the controls, 
as determined during 4 hour euglycemic insulin clamp with similar 
hyperinsulinemia (682-+29 pM vs 670• pM, respectively). The 
difference was due to a 62% higher (p<0.001) nonoxidative glucose 
disposal in the athletes (50.8-+2.4 gmol/kg LBM/min). Glucose oxidation 
rate (indirect calorimetry) was similar in the two groups. Whole body 
(r=0.60, p=0.03) and nonoxidative glucose disposal rate (r=0.64, p<0.001) 
correlated with VO2max. In the basal state, forearm blood flow 
(pletysmography) was 64% (p<0.05) greater in the athletes (0.033• 
ml/ml forearm/min) and this difference remained during the damp. Insulin 
infusion did not change the flow significantly. The glucose disposal rate 
correlated with forearm blood flow (r=0.67, p<0.002). Blood flow was 
inversely related to A-V glucose difference in the athletes (r=-0.59, 
p<0.001) and controls (r=-0.46, p<0.001). The amount of GLUT-4 
transport protein (m. quadriceps femoris, western blot, densitometric units) 
was in the basal state 45% (p<0.02) and after the clamp 100% greater 
(p<0.01) in the athletes than controls. In conclusion: 1) In the athletes 
enhanced glucose uptake is due to increased nonoxidative glucose 
metabolism. 2) Glucose disposal rate is related to VO2max and blood 
flow. 3) Increased blood flow and GLUT-4 protein content could be 
reponsible for increase d glucose disposal in the athletes. 
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Glucose transporter protein (GLUT 4) and glucose uptake is 
increased in human skeletal muscle after endurance training. 

F. Dela, Aa. Handberg, K.J. Mikines, J. Vinten, and, H. 
Galbo. Department of Medical Physiology B, The Panum 
Institute, University of Copenhagen, Denmark. 

Training increases insulin stimulated glucose uptake in whole 
body. The responsible tissue and mechanism are unknown. 
Seven, young, healthy men trained one leg for 10 weeks. 
The day after last training bout, a 3-step hyperinsulinemic, 
euglycemic clamp was performed, and glucose uptake in the 
legs were measured (arterio-venous differences x blood flow) 
at basal and at insulin levels of 54 + 3, 174 + 5, and 2323 
+ 80 (mean + SE) pU.m1-1. Muscle biopsies taken at basal 
were analyzed for content of GLUT 4 (Western blot) and 
insulin binding. Maximal oxygen uptake during one-legged 
bicycling increased in trained (T) compared with untrained 
(UT) leg (52 + 2 vs 44 + 2 ml.min-l.kg -1 (P<O.O5), respect- 
ively). Glucose uptake was always increased in T compared 
with UT leg (Basal: 1.0 + 0.2 vs 0.4 + O.1 (P<0.1); step 
I: 10 + 2 vs 7 + 2 (P<O.05); step I1:19 + 3 vs 14 + 2 
(P<O.05); step II1:23 :t: 2 vs 19 + 2 (P<O.05) mg.min l .kg  
1). GLUT 4 content was 26 % higher in T compared with UT 
leg (15 + 2 vs 12 + 1 (arbitrary units)(P=O.078)) and 
positively correlated with maximal insulin stimulated glucose 
uptake (r = 0.85 (P<O.O01) n = 14). Number and affinity 
of the insulin receptors were identical in T and UT legs. 
Conclusion: .Physical training increases insulin stimulated 
glucose uptake in human skeletal muscle. This can be 
explained by an increased amount of GLUT 4-, whereas 
insulin binding is not influenced by training, 
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HYPERGLYCEMIA ENHANCES SKELETAL MUSCLE GLYCOGEN SYNTHASE 
IN DIABETIC BUT NOT IN NORMAL CONTROL RATS. 
S. Farrace, S. Frontoni, K. Howard, M Hu and L. Rossetti. 
Einstein College of Medicine, Bronx, New York - USA. 
To define the impact of hyperglycemia on intracellular 
glucose disposal we performed glycogen synthase analysis 
on rectus muscle. Control and diabetic conscious rats were 
studied under four experimental condition: 1) Basal insulin 
(SRIF infusion) - Basal glucose; 2) Basal insulin - High 
glucose; 3) High insulin-Basal glucose; and 4) High insulin- 
High glucose. Under basal insulin (130 pmol/L) and high 
insulin(2,500pmol/L), hyperglycemia (15mmol/L) similarly 
increased glucose uptake and muscle and liver glycogen 
synthesis in control and diabetic rats. Hyperglycemia 
resulted in a significant (p<0.05) decline in the muscle 
glucose-6-phosphate in diabetic more than in control rats, 
thus suggesting activation of intracellular glucose 
metabolism. The diabetic skeletal muscle glycogen 
synthase, expressed as Fractional Velocity (FV) and Km, 
was severely resistant to insulin stimulation compared to 
controls (FV0.t=0.31+0.04 vs 0.49_+0.03; Km= 0.19_+0.05 vs 
0.10+0.01 mM; p<0.01), but was markedly responsive to 
glucose stimulation under basal (FV0.1= 0.38_+0.03 vs 
0.21+0.03; Km= 0.10+_0.01 vs 0.35+_0.08) and high insulin 
(FV0.1= 0.65+0.07 vs 0.31+0.04; Kin= 0~1!_+0.02 vs 
0.19+_0.05 mM). By contrast, in control rats, hyperglycemia 
did not exert any stimulatory effect on skeletal muscle 
glycogen synthase. Thus some metabolic alteration 
associated with the diabetic state renders the skeletal 
muscle glycogen synthase selectively responsive to 
glucose stimulation. This may represent a compensatory 
mechanism for the impairment in insulin's activation of 
this enzyme in diabetes, 
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IS EXPRESSION OF THE GLYCOGEN SYNTHASE GENE IN 
SKELETAL MUSCLE ALTERED IN TYPE 2 DIABETES? 
L. Groop, M. Kankuri, L.Koranyi, J. Lindstr6m, 
P.Nikula-Ij~s, V. Koivisto, E. Widen, M. L~fman 
and H. Yki-J~rvinen, Helsinki University, 
Helsinki, Finland. 
To examine whether altered expression of the 
glycogen synthase (GS) gene contributes to 
impaired skeletal muscle glucose metabolism in 
Type 2 diabetes, we measured glucose storage 
(euglycemic clamp), and GS protein (Western 
blot with polyclonal C-terminal antibody JT90) 
in 16 patients with Type 2 diabetes (age = 55 • 
3 yrs; BMI = 28 • 1 kg/m2; FPG = 10.2 • 0.7 
mmol/l) and in 16 healthy control subjects (age 
= 55 • 3 yrs; BMI = 26.4 • 0.6 kg/m2; FPG =5.5 • 
0.i mmol/l). GS mRNA was measured with dot blot 
analysis in part of the subjects. Insulin- 
stimulated glucose disposal (2.52 • 0.26 vs 6.12 
• 0.36 mg/kg.min) and glucose storage (1.08 • 
0.22 vs 3.7 • 0.29 mg/kg.min) was reduced in 
Type 2 diabetic patients vs controls (both 
p<0.001). Basal GS mRNA did not differ between 
diabetics and controls (291 • 9 vs 327 • 16 
pg/~gRNA). The basal (42 • 6 vs 53 • 4 
densitometry units/~g muscle) and insulin- 
stimulated (45 • 8 vs 57 • 5 d.u./ug muscle). GS 
protein content was not significantly different 
between Type 2 diabetics and controls. Basal GS 
protein content correlated positively with 
glucose disposal (r = 0.76; p<0.01) and glucose 
storage (r = 0.64;p<0.05) in control subjects 
but not in Type 2 diabetic patients (r = -0.39 
and r=-0.46). Conclusion: i) In healthy man, 
glucose storage is proportional to muscle GS 
protein content 2) This relationship is 
disturbed in Type 2 diabetes. 3) Thus, 
functional abnormalities of GS may contribute to 
insulin resistance in Type 2 diabetes. 
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ALTERED FEATURES OF HUMAN VASCULAR SMOOTH 
MUSCLE CELLS ON GLYCOSYLATED F1BRONECTIN. 
F. Cavalot, G. Anfossi, E. Mularoni, P. Massucco, L. Mattiello, 
S. Burzacca, A. W. A. Hahn* and M. Trovati. Department of 
Clinical and Biological Sciences, University of Turin, Italy; 
*Department of Research, Basel University Hospital, Switzerland. 
Human vascular smooth muscle cells (hVSMC) play an essential 
role in vascular function, that could be altered in diabetes mellitus 
as a consequence of increased nonenzymatic gtycosylation. To 
evaluate whether glycosylation of matrix components impairs the 
relationship between matrix and cells, we studied the influence of 
fibronectin glycosylation on adhesion and morphological features 
of cultured hVSMC derived from microcirculation. Cells were 
allowed to adhere for 2 hours to polystyrene plates coated with 
different concentrations of glycosylated (GF) or nonglycosylated 
fibronectin (F). GF was obtained by a 4 week incubation in a 
medium containing 200 mmol/1 D-Glucose, F was incubated in the 
same medium without D-Glucose. hVSMC, passage 5-10, showed 
reduced adhesion GF compared to F: in particular, the number of 
cells (m+sem) per microscopic field at 320x was 132+10 vs 
233+18 at 10 gg/ml (n=4, p<0.01). Number of hVSMC adhering 
to F was stable with time, while it decreased progressively with 
GF: 3rd hr, 69_+6.6 (p<0.01) vs the previously described value at 
the 2nd hr. On glass coverslips coated with F, hVSMC were 
numerous and appeared flat, with a large cytoplasm, whereas on 
GF they were few, small and mainly round. Thus, hVSMC 
showed impaired adhesion and different morphologic features 
when adhering to nonenzymatically glycosylated fibronectin. This 
phenomenon may be relevant for the pathogenesis of diabetic 
angiopathy. 
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MUSCLE PROTEIN ABUNDANCE OF GLYCOGEN SYNTHASE 
AND PHOSPHOFRUCTOKINASE IN INSULIN RESISTANT 
TYPE 2 DIABETIC PATIENTS. 
H. Vestergaard, S. Lund, F. Larsen, O. Bjerrum and O. Pedersen. 
Steno Diabetes Center and Novo Nordisk, Copenhagen, Division of 
Endocrinology and Metabolism, University Clinic of Internal 
Medicine, Aarhus Amtssygehus, Aarhus, Denmark. 

Insulin resistant glucose metabolism (gin) in muscle is a major 
pathogenetic feature of Type 2 diabetics and their first degree glucose 
tolerant relatives. We have studied protein abundance and activity of 
2 key enzymes in gm: glycogen synthase (GS) and phosphofruc- 
tokinase (PFK). For immunoblotting, antipeptide rabbit antibodies 
(abs) specific for human muscle GS and PFK were raised. In muscle 
homogenate GS and PFK abs recognized single dominant bands with 
Mr of 84 kDa and 80 kDa, respectively. Biopsies of  quadriceps 
muscle were taken in the basal state from 16 Type 2 diabetics and 14 
matched controls and analysis showed a 28% decrease (p < 0.05) in 
total GS activity whereas the activity of PFK and the protein levels of 
both GS (controls: 86 + 6 vs diabetics: 86 + 5 arb.units/100/~g 
protein) and PFK (controls: 85 + 5 vs diabetics: 83 _+ 3 arb.units/100 
#g protein) were similar. In a subgroup of 9 diabetics and 7 controls 
a 4 h euglycemic byperinsulinemic clamp plus indirect calorimetry 
were performed. In diabetics insulin stimulated nonoxidative gm was 
decreased by 47% (p < 0.005) and the relative activation of GS by 
glucose-6-phosphate was 33% lower (p < 0.02), whereas the GS 
protein level was unaltered: During insulin clamp, glucose oxidation 
and the activity and protein level of PFK remained normal. In 
conclusion: Reduced GS activity in muscle of Type 2 diabetics occurs 
in the presence of normal GS protein abundance. 
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HYPERGLYCAEMIA ALTERS THE PHYSICO-CHEMICAL 
PROPERTIES OF PROTEINS IN ERYTHROCYTE MEMBRANES 
OF DIABETIC PATIENTS 
Cezary WATALA 
Department of Biophysics, Medical School of L6d~, 
L6d~, Poland 

The dynamic properties of erythrocyte mem- 
branes in children suffering from ~iabetes and of 
control erythrocyte membranes subjected to in 
vitro glycation have been investigated by means 
of fluorescence quenching of membrane tryptophan 
residues and ESR spectroscgpy. It has been 
revealed that the apparent dzstance separating 
the membrane protein tryptophan and the bound 1- 
anilino-S-naphthalenesulphonate (ANS) molecules 
is decreased in erythrocyte membranes from 
children with diabetes, which results in a sig- 
nificant increase of the maximum energy transfer 
efficiency. Likewise, the above parameters 
appeared to become successively altered due to 
the nonenzymaticall~ attached glucose. The 
decrease in the ratzo h~/h~ of maleimide (MSL) 
bound to membrane pr~te~n -SH groups of 
erythrocytes in diabetes may ensue the lowered 
membrane protein immobilization in the plane of 
lipid bilayer. In turn, the relative rotational 
correlation time (7~) of iodoacetamide spin label 
(ISL) was increase~ in the membranes of diabetic 
subjects. When membranes were incubated in vitro 
with the increasing concentrations of glucose, 
the parameter h~/h~ was reduced respectively by 
35% and by less Ehah 5% at the glucose concentra- 
tions of 16.1 mM and 5.4 mM. These alterations 
were accompanied by the corresponding elevation 
of the relative rotational correlation time (T~) 
of iodoacetamide spln label (ISL) (increased Dy 
over 150% and 10%, respectively), thus suggesting 
that the conformational changes in membrane 
proteins may occur at both the intrinsic and 
exposed th1~ol groups. We conclude that the 
altered erythrocyte membrane fluidity in diabetes 
underlies the changed dynamics of diabetic red 
blood cells. The coinciding of the in vivo as 
well as the in vitro data supports the idea that 
nonenzymatic glycosylation of membrane proteins 
may be the major factor attributable ~o these 
alterations in the dynamic properties of 
erythrocyte membranes. 
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AMINOGUANIDtNE INHIBITS THE NONENZYMATIC 
MODIFICATION OF PROTEINS BY LIPOPEROXIDATION 
DERIVED ALDEHYDES 

J.R.Requena, P.Vidal, J.Cabezas-Cerrato. 
Hospital General de Galicia, Universidad de Santiago, Santiago and 
Hospital de la Santa Creu i Sam Pau, Barcelona. Spain. 

i~_jm: Lipoperoxidation derived aldehydes, present at increased levels 
in diabetic patients, form Schiff bases with protein amino groups, a 
reaction which has much in common with gtycation and has 
pathological consequences, specially in atherogenesis. Since 
Aminoguanidine has been shown to react with Amadori product- 
derived aldehydes and is thought to inhibit advanced glycation 
through scavenging of earbonyl intermediates, we investigated its 
effect on the modification of proteins by lipoperoxidation derived 
aldehydes. 
Materials and Methods: Human Low Density Lipoprotein (LDL) was 
incubated with copper sulphate in phosphate buffer at 37 ~ for 24 
hours; Bovine Serum Albumin (BSA) was incubated with 
matondialdehyde under the same conditions. Differnt concentrations 
of Aminoguanidine (5, 10, 25, 50 raM) were added to some samples. 
Samples were analyzed by agarose gel electrophoresis, TBA reaction 
and spectroscopy. 
Results: Aminoguanidine inhibited in a dose dependent way the 
increased electrophoretic mobility and TBRAS generation of 
oxidatively modified LDL. It also inhibited in adose dependent way 
the increased electrophoretic mobility and 260-400 nm absorbance of 
malondialdehyde-modified BSA. 
Conclussions: Aminoguanidine is a powerful inhibitor of the 
nonenzymatic modification of proteins by lipoperoxidation derived 
aldehydes. The effects of both added or in-situ generated aldehydes 
were inhibited. 
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THE MECHANISM OF LOWERING OF NONENZYMATIC 
GLYCATION BY VITAMIN C 
P . S v o b o d a , P . S t o l b a , M . H e g e n b a r t a v f i , J . S t r a ~ k o v f i  
and M.Adaml: I n s t i t u t e  of  E n d o c r i n o l o g y ,  
1Rheumatism I n s t i t u t e ,  Prague,  C z e c h o s l o v a k i a  
P rev ious  expe r imen ts  have documented t h a t  
v i t a m i n  C i n h i b i t s  n o n e n z y m a t i c  g l y c a t i o n  of 
serum p r o t e i n s ,  c o l l a g e n s  and r e n a l  basement 
membranes in  v i t r o  and in  v i v o .  In p r e s e n t  work 
we i n v e s t i g a t e d  m o l e c u l a r  mechanisms of v i t a m i n  
C effects in vitro. We study the incorporation 
of D(U-14C)glucose, L(]-14C)ascorbic acid and 
L(I-14C) dehydroascorbic acid into serum albumin 
and collagen IV during incubation for 1-2B days. 
We used different concentrations of glucose 
(5-33mmoI/I) and vitamin C (O.l-5.Ommol/1), 
different molar  ratios and three different pH. 
Simultaneously we measured the reaction with 
nitrobluetetrazolium, thiobarbituric acid and 
fluorescence. Results: Ascorbic acid 
significantly reduced glycation by 18-30~, while 
dehydroascorbic acid enhanced glycation (plus 
8-14~). Effects of ascorbic/dehydroascorbic 
acids were dependent on their concentrations 
(molar ratio ascorbic acid: glucose from 1:200). 
Inhibitory/stimulatory effects depended on pH: 
both were more expressed in pH 7.8 than 6.8. 
Incorporation of ascorbic acid into proteins was 
higher than incorporation of dehydroascorbic 
a c i d  (plus 2 0 - 6 0 ~ ) .  Binding of radioactive 
ascorbic and dehydroascorbic acids was a l m o s t  
i ndependen t  on g lucose  c o n c e n t r a t i o n  in  range 
5-33 mmol/1 during the first 7 days of 
i n c u b a t i o n .  
We c o n c l u d e  t h a t  s e v e r a l  m o l e c u l a r  mechanisms 
cou ld  be i n v o l v e d  in  the e f f e c t s  of v i t a m i n  C 
on nonenzymat ic  g l y c a t i o n .  

Body weight (g) 

Glycemie (mn~l/t) 

Insutin. (#U/ml) 

HbAI (%) 

Skin fluo. (U/mg) 

* p vs Dia ** 
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INHIBITION OF GLYCATION BY A FLAVONOID AGENT IN EXPERI- 
MENTAL DIABETES. 
J. Vertommen, C. Janssens, L. Simoens, M. Van den Enden 
and I .  De Leeuw. Dept. Endocrinology, Metabolic Diseases 
and Cl in ica l  Nutr i t ion,  Universi ty of Antwerp, Belgium. 

Glycation is considered as a pathogenetic factor for  the 
development of d iabe t i c  complicat ions. Since prevention 
of t h i s  phenomenon must be s tar ted  from the onset of 
diabetes and sustained for the whole l i f e  of the pat ient  
a useful drug must be e f fec t ive,  cheap and without side- 
ef fects.  Diosmin (DS), a commercially avai lable f lavonoid 
meets wi th a l l  t h i s  c r i t e r i a  and was tested in Wistar 
rats made d iabe t i c  with Streptozotocin (Dia}.  Half the 
animals (Dia+DS) received 70mg/kg/day Diosmin. Af ter  8 
months blood was taken and skin samples were col lected.  
Al l  parameters were d i f fe ren t  between controls and Dia. 

C o n t r .  Dia .  Dia+DS 
~r ~r~r 

357+62 208+63 0.05 271• 0.01 

5.4+I .9 29,7+2.9 ns 28.5+3.9 0.000 

10,9+3.6 4.4+0.7 0.05 3.7fl~0.4 0.050 

3.0+0.6 6.2+0.9 0.05 4.9+1.1 0.01 

9.1+2.2 21.4+4.9 0.05 13.2+5.3 ns 

vs  C 

Glycemia was not d i f f e ren t  in the d iabe t i c  animals. In 
the t reated group the body weight was higher. Although 
the insul inemia was lower in the Dia+DS group, the HbAI 
value was s i g n i f i c a n t l y  lower. This decreased g lyca t ion  
is confirmed by the skin collagen fluorescence ( parame- 
t e r  of co l lagen g l yca t i on )  which is not s i g n i f i c a n t l y  
d i f fe ren t  from the controls.  Conclusion: in STZ- rats the 
f lavono id  Diosmin i n h i b i t s  the g l yca t ion  of d i f f e r e n t  
prote ins.  C l in i ca l  impl icat ions in humans remain to be 
invest igated. 

2O9 
REDUCED FORMATION OF THE EARLY AMADORI 
PRODUCTS INDUCED BY D-LYSINE TREATMENT IN 
EXPERIMENTAL DIABETES. 
M.Sensi, M.G. De Rossi, F.S. Celi, A. Cristina, C.Rosati, 
S.Morano, D.Andreani and *U. Di Maria. 
Departments of Endocrinology, University of Rome "La Sapieaza" 
and *University of Catanzaro, Italy. 
Diabetic hyperglycemia has been associated with increased 
nonenzymatic glycation (NEG) of proteins, possibly eontribudmg 
to the development of late diabetic complications. D-lysine, the 
inactive isomer of L-lysine, has been shown to competitively 
reduce protein NEG in vitro. To study D-lysine effect in viva, 5 
streptozotocin (60 mg/kg b.wt.) diabetic Sprague-Dawley rats were 
treated at diagnosis for 45 days with two daily (mid-morning and 
mid-afternoon) subcutaneous injections of D-lysine (0.5 g/ml/die). 
Five diabetic rats were injected with placebo (equal volumes of 
physiological saline). At study completion, percent glycation was 
measured in hemoglobin, serum and eye lens proteins by botanic 
acid affinity column chromatography. Serum creatinine was 
evaluated by the Jaffe reaction. Blood glucose and serum creatinine 
levels were similar in both diabetic groups ( > 390 mg/dl and < 1.2 
mg/dl). However, a significant reduction in glycated hemoglobin 
(2.98%+0.75% vs 4.02%+0.46%; p<0.05), glycated serum 
proteins (1.00%+0.40% vs 2.52%5:1.15%; p<0.02) and 
glycated eye lens proteins (0.64%5:0.40% vs 1.52%+0.94; 
p<0.05) was found in D-lysine treated vs placebo treated diabetic 
animals. These results demonstrate that D-lysine, for the time and 
at the dose used, is not nephrotoxic and shows a significant 
inhibitory effect on the formation of early NEG Amadori products. 
Thus D-lysine, by interfering with NEG, could affect pathogenetic 
mechanisms leading to late diabetic complications. 
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ISOLATION OF THE Na+/H+ ANTIPORTER GENE EXPRESSED IN HUMAN 
PROXIMAL TUBULE CELLS 

A.D.R.MACKIE, J~SCOBLE, A.ONG, B.A.MILLWARD AND 
A.C.DEMAI~E 

Department of Medicine & Diabetes, Kings' College School 
of Medicine and Dentistry, London, SE5 and the Renal Unit, 
Dulwieh Hospital, London. 

The gene coding for the ubiquitously expressed Na+/H+ 
antiporter (NAHI) has recently been cloned. Increased 
activity of the antiporter has been found in platelets and 
lymphocytes of patients with diabetic nephropathy and 
essential hypertension. Recently, evidence has accumulated 
from animals that tissue specific forms of the antiporter 
may exist. The aim oF this study was to isolate and 
characterise the Na+/H§ antiporter from human proximal 
tubule cells (PTC). Highly purified PTC were isolated from 
renal transplant and nephrectomy biopsies. From these, 
cytoplasmic RNA was prepared and first strand eDNA 
transcribed. Oligonueleotide primers to specific regions 
of NAHI were used to amplify the cDNA using the polymerase 
chain reaction. A 700 base pair fragment was amplified 
from the 3' end of the eDNA. Oligonucleotide primers to 
NAHI were not able to amplify any other regions of cDNA 
derived from PTC whilst these regions could be amplified 
frem cDNA obtained from lymphocytes. Preliminary 
sequencing data of the 700 bp fragment demonstrates a 
<50% homology with NANI. These results suggest that PTC 
express a tissue specific form of the Na+/H+ antiporter. 
Its importance in the pathogenesis of diabetic nephropathy 
or hypertension is unknown. 
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SODIUM-BYDROGENANTIPORT ACTIVITY IS ELEVATED IN TYPE 2 
DIABETIC PATIENTS WITH MICROALBUMrNURIAANDHYPERTENSION 
R. Trevisan, M. Strazzabosco, MR. Cipollina, E. Donor, 
A, Solini, I. Barzon, C. Peel, C. Spirli and R. 
Noaadini, University of Padua, Italy. 
Ne*/H § antiport plays a central role in intracellular 
pH(PHi) homeostasis and cell growth control as well as 
In rmnal sodium reabsorption. An increased activity of 
leucocyte and fibroblaat Na+/H * antiport and of red + .+ �9 .+ 
blood cell Na /Lz countertransport(Na /LI CT) has been 
reported in Type I diabetic patients with nephropathy. 
No information is available in Type 2 diabetic patients. 
We therefore measured Na+/Li + CT in red blood cells and 
Na+/H + antiport activity in serially pessaged cultured 
skin fibroblasts from 5 Type 2 diabetic patients with 
microelbuminuria and hypertension(Group I), 5 
normotensive and normoalbuminurlc Type 2 diabetic 
patients(Group 2) and from 5 matched controls (Group 3). 
NS~/K ~ antiport activity (measured by a 
microfluorimetric technique using %he pB indicator BCECF 
as the rate of amiloride-sensitive intracellular 
alkalinization after acid-loading with NH4CI ) was 
significantly elevated in Gron~ I compared to Group 2 
and Group 3 (6.24• mmol H /I/min vs 2.79• vs 
4.03• p<O.Ol for both) when pHiwas 6.5, while no 
differences were observed at pHi = 6.7 (0.71• vs 
0.38• vs 0.46• Basal pB. and buffering power 
capacity were similar in the three groups. Na§ + CT 
was higher in Group 1 (498• mmol/i/min) than in Group 
2 (309• and Group 3 (245• There was 
s significant correlation between these twe transpert 
system activities (r = 0.565;p<0.05). These findings 
suggest that cultured fibroblaats from Type 2 diabetic 
patients with microalbuminuria and hypertension have 
intrinsic abnormalities in cation cell handling, 
independently of the metabolic disturbances of diabetes. 

212 
INTRACELLULAR pH AND Na+/H + ANTIPORT ACTIVITY OF 
CULTURED SKIN FIBROBLASTS IN DIABETIC NEPHROPATHY- 
J. E. Davies, L. L. Ng, L. E. Li, K. Earl, R. 
Trevisan, A. Kofoed-Enevoldsen and G. C. Viberti, 
Dept. of Pharmacology, Leicester Royal Infirmary, 
Leicester, Dept. of Metabolic Medicine and Diabetes, 
Guy's Hospital, Londom, U.K. and Steno Memorial 
Hospital, Gentcfte, Denmark. 
In essential hypertension and diabetic nephropathy, 

�9 ++ 't blood leucocytes show zncreased Na /H antlpor 
activity. It is unclear if these effects are 
dependent on plasma factors such as glucose and growth 
factors. We therefore investigated the intracellular 
pH (PHi) and Na+/H + antiport activity of cultured skin 
fibroblasts from 12 controls (Co), 12 Type 1 diabetic 
patients with nephropathy (DN) and i0 normoalbuminuric 
diabetic patients (D), using the pH sensitive probe, 
bis-carboxyethyl-carbexyfluorescein. The pH i was more 
alkaline in DN (6.91 + SD 0.07) compared to Co (6.82 
Z 0.05, P<0.002) or D (6.82 Z 0.05, P<0.002). This 

�9 +e 
was due to increased Na /H antiport activity at pH. 

�9 H % 6.5, since ethylisopropyl-amiloride sensltlve 
efflux via the Na+/H + astiport was higher in DN (8.31 
+ 2.9 ~nol 1 -I min -I) compared to Co (3.69 + 1.79 ~oi 
~-I min-l, P<0.001) or D (4.22 • 1.13 mmol--i -I 
min -I, P<0.001). The Vma x of the antiport was similar 
in all three groups. Therefore, the increased resting 
pH i of fibroblasts from DN was attributable to an 
increased affinity of the antiport for intracellular 
H + rather than altered Vma x. + Phosphorylation could 
lead to changes in antiport H affinity, and may be 
implicated in cellular changes of DN. Furthermore, 
using discriminant analysis on pH i and Na+/H + antiport 
activity, DN was separated from the other 2 groups 
with a sensitivity of 92 % and a specificity of IS0 %. 
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SODIUM-HYDROGEN ANTIPORTER ACTIVITY IS 
ELEVATED IN OBESITY AND TYPE 2 DIABETES ONLY IN 
THE PRESENCE OF ARTERIAL HYPERTENSION. 
D. Ghigo*,  P. Alessio*,  S. Burzacca, C. Costamagna*,  G. 
Anfossi, 1% Cavalot, A. Bosia* and M. Trovati. *Department of 
Genetics, Biology and Medical Chemislry and Department of 
Clinical and Biological Sciences, University of Turin, Italy. 
It is unclear whether obesity and type 2 diabetes show an elevated 
prevalence of arterial hypertension because they have high insulin 
levels or because they share with arlerial hypertension some genetic 
markers, as the Na+/I-I+ antiporter. To evaluate whether obesity and 
type 2 diabetes present an elevated acdvity of this ion exchanger we 
studied its characteristics in peripheral blood lymphocytes from 10 
healthy controls, 6 normotensive obese patients, 10 normotensive 
obese type 2 diabetics, 4 hypertensive obese patients and 4 
hypertensive diabetic patients. The activity of the Na+/I-I+ antiporter 
was assayed by acid loading the 6-carboxyfluorescein-loaded cell 
monolayers with nigericin in mannitol solution. The rate of No*- 
induced, EIPA-sensitive alkalinization depended upon starting 
intracellular pH and external Na+ concentrations. No difference was 
observed in exmrnal No+- and inner H.-dependence of the antiporter 
in normotensive patients and in healthy controls, whereas the 
activity as a function of inner proton concentration was higher in 
hyper tens ive  obese and type 2 diabetic patients than in 
n0rmotensive controls and patients (pc0.000): in particular, at pH 
6.2 it was 19.9+1.4 mmol H§ (m_+sem) in healthy controls, 
17.6+1.6 in normotens ive  obese pat ients ,  17.6+1.8 in 
normotensive type 2 diabetics, 44.6+4.1 in hypertensive obese 
patients and 33.5+1.6 in hypertensive type 2 diabetics. In 
conclusion, Na+/I-I+ antiporter hyperactivity is not a marker of 
obesity and type 2 diabetes independently of arterial hypertension. 
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RED CELL SODIUM/LITHIUM COUNTERTRANSPORT ACTIVITY 

REFLECTS A PARENTAL COMPONENT IN TYPE I DIABETES. 

R. Mangiti, E. Bognetti, M.R. Pasture, G. Zerbini, F. Garbetta and G. 

Pozza. Clinica Medica VII and Clinica Pediatrica III, University of Milan; 

Istituto Scientifico San Raffaele, Milan, Italy. 

Elevated red blood cell sodium/lithium countertransport activity (RBC 

Na/Li CNT) is an intermediate phenotype of essential hypertension 

predominantly explained by inheritance in the general population, and has 

been associated with nephropathy in Type I (insulin-dependent) diabetes 

mellitus. Whether the metabolic abnormalities of Type I diabetes mellitus 

may blur the genetic component in RBC NaJLi CNT is controversial. We 

investigated whether parental RBC Na/Li CNT may associate with RBC 

Na/Li CNT in 43 Type I (insulin-dependent) diabetic probands (21 men, 

22 women; mean_+SD age = 17+7 years, duration of diabetes = 4.3+2.8 

years; HbAIc = 8.7+_2.2%) without clinical proteinuria. RBC Na/Li CNT 

ranged between 0.01 and 0.93 mmol/lrbc/hr among parents, with higher 

values in men than in women (median: 0.39 vs 0.33 mmol/trbc/hr, 

p=0.011). RBC Na/Li CNT activity was not related between spouses 

(r=0.087; p=0.58). RBC Na/Li CNT was similarly distributed in Type I 

diabetic offspring, ranging between 0.05 and 0.84 (median: 0.36) 

mmol/lrbc/hr, and was positively associated with midparental RBC Na/Li 

CNT (r=0.363; p=0.016), but not with gender, duration of diabetes, 

insulin dose, glycated haemoglobin and blood pressure. Consistently 

with findings in pedigrees from the general population, RBC Na/Li CNT 

may retain a predominant genetic component independently of the 

concomitance of Type I diabetes mellitus. 
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MOLECULAR CLONING OF A NOVEL CADHERIN FROM THE 

PANCREATIC BETA CELL 

J.C. Hutton, G. Christofiori, U. Edman, B.Y. Chi and R.B. Kelly. 

Hormone Research Institute, University of California San Francisco, 

San Francisco, USA 

Calcium-dependent cell adhesion molecules (cadherins) play a key role 

in organogenesis and regulation of cell growth and cell-cell 

interaction. The diversity of the cadherins in pancreatic islet ceils was 

evaluated using a polymerase chain reaction procedure using 8- and 

128-fold degenerate oligonucleotide primers based on the conserved 

carboxy-terminal domain of (N)eural, (E)pithelial and (P)lacental- 

cadherin cDNA sequences. A novel cadherin sequence was identified 

among the 22 clones obtained from pancreatic B-TC3 cDNA. Also 

present were N-CAD (n=8) and E-CAD (n=6). Specific PCR primers 

for the new cadherin were constructed and used in conjunction with 

the cloned cDNA fragment to obtain clones from a 6-TC3 cDNA 

library. The nucleotide sequence of the novel cadherin was most 

closely related to N-CAD (69% sequence identity) and the encoded 

protein appeared to have a similar structure with a corresponding pro- 

sequence cleavage site, extracellular, transmembrane and intxacellular 

domains. Its mRNA (6.Skb) was present in endocrine but low in 

exocrine pancreatic tissue indicating that this molecule may serve a 

specific function in the islet. 
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ERYTHROCYTE TRANSMEMBRANE SODIUM TRANSPORT IN TYPE i 
(INSULIN-DEPENDENT) DIABETES MELLITUS. 

F. Relimpio (*), P. Stiefel (,~)~ M.D. Salinas (*~), 
D. Acosta (~), J. Carneado (**), M.A. Garcia-Oonas 
(***) and R. Astorga (*). Divisions of Endocrinology 
(~), Internal Medicine (**) and Department of Clinical 
Biochemistry (~*~). Hospital Virgen del Roclo, Sevi l le 
(Spain). 

In order to study possible differences in erythrocyte 
transmembrane sodium transport between type I 
diabetics and controls and its relation with clinical 
and analytical features in the formers, the Na+-~ 
pump activity, Na*-K+cotransport activity, passive Na + 
permeability, sodium-lithium countertransport activity 
(Na+-Li *CT) and intracellular Na + ( [Na+]i ) have been 
measured in erythrocytes proceeding from I01 type 1 
diabetics and 47 healthy controls by means of basal 
N~ efflu• determination, its inhibition by ouabain or 
bumetanide and its stimulus by extracellular Li +. 
[Na+]x~ Na%K + pump a c t i v i t y  and Na§ 
a c t i v i t y  were s i g n i f i c a n t l y  (p(O,05) lower in 
diabetics than in controls (6.39• vs. 6.84• 
mM/l cell, 1421• vs. 1516• ~M/L cells/h I 
105.1273.6 vs. 130.8266.3 nM/L ceils/h, respectively). 
Microalbuminuric diabetics with duration of diabetes 
greater than 190 months had CT Na+/Li+vakues greater 
than those free from this abnormality (llS.SB• 
vs. 73.33• ~M/L ceils/h, p=0.062). Diabetics with 
HbAl~9.5% had CT Na+/Li + values significantly (p(O.05) 
greater than those with HbAlc(9.5% and controls 
(i~7.77• vs. 97.97• and 98.43• ~M/L 
cei ls /h ,  respect ively).  According these data, type I 
diabetes is associated with several abnormalities in 
erythrocyte transmembrane eooi~ ~ ~;.,-~,,~. 
Particularly CT Na+/Lr considered a vascular and 
diabetic kidney disease risk facto~ holds an 
important relat ion with gtycemic control. 
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REGULATION OF AMYLIN IN HUMAN PANCREATIC ISLETS 
A.Novials, Y.Sarri, R.Casamitjana*, F.Rivera* and R.Gomis. 
Endocrinology and Nutrition Unit,* Hormonology Unit. Hospital 
Clinic, Barcelona. Spain. 

Amylin is expressed in human pancreas and cosecreted with 
insulin in response to different sacretagogues. Aims: To 
investigate the regulation of amylin expression and secretion 
in normal and diabetic human islets, Methods: Groups of 24 
normal and diabetic islets were incubated for 90 rain at 5.5 
and 16.7 mM glucose and 5pM forskolin. In other experiments 
amylin response was analyzed after 1 and 7 days culture. 
Amylin and Insulin were determined by RIA. Northern blot 
analysis for amylin and insulin were proceed from cultured 
islets. Results: Amylin and insulin secretion from diabetic islets 
didn't increase significatively at high glucose stimulus (65 -+ 5 
fmol Amy/islet, 61_+1 fmol/islet) and (15_+1 pmol IRI/islet, 
38 _+ 1 pmol/islet). Forskolin produced a significatively increase 
of amylin more than insulin (344•  fmol/islet versus 
61 -+ 10 pmol/islet). In normal islets amylin didn't increase at 
16.7mM glucose in opposite to insulin (t31_+30 fmol 
Amy/islet,  176-+27 fmol/islet) and (70_+ 1 pmol 
I RI/islet,149_+ 1 pmol/islet). The effect of culture at low and 
high glucose concentration produced an increase of amylin 
response independently of the acute glucose stimulus. The 
mRNA expression of amylin increased at high glucose 
concentrations. Conclusions: Amylin is differentially regulated 
than insulin in normal and diabetic islets, The chronic exposure 
of islets to high glucose concentrations would result in 
overproduction of amylin and consequently to play a 
physiopathological role in non-insulindependent diabetes. 
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DIRECT DEMONSTRATION THAT cAMP POTENTIATES 
CALCIUM-DEPENDENT EXOCYTOSIS IN SINGLE B-CELLS. 
Patrik Rorsman and Carina Amm~il~i, Department of Medical Physics, 
Box 33031, S-400 33 G6teborg, Sweden. 

Exocytosis of insulin requires an elevation of the cytoplasmic Ca 2§ 
concentration ([Ca2+]~). Little is known about the molecular processes 
that link changes in [Ca2+]~ to activation of the exocytotic machinery. 
By using microfluorimetry, the patch-clamp method and circuit-analysis 
techniques to measure changes in membrane capacitance (C m 
membrane area), we have monitored the correlation between Ca 2+- 
currents, [CaZ+]i and insulin release in single NMRI-mouse B-cells. 
Voltage-clamp depolarizations (200-500 ms to 0 mV) evoked Ca 2+- 
currents, increased [Ca2§ by =500 nmol/1 and stimulated exocytosis 
(detected as an increased C~). Application of 80 IamolB cyclic AMP 
(cAMP), by photorelease from a caged inactive precursor, markedly 
(_>10-fold) potentiated the exocytotic response without affecting basal 
[Ca~+]i or depolarization-induced [Ca2+]i-transients. The effect of cAMP 
was rapid and manifest within 1 s. By contrast, cyclic GMP (80 pmol/1) 
lacked effects on exocytosis, suggesting the effect is specific for 
cAMP. This represents the first direct demonstration that cAMP 
potentiates [Ca2+]cdependent exocytosis at the single-cell level. In 
biochemical studies it is not possible to distinguish between this 
possibility and the alternative explanation that cAMP leads to the 
recruitment of previously non-secreting B-cells. 
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CYCLIC AMP SYNCHRONIZES CYTOPLASMIC Ca 2+ OSCILLATIONS 
IN CLUSTERS OF PANCREATIC G-CELLS 
E.Grapengiesser, A.Berts, E.Gylfe and B.Hellman 
Department of Medical Cell Biology, Uppsala, Sweden 

The cytoplasmic Ca 2+ ([Ca2+]i) response to glucose has 
been studied in clusters of 5-14 pancreatic G-cells 
with the indicator fura-2 using digital image 
analysis. Raising glucose from 3 to ii mmol/l often 

induced large-amplitude oscillations of [Ca2+]i . The 
oscillations were initially synchronized within 
microdomains. During glucose stimulation the entire 
cluster became functionally coupled within 15 min and 
oscillated with a frequency of 0.3-0.7/min. Increasing 
cyclic AMP by addition of its dibuturyl derivative or 
glucagon resulted in an immediate synchronization of 
adjacent microdomains. It was tested whether the 
coupling could be reversed by n-heptanol, a compound 
known to block intercellular transfer of dye 
molecules between G-cells. When this alkanol was 
introduced at a concentration of 0.5-2 mmol/l for 8-15 
min, the oscillatory pattern became irregular although 

with a persistent coordination of [Ca2+] i oscilla- 
tions. At higher concentrations of heptanol, the 
large-amplitude oscillations disappeared both in 
aggregates and in individual 5-cells. Similar results 

were obtained with the junctional uncoupler 18-~- 
glycyrrbetinic acid. Apart from interfering with the 

glucose-induced [Ca2+]i oscillations these agents were 
not sufficiently effective to break the electrical 
coupling between G-cells, which may require fewer 
connexons than effective dye transfer. The results 
provide direct evidence that cyclic AMP induces 
electrical coupling in h-cell clusters. 
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SERUM FROM INSULIN-DEPENDENT DIABETICS INCREASE L-TYPE 
Ca2+-CHANNEL ACTIVITY AND CYTOPLASMIC FREE Ca 2+ IN INSULIN- 
PRODUCING CELLS. 
Lisa Juntti-Berggren, Olof Larsson, Patrik Rorsman, Carina ~,mm~lfi, Krister 
Bokvist, Anders Karlsson, Anders Hallberg, Olle K~mpe and Per-Olol 
Berggren. The Roll Luft Center for Diabetes Research, Department of 
Endocrinology, Karolinska Institute, Box 60 500, Karolinska Hospital, S- 
104 01 Stockholm, Sweden 
Mouse pancreatic B-cells and RINm5F cells, incubated lot 24 h with serum 
from patients with newly diagnosed insulin-dependent diabetes mellitus 
(IDDM), revealed increased voltage-dependent Ca 2+ currents, an effect 
more pronounced in the cell-attached than in the whole-cell recordings. 
The currents were twice as large as those recorded in cells treated with 
normal serum. To rule out an effect of IDDM serum on T-type Ca 2+- 
channels in RINm5F cells, the influence of L-type Ca2+-channels was 
reduced by 20 p.M Cd 2+. IDDM serum was without effect on the remaining 
currents. The stimulatory effect of IDDM serum on the whole-cell Ca 2+- 
current amplitude and Ca2+-channel aclivity was most likely attributed to an 
increase in the open probability, due to reduction of the slow closed times. 
Ceils treated with IDDM serum displayed greater transients in cytoplasmic 
free Ca 2+, when depolarized with 30 mM K +, than cells treated with control 
serum. Sera from three different IDDM subjects demonstrated similar 
results. Whereas IDDM serum subjected to ammonium sulphate 
precipitation remained active, serum concentrated upon passing a protein 
A column lost its effect.IDDM serum deprived of IgM was without stimulatory 
effect. It is suggested that proteins in the IgM fraction of IDDM serum 
activate a soluble cytosolic constituent interacting with voltage-activated L- 
type Ca2+-channels in insulin-producing cells, resulting in increased 
cytoplasmic free Ca 2+. 
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A NOVEL LOW-CONDUCTANCE K§ PRODUCING MEMBRANE 
POTENTIAL OSCILLATIONS IN MOUSE PANCREATIC ,a-CELLS. 

K Bok-vist, C Amm~il~*, D Tillotson and P Rorsman*. Dept of Physiology, 
Boston University, 80 E Concord St, Boston, USA and *Dept of Medical 
Physics, G0teborg University, PO Box 33031, Gtteborg, Sweden. 

We have used the patch-clamp technique to investigate the 
pharmacological and biophysical properties of an oscillating 
Ca~+-activated K+-eurrent induced by GTP3,S in mouse pancreatic 
/3-cells. These K+-conductance changes are evoked by periodic 
increases in the cytoplasmic Ca2+-concentration and transiently 
repolarize the ~-cell thus giving rise to a bursting pattern. The 
K+-conductance oscillations were reversible inhibited by 
carbamylcholine (300/xM). By contrast, a2-adrenergic stimulation did 
not aiter oscillatory behavior but evoked a small sustained outward 
current. At 0 mV K§ evoked by GTP~/S were highly sensitive 
to TEA (85 % block by 1 mM). The TEA-resistant component which 
carried 80% of the current at -40 mV, was neither affected by apamin 
(1-5 tzM) nor tolbutamide (0.5 raM). The current was highly selective 
for K + as evidenced by a 5i mV change of the reversal potential for 
a seven-fold change in external K +. Fluctuation analysis yielded a 
single channel conductance of 0.4 pS in symmetric KCl-solutions (140 
raM) corresponding to approximately 0.1 pS in physiological ionic 
gradients. These results indicate that there exists a novel Ca2+-gated 
K+-conductance in pancreatic /3-cells which may contribute to the 
oscillatory electrical pattern seen at intermediate glucose 
concentrations. 
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CARDIOVASCULAR RISK FACTORS IN RELATION TO GLUCOSE 
TOLERANCE IN A CAUCASIAN POPULATION 

P.A. Grootenhuis, J.M. Mooy, H. De Vries, L.M. Bouter and R.J. 
Heine, Institute for Research in Extramural Medicine, Vrije 
Universiteit, Amsterdam, The Netherlands. 

Aim of the study was to evaluate the relationship between 
cardiovascular risk factors and the degree of glucose intolerance in 
a caucasian population. Randomly selected subjects (N=2488) 
underwent an Oral Glucose Tolerance Tests (OG'I- 0. After 
classification based on WHO-criteria, a second OG]-F was 
performed within 3-5 weeks in all subjects with IGT and diabetes 
and randomly (1:3) in those with normal glucose tolerance. 
Subjects were classified into Normal/Normal, NormN/IGT, IGT/IGT, 
IGT/DM and DM/DM glucose tolerance categories, on the basis of 
two tests. Mean fasting and 2h-postload glucose across the 
Normal/Normal, Normal/IGT, IGT/IGT, IGT/DM and DM/DM- 
categories were 5.4, 5.7, 6.0, 6.6, 7.5 mmol/I and 5.1, 7.7, 9.1, 10.7, 
14.2 mmol/], respectively. The Body-Mass-index (BMI) were 26.1, 
27.3, 28.1, 28.7 and 28.8. Significant trends, adjusted for age, 
gender and BMI, were found across the various categories for 
Waist-Hip-Ratio (0.89, 0.90, 0.94, 0.95, 0.96, p<0,001), triglyceride 
(1.5, 1.8, 2.1, 2.1, 2.2, p<0.001), HDL-cholesterol (1.4, 1.3, 1.2, 1.2, 
1.1, p<0.001), systolic blood pressure (131, 141, 145, 145, 146, 
p<0.0Ol) and diastolic blood pressure (80.1, 83.7, 84.5, 85.2 and 
85.0, p<0.001) whereas no such differences were found for total 
and LDL-cholesterol. In conclusion, this analyses clearly 
demonstrates that the different glucose tolerance categories based 
on repeated OGTT are related to various known cardiovascular risk 
factors, 
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PROTECTION FACTORS AGAINST SEVERE CARDIOVASCULAR SEQUELS 
IN LONG-STANDING TYPE II DIABETES MELLITUS. 
R.M~ller, B.Balletshofer, M.R.Gick, J.Hartmann and 
H.U. Janka, City Hospital MHnchen-Schwabing and City 
Hospital Bremen-Nord, Germany. 
In 1976 a longitudinal study of the incidence of cardio- 
vascular (cv) complications and the underlying risk 
factors (rf) was started. 456 unsslect~d type II diabetic 
outpatients (D) were included. At follow-up in 1990, 
only 17.2% of D had not suffered from any cv compli- 
cations (cv death, stroke, myocardial infarction, 
gangrene). The age at baseline of this group was 53.3+ 
10.0 years. Diabetic subjects with cv disease differed 
from the group without in baseline systolic blood 
pressure (SBP) (p=0.0001), age (p=O.0001), body mass 
index (p=0.008), triglyeerides (p=O.006) and HbA I 
(p=0.001). In multiple logistic regression analysis 
SBP (p=O.O001), HbA I (p=O.003) and triglycerides 
(p=O.04) were significant independent predictors for the 
incidence of ev disease (overall prediction was 88.8%). 
The age adjusted relative risk for ev complications in 
the upper quartile of HbA I was 1.5 (95%CI 1.14-1.87) in 
comparison to the lowest quartile. The results of this 
longitudinal study demonstrate that a variety of risk 
factors are operative in the development of severe nv 
complications. Furthermore, it was shown for the first 
time in prospective manner that near normal metabolic 
control measured as HbA I values was significantly 
protective against development of severe cv disease in 
long-standing type II diabetes. 
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RENAL DISEASE AND CARDIOVASCULAR RISK FACTORS 
IN INSULIN DEPENDENT (TYPE 1) DIABETES IN EUROPE: 
J. Stephenson, A. Collins, G-C. Viberti, R. Navalesi and the 
EURODIAB IDDM Complications Study Group. University College 
London and 31 Centres in Europe. 

The frequency of diabetic renal disease and the distribution of 
cardiovascular risk factors was examined in 3296 insulin-dependent 
(type 1) diabetic patients from 31 diabetes centres in 16 countries 
throughout Europe. The age of the patients was 32.3 _+ 10.3 years 
(mean + sd) and duration 14.2 4- 9.5 years. Two percent of men 
and one percent of women were receiving renal replacement 
therapy. Seventy-one percent of patients had normal urinary 
albumin excretion rate (UAE <20 ug/min), 21% had 
"microalbuminuria" (UAE 20-200 ug/min) and 8% had 
"macroalbuminuria" (UAE >200 ug/min). The proportion of 
patients with normal UAE decreased steadily with duration, from 
83% in those with diabetes for less than 5 years to 57% after more 
than 30 years of diabetes. The prevalence of macroalbuminuria 
increased with duration to reach a plateau of 18% after 20-30 years 
of diabetes, and declined thereafter to 12%. The unadjusted 
prevalence of cardiovascular disease was 7.6, 10.9 and 20.1% in 
patients with normal, micro and macroalbuminuria respectively 
(p < 0.0001). Unadjusted mean systolic blood pressure was 118,125 
and 135mmHg in the three groups and diastolic pressure was 74, 77 
and 84mmHg (p<0.0001). Other cardiovascular risk factors, 
including plasma cholesterol, triglycerides increased significantly 
with level of UAE. This study will allow closer investigation of the 
relationship between cardiovascular risk factors and urinary albumin 
excretion in insulin dependent diabetes. 
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GE~]TIC VARIATION IN PATIENTS ~RTH DIABETIC N~IIROPAT}{7: 
ASSOCIATION WITH A MARKER FOR COBONARY HEART DISEASE~ 

RJ Spooner, PR Wenhmn, K Earle, C Hill, GC Viberti and 
M McMillml, Patbologi c~td Biochemistry Gartr~avel General 
Hospital, Glasgow, Clinical Ghe~istry Western General 
Hospital, Edinburgh, Metabolic Medicine Guys' Hospital, 
London, Renal Unit Stobhill Hospital, Glasgow, UK. 

Diabetic nephropathy ~s associa~,ed with excessive coronary 
heart disease (CHD) and alterations in serum lipid and 

~lotting factor corTeentrations Occur early Jn the natural 
histor 2 of this complication. To determine i f  genetic 
factors are responsible for these changes, markers in I;~le 
form of restriction fragment length po!ymo.rphisms (!C{,'LP) 
of apolil~oproteina B and E ;~nd the fibrinogen gone were 
compared in 45 type I (insulin dependent) diabetics 
requiring renal replacement therapy or with protein'aria, 
51 type I (insulin dependent] diabetics>t0 years duration 
and normo-&Ibuminuric and 55 non didk)etie subjects. No 
dJ fferenc.es in allele frequencies were observed between 
groups for the fibrinogen PFLP identified u~.ing the 
restrict.ion enzyme Bcl I, the ADo E RFLP Jde<%ified using 
Cfe "~ and the Apo }? HELP Jde.ntifJed b 2' Eno Rq. Ho,~ever, 
the apo B ]@'LP identified by ](ha I demonstrated an over- 
representation of the minor allele (presence of cutting 
site) in t~e diabetJs nephropathy group, vs non diabetic 
controls X = 7.7~ ( 1'<0.O1 ) and v;-~ the-: norr~o-a?.huminuzir 
s group %~ = 6.22 (P<O~02). The d:.ffere6ce was 
particularly pronounced in nephropath~, requiring renal 
rep]acemen~ therapy before the age of for ty  vs non diabetis 
controls Z = 5.92 (P~0.O5). The resuit~ sugge.t~t ~ genetic 
predisposition to CIfB in diabetic renal fiisease s/~i may 
explain high f~'equency of CHD in this susceptible group. 
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Cardiovaa~ar d~ease rink factors as predictom of Type 2 (non- 
/nsulirt--dependent) diabetes in elderly subjects 

L. Mykk~inen ~), J. Kuusisto, M. Laakso and If- Py6r~il~. Department 
of Medicine, University of Kuopio, Finland and University of 
Texas Health Science Center, San Antonio, Texas, USA ~) 

Little is known about predictors of diabetes in the elderly. 
Therefore risk factors measured in a cross-sectional study in 
subjects aged 65-74 years living in East Finland were correlated 
with the risk of developing diabetes 3.5 years later. Sixty-nine of 
892 initially nondiabetic subjects developed diabetes during the 
follow-up. Converters to diabetes had higher body mass index 
(BMI) and waist-hip ratio as well as higher levels of 2 hour 
glucose and insulin and higher prevalence of family history of 
diabetes (FHD) than nonconverters. Furthermore, levels of 
diastolic blood pressure and total triglycerides (TG) were higher 
and HDL cholesterol lower among converters than among 
nonconverters. The highest risk for developing diabetes was 
associated with impaired glucose tolerance (WHO criteria) (odds 
ratio = 9.8, 95% confidence intervals = 6.1-15.8). The risk of 
diabetes was 3.7 (3.2-6.I) among subjects in the highest quartile 
of 2 hour insulin distribution (>86.3 mU/1), 3.5 (2.0-6.1) in those 
with total triglycerides >2.5 mmol/1, 2.7 (1.5-4.6) in those with 
waist-hip ratio > 1.0, 2.5 (1.5-4.4) in those with HDL cholesterol 
<1.0 mmol/1, 2.1 (1.2-3.6) in those with BMI >30 kg/m 2, 1.8 (1.0- 
3.1) in those having hypertension, and 1.7 (1.0-2.9) in those with 
FHD. Thus, cardiovascular risk factors related to insulin 
resistance are predictors of diabetes also in the elderly. 
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LIFE STYLE CHANGES DECREASE RATES OF GLUCOSE 
INTOLERANCE AND CARDIOVASCULAR (CVD) RISK 
FACTORS: A SIX YEAR INTERVENTION STUDY IN A 
HIGH RISK HINDU INDIAN SUBCOMMUNITY 

KL RAMAIYA, ABM SWAI, KGMM ALBERTI, D McLARTY 
Hindu Mandal Hospital, Dar es Salaam, Tanzania 

Primary prevention of  NIDDM and CVD are major goals of 
modern health care. We therefore studied a Hindu 'Indian'  
subcommunity in D a r e s  Salaam with known high rates of 
impaired glucose tolerance (IGT), NIDDM and other CVD risk 
factors, to determine if health education over a period of six years 
could result in significant improvement. 218 (80.7%) (108 male; 
110 female) of  270 (131 male, 139 female) members of  the 
subcommunity over 14 years age were studied in 1986. Repeat 
examination in 1992 was performed in 170 (78.0%) subjects. In 
the first survey, 26.5% had IGT, and 11.8% NIDDM. In the 
repeat survey of the IGT subjects 9 (20.0%) persisted with IGT 
but only 1 (2.2%) progressed to diabetes. Of the 20 NIDDM 
subjects 40.0% continued to show diabetic tolerance, 15.0% IGT 
and 45.0% had reverted to normal. Of the NGT subjects 4.8% 
progressed to IGT and 4.8% developed diabetes. Thus the 
NIDDM prevalence had fallen from 11.8% to 8.2% and IGT from 
26.5% to 10%. Small but significant reductions were observed in 
mean fasting blood glucose, 2hr blood glucose, serum cholesterol 
and triglycerides, blood pressure, and weight. The level of  
physical  activity increased significantly (p<0.001). Thus 
community based life style modifactions can result in significant 
reduction in the prevalence of IGT, NIDDM and other CVD risk 
factors over a prolonged period. 
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A 5 YEAR STUDY OF GLOMERULAR FILTRATION RATE IN 
NORMOTENSIVE IDDM PATIENTS WITH M I C R O A L B ~ I A .  
ER Mathiesen, B Feldt-Rasmussen, E Hommel, T Deckert and H-H 
Parving. Steno Diabetes Center, Gentofte, Denmark. 

Forty normotensive (129/ 80 (SD 11/8) mmHg) insulin dependent 
diabetic (IDDM) patients with persistent microalbuminuria 84 (range 
30-300) mg/24h with a mean age of 30 (8) year and a duration of 
diabetes of 17 (6) year were followed prospectively for 5 years with 
annually clinical examinations including measurement of glomerular 
filtration rate (GFR, Cr-EDTA-clearance). Mean GFR at baseline was 
I20 (18) ml/min/1.73m2. 14 out of 40 patients developed clinical 
diabetic nephropathy (albuminuria > 300 mg/24h). These patients had 
a significant reduction in GFR ( mean -2,2 (3,8) ml/min per year, 
p=0.05) while GFR remained stable in the 26 patients with urinary 
albumin excretion < 300 mg/24h at follow-up (delta GFR= +0.5 
(2.1) ml/min per year, NS) The difference in rate of decline of GFR 
was significant, mean 2.7 ml/min, p<0.05.  The 9 patients who 
developed diabetic nephropathy during the first 2 years of observation 
had a rate of decline in GFR of -3.5 (-11-1) ml/min per year, 
p < 0.001. Using multiple regression analysis of variance the rate of 
decline in GFR was independently correlated to onset of diabetic 
nephropathy (p<0.001) and systolic blood pressure at baseline 
(19<0.05) but not to baseline values of urinary albumin excretion, 
diastolic blood pressure, GFR, age, duration of diabetes or to mean 
haemoglobin Alc, protein or salt intake during the observation period. 
Conclusion: Normotensive patients with persistent microalbuminuria 
have a stable GFR while development of clinical overt diabetic 
nephropathy herald a progressive loss of kidney function. 
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LONG-TERM (18 YEAR) PROGNOSIS FOR NORMO- AND M/CROAL- 
B ~ C  TYPE 1 (INSULIN-DEPENDENT) DIABETIC PATIENTS 
M. Mau Pedersen, C. K. Christensen and C. E. Mogensen. 
Medical Department M (Diabetes and Endocrinology) Aarhus 
Kommunehospital, DK-8000 Aarhus C, Denmark. 
To study the prognostic significance of microalbuminuria in Type 
l diabetes a long-term (18 + 2 (SD) years), second follow-up study 
was performed. 44 male patients with previous measurement of 
urinary albumin excretion rate (UAE) (RIA, _> 3 timed collections) 
were identified for reinvestigation. Retrospectively 30 patients were 
considered initially normoalbuminuric (UAE < 15 #g/min) and I4 
initially microalbuminuric (15 < U A E <  150~zg/min) (initial diabetes 
duration 12 • 3 vs 13 _+ 3 years, ns, age at diagnosis 12 • 5 vs 
I3 _+ 4 years,ns). At follow-up UAE (three overnight 
collections)/proteinuria, blood pressure, s-creatinine, and kidney 
function (n = 16) were measured. The normo- and microalbuminuric 
cohorts (no follow-up in 4/0 patients) differed with respect to all 
cause mortality (1 vs 5 death, p=0.01, Fisher's exact test), 
development of renal failure (0 vs 4, p=0.008) and of overt 
diabetic nephropathy (1 vs 10, p=0.00001). Among initially 
normoalbuminuric patients four showed mieroalbuminuria at follow- 
up, while 20 remained normoalbuminuric after 31 • 5 years of 
diabetes. Two initially microalbuminuric patients stayed such during 
ant• therapy, and one spontaneously became 
normoalbuminuric. Remeasuring of glomemlar filtration rate in nine 
persistently normoalbuminuric patients suggested a modest (age- 
dependent?) decline (132 _+ 5 vs 125 _+ 12 m l / m i n / 1 . 7 3 m  z 

(p=0.10), follow-up period 20 _+ 2 years, age 45 +_ 5 years). In 
conclusion the occurrence of microalbuminuria in Type 1 diabetes 
is a strong risk marker for overt diabetic nephropathy, renal failure 
and death. Conversely normoalbuminuria indicate a good long-term 
prognosis with well-preserved kidney function. 
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THE PROGRESSION OF NEPHROPATHY IN NON-INSULIN-  
DEPENDENT-DIABETES IS SIMILAR TO THAT IN INSULIN 
DEPENDENT-D[ABETES. 
M.R. Cipollina, M. Sambataro, E. Brocco, A. Carraro, R. Trevisan, P. 
Fioretto, M. Velussi and R. Nosadini. University of Padova, Italy. 
There is agreement in literature concerning the evolution of glomernlar 
fill~'ation rate (GFR) in insulin-dependent but not in non insulin-dependent 
diabetic nephropathy. Our  aim was to investigate the decline of GFR in 6 
microalbuminuric (20-200 pg/min)  (D1) and 7 macroalbuminuric (192) (200- 
1500 p.g/min) insulin-dependent diabetics, and 8 microalbuminuric (D 3) and 
9 macroalbuminuric (D4) non insulin dependent diabetics. Blood pressure 
levels were treated when systolic and diastolic vaIues arose above 160/95 
mmHg. Age, HbAlc and creatinine were 29"Z_3 (Mean -+ SE), 7.9_+0.3 % and 
1.1• mg /d l  respectively in D1; 41+~., 8.2_+0.3 and 1.7_+0.2 in D2; 57_+4, 
8.3-+0.3 and 1.0-+0.1 in D 3 and 64_+3, 8.0~.2 and 1.6_+0.2 in D4. GFR was 

measured by multiexponential analysis of plasma decay of 51Cr EDTA 
after intravenous injection. GFR was 129+7 ml/min/1.73m 2 and 128_+6 (n.s.) 
in D1; 77+_5 and 65_+5 (p<0.01) in D2; 135_+8 and 132#_7 (n.s.) in D 3 and 58_+6 
and 43_+6 (p<0.01) in D4 at baseline and after one year  follow-up 
respectively. Strict antihypertensive treatment was then commenced in 132 
and D 4 to maintain systolic and diastolic values below 140/85 mmHg. The 
rate of decline of GFR was slackened from 12~2 to 5+_2, p<0.01 in D2 and 

from 15_+3 to 6_+2, p<0.01, in D4 (ml'min'11,73m -2 per year). These results 
demonst ra te  that: 1) the rate  of decline of GFR is s imilar  in 
macroalbumlnuric insulin-dependent and non insulin dependent diabetics 
and is improved by strict antihypertensive treatment and 2) GFR does not 
decrease in microalbuminuric insulin-dependent and non insulin-dependent 
diabetics during one year follow-up. 
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Non-progression of microalbuminuria over 3 years in 740 Type 2 
(non-insulin dependent) diabetic patients. 

C.A. Cull, S.E. Manley and R.C. Turner U.K. Prospective Diabetes 
Study, Diabetes Research Laboratories, Radcliffe Infirmary, Oxford, 
OX2 6HE, U,K. 

After 3 months diet therapy, 740 newly-presenting Type 2 (non-insulin 
dependent) diabetics were allocated to continued diet therapy. Over 3 
years 204 required additional therapy for symptoms or Fasting Plasma 
Glucose (FPG) >15 mmol/l. Urine samples were obtained yearly, 
Album[nuria was corrected for dilution by regression on the creatinine, In 
536 patients treated with diet alone, albumin decreased from 14,7 mg/I 
(4,4 to 48.9) (geometric mean. 8D interval) to 10.8 mg/I (4.1 to 28.8; 
difference p<0.001) during the initial 3 months' diet. Over 3 years it rose 
slightly to 12.1 mgfl (4.1 to 36.3 ; p<0,05). In 69 patients with raised 
excretion >= 50.0 mg/t at diagnosis, albumin fell after 3 months' diet from 
115.5 mg/I (52.0 to 256.5) to 25.2 mg/I (8.1 to 78.4 : p<0.001) and 
remained similar at 22.0 mg/I (5.4 to 89.5; n.s.) over 3 years, higher 
(p<0.001) than in other patients who also showed little change over 3 
years. In patients requiring additional therapy, albumin fell from 16.1 mg/I 
(5.6 to 46,3) at diagnosis to 10.8 mg/I (4.2 to 27.4; p<0.001) after 3 
months diet and 11.6 mg/I (4.5 to 30.0; n.s.) at 3 years, Albumin at 
diagnosis correlated with systolic (rs = 0.150, p<0.05) and diastolic (rs = 
0.197, p<0.01) BP and FPG (rs = 0.201 ; p<0.001) in this group. 

In conclusion, in Type 2 diabetes microalbuminuria reduces in response 
to initial diet therapy, but shows little progression even in those with 
initially raised excretion. Progress of nephropathy is slow and 
microalbuminuria is unlikely to provide a sensitive indicator of response to 
different therapeutic regimens, 
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ALBUMIN EXCRETION RATE IN NON-DIABETIC OFF- 
SPRING OF TYPE 2 DIABETIC PATIENTS. 

G. Gruden, V. Pasetti, P. Estivi, A. Bruno, G. 
Pagano and P. Cavallo-Perin. Institute of 
Internal Medicine, University of Turin, Italy. 

In type 1 diabetes, there is evidence that 
nephropathy clusters in families suggesting 
that genetic factors may act as determinants 
of glomerular permeability. The role of inhe- 
rited factors is unknown in type 2 diabetes. 
The aim of the present study is to evaluate 
AER in non diabetic offspring of type 2 pa- 
tients. On 200 type 2 patients with diabetes 
duration > 10 yr, 181 were normoalbuminuric 
(albumin excretion rate, AER < 20 ~g/min) and 
19 microalbuminuric (AER = 20-200 ~g/min). We 
have randomly selected A) 7 offspring of 
microalbuminuric patients and B) 15 offspring 
of normoalbuminuric patients. Groups A and B 
were matched for age, sex, BMI and blood 
pressure. All offspring were normotensive, had 
normal creatinine clearance, normal glucose 
tolerance (oGTT), and sterile urine culture. 
We calculated the mean of AER (RIA Kit Pharma- 
cia) on three overnight urine collections. AER 
was significantly higher in group A than in 
group B (4.42• SE vs 1.75• ~g/min, p < 
0.05). These preliminary results suggest that 
an increased glomerular permeability is pre- 
sent in offspring of non insulin-dependent 
patients with microalbuminuria. 
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MICROALBUMINURIA IN NON-DIABETIC FIRST DEGREE 
RELATIVES OF TYPE 2 DIABETIC PATIENTS. 
C.Forsblom, A.Ekstrand, J.Eriksson, A-M.Teppo, B-O. 
Ehrnstr6m, B.Forsen, B. Snickars, M.Niss4n, M-R.Taskinen and 
L.Groop. Helsinki University Hospital, Helsinki and the Health 
Care Units in Korsholm, Malax-Korsn&s and N~.rpes, Finland, 

In patients with Type 2 diabetes microalbuminuria (MA; 
albumin excretion rate >_15~g/min) is associated with insulin 
resistance. Insulin resistance is a common finding among 
first degree relatives of patients with Type 2 diabetes. Is MA 
in these subjects also related to insulin resistance? To 
address this question we measured AER in 915 non-diabetic 
first degree relatives of patients with known Type 2 

diabetes (REL; age 51.4+0.7yrs; BMI 25.8+_0.2 kg/m2). Glucose 
tolerance was assessed with a 2h oral glucose tolerance test 
(75g glucose), 54 subjects (6%) had unknown diabetes and 
were excluded from the study. Of the remaining subjects, 232 
(27%) had impaired glucose tolerance (IGT). MA was as 
frequent among subjects with normal glucose tolerance 
(NGT;6.4%) as among subjects with IGT (9.4%). REL with MA 
had higher systolic blood pressure (144_+3 vs 134_+1mmHg; 
p<0.01), lower HDL-cholesterol values (1.11+0.04 vs 
1.23_+0.01mM; p<0.05) and higher fasting blood glucose values 
(5,4+0.1 vs 5,2-+0.1mM; p<0.0t) than normoalbuminuric 
relatives. In conclusion, in first degree relatives of patients 
with Type 2 diabetes, microalbuminuria is associated with 
hypertension, elevated blood glucose and low HDL- 
cholesterol, factors which have been considered components 
of the metabolic syndrome. The data thus suggest that 
microalbuminuria could be genetically linked to insulin 
resistance, the common denominator of the metabolic 
syndrome. 
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MUTATIONS IN GLUCOKINASE GENE CAUSE EARLY ONSET TYPE 2 
DIABETES 
N. Vionnet*, M. Stoffel* ,  J, Takeda*, H. Zouali#, 
S. Lesage#, Ph. Froguel#, G.I. Bell*. 
*Howard Hughes Medical Inst i tute,  Dep of Biochemistry and 
Molecular Biology, The University of Chicago, 5841 S.Mary- 
land Ave, MCI028, Chicago, IL 60S37, USA. 
#Centre d'Etude du Polymorphisme HLmain, 27 rue Jul ie t te  
Dodu~ 75010 Paris. 
Tight linkage between the glucokinase gene (GCK) 
and ea r ly -onse t -non- insu l in -dependen t  d iabetes  
meltitus has been recently reported, We have 
cloned and part ial ly sequenced human GCK, 
allowing us to design pairs of primers to specifically 
amplify in vitro each of the 12 exons. We have 
scanned GCK for mutations in multigenerational 
families linked to GCK using single strand- 
polymorphism conformational analysis. We found 
abnormal conformers  which cosegregated with 
diabetes in exons 4, 6, 7 and 8 in different families. 
In addition, conformers in exon l a and in intron 9 
that do not cosegregate with diabetes were noted. 
Amplification and direct sequencing of exon 7 
revealed the following mutations: T228M, G261R 
and E279AM. All the individuals with mutations are 
heterozygous and express both the normal and the 
mutant protein. The cosegregation of the mutation 
with Type 2 diabetes in these families suggests that 
it is the cause of the glucose intolerance. The 
presence of the mutations may result in an overall 
decrease in glucokinase activity in 13 cells leading to 
an increase in the glucose concentrations necessary 
to stimulate insulin release. 

2 3 5  

Type 2 (Non-insulin-dependent) Diabetes is 
linked to the glucokinase gene 

AT Hattersley1,2, p Patel1,2, Y-M D Lo2, R Page1, JTE 
Cook1, PJ Sakerl, Y Tanizawa3, KC Chiu3, P Watkins4, RC 
Turner1, MA Permutt3, and JS Wainscoat2. 

1 Diabetes Research Laboratories, Radcliffe Infirmary, Oxford. 
2Department of Haematology, John Radcliffe Hospital, Oxford. 
3Division of Metabolism, Washington University School of 
Medicine.4Diabetes Unit, King's College Hospital, London 

We studied the genetics of Type 2 (Non-insulin-dependent) 
diabetes by using linkage studies in three large maturity-onset- 
diabetes of the young (MODY) pedigrees. In all pedigrees 
diabetes resulted from autosomally dominant inherited/3-cell 
dysfunction. Glucokinase is an excellent candidate gene for 
Type 2 (Non-insulin-dependent) diabetes as it is expressed in 
the/3-cell and acts as the pancreatic glucose sensor. We 
studied a dinucleotide repeat polymorphism 10 kb 3' to the 
glucokinase gene using PCR. Linkage was found with a peak 
lod score was 5.1 at a recombination fraction (e) of zero in a 
large 5 generation pedigree, BX, with 18 diabetic members 
diagnosed between the ages of 12 and 65. This suggests that 
a defective glucokinase gene contributes to the diabetes 
phenotype in this pedigree. In the original MODY pedigrees M 
and R the glucokinase locus was excluded (Iod scores -7.36 & 
-2.1 at e = 0). The/3-cell function in pedigree BX was mild and 
less severe than in pedigrees M and R as shown by HOMA 
analysis [60 (43-85): 30 (11-79) mean (SD range) % normal]. 
The glucokinase gene is the first candidate gene to be linked 
with Type 2 (non-insulin-dependent) diabetes and can result in 
diabetes presenting in middle and old age. 

2 3 6  

CLINICAL CHARACTERISTICS OF TYPE 2 DIABETES 
LINKED TO THE GLUCOKINASE GENE 

RCL PAGE1, AT HAl-rERSLEY12, B BARROW1, P PATEL12, 
JS WAINSCOAT2, MA PERMUTI-3 AND RC TURNER1, 
1 Diabetes Research Laboratories, Radcliffe Infirmary, 
Woodstock Road, Oxford. 2Haematology Laboratory, John 
Radcliffe Hospital, Headington, Oxford UK. 3Division of 
Metabolism, Washington University School of Medicine, St 
Louis, USA. 

The clinical characterisation of Type 2 diabetes linked with the 
glucokinase locus on chromosome 7p in a pedigree BX was 
established. Thirty family members were evaluated. Eighteen 
(11 females, 7 males) had the glucokinase allele that 
segregated with diabetes, History, examination and diabetic 
complications were assessed. Beta cell function and insulin 
sensitivity were measured using a Continuous infusion of 
Glucose with Model Assessment. Seventeen of 18 subjects 
with the allele segregating with diabetes were diabetic. The 18 
affected subjects were similar in age 46+20 v 48-+-22years and 
BMI 26-+6 v 25-+3kg/m 2 to unaffected subjects. Six subjects 
were diagnosed on screening and 5 by glycosuria in pregnancy. 
Fourteen subjects were diet treated and 3 by sulphonylurea. 
Fasting glucose levels 4.3-12,6mmol/I increased with age (Rs 
=0.6,p<0.05). Beta cell function was impaired 56% normal v 
129% normal in unaffected subjects (p<0.001). Affected and 
unaffected subjects had similar fasting insulin (8.3(4.7-14.8) v 
8.5(5.8-12.6) mU/I), insulin sensitivity (53(32-85) v 56(38-83)% 
normal), and total cholesterol levels (4.6-+1 v 4.9-+1 mmol/I). 
Microvascular and macrovascular tissue damage was 
uncommon. Two males (69 and 79 years) had evidence of 
cardiovascular disease. Biothesiometer readings were normal, 
but multivariate analysis showed age and carrying the allele 
linked to diabetes as independent determinants (t=5.2 p<0.001 
and t=3,7 p<0.01). Urinary albumin:creatinine ratios were 
similar (0.9 (0.3-2.5) v 1.5(0.4-5.8)g/mol. Type 2 diabetes 
linked with the glucokinase locus is mild, however a defect in 
the glucokinase gene may have a role in the pathogenesis of 
classical Type 2 diabetes. 

2 3 7  

LINKAGE STUDIES GIVE EVIDENCE FOR GENETIC 
HETEROGENEITY IN TYPE 2 DIABETES MELLITUS. 
M. VAXILLAIRE, M.O. BUTEL, H. ZOUALI, F. SUN, S. 
LESAGE, K.CLEMENT, G. VELHO, Ph. PASSA, D. COHEN, 
Ph. FROGUEL, CEPH, H6pital Saint-Louis, Paris, France. 

Evidence for linkage between Adenosine Deaminase (ADA) 
and Glucokinase (GCK) loci and Maturity-Onset-Diabetes- 
of-the-Young (MODY) has been demonstrated. We have 
investigated by linkage analysis 33 MODY families and 20 
families with late-onset type 2 (non-insulin-dependent) 
diabetes. Total Iodscores in the MODY families versus GCK 
and ADA loci were respectively +13.45 and -68.1. A 
homogeneity test provides statistical support of genetic 
heterogeneity: 47 % of MODY families showed linkage to 
GCK (Lodscore: +29.6). In these families age of apparent 
onset was <12 years in recent generations. All but 3 of the 
18 non-GCK-linked families have age of onset >12. One of 
these 3 families gave a positive Iodscore (>1) with ADA. 
None of the 20 late-onset type 2 families showed evidence 
of linkage with GCK. However, one late-onset type 2 family 
gave a positive Iodscore (>1) with ADA. These results 
suggest that the GCK gene is implicated in the 
pathogenesis of very early onset type 2 diabetes, and that 
other loci are possible involved in MODY. ADA could be 
linked to the minority of our MODY and late-onset type 2 
diabetic families. Genetic heterogeneity of type 2 diabetes is 
related to clinical heterogeneity. 
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DIFFERENT PHENOTYPIC EXPRESSION BY THREE 
MUTANT ALLELES OF GLUCOKINASE GENE IN MODY. 
Ph. FROGUEL, N. VIONNET, M. STOFFEL, G. VELHO, 
Ph. PASSA, G.I. BELL, D. COHEN, C.E.P.H., H6pital 
Saint-Louis, Paris, France, and Howard Hughes Institute, 
Chicago, USA. 

Close linkage between the glucokinase (GCK) locus and 
Maturity-Onset-Diabetes-of-the-Young (MODY) has 
recently been demonstrated. Three MODY 
multigenerational pedigrees were investigated, two of 
which exhibited evidence of linkage with GCK locus 
(Lodscores: F51=14.10, F28=2.22), and the third which 
did not (F160). The screening of the 12 exons of human 
GCK, using Single-Stranded-Conformat ional  
Polymorphisms (SSCP) analysis, revealed abnormal 
conformers in exon 8, which cosegregated with these 
MODY families. Direct sequencing of the amplified exon 8 
showed 3 different missence mutations: Glu3OO~Lys 3oo 
(F28), Glu3OO~GIn 3oo (F51, confirmed by allele specific 
amplification of the mutated sequence in the 39 affected 
individuals of the kindred), LeuSo9~Pro s~ (F160). 
Subjects having the codon 300 mutation in kindred F51 
were characterised by mild fasting hyperglycemia. In 
contrast, in family F160, all the diabetic subjects required 
early treatment with insulin or sulfonylurea. Most of the 
diabetic members of family F28 were glucose intolerant, 
or had well controlled diabetes. In these families, there 
appears to be phenotypic differences that may reflect the 
nature of the mutation and its possible effect on GCK 
activity. The mutations elicit that MODY has complete 
penetrance with age of onset <10 years in the younger 
generations. 
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G E N D E R  DIFFERENCES IN APO E PHENOTYPES OF A T Y P E  

2 ( N O N - I N S U L I N  D E P E N D E N T )  D I A B E T I C  P O P U L A T I O N  

R . W . J a m e s * ,  M. B o e m i ,  F. R o m a g n o l i ,  P. G e r b e r * ,  D. 
P o m e n a *  a n d  P. F u m e l l i ,  * D i v i s i o n  of  D i a b e t o l o g y ,  

G e n e v a ,  S w i t z e r l a n d  and  I N R C A ,  A n c o n a ,  I t a ly .  
A p o l i p o p r o t e i n  E (apo  E) is of  p a r t i c u l a r  i m p o r t a n c e  in  

l i p i d  m e t a b o l i s m  as  i t  m e d i a t e s  t he  e l i m i n a t i o n  of  
p o t e n t i a l l y  a t h e r o g e n i c  r e m n a n t  p a r t i c l e s  d e r i v e d  

f r o m  t r i g l y c e r i d e - r i c h  l i p o p r o t e i n s .  In  th i s  c o n t e x t ,  apo  
E p o l y m o r p h i s m  w a s  a n a l y s e d  in  an  I t a l i an  p o p u l a t i o n  

o f  t y p e  2 ( n o n - i n s u l i n  d e p e n d e n t )  d i a b e t i c  p a t i e n t s  
( m a l e s ,  2 1 1 ;  f e m a l e s ,  225)  and  in  a c o r r e s p o n d i n g ,  

n o n - d i a b e t i c  c o n t r o l  c o h o r t  (ma l e s ,  296 ;  f e m a l e s ,  69) .  
T h e r e  w e r e  s i g n i f i c a n t  d i f f e r e n c e s  ( p < 0 . 0 5 )  in  a l l e l e  
f r e q u e n c i e s  b e t w e e n  d i a b e t i c ,  m a l e  a n d  f e m a l e  
p a t i e n t s  d u e  to  an  u n d e r - r e p r e s e n t a t i o n  of  t he  E4  
a l l e l e  in  t he  f e m a l e  g r o u p .  No  d i f f e r e n c e s  in  a l l e l e  
f r e q u e n c i e s  w e r e  n o t e d  w h e n  n o n - d i a b e t i c  m a l e  a n d  
f e m a l e  s u b j e c t s  w e r e  c o m p a r e d .  C o m p a r i s o n s  b e t w e e n  
d i a b e t i c  a n d  n o n - d i a b e t i c  s u b j e c t s  a l s o  d e m o n s t r a t e d  

s i g n i f i c a n t  d i f f e r e n c e s  ( p < 0 . 0 5 )  in  a l l e l e  f r e q u e n c i e s  
b e t w e e n  f e m a l e  s u b j e c t s  b u t  n o t  b e t w e e n  m a l e  
s u b j e c t s .  A c l o s e r  e x a m i n a t i o n  of  the  f e m a l e  d i a b e t i c  
p o p u l a t i o n  r e v e a l e d  t h a t  u n d e r - r e p r e s e n t a t i o n  o f  t h e  
E 4  a l l e l e  w a s  p a r t i c u l a r l y  n o t a b l e  in  o l d e r  p a t i e n t s ;  
t h o s e  _>60y of  a g e  h a d  a s i g n i f i c a n t l y  l o w e r  (p<0 .05 )  
E4  a l l e l e  f r e q u e n c y  t h a n  c o n t r o l s  o r  m a l e  d i a b e t i c  
p a t i e n t s ,  w h e r e a s  t he  y o u n g e r  f e m a l e  p a t i e n t s  (_<59y) 

d i d  no t .  T h e  r e s u l t s  a re  c o n s i s t e n t  w i t h  the  p r o p o s a l  
t h a t  t he  e 4  a l l e l e  m a y  r e p r e s e n t  a p a r t i c u l a r  r i s k  
f a c t o r  f o r  f e m a l e  d i a b e t i c  pa t i en t s .  
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A POLYMORPHISM OF THE ALDOSE REDUCTASE LOCUS IS 
A PREDICTIVE MARKER OF DIABETIC RETINOPATHY 
A.Patel, S.Ratanachaiyavong, B.A.Millward and 
A.G.Demaine. Department of Medicine and 
Diabetes, King's College School of Medicine and 
Dentistry, Denmark Hill, London SE58RX. 
Aldose reductase (ALR2) is thought to play an 
important role in the pathogenesis of diabetic 
nephropathy, retinopathy and neuropathy. This 
study investigated ALR2 genotypes in patients 
with type 1 diabetes with and without 
complications. Three regions of the human ALR2 
gene were amplified using PCR and these 
products were subsequently used as probes to 
screen for restriction fragment length 
polymorphisms (RFLP). Two RFLPs were detected 
using the restriction endonucleases Pst-I and 
Bam-HI with probes to the 5' and 3' ends of the 
ALR2 gene. One hundred and thirty patients with 
type I diabetes (forty-one diabetic controls, 
fifty-three with diabetic 
nephropathy/retinopathy, thirty-six with 
retinopathy alone) and fifty-seven normal 
controls were investigated. There were no 
significant differences in the frequency of 5.7 
and 5.3 kilobase (kb) 5'-PstI/ALR2 alleles and 
genotypes in any of the patient or normal 
control groups. Patients with retinopathy 
alone had a significant increase in the 
frequency of the 8.2 (kb) 3' Bam-HI/ALR2 allele 
and homozygous genotype compared to the 
diabetic group. The 5.7-8.2/5.3-8.2 kb 
5'ALR2-3'ALR2 genotype was found in 52.9% of 
the diabetic patients with retinopathy but was 
completely absent from the diabetic control 
group (p<0.0005, Pc=0.005). In conclusion, we 
have identified an ALR2 gene polymorphism which 
is associated with diabetic retinopathy. 

241 
THE INFLUENCE OF HYPERINSULINEMIA IN THE PRESENCE OF 
EUGLYCAEMIA ON CHOLESTEROL SYNTHESIS IN HUMANS. 
A. Scoppola , A. Lala, S. Frontoin, A. Ricci*, G. Testa**, S. Gambardella, G. 
Menzinger. 
Uinvevsi~ di Roma "Tor Vergata"; *Universi~ di Roma "La Sapient.a"; **Ospedale 
S. Cami/lo, Roma. 
The aim of this study was to evaluate the acute effects of insulin on the rate of whole 
body cholesterol synthesis as assessed by plasma mevalonate (MVA) concentrations 
in normal subjects. Ten healthy men aged 36• years, BMI 23.9• Kg/m 2 
underwent a 3-h euglicaemie hyperinsulinemie (lmU/Kg/min) clamp study from 9 
AM to 12 AM after 14-h fasting. Blood samples were drawn every 30' for insulin 
(IRI) and every 60' for MVA, lipids and apoproteins, In eight subjects the plasma 
MVA physiological variations were evaluated on a different day in the fasting state at 
9, 10.30 and 12 AM. MVA concentrations were assayed by CG/CI/MS after 
extraction with CH2CI2:PrOH (9:1). Results (mean + SD) were as follows: 

CLAMP STUDIES 

DIURNAL MVA VARIATIONS 
time 9 AM 10.30 AM I2 AM 

MVA (ng/ml) 2.35:0.6 2.25:0.6 2.035:0.5 
* p<O.05 **p<O.O01 vs baseline 

During the clamp studies a slight significant decrease in HDL-cholesterol, 
triglyceride (120'-180') and Apo B-100 (60'-120'-180') levels was noted. MVA 
levels decreased significantly by 37% and 43% at 120' and 180' respeelively 
(p<O.O01). A significant inverse relationship was found between IRI and MVA 
levels at 180'.The percent decrease from baseline in MVA levels due to dinmal 
variations was ll%at 10.30 AM and 17% at 12 AM. In conclusion, this study 
demonstrates that hyperinsulinemia in the presence of euglycaemia decreases in 
healthy males the circulating levels of mevalonate, the immediate product of HMG 
CoA Reduetase and an index of whole body cholesterol synthesis. 

time 0' 60' 120' 180' 
MVA (ng/ml) 2.535:0.5 2.39+0.7 1.67:t:0.7"* 1.51 5:0.7** 
IRt (.v, Ulml) t0,6• 97• 1095:29"* . 113• 
Tot Chol. (mg/dl) 169• 166• 164+41 157+42 
HDL Chol. (mg/dl) 51• 485:11 44• 46+7* 
Tg (mg/dl) 75+21 70• 68+20* 69+20* 
Apo A1 (mg/dl) 90• 80+9 90• 785:25 
Apo B 100 (mg/dl) 765:24 68• 715:24" 68• 18" 
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THE DEPENOENCE OF REVERSE CHOLESTEROL TRANSPORT ON CONTROL 
OF DIABETES IN TYPE-I (INSULIN-DEPENDENT) DIABETES 
A. Jirkovsk@, J. Kov@~, R. Poledne and J. Skibov~ 
Institute for Clinical and Experimental Medicine~ Prague, 
Czechoslovakia 
Changes in reverse cholesterol transport (RTC) from 
peripheral tissues and the arterial wall to the liver may 
be affected by control of diabetes and contribute to the 
higher incidence of atherosclerosis in diabetics. RTC 
parameters - lecithin:cholesterol acyl transferase (LCAT) 
activity and qualitative alterations of high density 
lipoproteins (HOL) - were studied in 18 Type-1 diabetics 
(7 men, ii women without vascular complications of 
diabetes) consecutively admitted to our clinic for de- 
compensation of diabetes for a period of 7-34 days. LCAT 
activity was determined isotopically using the method of 
autologous sub,irate as fractional asterifioation rate 
(FER) and molar esterification rate (MER) and the method 
of homologous substrate (LOATh) eliminating the effect of 
the patient's plasma an the rate of cholesterol esterifi- 
cation and reflecting the amount of enzyme. After diabetes 
compensation, fructosamine decreased from 2.47• to 
2.11+0.32 in men, and from 2.55+0.57 to 2.22+0.37 mmol/1 
in wo--men (both p < 0.05); this was associatedwith in- 
creases in FER (6.49+2.1 vs 7.85+2.5 in men, and 6.50+2.2 
vs 8.09+1.8 %/h in wo-men~ both p-< 0.05) and in MER (96.2 
+2.30 v-{ 130+43 in men, and 94.1+37 vs 115.7+31 umol/1/h 
Tn women, b~h p<O.05). No signTficant changes in LCATh, 
in HOL2 and HOL3 subfractions or in triglyceride content 
in HDL were observed, only men showed a rise in HOL cho- 
lesterol. We conclude that diabetes compensation in Type-1 
diabetics may enhance the rate of cholesterol esterifica- 
tion, probably more affecting properties of plasma rather 
than changing the amount of LCAT. 
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APO B CONTAINING LIPOPROTEINS SHOW MULTIPLE ABNORMALITIES 
IN INSULIN-DEPENDENT DIABETIC PATIENTS WITH KIDNEY DISEASE 
P.-H. Groop, T. Elliott, B. Lahdenperii, A. Ekstrand, A. Franssila-Kallunki, 
R. Friedman, GC. Viberti and M.-R. Taskinen, Unit for Metabolic Medicine, 
Guy's Hospital, London, England end Third Department of Medicine, 
Helsinki University Central Hospital, Helsinki, Finland 

Microalbuminuric and proteinuric Type 1 (insulin-dependent) diabetic patients 
exhibit multiple lipid and lipoprotein abnormalities. In order to characterize 
these changes we examined 65 normoalbuminudc (AER 7(0-19) ,ug/min), 45 
microalbuminuric (AER 50 (20-178) ,ug/min), 35 proteinuric (AER 422 (220- 
1490) ,ug/min) and 56 healthy controls matched for age, duration of diabetes, 
BMI and glycaemic control. The mass concentrations of VLDL, IDL, LDL 
represent the sum of triglycerides, cholesterol, protein and phospholipids in 
each fraction separated by sequential ultracentrifugation. In addition ape B in 
VLDL~ (Sf 60-400), VLDL 2 (Sf 20-60) and IDL (Sf 12-20) was measured after 
separation by density gradient ultracentrifugation. LDL particle size was 
determined by nondenaturing gradient gel electrophoresis. 

NORMO MICRO P R O T  CONTROL 
VLDL mass (mg%) 73--.6 I02• a 98-+11 a 96-+10 
IDL mass (rag%) 34• 43• a 49• c 39• ~ 
LDL mass (mg%) 266_+10 294• a 315+16 ~ 286-+9 a 
VLDL,apoB (mg/dl) 1.0-+0.2 1 .1•  1.1_+0.2 1.3-+0.2 
VLDL2apoB (mg/dl) 4.4+-0.4 5,6-+0.5 a'd 5.6+-0.5 a 4.2+0.4 ' 
IDL apoB (mg/dl) 10.9+0.6 14.1-+0.9 b 14.9-+t.1 ~'d 12,4_+0.8 
Apo B (mg/dl) 80.3_+2.1 90.9+3.3 b 88.2_+3.7 a 85.9• 
LDL particle (~) 260-+2 259+-2 257+2 255• 

ap<O.05, ~p<0.01 and Cp<O.O01 vs NORMO; ~p<O.05 vs CONTROL; ep<o.01 vs 
PROT 

Apo E allele and phenotype frequencies were similar in all groups. In micro- 
and macroalbuminuric patients apo E4 compared to apo E2 was associated 
with much higher increase of LDL cholesterol (+37%) than in normo- 
albuminuric group (12%). in conclusion, Type 1 diabetic patients with kidney 
disease exhibit increased transport rates of apo B containing lipoproteins and 
the presence of apo E4 further aggravates abnormalities of LDL metabolism. 
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APOLIPOPROTEINS B AND A - I / C - I l l  GENETIC POLIMORPHISMS AND 
CORONARY HEART DISEASE IN DIABETES MELLITUS. 
G.Squadr i to ,L .R igo l i ,A .D i  Benedetto,G.Romano,R.Scoglio,G.R_a 
imondo and D.Cucinotta.  Dept.of In terna l  Medic ine,Univers i ty  
of Messina Medical School ,Mess ina, l ta ly .  
Plasma l i p i d  abnormal i t ies play a major ro le  in the develo_p 
ment of coronary heart disease and may be gene t i ca l l y  condi 
t i o n e d , a l s o  in d iabe t i c  patients.We have evaluated r e s t r i c -  
t ion- f ragments- lenght  polimorphisms (RFLPs) of  apo l ipopro te  
in B gene and of  apol ipoprote ins A - I / C - I l l  genetic c l us te r  
in 95 type 2 (non- insul in-dependent)  d iabe t i c  pa t ien ts ,  of  
whom 48 were a f fec ted by coronary heart disease (CHD)(34 ma 
les,mean age 54+_6 years,known diabetes durat ion I0.2+_3.4 ye_ 
ars) and 47 were not (35 males,mean age 51+8,diabetes dura- 
t i on  8.9+4.1 years).DNA from peripheral  blood was ampl i f ied 
by Polimerase Chain Reaction and digested by the r e s t r i c t i -  
on enzymes Xbal f o r  Apo B and Sacl f o r  Apo A- I /C- I I I .Genoty_ 
pe frequency of the involved a l l e l es  (Xl and X2 fo r  Apo B, 
Sl and $2 fo r  Apo A - I / C - I l l )  was then obtained. No associa- 
t ion  was observed among Xl and X2 a l l e l es  frequency,CHO and 
plasma levels  of t o t a l  cho lestero l (C) ,HDL-C,LDL-C, t r ig lyce-  
r ides,Apo A-I  and Apo B. On the cont rary  Sl/S2 heterozygosi_ 
s was^more frequent in CHD- than in non CHD-diabetic pat ien 

z 
ts (X = 7.7,p= 0.006) and was associated with increased pl_a 
sma t r i g l y c e r i d e s  (3.05+_2.04 vs 1.61+_0.92 mmol/l,p<O.OOl). 
Moreover S2 a l l e l e  frequency was s i g n i f i c a n t l y  higher in pa 
t i en t s  wi th CHO than in those wi thout  (X ~= 7 . l ,p<O.Ol ) .The-  
Be data ind ica te  that  some RFLPs of the Apo A - I / C - I l l  gene- 
t i c  c l us te r  may be associated with hyper t r ig lycer idaemia 
and CHD in type 2 (non- insul in-dependent)  diabetes me l l i t us .  
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ABNORMAL DISTRIBUTION OF VLDL SUBFRACTIONS IN TYPE 1 
DIABETIC PATIENTS: COULD A REDUCTION IN HEPATIC LIPASE 
ACTIVITY PLAY A ROLE? 
L.Patti, G.Romano, L.Di Marine, O.Russo, C.Annarelli, A. 
Maffettone, G. Annuzzi, G. Riccardi and A.A. Rivellese. 
Institute of Internal Medicine and Metabolic Diseases, 
2nd Medical School, University of Naples "Federico II", 
Italy. 

Aim of the present study was to test whether changes in 
lipolytic enzyme activities could explain the abnormal 
VLDL composition found in type 1 diabetic patients. 
Therefore, fasting lipid composition (free and esteri- 
fied cholesterol, triglycerides, phespholipids) of four 
VLDL subfractions of decreasing size (A,B,C,D), isolated 
by density gradient ultracentrifugation, and plasma 
post-heparin lipolytic enzyme activities (lipoprotein 
lipase=LPL, hepatic lipase=HL) were evaluated in 13 male 
normolipidemic type 1 diabetic patients in optimal blood 
glucose control (HbAIc 6.9• (M• and in 9 con- 
trol subjects matched for sex, age (29• vs 29• yrs), 
BMI (24.7• vs 24.5• kg/m2), plasma cholesterol 
(4.22• vs 4.29• 0.15 mmol/l) and triglycerides 
(0.85• vs 0.76• 0.09 mmol/l). A significant increase 
in smaller VLDL (D) (50.5• 2.7 vs 37.4• p<O.O05) 
and a decrease in the intermediate ones (C) (20.6• vs 
27.9• p<0.005) was observed in diabetic patients. 
Furthermore they had significantly reduced HL values 
(233• vs 332• mU/ml, p<0.05); LPL was similar in the 
two groups. HL activity was inversely correlated to the 
amount of VLDL D (r=-0.72, p<0.Ol) and directly to that 
of VLDL C (r=0.61, p<0.05). In conclusion, smaller 
(more atherogenic) VLDL are increased in type I diabetic 
patients; since HL activity is directed mainly toward 
the smallest VLDL, both its reduction and the inverse 
correlation with VLDL D in diabetic patients suggest a 
specific role of this enzyme in the abnormal VLDL meta- 

bolism of type 1 diabetic patients. 
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EFFECTS OF C-PEPTIDE ON MICROVASCULAR FUNC- 
TION IN EXERCISING FOREARM MUSCLE IN TYPE I 
DIABETES 

B.-L. Johansson, B. Linde and J Wahren, Department of 
Clinical Physiology, Karolinska Hospital, Stockholm, Sweden 

Microvascular dysfunction is frequently found in patients with 
type I diabetes. Recently C-peptide has been shown to reduce 
glomerular hyperfiltration and stimulate glucose utilization in 
type I diabetes. This study was undertaken to examine the 
influence of C-peptide on blood flow (BF), capillary diffusion 
capacity (CDC) and substrate exchange of exercising forearm 
muscle in type I diabetics. Patients (n=17) and healthy 
controls (n=14) performed rhythmic forearm exercise using a 
handergometer before and during 60 min i.v. infusion of C- 
peptide (6 nmol/kg/min) or NaC1. BF and CDC were lower in 
diabetics compared to controls (BF: 29_+2 vs 40_+3 mYmin/100 
ml, CDC: 5.4_+0.4 vs 7.8_+0.6 ml/min/100 ml, p<0.01-0.001). 
CDC and BF both increased during C-peptide infusion (BF 
+27_+4%, CDC +52_+9%) in the diabetics, no significant 
changes were seen in either group during NaC1. Forearm 
uptake of oxygen and glucose in diabetics increased during C- 
peptide infusion but not during NaC1. It is concluded that 
infusion of C-peptide in young diabetics restoring levels 
results in a normalization of both blood flow and CDC during 
exercise as well as augmented uptake of oxygen and glucose 
by exercising muscle. The findings indicate that C-peptide 
may be of importance for microvascular function in exercising 
muscle in type I diabetes. 
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OVEREXPRESSION OF INSULIN RECEPTORS INHIBITS 
IGF1 EFFECT ON C- FOS TRANSCRIPTION IN CHO CELLS. 
D. MAGGI, R. CORDERA. Di.S.E.M., University of Genova, 
Genova- ITALY 

Insulin (IR) and IGF1 (IGF1-R) receptors share a high 
degree of homology and show overlapping biological 
act ions. Both hormones induce transcr ipt ion of 
"progression factors" and cellular growth. Aims of the 
present work are to investigate : 1) whether insulin 
increases c-fos mRNA cytoplasmic content, in CHO-K1 
cells (which express a very low number of IR), via the 
IGF1-R and 2) the effect of overexpression of IR in CHO 
(CHO-IR) on insulin and IGF1 capacity to induce c-fos 
expression. CHO-K1 have been transfected with the 
plasmid pCMV5-HIR, by Ca co-precipitation, and a clone 
(CHO-IR) overexpressing IR (15 fold) has been selected. 
CHO-K1 and CHO-IR have been serum starved for 16 h 
before experiments. Cells have been incubated with 
insulin (50 ng/ml) or IGF1 (50 ng/ml) for 30' at 37~ 
solubi l ized and total RNA has been isolated and 
transferred by Northern blot and hybridized with a 5 Kb 
c-fos probe. Our results show that, in CHO-IR, insulin 
increases c-los mRNA cytoplasmic accumulation 2 fold 
higher t h a n  the effect obtained in CHO-K1 cells; 
instead overexpression of functional IR (CHO-IR) 
inhibit by 50% the effect of IGFI. Conclusions: insulin 
and IGF1 activate transcription of c-fos via a common 
saturable pathway; overexpression of IR inhibits IGF1 
activation of c-fos. 
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COMPARISON OF THE METABOLIC EFFECTS OF 
rh-INSULIN-LIKE GROWTH FACTOR-1 (IGF-1) 
AND OF INSULIN IN MAN. 
R.Laager, R.Ninnis, S.Vosmeer, K.Dembinsky and 
U.Keller, Departments of Research and Internal 
Medicine, Kantonsspital Basel, Switzerland. 
To compare the effects of elevated plasma concentrations 
of IGF-1 and insulin on C-peptide, glucose, amino acid 
and free fatty acid (FFA) metabolism, groups of 8 
overnight-fasted male healthy volunteers received 
during 8 h euglycaemic clamping either "low" or "high" 
doses of IGF-1 and insulin (5 or 30~tg/kg/h IGF-1, 4.8 or 
31.2 m U / k g / h  insulin). These doses of IGF-1 and insulin 
resulted in identical increases in glucose uptake 
(~l .6mg/kg/min at "low" doses, -7.2mg/kg/min at 
"high" doses). Plasma C-peptide levels decreased by 
57+4% and 36_+6% after "high" doses of IGF-1 and insulin, 
respectively (p=0.013). Plasma FFA decreased by 44_+5% 
and 55_+5% after "high" doses of IGF-1 and insulin, 
respectively (ns). Plasma leucine flux (1-13C-leucine 
infusion technique) decreased by 43+4% and 39+3% after 
"high" doses of IGF-1 and insulin, respectively (n.s.). 
Leucine oxidation decreased by 56_+4% after "high" dose 
IGF-1 but only by 38_+6% after insulin (p=0.02). Therefore, 
acute increases in plasma IGF-1 inhibit lipolysis (plasma 
FFA) and whole body protein breakdown (leucine flux) 
similarly to insulin, whereas IGF-1 suppresses insulin 
secretion (C-peptide) and irreversible leucine catabolism 
(leucine oxidation) more than insulin; this suggests that 
insulin-like effects of IGF-1 are in part mediated via 
insulin receptors and in part via IGF-1 receptors. 

249 

Insulin demand in type i diabetes mellitus is reduced 
during administration of insul in- l ike growth factor- I .  
P.D. Zenobi, M.A. Hussain, R. Lehmann, A. Keller, 
Y. Glatz, and E.R. Froesch. Div. Endocrinology and 
Metabolism, Dept. of Internal Medicine, University 
Hospital, 8091 Zurich, Switzerland. 

Recombinant human insul in- l ike growth factor (rhIGF)-I 
administration lowered insulin, C-peptide, and t r i g l y -  
ceride (TG) levels in healthy and type 2 diabetics sub- 
jects, decreased glucose levels in diabetic subjects, 
and appeared to improve insulin sensi t iv i ty  in both 
groups. We investigated whether rhlGF-I has comparable 
effects in 2 subjects (age 29 and 30 years, BMI 24 and 
28 kg/m 2) with type i diabetes mell i tus (duration 27 
and 17 years) during a study of 16 days. They received 
a diet (30 kcal/kg) and insulin by sc pump infusion 
(day 1-16). i0 pg rhlGF-I/kg.h were given sc on days 
9-16 with a second pump. Fasting and postprandial 
glucose, insul in, IGF-I, growth hormone (GH), and TG 
levels were determined with routine methods. Pre- and 
postprandial glucose levels were below 6.5 and 10 
mmol/l, respectively, and didn' t  d i f fe r  between the two 
study periods. Total and free IGF-I levels increased 
during rhlGF-I infusion 4.5 and 2-fold above control 
levels. The basal insulin infusion rate (29.6 and 23.6 
IU/24 h; day 1-8) decreased (13.0 and 11.8 IU/24 h; day 
9-16) as did the insulin bolus injections (from a total  
of 32 and 49 IE/24 h [day 1-8] to 24 and 20 IE/24 h 
[day 9-16]). Hence, fasting and postprandial insulin 
serum levels decreased during rhlGF-I administration 
which also lowered GH and TG levels. In conclusion, 
rhlGF-I administration reduces insulin requirements of 
type 1 diabetics probably by direct effects on glucose 
metabolism via IGF type i receptors. 
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DECREASE OF INSULIN SENSITIVITY AND 
CLEARANCE AFTER CHRONIC GROWTH HORMONE 
TREATMENT IN TURNER'S SYNDROME. 
L.D. Monti, P. Brambilla, I. Stefani, L. Tomasini, A. Caumo, F. 
Magni, G. Nizzoli, L. Arnold.i, M. Galli Kienle, G. Chiumello and 
G. Pozza; H.S.Raffaele Scientific Institute, Milan, Italy. 

Biosynthetic GH therapy (GHT) is a well-known approach in the 
treatment of short statural girls with Tumer's syndrome but its 
metabolic effects are still under investigation. Aim of the study was 
to evaluate the effects of GHT on glucose turnover, insulin 
clearance and lipids in six patients (age: 8-13 yrs) with normal 
glucose tolerance and basal GH secretion. An euglycaemic 
hypefinsulinaemic (25 mU/kglh) clamp was performed before and 
after 157+15 days of GHT (0.1 Ulkg/day s.c. for 6 days/week). 
GHT did not increase fasting GH levels (2.8+0.5 gU/ml) while an 
increase in growth velocity was seen in 5 out of 6 patients. Fasting 
RE) was 4.1_+0.4 mg/kg/min before treatment without changes after 
GHT (3.5_+0.2 mg/kg/min) despite a 143% increase in insulin levels 
(5.0_+1.0 vs 12.2+2.2 p.U/ml; p<0.02). Triglyceride levels 
significantly increased after GHT (33.9-+3.6 vs 55.7_+8.0 mg/dl; 
p<0.05). During the clamp GHT decreased RdB levels (0.30-20.02 
vs 0.20-&-0.03 mg/kg.min/I.tU/ml; p<0.05) and a lower inhibition of 
HGO was demonstrated (78.1-+4.4 vs 58.8-+6.5 %, p<0.05). In 
addition insulin clearance was normalized after GHT with a 
decrease of 39.0+6.6% (30.95_+3.5 vs 18.05_+1.34 
L/kg.min,p<0.05). In conclusion GHT induces peripheral and 
hepatic insulin resistance, associated with a decrease in insulin 
clearance. 
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GROWTH HORMONE UPREGUI~'IF.S HEPATIC GLUCOSE TRANSPORTER 
(GLUT2) GENE EXPRESSION IN THE DIABETIC RAT. 

C R Thomas and D L Russell-Jones. Patricia Whale Laboratory 
of Molecular Endocrinology, Department of Endocrinology and 
Chemical Pathology, UMDS, St Thomas' Campus, London SE1 
7EH, U.K. 

The effects of diabetes on hepatic GLUT2 gene expression are 
controversial and the hormonal regulation of expression remains 
unclear. To investigate these phenomena we rendered 12 male 
Sprague Dawley rats diabetic by i.p. injection of streptozotocin 
(40mg/Kg) and randomJsed them to 4 groups plus 4 control (C) 
animals. Diabetics (D)(blood glucose 36 + 0.5 mmol/1) received 
no treatment. Treatment groups received daily injections of: (A) 
2.5 IU insulin s.c. (blood glucose 19.9 +- 2.3 retool/l), (B) 5.0 IU 
insulin s.c. (blood glucose 3.3 + 0.1), (G) 0.8 IU recombinant 
growth hormone s.c. (blood glucose 38.7 -+ 2.4 mmol/1) for 16 
days. An/mals were killed, livers snap frozen, total RNA extracted 
and northern blot hybridization analyses performed using a cDNA 
probe for GLUT2 (gift from G I Bell). Autoradiographs were 
quantitated by laser densitometry and reprobed with an 18S 
control probe (gift from D T Denhart). GLUT2 mRNA was 
reduced by 45% in (D) verses (C)(p<0.02). Insulin treatment at 
both doses (A)(B) did not increase GLUT2 expression compared 
with (D). Growth hormone caused a two fold increase in GLUT2 
expression (G) compared with (D)(p<0.03), restoring levels to 
control values. We conclude that in the absence of circulating 
insulin hepatic glucose uptake may be regulated in part by growth 
hormone. 
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GLUCOSE-SENSITIVE NUCLEAR COMPLEX BINDING TO 
RAT I AND HUMAN INSULIN GENES DETECTED IN 
ISOLATED RAT ISLETS 

D. Melloul, Y. Ben-Neriah and E. Cerasi - Lautenberg Center 
of Immunology,  and Depar tment  of Endocrinology & 
Metabolism, Hebrew University Hadassah Medical Center, 
Jerusalem, Israel 

In cultured islet cells, glucose stimulation of the rat I insulin 
gene (RI) acts through specific DNA sequences in the 5'- 
flanking region, Our aim is to identify nuclear proteins that 
transmit this glucose effect. The binding of rat islet nuclear 
extracts to the glucose response element (GIuRE) of RI (-247 
to -196) was tested using electrophore~ic mobility shift assays. 
Several islet-specific DNA-protein complexes were detected. 
Competition experiments using wild-type GIuRE and 
mutated fragments showed that 22 nucleotides (-228 to - 207) 
are sufficient to retain all binding activities. To determine 
whether glucose had effects at the level of enhancer binding 
proteins, islets were incubated (1-3 h) at 2 and 20 mM 
glucose, nuclear extracts isolated, and their binding capacity 
tested. A single DNA-protein complex was augmented by 
glucose, the other RI-nuclear protein complexes remaining 
unchanged. Homologous sequences of the human insulin 
gene (-228 to -207) demonstrated one single complex with 
rat islet extracts, which corresponded to the glucose-sensitive 
complex of RI. Glucose stimulation of islets enhanced the 
binding also to the human probe. In conclusion, this is the 
first demonstration of a glucose-sensitive islet nuclear 
protein, with similar binding characteristics to the RI and 
human insulin genes, suggesting a possible role in the 
glucose regulated expression of both genes. 
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f~ CELL-SPECIFIC INSULIN GENE EXPRESSION: 
UBIQUITOUS AND TISSUE-SPECIFIC REGULATORS. 
A.R. Clark and K. Docherty. Department of Medicine, Queen 
Elizabeth Hospital, Edgbaston, Birmingham B15 2TH, U.K. 

In transient transfection assays a relatively short promoter 
fragment (< 500 base pairs) of the human insulin gene directs 
efficient transcription only in 1~ type cells, thus the tissue- 
specificity of insulin gene expression is at least partly due to 
diffusible trans-acting factors. We have investigated the 
regulatory sequences and factors involved in this specificity. 
Deletion analysis of the 5' region reveals the presence of both 
positively and negatively acting regulatory elements. A very 
powerful positive element at -345 (with respect to the 
transcription start site) contains a binding site for the ubiquitous 
factor Spl .  A second very powerful positive element at -240 
contains a binding site for a helix-loop-helix factor which is 
widely distributed, and not identical to the fJ cell-specific factor 
IEF-1. These factors do not activate the insulin promoter in 
non-B cells, nor is this selectivity due to the promoter, which can 
be activated by a promiscuous enhancer in non J3 cells. Active 
transcription may require the factor IUF-1, which is present only 
in g type cells, and binds to three sites in the 5' region of the 
human insulin gene. 
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PROTEOLYTIC MATURATION OF THE PROINSULIN-CONVERTING 

CARBOXYPEPTIDASE H N THE ISLETS OF LANGERt-IANS 

P.C. Guest, D.L. Bennett, S.D. Arden and J.C. Hutton. University of 

Cambridge. Department of Clinical Biochemistry, Addenbrokes Hospital, Hills 

Road, Cambridge. CB2 2QR. 

Proinsulin conversion in the insulin secretory granule requires endopeptidase and 

carboxypeptidase H (CPH) activities. To determine if CPH is itself processed 

during segregation to granules, its biosynthesis was investigated and compared 

with that of insulin in isolated rat islets. Islets were pulse-chase-radiolabelled 

and the newly-synthesized proteins immunoprecipitated and analyzed by 

electrophoresis and fiuorography. CPH appeared initially as a 57kDa precursor 

which was converted to a 54kDa protein with a half- time of 30 rain. This was 

significantly faster than proiusulin conversion (half-time of 45 rain). N- 

glycanase treatment showed that CPH conversion was due to proteolysis and not 

oligosaccharide modification. The proteins were secreted in parallel in response 

to glucose stimulation indicating that they were sorted to granules at 

approximately the same rate following synthesis. Transport to granules was 

efficiently reduced in islets indubated at 20~ as shown by significant inhibition 

of proinsulin conversion at this temperature. Conversion of CPH was not 

affected at 20~ indicating that its processing occurs before sorting to granules. 

This is consistent with the finding that only the mature form of CPH was 

secreted. These results indicate that proteolytic conversion of CPH might be 

required for its activation or segregation to the site of proinsulin conversion in 

the secretory granules. 
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P O S T - T R A N S L A T I O N A L  PROCESSING OF T H E 

PROPROTEIN-CONVERTING ENZYME, PC2, IN THE 

ISLETS OF LANGERHANS 

D.L. Benuett, P.C. Guest, S.D. Arden and J.C. Hutton. University of 

Cambridge, Department of Clinical Biochemistry, Addenbrookes Hospital, 

Hills Road, Cambridge, CB2 2QR, U.K. 

Insulin secretory granules contain two endopeptidase activities which cleave 

proinsulin on the C-terminal side of Arg 31Arg32 and Lys64Arg 65 to 

produce insulin. The type 2 endopeptidase was identified recently as the 

mammalian subtilisin-related protease, PC2. To investigate the post- 

translational processing of PC2 compared with that of insulin, isolated rat 

islets were pulse-chase-radiolabelled and the newly-synthesized proteins 

immunopreeipitated aud analyzed by electrophoresis and tluorography. PC2 

was synthesized initially as a 75kDa precursor which was processed to a 

65kDa protein via three intermediates with a half-time of 2 hours. This was 

si~mfifieantly slower than proinsulin conversion (half-time of 45 rain). N- 

terminal sequence analysis of native PC2 revealed that it was cleaved after 

Argl05Lysl06Lysl07Arg 108 and Glyl09Tyr 110Argl 11. Newly- 

synthesized proinsulin-related peptides (proinsulin, intermediates and 

insulin) were secreted within 60 rain in response to glucose stimulation. In 

contrast, PC2 secretion required at least 2 hours indicating that it was sorted 

to granules more slowly than insulin. The finding that only the low 

molecular weight form of PC2 was secreted suggested that cleavage of the 

?5kDa precursor occurs in the Golgi complex prior to its segregation into 

secretory granules. These results indicate that proteolytic processing of PC2 

might be required for its activation or segregation to secretory granules. 
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BIOSYNTHESIS AND PROTEOLYTIC PROCESSING OF PC1 AND PC2 
ENDOPEPTIDASES iN PANCREATIC B-CELLS. 

C. Alarcon, B. Lincoln and C.J. Rhodes. Joslin Diabetes Center. 
Boston. Massachusetts. U.S.A. 

Proinsulin conversion occurs in the B-granule compartment of 
pancreatic 8-cell. It follows that the enzymes that cleave 
proinsulin must be co-ordinately delivered to the 8-granule in an 
active form. In this study we examined the biosynthesis and 
proteolytic processing of the putative processing endopeptidases 
PC1 and PC2 in parallel to proinsulin. Using specific peptide 
antisera directed against the C-terminals of PC1 and PC2, 
immunoblot analysis showed that these proteins were present in 
isolated rat islets and insulinoma secretory granules. Two PC1 
(92kD and 66kD) and two PC2 (75kD and 67kD) molecular forms 
were identified. Isolated rat islets were incubated (20min) in a 
media containing increasing glucose concentrations (2.8mM- 
16.7mM) in the presence of [35S]methionine. PC1, PC2 and 
(pro)insulin were then immunoprecipitated from islet lysates and 
analysed by electrophoresis. PC1 and PC2 biosynthesis were 
specifically stimulated by glucose in parallel to proinsulin. It was 
also noticed that after 20min labeling incubation PC1 and PC2 
processing had begun, whereas no proinsulin processing was 
observed. In conclusion, these results show that PC1 and PC2 
biosynthesis are regulated by glucose, and also suggest that the 
processing of these proteins occurs earlier in the B-cell secretory 
pathway than that of proinsulin. 
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C O O R D I N A T E  R E G U L A T I O N  OF THE T W O  XENOPUS 
N O N A L L E L I C  I N S U L I N  GENES IN  A D U L T  P A N C R E A S  
F.S. Cel i ,  A. Roth ,  A. Roth ,  K. T a n n e r  a n d  A.R. S h u l d i n e r  
J o h n s  H o p k i n s  U n i v e r s i t y  S c h o o l  of M e d i c i n e  a n d  t he  
N a t i o n a l  I n s t i t u t e  on  A g i n g ,  N I H ,  Ba l t imore ,  M D  USA 

The  t w o  i n s u l i n  g e n e s  i n  Xenopus Laevis a re  e x p r e s s e d  
d i f f e r e n t i a l l y  in  p r e p a n c r e a t i c  e m b r y o s .  W e  n o w  e x a m i n e  
a d u l t  p a n c r e a t i c  r e g u l a t i o n  in  r e s p o n s e  to  a l t e r a t i o n s  in  
t e m p e r a t u r e ,  g l u c o s e  a d m i n i s t r a t i o n ,  s o m a t o s t a t i n  
t r e a t m e n t ,  a n d  a g i n g .  I n s u l i n  m R N A  l e v e l s  w e r e  
q u a n t i t a t e d  b y  s lo t  b lo t  h y b r i d i z a t i o n  w i t h  speci f ic  p r obes ,  
a n d  w e r e  e x p r e s s e d  as  x l 0 S m o l e c u l e s / 5 u g R N A + S E M  �9 
C o m p a r e d  to  f r o g s  at  20oC,  f rogs  a t  29oC s h o w e d  a 
c o o r d i n a t e  d e c r e a s e  in  i n s u l i n  I a n d  II  m R N A  l e v e l s  
( I n s u l i n  I, 3.41+0.34 vs.  2.39+0.17; I n s u l i n  II, 2.59 +0.36 vs. 
1 .67+0.09;  p<0.05) ;  t h e r e  w e r e  n o  s i g n i f i c a n t  c h a n g e s  a t  
12oC. Both  i n s u l i n  I a n d  II mI~NA leve l s  d e c r e a s e d  s l i g h t l y  
i n  f rogs  g i v e n  p r o l o n g e d  g l u c o s e  a n d  in  t h o s e  f ed  ad 
libiturn; t h e r e  w e r e  no  c h a n g e s  a f t e r  a s i n g l e  d o s e  of  
g l u c o s e  or  in  f rogs  g i v e n  s o m a t o s t a t i n .  I n s u l i n  I a n d  II  
m R N A  l e v e l s  w e r e  h i g h e r  i n  o l d e r  f r o g s  (36 m o n t h s ;  
I n s u l i n  I 3 .68+0.43 ,  I n s u l i n  I I  3 .26+0 .38  vs .  6 m o n t h s ;  
2 .14+0.15 a n d  1.21+0.06; p<0.05),  a n d  t h e r e  w a s  a m o d e s t  
r e d u c t i o n  in  the  p e r c e n t a g e  of i n s u l i n  I m R N A  w i t h  a g i n g  
(6 m o n t h s  63.6+3.1 vs.  36 m o n t h s  53.9+2.7;  p<0.05).  W e  
c o n c l u d e  t h a t  t h e  t w o  n o n a l l e l i c  i n s u l i n  g e n e s  a r e  
r e g u l a t e d  c o o r d i n a t e l y  in  a d u l t  p a n c r e a s ,  a n d  s u g g e s t  t h a t  
t he  m e c h a n i s m s  r e g u l a t i n g  i n s u l i n  g e n e  e x p r e s s i o n  in  
p r e p a n c r e a t i c  e m b r y o s  are  d i s t i n c t  f r o m  t h o s e  of the  a d u l t  
panc rea s .  
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THE BOTNIA STUDY; CONCOMITANTS OF ABDOMINAL 
OBESITY IN PERSONS PREDISPOSED TO TYPE 2 DIABETES. 
J. Eriksson, M-R. Taskinen, M. Niss~n, B-O. Ehrnstrom, B. Forsen, B. 

Snickars and L. Groop. Helsinki University Central Hospital, Vasa Central 

Hospital and Primary Health Care Centres in Korsholm, N~rpes and Malax, 

Finland. 

Epidemiological studies have shown that abdominal obesity (AOB) is 

associated with an increased risk for diabetes, hyperlipidemia and 

hypertension as well as cardiovascular disease. The impact of abdominal 

obesity defined as waist/hip ratio (WHR) _>1 0 in men and ->0.8 in women 

among 898 (422 males/476 females) glucose-tolerant first-degree relatives 

of Type 2 diabetic patients was studied. 29% of males had AOB, which was 

associated with higher diastolic BP (82-+1 vs 79_+1 mmHg; p<0.05), fasting 

insulin (9_+1 vs 8-+1 pU/ml; p<0.01), triglycerides (1.7-+.1 vs 1.5-+1 mmol/I; 

p<0.05), BMI (27.3_+.3 vs 25.0+.2 kg/m2; p<0.001) and fat percentage 

(23.6-+.4 vs 21.0-+.2 %; 13<0.001) vs those with WHR <1.0. 73% of females 

had WHR _>0.8, which was associated with higher diastolic BP (79_+1 vs 77+1 

mmHg; p<0.05), fasting insulin ( 8-+1 vs 7-+1 p'U/ml; p<0.05), cholesterol 

(6.1+.1 vs 5.7-+.1 mmol/I; p<0.05), triglycerides (1.3-+.1 vs 1.0-+.1 retool/l; 

p<0.001) and BMI (25.7-+.2 vs 24.1+.3 kg/m2; p<0.O01), but similar fat 

percentage (30.8+-.5 vs 30.2_+.4 %) vs. those with WHR <0.8. In males and 

females AOB correlated with BMI (r=0.438; p<0.001 and r=.260; p<0.001) 

butwith fat percentage .among men only (r=0.260: p<0.001). 

We conclude that abdominal obesity in first-degree relatives of Type 2 

diabetic patients is associated with hyperlipidemia, increased blood pressure 

and hyperinsulinemia. 
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INSULIN RESISTANCE AND HYPERTRIGLYCERIDEMIA IN CHILDREN 
OF NON-INSULIN DEPENDENT DIABETICS 

I.N. Migdalis, D. Zachariadis, K. Kalogeropoulou, CH. 
Nounopoulos, A. Bouloukos and M. Samartzis. Dept of 
Diabetes, NIMTS Hospital and Dept of Biochemistry, 
University of Athens, Athens, Greece 

Type 2 diabetes appears to be an inherited condition. Our 
aim was to identify early metabolic abnormali_+ies in non- 
diabetic offspring of one, type 2, diabetic parent with 
strongly positive (n=58, age 27.8• yrs) or negative 
family history (n=38, age 27.4i6.7 yrs), compared with 31 
matched offspring of nondiabetic parents (NDP). After an 
overnight fast, blood was taken for glucose, insulin, 
C-peptide, lipids and insulin receptors, while all the 
subjects had a 75g oral glucose tolerance test. The number 
of insulin receptors was estimated by incubating freshly 
separated red blood cells with Mono 125I-(TyrAl4)-human 
insulin. The positive family history group had signifi- 
cantly higher fasting levels of triglyceride (1.09-+0.2 vs 
NDP: 0.93!0.i nmol/l, p<0.001), insulin (102.8+-46.4 vs NDP: 
77.5+32.4 ~nol/l, p<0.01) and C-peptide (0.69-+0.2 vs NDP: 
0.61+0.1 nmol/l< p<0.05) and lower number of insulin re- 
ceptors (9.1x10 ~ vs NDP: ll.2x103, p<0.01). After glucose 
challenge (120 min) the increases in beth insulin and 
C-peptide concentrations were significantly greater in the 
first group offspring (289.2+-241.1 pmol/1, 2.2-+1.4 nmol/l 
respectively) than in NDP (192.4+-170.3), p<0.05, (1.5-+0.9), 
p<0.01. No significant differences were found in fasting 
and pestchallenge glucose levels. The negative family 
history group had only significantly lower number of insu- 
lin receptors (9.4xi0 J) con%oared with NDP (p<0.05). The 
results indicate the genetic origin of these metabolic 
changes. 
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INSULIN-RESISTANCE AND ISCHEMIC HEART DISEASE IN 
TYPE 2 DIABETES MELLITUS 

Sandro Inchiostro, Giovanni Bertoli, Giorgio Zanette, *Carlo 
Francescutti and Valter Donadon. Third Internal Medicine and 
Diabetic Clinic, Pordenone, *Department of Epidemiology, S. Vito al 
Tagliamento, Italy. 

To assess if, in type 2 diabetes mellitus, patients with ischemic heart 
disease (IHD) are more insulin-resistant compared to patients 
without IHD, we performed an insulin tolerance test (ITT), along 
with the evaluation of other cardiovascular risk factors, in two 
groups of male patients, 36 with and 36 without IHD, with 
comparable age, length of diabetes, body mass index (BMI) and 
metabolic control. Patients with IHD showed a higher insulin- 
resistance (KITT index 2.45_+0.18 vs 3.12_+0.13, p = 0.0036), 
total (235+_8 vs 208_+6, p = 0.011) and LDL-cholesterol (149+-7 
vs 128_+5, p = 0.013), prevalence of hypertension (83 vs 44%, p < 
0.001) and microalbuminuria (34 vs 18%, p = 0.009). No 
differences were found between HDL-cholesterol, triglycerides, 
insulin and C-peptide plasma levels and waist to hip ratio. Multiple 
logistic regression analysis revealed only hypertension (odds ratio 
2.32, conf. int. 95% 1.29-4.18, p = 0.005), insulin-resistance 
(odds ratio 1.9,conf. int. 95% 1.04-3.46, p = 0.036) and total 
cholesterol (odds ratio 1.01, conf. int. 95% 1.001-1.028, p = 
0.038) independently related to IHD. After correction for age, KITT 
was the only metabolic feature related to the age of clinical onset of 
IHD, including in the analysis as independent variables even BMI, 
total and HDL-cholesterol, triglycerides and length of diabetes. In 
conclusion: 1) type 2 diabetic patients with IHD are more insulin- 
resistant compared to patients without IHD; 2) hypertension, 
insulin-resistance and total cholesterol are the only features 
independently related 1o IHD; 3) the higher is the insulin-resistance 
level, the earlier is the age of clinical onset of IHD. 
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INSULIN RESISTANCE IN FAMILIAL AND NONFAMILIAL 
HYPERCHOLESTEROLEMIA 

M. Laakso, P. Karhap~i/i, E. Voutilainen and P. Kovanen. 
Department of Medicine, Kuopio University, Kuopio, Finland 

Insulin resistance has been associated with high very-low density 
lipoprotein triglyceride and low high-density lipoprotein cholesterol 
levels. Whether or not hypercholesterolemia is an insulin resistant 
state has not been investigated. Therefore, we studied 8 patients with 
familial hypercholesterolemia and 13 corresponding controls with 
normal total cholesterol level (<5.3 mmol/1) (age 31-+1 vs. 27---2 yrs, 
mean_+SEM, p=NS; body mass index 23---1 vs. 23___1 kg/m 2, p=NS; 
total cholesterol 9.4___0.4 vs. 4.5___0.2 retool/l, p<0.001)(Study I). 
Furthermore, we studied 25 patients with non familial 
hypercholesterolemia and 18 corresponding controls (total cholesterol 
<5.3 mmogl) (age 52_+1 vs. 55---1 yrs, p=NS; body mass index 26_+1 
vs. 27_+1 kg/m 2, p=NS; total cholesterol 7.4_+0.1 vs. 4.5_+0.1 mmol/l, 
p<0.00a)(Study II). All subjects had normal glucose tolerance and 
did not have hypertension or any drug treatment which could 
influence glucose metabolism. Insulin responses in an oral glucose 
tolerance test did not differ between patients and controls in Studies 
I and II. In 3-h euglycemic hyperinsulinemic (insulin infusion rate 80 
mU/m2/min) clamp studies the rates of whole body glucose uptake 
were similar in patients and controls in Study I (71.5-+6.3 vs. 69.4-+3.4 
umol/kg/min, p =NS) and Study II (60.5_+3.2 vs. 58.0-+2.8 umol/kg/min, 
p=NS). Similarly, rates of glucose oxidation (Study h 20.]-+1.8 vs. 
19.4_.+0.9 umol/kg/min, p=NS and in Study II: 20.0_+0.6 vs. 20.3-+0.7 
umol/kg/min, p=NS) and glucose nonoxidation (Study I: 51.4-+5.3 vs. 
50.0_+3.1 umol/kg/min, p=NS and in Study II: 40.5-+2.8 vs. 37.7-+2.7 
umol/kg/min, p =NS) did not differ between patients and controls. We 
conclude that impaired insulin mediated glucose uptake is not a 
characteristic finding in patients with familial and nonfamilial 
hypercholesterolemia. 
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INSULIN-LIKE GROWTH FACTOR-1 REFLECTS BLOOD 
GLUCOSE LEVEL AND INTRAABDOMINAL FAT MASS IN OBESITY 
MH. Rasmussen, J. Frystyk, T. Andersen, L. Breum, H. E~rskov J.S. 
Christiansen, and J. Hilsted. Depts. of Endocrinology and Gastro- 
enterology, Hvidovre University Hospital, Second University Clinic of 
[ntemal Medicine, Aarhus Kommunehospital, Denmark. 
Abdominal obesity is associated with Type 2 (non-insulin dependent) 
diabetes mellitus. However, the effect of obesity and fat distribution on 
Insulin-like growth factor-1 (IGF-1) concentrations is not clear. The 
aim was to characterize the association between visceral adipose 
tissue and IGF-1 in obese patients before and after a moderate energy 
restriction (1200 kcal/day). In 60 obese patients (body mass index 
(BMI), 27-39 kg/m 2) IGF-1, growth hormone, insulin and blood glucose 
concentrations were tested for correlation with anthropometric 
measures. After an overnight fast, blood samples were drawn at the 
pre-trial visit, and again after 8 weeks and 16 weeks of treatment. 
Visceral adipose tissue was estimated from CT-calibrated equations. 
Linear regression analyses, and ANOVA-tests were performed. We 
found a significant association between IGF-I and visceral adipose 
tissue (r= -0.41, p= 0.006, females only (n= 51)). No correlation was 
found between IGF-1 and BMI or body weight. During weight loss (8.1+ 
5.8 kg, mean+_SD), blood glucose levels decreased significantly (p= 
0.003). A significant inverse correlation between IGF-1 and blood 
glucose levels were present before as well as after 8 and 16 weeks of 
treatment (r= -0.37, p= 0.007). Conclusion: IGF-1 reflects the 
intraabdominal fat mass (visceral adipose tissue) rather than obesity 
per se. IGF-1 and blood glucose levels are inversely correlated in 
obesity. 
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PREVALENCE OF EARLY MICROVASCULAR 
COMPLICATIONS IN YOUNG TYPE I DIABETIC PATIENTS: 
ROLE OF PUBERTY, DURATION OF DIABETES, SEX AND 
AGE AT ONSET OF DIABETES. 
F.Meschi, E.Bognetti, A.Pattarini, C.MalavasL D.Cofano, 
A.Allevi, M.Puzzovio, G.Chiumello. Scientific Institute H San 
Raffaele, Department of Paediatrics, University of Milan, Italy. 
The preva lence and corre lates of the ear ly signs of renal, 
ret inal and nervous microvascular  compl icat ions have been 
eva lua ted  s imu l taneous ly  in 317 young type I d iabet ic  
pat ients.  Microa lbuminur ia  has been detected on 11% of 
pat ients and appeared to be strongly and posit ively related to 
H b A l c  (p=0.006)  and less s igni f icant ly to age at onset  
(p=0.066) and durat ion of d iabetes (p=0.031). G lomeru la r  
hyperf i l trat ion has been identif ied on 20.7% of patients and a 
weak ly  posi t ive assoc iat ion has been found with H b A l c  
(p=0.068)  and male gende r  (p=0.048)  and a negat ive  
associat ion with age at onset (p=0.045). Retinopathy has been 
detected on 22.7% of pat ients and it was assoc ia ted with 
durat ion of d iabetes (p=0.001) with age at onset  (p=0.030). 
Per ipheral  somatic nervous dysfunct ions have been detected 
on 18.5% of patients, a strong association has been identif ied 
with durat ion of d iabetes (p=0.005) and H b A l c  (p=0.001). 
Autonomic nervous dysfunctions have been detected on 5.1% 
of  pat ients.  Mic roa lbuminur ia  has not been de tec ted  in 
prepuberta l  patients while a similar f requency of ret inopathy, 
g lomerular  hyperfi l tration and nervous dysfunctions have been 
obse rved  in prepuber ta l  and postpuberta l  pat ients. These 
resul ts suggest  that d iabetes per se (name ly  shor t - te rm 
metabol ic  control and durat ion of diabetes) plays the major 
role on the onset  of nervous complications. Both puberty and 
d iabe tes  cont ro l  are  invo lved  in the a p p e a r a n c e  of 
microalbuminur ia.  Glomerular  hyperf i l t rat ion does not show 
any strong relat ionship with the var iables examined.  The 
appearance of ret inopathy was strongly related to duration of 
d iabetes and weakly to increase of age at onset of diabetes. 
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OVERWEIGHT, HYPERTENSION AND HYPERLIPIDEMIA IN CHILDREN 
AND ADOLESCENTS WITH TYPE I DIABETES. 
R.W. Holl and E. Heinze, Department of Pediatrics I, University of 
UIm, Prittwitzstr. 43, D - 7900 UIm, Germany 

Cardiovascular risk factors contribute to reduced life expectancy in 
diabetes mellitus. However, little is known on the prevalence of 
overweight, hypertension and hyperlipidemia in pediatric patients with 
insulin-dependent diabetes. A database encomprising 310 patients of 
German descent (age 2 - 23 years) followed longitudinally at one 
institution for up to 20 years (5053 visits) was evaluated, z-scores 
(SDS) for height, weight and blood pressure were calculated. During 
the first 5 years o1 diabetes, z-score was + 0.26 • 0.03 (mean • SE) 
for height and + 0.66 -+ 0.02 for weight. Subsequently, progressive 
overweight developed: If diabetes lasted for > 10 years, weight-SDS 
increased to + 0.85 --+- 0.04, while height-SDS decreased to - 0.27 -+ 
0.06 (p < 0.0001, Wilcoxon). Systolic blood pressure was elevated, 
even during the early course of diabetes (SDS: + 0.87 • 0.02, p < 
0.0001) and increased further with the duration o! diabetes (r = 
+ 0.1, p < 0.001). Z-score for diastolic blood pressure was + 0.29 
• 0.01, with no significant change during the course of diabetes. At 
the beginning of diabetes, cholesterol averaged 4.50 • 0.05 mmol/I 
and triglycerides 1.08 • 0.04 mmol/l. While cholesterol remained 
constant in boys, a positive correlation with duration of diabetes was 
present in girls (r = 0.23; p < 0.0001). Conclusion: Overweight, 
hypercholesterolemia and hypertension are common in pediatric and 
adolescent patients with type I diabetes and contribute to future 
cardiovascular risk. Studies based on large populations are 
necessary to detect gradual changes during the early course of 
diabetes. This progression should be preventable by improved 
therapeutic regimen. 
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THE INCIDENCE OF NEPHROPATHY IN JUVENILE 

TYPE 1 DIABETES HAS DECREASED. 
M Bojestig, H J Amqvist, G Hermansson*, B E Karlberg and J 
Ludvigsson*, Department of Internal Medicine and *Pediatrics 
University Hospital Link6ping, Sweden. 
To find out whether the incidence of nephropathy in juvenile type 1 
diabetes has changed during the last 30 years have we studied all 
213 juvenile type 1 diabetic patients with onset <15 years diagnosed 
1961-1980 in a district of southeast Sweden. All patients could be 
n-aced and 92% of the patients was followed from onset to 1991 or 
death. Nephropathy was defined as urinary albumin excretion 
>2001.tg/min or consistent albuminuria, albustix >_1. The time of 
onset of nephropathy was obtained from medical records. Survival 
analysis and log rank test were done. The patients were grouped 
according to year of onset with 5 years intervals. The incidence of 
nephropathy decreased significant from 1961-65 to 1966-70 and 
1971-75. None of thous diagnosed 1976-80 has developed 
nephropathy. 
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Conclusion: The incidence of nephropathy has decreased 
considerably,with few new cases during the last five years. 

A69 



A70 

266 

ALBUMIN EXCRETION RATE IN THE SECOND HALF OF NORMAL RANGE 

PREDICTS PERSISTENT MICROALBUMINURIA IN DIABETIC CHILDREN 

F. Chiarelli, A. Verrotti, M.T. Petitti, O. Morgese 

University Department of Pediatrics, Chieti, Italy 

Urinary albumin excretion rate (AER) greater than values 

obtained in normal subjects is considered a risk factor 

for the development of kidney disease and failure in type 
I diabetes. Little is known about minimal elevation of AER 

during childhood as a predictor of later development of 
persistent microalbuminuria and incipient diabetic nephro- 

pathy in youth. 
In 1982 we evaluated AER in a cohort of type i diabetic 

children and adolescents, aged 2 to 17 years, with duration 

of diabetes longer than 1 year. Among these patients 8 had 

persistent microalbuminuria (AER > 30 ~g/min/l.73 m 2 in at 

least 3 out of 5 consecutive timed overnight collections). 

Twenty children showed AER persistingly in the second half 
of normal range. Ten years after, 14 OUt Of these patients 

developed persistent microalbuminuria, while only 1 out of 

39 children with AER in the first half of normal range 
developed persistent microalbnminuria. The positive predi- 

ctive value for persistent mieroalbuminuria of an AER in 

the second half of normal range was 67%; the negative pre- 
dictive value for persistent microalbuminuria of an AER in 

the first half of normal range was 95%. 

Diabetic children with AER in the second half of normal 

range have an increased risk to develop persistent micro- 

albuminuria andj consequently, clinical diabetic nephro- 

pathy. 
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EARLY ONSET OF DIABETES MELLITUS IS AN EXTRA 
RISK FACTOR FOR DIABETIC NEPHROPATHY 
M.G. Vervloet, B.L. Rotier, P.H.L.M. Geelhoed- 
Duijvestijn*, K. Bakker. Departments of 
Internal Medicine, Spaarne Hospital Heemstede 
and *Westeinde Hospital The Hague, The 
Netherlands. 
Aims: i. Is early onset of diabetes a risk 
factor for diabetic nephropathy(DN) as is 
assumed in diabetic retinopathy(DR). 2. How do 
these patients compare to diabetic controls 
without DN matched for age at onset, sex and 
duration according to glycaemic control, DR, 
lipids and smoking. 
Data of all IDDM patients diagnosed before the 
age of 25 and with duration of disease > 8yrs 
(n=171) were analysed (age at onset, duration, 
DR, HbAlc, lipids and smoking). DN was defined 
as an urinary albumin/creatinin ratio > 3 
mg/mmol. Patients were divided according to age 
at diagnosis: I: 0-4yrs, n=19, mean duration 
24yrs (12-38); II: 5-9yrs, n=35, 24 (10-39); 
III: 10-14yrs, n=48, 21 (8-57); IV: 15-19yrs, 
n=35, 19 (8-53); V: 20-24yrs, n=34, 20 (8-50). 
Results: 35 patients (21%) have DN: 4(21%)in I; 
II: i0(29%), III: 12(25%), IV: 6(17%), V: 
3(9%). Even when matched for duration, DN is 
found significantly more often in patients with 
onset before the age of 15: 21/83 in I-III 
(25%, mean duration 18yrs, 8-33) vs. 7/63 in 
IV-V (11%, mean duration 17yrs, 8-33), p<0.05, 
whereas HbAlc is not different (7.9• vs. 
7.6• . 
DN patients have higher HbAlc (8.4• vs. 
7.4• p<0.01) and more DR (76 vs. 45%, 
p<O.01)compared to matched controls; lipids and 
smoking were not different. 
Conclusions:l. Age at onset < 15yrs is an extra 
risk factor for DN. 2. Glycaemic control is 
worse and DR more frequent in patients with DN. 
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RELATIONSHIP BETWEEN BLOOD PRESSURE AND 
URINARY ALBUMIN EXCRETION RATE IN CHILDREN 
AND ADOLESCENTS WITH TYPE 1 DIABETES. COM- 
PARISON OF RESULTS TO NON-DIABETIC CHILDREN. 
H.B. Mortensen, Philip Hougaard, K.K.lbsen, H.-H. Parving and 
the Danish Study Group of Diabetes in Childhood. Department 
of Paediatries Glostrup Hospital, Novo Research Institute, Novo 
Nordisk Bagsvmrd, Steno Diabetes Center, Denmark. 
During six months a nation-wide screening for blood pressure and 
urinary albumin excretion rate (AER) was carried out in 502 
males and 440 females with Type 1 diabetes (approximately 80% 
of total) treated at 22 paediatric departments. Mean age (range) 
for the patients was 13.5 years (2-18) with a mean diabetes 
duration of 64 months (0-211). In addition 663 children (334 
males, 329 females), mean age 13.9 (range 6-18) years served as 
a control group with respect to blood pressure. For all diabetic 
children blood pressure were recorded once using an automated 
apparatus. In normal control children blood pressure were 
recorded by a single investigator with the same random-zero- 
sphygmomanometer. Microalbuminuria was defined as AER >20- 
150 #g/min in at least 2 out of three timed overnight urine 
collections and diagnosed in 43 children. Seven had overt protein- 
uria (>150 #g/rain). For both sexes blood pressure (systolic and 
diastolic) increased with age in the diabetic patients and in the 
control group. No statistical significant difference was observed 
between diabetic children with AER <20 #g/min and normal 
control children. In contrast 29 out of 43 adolescents with 
microalbuminuria had diastolic blood pressure in the upper 
quartile. By multivariate logistic analysis the only predictors of 
microalbuminuria were age and diastolic blood pressure. These 
findings suggest that elevated arterial blood pressure may be 
related to the increased prevalence of microalbuminuria observed 
in adolescents with Type 1 diabetes. Elevated blood pressure in 
childhood should lead to examination of urinary albumin excretion 
rate. 
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DECREASE OF GLOMERULAR HYPERFILTRATION IN 
SHORT-TERM DIABETIC ADOLESCENTS WITHOUT 
MICROALBUMINURIA. 
E.Bognetti, F.Meschi, R.Bonfanti, F.Ciralli, P.Macellaro, A.Zoja, 
*L.Gianolli, MC.Proverbio and G.Chiumello.Scientific Institute 
H San Raffaele, Department of Paediatrics,~Nuclear Medicine 
Service, University of Milan, Italy. 
Objective: the study has been designed to follow prospectively 
glomerular filtration rate (GFR) and urinary albumin excretion 
(UAE) of young patients with short-term insulin dependent 
diabetes mellitus and normal UAE. 
Research design and methods: The study population 
consisted of 19 patients with glomerular hyperfiltration 
(146.8+11.1 ml/min/1.73m2)and 21 patients with normal GFR 
(t 14.0+17.5 ml/min/1.73m2), matched for duration of diabetes 
(8.3_+2.7 vs 9.3-+3.7 yrs)and age (13.9_+4.0 vs 15.4_+3.2 yrs). 
GFR has been assessed by radiosotopic tracer and UAE by 
radioimmunoassay at the initial of the study and after 30.5_+10 
months of follow-up. 
Results: GFR decreased in the two groups but A GFR of 
patients with glomerular hyperfiltration was greater than A GFR 
of patients with normal GFR (0.83_+0.55 vs 0.27_+0.56 
ml/min/month p<0.005). UAE (log10:0.83+0.42 vs0.86_+0.39 
#.g/rain), blood pressure and prevalence of microalbuminuria 
(16% vs 19%) were comparable between the two groups at 
follow-up. Rate of fall of GFR was positively correlated with 
initial GFR (p<0.001) but not with initial UAE, blood pressure or 
with changes in HbAlc, UAE and blood pressure or pubertal 
development during follow-up. 
Conclusion: glomerular hypertiltration over 3 years of follow- 
up is associated with higher decline in GFR without greater 
appearance of microalbuminuria or increase of UAE, than in 
patients with normal GFR. 
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A NEW MARKER FOR TYPE I DIABETES IN THE MHC 
CLASS I REGION CLOSE TO HLA-X 
A.G. Demaine, A. Mackie, P. Pontarotti and B.A. 
Millward. Department of Medicine, King's 

College School of Medicine, London, UK and 
Centre de Recherches sur le Polymorphisme 
Genetique, Toulouse, France. 

Type-I diabetes is associated with the Major 

Histocompatibility Complex (MHC), in particular 
the class-II DR and DQ loci. It has been 

suggested that the MHC class-I region may 
confer disease susceptibility independent of 

the class-II region. We have employed molecular 
probes and Southern blots to investigate the 
class-I region of 73 patients with type-I 

diabetes and 48 normal controls. The P3 probe 

with the restriction endonuclease Pst-I 
recognises 2 loci - P3A is located 40 kilobase 
(kb) centromeric to the HLA-B locus whilst P3B 
resides 650 kb telomeric of HLA-B close to HLA- 

X. Allelic fragments of 4.0 and 3.8 kb 

correspond to P3A and 1.8 and 1.5 kb to P3B. A 
highly significant increase in the frequency of 

the 1.5 kb fragment was found in the patient 
group compared to normal controls (80.6% vs. 
37.5% p <0.0005). The 1.5 kb P3B fragment was 
present on 100% of HLA-AI,B8,DR3 haplotypes in 

both patient and control groups. The HLA-AI/I.5 
kb P3B combination was present in 36% of 

patients and only 18.4% of controls. No 
association was found with P3A. These results 
suggest that this MI{C region (HLA-X) contains a 

susceptibility gene for type-I diabetes. 

272 
M H C  CLASS l l  GENES IN TYPE 1 DIABETES MELLITUS 

ASSOCIATED WITH POLYENDOCRINE AUTO1MMUNEDISEASES 
I. DJILALI-SAIAII*t, S. CAILLAT-ZUCMAN*, L. VIEIRA*, 

R. ASSANt and J-F. BACH* - INSERM U 25 ' ,  H6pital Necker, Paris 
and Diabetes Dept.t, Htpital Bichat, Paris, France. 

Some patients with type 1 insulin-dependent diabetes mellitus present 
with polyendocrine autoimmune diseases (type lb). This syndrome 
occurs often later in life, with a slower course to insulin dependency, 
than dues type 1 diabetes mullitus free of these associations (type la). 
Are these two syndromes genetically distinct ? We analysed HLA DRB 1, 
DQB 1, DQA1 and DPB 1 allelic polymorphisms after gene amplification 
by means of the polymerase chain reaction (PCR) using allele-specific 
oligonucleotidic probes (PCR-AS0) or restriction fragment length 
polymorphism (PCR-RFLP) in 215 control, 62 type la and 63 type lb 
Caucasian subjects. Both diabetic groups presented significant 
enrichment in several risk alleles : 
�9 DR3 (63% in la, 48% in lb, vs 20% in controls; Pc<0.001); 
�9 DR4 (45% in la, 43% in Ib, vs 20% in controls; Pc<0.001); 
�9 DQBI* 0302 (36% in la, 33% in lb, vs 12% in controls; Pc<0.001); 
�9 DQBI* 0201 (71% in la, 64% in lb, vs 34% in controls; Pc<0.001); 
�9 DQAI* 0301 (44% in la, 46% in lb, vs 22% in controls; Pc<0.001); 
�9 DQAI* 0501 (73% in la, 61% in lb, vs 41% in controls; Pc<0.001). 

However, there were major differences in some gene profiles among 
the two patient groups. Type la group differed from type lb and control 
groups by significant enrichment in DR4 subtype 0402 (13% in la, vs 
0.5% in controls and 5% in lb; Pc<0.02) and DPB1 '0301 alleIe (31% 
in la, vs 13% in controls and 15% in lb; Pc<0.04). The expected 
linkage desequitibria (DR3 DQBI* 0201 DQAI* 0501) and (DR4 
DQBI* 0302 DQAI* 0301) were present with significant increased 
frequency in both diabetic groups. However, allele DPBI*  0301 
presented independently from these linkages as a supplementary risk 
marker in type la patients. Association of DPBI* 0301 to DR4 was 
found in I6% of type la patients (vs 1.5% in control and 6% in type lb; 
Pc<0.01) and association of DPB 1" 0301 to DR3 in 13% of the la group 
(vs 0.5% in control and 3% of lb group; Pc<0.01). These DRBI* 0402 
and DPBI* 0301 genes may contribute to confer some specificities to 
HLA genetic profile and could be responsible for speed and severity of 
insnlitis in type la patients. 
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Poo led ,  Mul t ip lex ,  S ingle  N u c l e o t i d e  P r i m e r  
Extension (SNnPE): A Novel and Powerful  Tool for 
Genetic Studies in Diabetes. 

A.Krook 1, I. Stratton 2 and S. O'Rahilly l. Depts of Medicine 
and Clinical Biochemistry, University of Cambridge 1 and 
UKPDS group, Diabetes Research Labs, Radciffe Infirmary, 
Oxford 2, UK. 

The detection of mutations in candidate genes in patients with 
Type 2 diabetes is only the first step in proving a causative link 
between the mutation and the disease. Studies of the prevalence 
of the mutation in large populations of diabetic and control 
subjects play an important role in determination of its 
pathological relevance. We have adapted the technique of 
SNuPE to detect mutant sequences at a number of different loci 
simultaneously and with sufficient sensitivity for use on pooled 
samples of genomic DNA. Using multiplex SNuPE, three 
mutations previously detected in patients with Type 2 diabetes 
were sought for in a further 42 highly insulin-resistant Type 2 
diabetic patients selected from the UK Prospective Diabetes 
Study to represent those >98th percentile for fasting insulin. 
Insulin receptor (IR) Val-Met 985 was found in 2/42, IR Lys- 
Glu 1068 was not detected, and glucose transporter (GLUT4) 
Val-lle 383 was found in 2/42. IR Met 985 had previously been 
described at a similar frequency in a non-diabetic population. 
GLUT4 Ile 383 had not been found in any normal subject in two 
previous studies. Pooled SNuPE was used to rapidly search for 
this mutation in a population of 240 British Caucasian controls 
(age 53-60) with no personal history of diabetes. Four of 240 
controls had the Ile 383 variant. We conclude that pooled, 
multiplex SNuPE is a valuable tool for genetic epidemiological 
research in diabetes and that the relevance of the Ile 383 variant of 
GLUT4 to Type 2 diabetes requires further study. 
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MANGANESE SUPEROXIDE DISMUTASE (MnSOD) GENE 
POLYMORPHISMS IN IDDM PATIENTS AND CONTROLS. 
Tove Lorenzen, Flemming Pociot, J~rn Nerup. Steno Diabetes 
Centre, DK-2820 Gentofte, Denmark 

Beta ceil cytotoxity may be due to IL-1 induced generation of 
reactive oxygen species, Genetic variation in the enzyme MnSOD 
locus could reflect differences in radical scavenger potential. We 
studied possible restriction fragment length polymorphisms 
(RFLPs) of this locus in IDDM patients (n=154) and controls 
(n=178). Only the restriction enzyme Taql revealed a 
polymorphic pattern consisting of 7 fragments, including two 
diallelic polymorphisms comprising fragments of 2.3 kb/2.0 kb 
(RFLP A) and 1.5 kb/1.2 kb (RFLP B). No IDDM specific 
fragment pattern was observed. Only 6 of 9 possible genotypes 
were found. Deletion of the Taql-site identifying RFLP B was 
always accompanied by deletion of the Taql-site identifying RFLP 
A. This suggests that nucleotide changes may occur 
simultaneously in different regions of the gene. Deletion of the 
RFLP A Taql-site A was not necessarily associated with deletion 
of the RFLP B Taql-site. A trend for difference in overall genotype 
frequency between patients and controls was observed (p=0.11). 
This was due to significant differences in frequencies of the 
homozygous genotypes (p < 0.03), demonstrating an association 
of simultaneous homozygosity of fragment 1 and 5 with IDDM. 
We hypothesize that RFLPs reflects differences in gene 
expression level, protein level and/or specific activity of MnSOD 
of importance for interindividual differences in beta cell 
susceptibility/resistance to IL-1 cytotoxicity. 
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ANALYSIS OF GENES ENCODING 3 KEY PROTEINS IN 
INSULIN RESISTANT GLUCOSE UTILIZATION OF SKELE- 
TAL MUSCLE FROM TYPE 2 DIABETICS 
C. Bjorb~ek, H. Vestergaard, L.G. Healing, P. Cohen and O. 
Pedersen. 
Steno Diabetes Center, Novo Nordisk Research Institute, Copenhagen, 
Denmark and University of Dundee, Scotland. 

Using single stranded conformation polymorphism (SSCP) and direct 
nucleotide sequencing we have analyzed for mutations in 3 major 
candidate genes: Glut 4, glycogen synthase (GS) and the catalytic 
subunit of the GS-related protein phosphatase 1 (PPll3). Total RNA 
was isolated from muscle of Type 2 diabetics and controls, and cDNA 
was synthesized using reverse transcriptase. Promoter and coding 
regions were amplified applying PCR. Glut 4: A single base variation 
(sbv) was detected at codon 130: AAC (Asn) and AAT (ASh). The 
allele frequency (af) in Type 2 diabetics (n=52) and controls (n=42) 
was similar. Glut 4 promoter sequence was kindly given by J. Buse 
and the first base in codon 1 was assigned + 1. Two sbv's were found 
in the promoter at + 162: A and G and at + 773: C and T. The af 
was comparable between groups. GS: No mutations were detected in 
the coding region. PPl13: A sbv was found at codon 67: CAA (Gln) 
and CAG (Gln). Again, af was similar in the two groups. Conclusion: 
Analysis of the entire coding regions of Glut 4, GS and PP113 and the 
promoter of Glut 4 revealed no mutations with predictable functional 
implications but 4 polymorphisms which are frequent in the popula- 
tion. 
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SIB-PAIR ANALYSIS OF THE GLUT1 GLUCOSE 
TRANSPORTER GENE IN TYPE 2 (NON-INSULIN 
DEPENDENT) DIABETES MELLITUS. 

Baroni MG, Alcolado JC, Galton D J, Andreani D and Pozzilli P 
Institute II Clinica Medica, University of Rome "La Sapienza", 
Rome Italy, and Department of Human Metabolism and 
Genetics, St Bartholomew's Hospital, London UK 

Population association analysis of genetic factors in type 2 
diabetes has so far yielded inconclusive results. An 
alternative approach is represented by linkage analysis in 
affected sib-pairs, where the observed concordance for a 
particular marker of a candidate gene is compared to that 
expected under the assumption of no linkage between marker 
and disease. With this method it is possible to study linkage in 
the absence of multigenerational families, extremely rare in 
type 2 diabetes. In the present study we have studied the 
glucose transporter gene GLUT1, a candidate gene for 
diabetes. The GLUT1 gene was analyzed in 55 sib-sets from 
Italy and Britain, for a total number of 78 sib-pairs, with two 
markers of this locus, the Xba-1 RFLP (2 alleles) in the GLUT1 
gene and an Msp-1 RFLP (3 alleles), at 0.2 estimated 
recombination frequency. The results did not show departure 
from independent segregation between marker and disease 
at all the function of the allele frequency (F(p)) considered, 
except for F(p)=l/p for the Xba-1 RFLP, which resulted 
significant (p<0.01). However, F(p)=l/p gives a very strong 
weight to the allele frequency, probably over estimating its 
significance. We conclude that the GLUT1 gene is unlikely to 
play a major role in the aetiology of type 2 diabetes, although 
an accessory role for this gene can not be excluded. 
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EFFECTS OF TRAINING ON INTERACTION OF INSULIN AND 
CONTRACTIONS IN MAN. 
K.J. Mikines, F. Dela, M. v. Linstow, B. Sonne, 
and H. Galbo. Dept. of Medical Physiology B, The 
Panum Institute; Depts. of urology and endocrine 
surgery D 2112 and Medicine TTA 2001, Rigshospi- 
talet; University of Copenhagen, Denmark. 

To study if muscle contractions in addition to 
maximal insulin stimulation can increase glucose 
uptake in muscle (GUR), and if physical training 
will affect the contraction induced increase in 
GUR six young (23_+2 years, mean_+SEM), untrained 
men performed one-legged ergometer exercise at 70% 
of VO2max of the leg 30 min per day, 6 days per 
week for i0 weeks. Then femoral veins and the 
radial artery were cannulated and a euglycaemic 
clamp was performed. Blood flow was determined by 
thermodilution. After 120 min infusion of insulin 
of 480 mU/min/sqm subjects began 30 min of ergome- 
ter exercise with both legs at 70% of VO2max. 
During the 90-120 min of insulin infusion plasma 
insulin concentration was 16.3_+0.6 nmol/l (2323_+80 
~U/ml) . Glucose uptake in the leg (GURL) was 
higher (P<0.05) in trained (T) leg compared with 
untrained (UT) leg (T:127_+13 ~mol/min/kg (22.8_+2.3 
mg/min/kg), UT: 104+12 ~mol/min/kg (18.7_+2.2 m- 
g/min/kg) ) . During contractions P-insulin was 
17.8_+0.8 nmol/l (2537+118 ~U/ml) and GURL was 
increased dramatically (UT: 231+29 ~mol/min/kg 
(41.6_+5.3 mg/min/kg) and T: 283-+33 ~mol/min/kg 
(50.9-+6.0 mg/min/kg) ) . During contractions the 
GURL and the contraction induced increase in GURL 
was significantly higher in T-legs than in UT-legs 
(P<0.05). Conclusions: physical training increases 
insulin responsiveness in muscle; contractions are 
also in presence of maximal insulin concentration 
a powerfull stimulus for glucose uptake; training 
increases the contraction induced enhancement of 
glucose uptake in muscle. 

277 
COMPARATIVE BIODISPONIBILITY OF A NATURALLY 
LABELLED [13C]ERUCTOSE AND A II3C]GLUCOSE ORAL 
LOAD DURING MODERATE EXERCISE IN HEALTHY 
SUBJECTS. 
J. BOILLOT, G. GUILLE, A. CHEVALIER and G. SLAMA. 
Department of diabetes, H6tel-Dieu Hospital, 
INSERM U341, PARIS; CEA, SACLAY, FRANCE. 
In a previous qualitative study, we demonstrated 
that 50g of naturally labelled [13C]fructose 
(13C-F) were used as a fuel to the same extent as 
than 50g of glucose (13C-G) during moderate 
exercise in normal subjects. To quantify sugar 
oxidation, 5 healthy male volunteers walked 
during 90 min on a treadmill at their 45% V02 
max. They randomly received 50g of 13C-F or 13C-G 
in 150 ml of water or 150 ml water alone (in i 
dose, after 15 min adaptation to exercise). 
Exogenous sugar oxidation was calculated from 
13C02 in expired air and total carbohydrate, 
lipid and protein oxidation was evaluated by 
simultaneous indirect calorimetry. Under the 3 
conditions ie 13C-G, 13C-F, water alone, 
respectively : energy production rate was similar 
: 2803• 2863• 2784• KJ/90 min, miSEM, 
ANOVA NS; protein oxidation rate~ 7.3• 
6.9• 8.1• g/90min, ANOVA NS. Total 
carbohydrate oxidation was equivalent : 
80.5• 76.9• 70.0• (g/90min, ANOVA, 
NS). From the 50g of exogenous sugars : 18.4i3.2 
of 13C-G and 17.8• of 13C-F were oxidized 
(g/90min, NS). There was no significant 
differences in lipid oxidation : 34.2• 
39.2• 43.1• (g/90min, ANOVA, NS). In 
conclusion : glucose and fructose ingested by 
healthy subjects, in moderate amount, during 
moderate exercise, present the same 
biodisponibility as energetic fuels. These 
results confirm our previous qualitative 
experiment. 
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EVALUATION OF 24 HOURS ENERGY EXPENDITURE IN TYPE I 
DIABETES BY RESPIRATION CHAMBER. 
P,A,Tataranni, G,Ghirlanda, G.Mingrone, C.Raguso, A.De 
Gaetano, A.Manto, A.V.Greco. Dept. Internal  Med Catholic 
University, Largo A,Gemelli 8,Rome, Italy. 
No data are available on 24h metabolism monitoring in 
type I subjects; we evaluated the differences in energy 
balance and main substrate fluxes between ten type I 
patients (BMI 23-I ;  fat free mass(ffm) 63.4+4.6 kg) and 
eight normal healthy volumeers (BMI 22+I; ffm 61.2+6.5 
kg), Patients were treated with intensive insulin therapy 
(0.6UllKg),and were in good metabolic control 
(HbA1c=5.5+0,7%) During the 30hrs spent in the chamber 
VO2, VC02, RQ, 24h energy intake (El), energy expenditure 
(EE), day-time EE, night-time EE, basal EE, EE during the 
exercise (40%of maximal effort), main substrate oxidation 
(lipids, carbohydrates and proteins) and overall diet- 
induced termogenesis (DIT) were calculated. The results 
were corrected for the urinary N2 loss. DIT was found 
significantly lower in diabetics vs controls {6.7+1.3% vs 
11.8+4.7%, p<0.05). A regression analysis of DIT on 24h 
glycaemia showed for diabetic patients an inverse 
correlation (r=0.7, p<0.01). EE during exercise was 
5,7+0.8kcal/kg f fmlmin  in diabetics vs 6.90+0.48kcal/kg 
f fm/min  in controls (p<0Ol).Since DIT is highly related to 
the theoretical cost of glucose storage and no difference was 
found in carbohydrates oxidation.these data indicate that  in 
diabetics glucose storage is redtlced when hyperglycaemia 
occurs. EE during exercise was found significantly lower in 
type I patients although neither hypoxia nor ketonemia 
occured; this probably indicates an adaptative response of 
insul in-dependent  subjects to increased physical activity. 

279 

MECHANISMS OF ENHANCED INSULIN SENSITIVITY IN WELL 
TRAINED IDDM PATIENTS 
Pertti Ebeling, Juha Tuominen, Anssi Sovij/irvi and Veikko A. 
Koivisto, Helsinki University Hospital, Second Department of 
Medicine and Department of Clinical Physiology, Helsinki, Finland 
The aim was to examine the mechanisms of improved insulin sensitivity 
in well trained male type 1 diabetic patients (n=7, age 31--3 yrs. body 
mass index 24-+1 kg/m 2, duration of diabetes 14--.4 yrs, insulin dose 43-+3 
U/day, HbAic 8.2-+0.4%, V02max 50-+3 ml/kg/min) as compared to 
untrained (11=6, V02max 42-+4 ml/kg/min) but otherwise matched patients. 
Total body glucose disposal rate was 27% greater in the trained than 
untrained patients (54.7*-*_2.4 vs 42.9___1.8 gmol/kg/min, p<0.02) as 
determined during a 4 hour euglycemic (5.1.+0.1 vs 5.0-+0.1 raM) insulin 
clamp with similar hyperinsulinemia (624-+56 vs 648-+85 pM) in the two 
groups, respectively. The difference was due to a 38% greater 
nonoxidative glucose disposal in the trained patients (38.3*-2.6 vs 27.8_+1.8 
gmol/kg/min, p<0.01). Glucose oxidation rate (indirect calorimetry) was 
similar in the two groups. The arterialized blood - deep venous blood 
glucose concentration difference (A-V difference) was 75% greater 
(1.4• vs 0.8_+0.2 mmel/1, p<0.02) and forearm glucose uptake 81% 
greater (38.1• pmel/l ferearm/min, p<0.02) in the trained than 
untrained patients, respectively. In the whole group, the A-V difference 
correlated with total body (r=0.79, p<0.002) and nonexidative glucose 
disposal (r=0.69, p<0.01). Forearm blood flow (pletysmography) was in 
the basal state similar in the two groups and remained unchanged during 
insulin infusion. In conclusion: 1) Improved insulin sensitivity in trained 
IDDM patients is due to increased nonoxidative glucose disposal. 2) The 
greater glucose disposal is accounted for by a higher glucose fractional 
uptake rather than increased blood flow. 
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LATE POSTEXERCISE HYPERGLYCAEMIA IN WELL- 
CONTROLLED TYPE I DIABETIC PATIENTS: FACT OR 
FICTION ? 
U. Gudat, S. Peiffer-Weiss, F.W. Kemmer, L. Heinemann, and 
M. Berger, DQsseldorf, West Germany 
We have tried to experimental ly confirm reports of exercise 
induced late postexercise hyperglycaemia in 8 type I diabetic 
patients (5 women, 5 men; age 27 (3) years (mean (SD); 
HbA lc  7.3 (1.2) %, VO2max 32.7 (8.9) ml/kg body weight;  
BMI 23.8 (2.6) kg/m2). Patients were subjected to moderate 
prolonged exercise at a heart rate of 120 bpm for one hour 
(MP), stepwise incremental exercise beginning at a work load 
of 80 watts increased by 40 watts every 3 min until 
exhaustion (E), a combination of both (MP+E) or rest (R). 
Experiments were performed in random order on 4 individual 
days, beginning at 5 pm and ending at 6 am the fol lowing 
morning. Insulin dose and carbohydrate intake were constant 
on all days. On no occassion were blood glucose levels 
significantly higher on the morning after exercise than at 
baseline (baseline vs. 12 h post-exercise): MP 5.4 (2,2) vs. 
4.7 (1.5); E 6.4 (2.9) vs. 5.6 (2.8), MP+E 6.3 (3.8) vs. 5.8 
(2.3)1, R 6.4 (3.0) vs.5.5 (3.5) mmol/I. All changes in 
hormone and substrate levels measured (serum growth 
hormone, glucagon, insulin, lactate, ketone bodies) were as 
to be expected from commonly accepted concepts. Heart 
rate, blood pressure and lactate rose significantly upon 
moderate prolonged exercise, more so with exhaustive 
exercise. Blood glucose fell signifcantly upon prolonged 
moderate but not upon exhaustive exercise. We did see 
several hypoglycaemic episodes in the early morning hours. 
However,  contrary to other reports we did not observe late 
postexercise hyperglycaemia in well controlled patients with 
type I diabetes. 
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Work capacity and oxygen uptake in insulin dependent 
diabetic patients with micro- and macroalbuminuria. 
P.D.Christensen,H.M elg&rd,C.KChristensen and 
CE.Mogensen.University Department B and M,Arhus, DK. 

Recent data indicate that microalbuminuria (micro) and 
macroalbuminuria (macro) are associated with reduced 
oxygen uptake during maximal exercise. The aim of this study 
is to further investigate the association of degree of 
nephropathy to work capacity and maximal oxygen uptake in 
IDDM. 35 IDDM patients classified as normoalbuminuric 
(normo), micro (urine albumin excretion (UAE) 20-200 ug/min) 
and macro (UAE>200 ug/min) and 14 healthy non-diabetic 
subjects (ctr) participated. Diabetes duration and glycaemic 
control were similar in the three groups. Age and sex 
distribution were not different between the four groups. 
Exercise test was performed on a ergometer bicycle until 
exhaustion (50 W/3 rain). Oxygen uptake was calculated from 
the formula: Oxygen uptake (mt/kg/min) = work capacity (W) x 
t3  + (3.5 ml/min x body weight (kg) / body weight (kg). No 
symptoms or signs of ischaemic heart disease occurred. 
Results: 

No RHR MHR WC OU 
ctr 14 74(11)~] 173(10) 1 208(42)q 44 (5 )  1 
normo 12 84( 7)Jt 175(10)7 ~ 205(38)1 ~ 40( 7)1~ 
micro 12 84(17) ~ 170(14),sl 194(69)~I 38(11) s~ 
macro 11 86(14) J 152(19) sj j  141(56)~JJ 31( 9)JJ 
No:number of persons, RHR:resting heart rate(min -1), 
MHR:maximal heart rate(min-1), WC:work capacity, OU:oxygen 
uptake, mean(+/-1SD), s:p<o.o5. 
Patients with macro had significantly lower work capacity and 
oxygen uptake than ctr and normo, but a trend towards 
progressive decreased oxygen uptake and work capacity from 
normo to macro is seen. 
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THE ULTRASTRUCTURE OF ISOLATED HUMAN PANCREATA 
IMPROVES ATFER A COLD STORAGE OF AT LEAST 24 h 
C.Zancanaro, G. Della Giacoma and M. Rossi. 
Institutes of Human Anatomy and Surgical Patho- 
logy, University of Verona, Italy. 
Transplantation of human pancreas is becoming an 
effective treatment for insulin dependent (Type 
i) diabetes mellitus. Final success of pancreas 
transplantation depends also on viability and 
structural integrity of the organ, which can be 
influenced by storage time of the pancreas prior 
to transplantation. We investigated the ultra- 
structural morphology of endocrine and exocrine 
pancreas in 4 organs stored for transplantation. 
Specimens were taken from the tail of the pan- 
creas of a donor ~/! situ and after a three hour 
perfusion with cold Belzer UW solution (ViaSpan). 
In three other organs, specimens were taken from 
the tail after the same perfusion and cold sto- 
rage in fresh ViaSpan for a total of 19, 24,and 
48 hours. Ultrastructural examination of the 
exocrine pancreas showed that the overall morpho- 
logy was better in 24 hour specimens in compari- 
son with in situ, 48, 3, and 19 hour samples, 
respectively. In particular, this applied to en- 
doplasmic reticulum and secretory granules. In 
the endocrine pancreas, islet cell examination 
showed that in 19 hour specimen, B cells were al- 
most degranulated and their cytoplasm was disor- 
ganized; granules of A cells were collapsed. The 
general islet morphology looked increasingly bet- 
ter at 3, 24, and 48 hours. These preliminary 
results suggest that a cold storage of at least 
24 hours before procedures for transplantation 
gives better structural conditions of the pancre- 
as. Interestingly, large-scale retrospective stu- 
dies showed that, up to 30 hours, the pancreas 
graft functional survival rates progressively 
improved with increasing storage times. 
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IMPAIRED INSULIN SECRETION AND PERIPHERAL GLUCOSE 
UPTAKE IN HUMAN PANCREAS TRANSPLANT RECIPIENTS. 
E.Christiansen, H.Vesterg~rd, A.Tibell, L.Schfiffer, G.Tyd6n, 
Aa.Volund, NJ.Christensen, K.Rasmussen, O.Pedersen and 
S.Madsbad. Steno Diabetes Center, NOVO Research Institute, 
Copenhagen, Denmark and Huddinge Hospital, Stockholm, 
Sweden. 
Metabolic responses to 75 g oral glucose were studied in nine 
combined pancreas-kidney transplant recipients with systemic 
insulin secretion. Four recipients had impaired glucose tolerance 
(IPx), and five had normal glucose tolerance (Px). Eight non- 
diabetic kidney transplant recipients (Kx) and eight normal 
subjects (Ns) served as controls. Identical immunosuppression 
was given to the transplant recipients. 8-cell function was 
assessed from insulin secretion rates using the combined 
"minimal model". Glucose kinetics were assessed with dual- 
isotop technique (3-3H-glucose infusion, 1-14C-glucose oral 
administration) and indirect calorimetry. Total incremental insulin 
secretion was 2-fold increased in Kx, 1.6-fold increased in Px, 
but not significantly different in IPx compared to Ns (p<0.05 in 
Kx vs IPx and Px vs IPx). Maximal insulin secretion rate was in 
Kx: 0.14_+0.02; Px:0.09_+0.02; IPx:0.05+0.01; Ns:0.07_+0.01 
nmol.l-l,min 1 (p<0.05 in Kx vs IPx and Px vs IPx). Rate of 
exogenous glucose appearance and hepatic glucose production 
were similar in all groups. Glucose uptake (0-120 min) was 
significantly reduced in IPx:385- + 17 vs Ns:556_+39; Kx:523_+66; 
Px:622+53 mg~ ~ (p<0.05). Postglucose rate (0-120min) of 
oxidative and non-oxidative glucose metabolism was reduced by 
45% in IPx compared to the other groups (p <0.05). Conclusion: 
Reduced glucose disposal in pancreas recipients with impaired 
glucose tolerance is most likely secondary to impaired B-cell 
function. 
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THE EFFECT OF INSULIN RESISTANCE ON GLUCOSE 
TOLERANCE AFTER PANCREAS TRANSPLANTATION 
F.Saudek, T.Pel ik@nov~, V.Bar to~,  I . R e n e l t o v ~ .  
Institute for Clinical and Experimental 
Medicine, Prague, Czechoslovakia 
Insulin resistance is present in recipients of 
pancreatic g r a f t  receiving immunosuppressive 
therapy. To investigate quantitavely its impact 
on glucose tolerance, hyperglycemic insulin 
clamp (12 mmol/1 for 120 min.) was performed in 
lO normoglycemic pancreas and kidney recipients 
(PKR), ii nondiabetic kidney recipients on the 
same immunosuppression (KR), i0 Type 2 diabetics 
satisfactorily treated with diet (DM2), and 17 
matched healthy controls (HC). In PKR, KR and 
OH2, insulin resistance was proved using the hy- 
perinsulinemic isoglycemie clamp technique at 
insulin levels of --~lO0 and ~2000 mU/1 as 39 
and 29%, 42 and 24%, and 38 and 18% decreases of 
metabolic clearance rates of glucose in compari- 
son with HC, respectively (p<O.O1). Outing the 
last 20 min of the hyperglycemic clamp, glucose 
utilisation rates in PKR, KR and OH2 were 
8.2+1.7, 9.0+1.5 and 4.6• g/kg/min and were 
all- significantly lower than 17.3+1.3 g/kg/min 
(.mean +SE) in HC (p40.Ol). Basal insulinemia was 
increased in PKR, KR and OM2 (p<O.OS). Both the 
early and the late insulin responses were normal 
in PKR and KR, but were impaired in DN2. We con- 
clude, that the main cause of decreased glucose 
tolerance in recipients with well functioning 
pancreatic graft is net insufficient insulin 
secretion, but insulin resistance, which is 
roughly of the same degree as in nondiabetic 
kidney recipients and Type 2 diabetics on diet. 
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EFFECT OF SOLITARY PANCREAS TRANSPLANTATION ON 

THE PROGRESSION OF DIABETIC NEPHROPATHY. 

P. Fioretto, S.M. Mauer, D.E.R. Sutherland and M.W. Steffes. 

University of Minnesota, Minneapolis, USA. 

Pancreas transplantation (PTx) halts development of early diabetic 

nephropathy (DN) in renal allografts. We evaluated effects of solitary 

PTx on progression of DN in Type I (insulin-dependent) diabetic 

patients (D) with native kidneys. 12 D, 32+7 yrs old (duration of D: 

21+5 yrs), had renal function studies and biopsy before and 5 yrs after 

PTx. 6 D, 29_+10 yrs old (duration of D: 18+7 yrs), did not receive 

PTx and were studied at similar times (C). HbA1, decreasing from 

10.3+1.3 to 6.5_+0.7% (p<0.001) following PTx, was unchanged in C 

(11.9+2 and 11.3+2.6, NS). Creatinine clearance went from 100!22 

to 67+24 ml]min/1.73 m 2 in PTx (p<0.001) and from 94+19 to 86_+28 

in C (NS); albumin excretion went from 497_+871 to 486-+926 mE/24 

hrs in PTx (NS) and from 24_+26 to 260-+526 in C (NS). Mesangial 

fractional volume increased from 0.33_+0.08 to 0.38_+0.11 in PTx 

(p=0.007) and from 0.29_+0.06 to 0.37_+0.12 in C (p=0.054). 

Glomerular basement membrane width was 594_+139 and 559_+113 nm 

in PTx (NS), and 613+165 and 591_+174 in C (NS), at baseline and 5 

yrs, respectively. Following PTx % sclerosed glomeruli increased 

from 13+16 to 37_+16 (p<0.001) and interstitial fractional volume from 

0.26+0.05 to 0.34_+0.08 (p=0.004). The outcome was similar when 

PTx and C were matched for baseline renal structure. Thus, solitary 

PTx, despite euglycemia, cannot halt progression of established DN. 
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FOLLOW-UP OF AUTONOMIC NEUROPATHY AFTER SUCCESSFUL 
PANCREAS TRANSPLANTATION 
R.Scheuer, U.Br6dl, J.Nusser, J.Mojto and R.Landgraf, Mad. Klinik, 
Klinikum Innenstadt, University of Munich, Germany 

One important aim of pancreas transplantation is stabilisation or 
regression of diabetic complications. Therefore a prospective 
controlled study of autonomic neuropathy was performed in 25 type 
1-diabetics after simultaneous pancreas/kidney transplantation over 
a period of 53 (30-74) months. Group 1:n=15 both organs 
functioning. Group 2 :n=10 pancreatic graft loss 2 (1-11) months 
after transplantation with kidney functioning. 
Cardiac autonomic neuropathy (cANP) was measured by R-R- 
variability during deep breathing [E/I-ratio, mean R-R-distance, 
variability of heart frequency (VHF)], Ewing-test [30/15-ratio] 
and Valsalva maneuver [Max/Min-ratio]. Orfhostatic dysfunction was 
diagnosed by measuring blood pressure during lying and standing. 
Neuropathic symptoms were analyzed using a graded questionnaire. 
The results 2 (1-5) respectively 53 (30-74) months after 
transplantation: 
Group 1: E/I: 1,1 _+ 0,19 ~ 1,09 _+ 0,9 (n.s.); R-R-dist.: 689 _+ 
125 ~ 768 _+ 81 (p~<0,01); VHF: 6,75 _+ 10,1 ~ 5,8 + 5,31 
(n.s.); 30/15:1,03 _+ 0,01 --~ 1,07 +_ 0,05 (p_<0,01); Max/Min: 
1,23 +_ 0,18 ~ 1,23 +_ 0,21 (n.s.). 
Group 2: E/k 1,04 +_ 0,02 ~ 1,05 _+ 0,03 (n.s.); R-R-dist.: 619 +_ 
83 ~ 759 _+ 140 (p~< 0,01); VHF: 3,34 _+ 1,6 ~ 3,86 + 2,85 
(n.s.); 30 /15 : t ,00  +_ 0,02 --~ 1,04 +_ 0,04 (p<_0,01); Max/Min: 
1,1 _+ 0,04 ~ 1,26 _+ 0,24 (n.s.). 
Orthostatic dysfunction was measured in 7 out of 15 (47%) in 
group1 and 6 out of 10 (60%) in group 2. It improved in both 
groups (to 27% respectively to 40%), but it didn't reach 
significance. 
Neuropathic symptoms like gastroparesis [7 of 25 (group 1+2)], 
erectile impotence [3 of 25], nocturnal sweating [13 of 25] or 
gustatory sweating [6 of 25] didn't change significantly. 
In contrast to sensory-motor neuropathy normalisation of blood 
glucose doesn't lead to a marked regression of autonomic neuropathy 
even more than 4 years posttransplant. 
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INSULIN RECEPTOR ISOTYPE EXPRESSION CORRELATES WITH 
RISK OF NON-INSULIN-DEPENDENT DIABETES 

L. Mosthaf 1, J. Erikssen 2, H. H~iring 3, L. Groop 2, E. Widen 2 
and A. Ullrich 1. 1Department of MoLecular Biology, Max 
Planck Inst l tut  ffir Biochemie, Am KlopfersDitz 18a, 8033 
Martinsried, FRG and 2Helsinki University Hopsital, IV 
Department of Medicine, Unioninkatu 88, 00170 Helsinki, 
Pin]and and 3Inst i tut  ftir Diabetesforschung, KSlner Platz 
t, 8000 Miinchen 40, FRG. 

The human insulin receptor exists in two structurally 
distinct isoforms, HIR-A and HIR-B, which are generated 
by alternative splicing. Altered expression of these 
receptor' isoforms has been detected in skeletal muscle 
from patients with non- insul in-dependent  diabetes, To 
assess whether this phenomenon precedes the clinical 
onset of type 2 diabetes, we examined receptor expression 
in skeletal muscle biopsies from non-diabetic first degree 
relatives of non- insul in-dependent  diabetic patients with 
varying levels o f  insulin resistance (and increased risk of 
developing type 2 diabetes) in comparison with skeletal 
muscle from insul in-sensi t ive  controls. Polymerase Chain 
Reaction analysis of mRNA from muscle biopsies detected 
the exclusive expression of HIR-B. These data suggest 
that  insulin resistance - the hallmark of manifest non-  
insulin dependent diabetes and perhaps a primary defect 
leading to type 2 diabetes - is associated with altered 
expression of insulin receptor isotypes, 
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QUALITY OF LIFE ASSESSMENT IN TYPE 1 DIABETIC PATIENTS AFTER 
ORGAN TRANSPLANTATION. COMPARISON OF TWO METHODS. 
W. Piehlmeier, J. Nusser, A. K6nig, W.D. IIIner, D. Abendroth, 
W. Land and R. Landgraf, Dept. of Int. Medicine and Transplantation 
Center, University of Munich, Munich. 

Quality of life assessment is important especially for expensive and 
incisive therapeutic interventions like organ transplantation, 
however the tools to measure quality of life are still under debate. We 
therefore compared results obtained by a home-based questionnaire 
(217 questions) with those of a structured evaluation (77 questions) 
judged by the responsible physician. The patient sample consisted of 
48 type 1 diabetics: Group 1 (n=22): patients after successful 
transplantation of pancreas and kidney. Group 2 (n=19): patients 
with functioning kidney graft but insulin requirement. Group 3 
(n=7): patients after reiection of both organs. The age of the patients 
(36_+1y), the duration of diabetes (24_+1y) and the degree of 
secondary complications were very similar in all groups. In the 10 
items scored from 1 to 5 consisting of anxiety (a), indifference (b), 
annoyance (c), pessimism (d), depression (e), vocational (f) and 
financial (g) situation, partner relationship (h), leisure time 
activity (k) and overall quality of life (I) there were much higher 
scores in group 1 and 2 compared to group 3. However, there was no 
significant difference between group t and 2. Quality of life was 
markedly (p<0.05) lower in 7 (d-I) items in comparison to group 1 
and 2 when judged by the physician, but only in 3 (f, g, k) out of the 
10 parameters for the patient-based questionnaire. Only in 2 
parameters (i.e. anxiety and overall quality of life) a significant 
difference (p<0.05) existed between both methods indicating a rather 
good agreement on many aspects of life using opposite approaches of 
quality of life assessment. The physician tends to score more 
positively in those patients with functioning transplants and worse in 
the patients after rejection. In conclusion both methods are valid 
instruments in assessing quality of life, which has to be tested in a 
large number of patients and not only in a cross-sectional but also in 
a prospective study. 
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Insulin receptor isoform expression in skeletal muscle 

membranes of NIDDM patients 

1 r 2 1 MonikatKellerer , G'orgio Sesti , ,Eva Seffer , Axel 
~llrich ~ and Hans-Ulrich Hfiring ~ 
~Institut f~r Diabetesforschung, M~nchen 
2Universit~t Rom 
3Max-Planck-Institut f~r Biochemie, 
Martinsried 

The human insulin receptor exists in two isoforms (HIR-A a- 
subunit 719 aa and HIR-B a-subunit 731 aa) with distinct 
patterns of tissue specific expression. We have recently shown 
that skeletal muscle of non-diabetic individuals contain only 
mRNA encoding HIR-A while in skeletal muscle of NIDDM 
(non-insulin dependent diabetes mellitus) patients also mRNA 
encoding HIR-B is found. In this study we investigated the 
human insulin receptor isoform expression on the protein level 
with a polyclonal antibody which discriminates between HIR-A 
and HIR-B. The antibody showed clearly distinct displacement 
of insulin binding in skeletal muscle membranes eleven-diabe- 
tics and NIDDM patients (displacement of specificS'--q-insulin 
binding: 13 non-diabetic patients 70.0% _+14.34, 12 NIDDM 
~g~ents 32.6% +_ 17.45). In additon, different displacement of 

"*-'I-insulin in plasma membranes from patients with NIDDM 
(81.2% displacement of specific insulin binding) and non 
diabetic patients (39.9%) could be obtained with an anti-serum 
(PA 12) to the 12 amino acids (aa 717 - 728) of the B-receptor 
form. These data suggest that the altered expression of receptor 
isotype mRNA in the skeletal muscle of NIDDM patients leads 
to an altered receptor isoform pattern in the plasma membrane. 
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ALTERNATIVELY SPLICED VARIANTS OF THE INSULIN 
RECEPTOR AND ITS FUNCTIONAL CORRELATES IN 
MUSCLE FROM PATIENTS WITH TYPE 2 DIABETES AND 
NORMAL SUBJECTS. 
T. Hansen, C. Bjorbmk, H. Vestergaard, J.F. Bak and O. Pedersen. 
Steno Diabetes Center, Copenhagen and Aarhus Amtssygehus, Aarhus, 
Denmark. 

Two insulin receptor (IR) mRNA transcripts, resulting from alternative 
splicing of exon number t l  of the receptor gene, are regulated in a 
tissue-specific manner. To examine the significance of this obser- 
vation, the relative expression of IR splice variants, insulin binding to 
solubilized, WGA-purified receptors, and IR kinase phosphorylation 
of poly (Glu-Tyr (4:1)) were measured in vastus lateralis muscle of 9 
patients with insulin resistant Type 2 diabetes and 16 healthy subjects. 
Using an RNA-based fluorescens-labelled PCR assay which was 
quantitative over a range of known ratios of the two mRNA transcripts 
we found no difference in the relative expression of IR transcripts: 67 
+ 7% IR-exon + 11 in diabetics versus 70 5: 6% IR-exon + 11 in 
controls. The recovery of IR was comparable: 96 _ 13 and 109 4- 13 
fmol/100 mg muscle (ns) in diabetics and controls, respectively, and 
no significant differences were found in IR affinity or in basal and 
insulin stimulated IR kinase activity. We conclude: 1) About 70% of 
IR mRNA is the exon+ l l  splice variant in muscle from both Type 2 
diabetic patients and normal subjects and 2) insulin binding and IR 
kinase activity are unrelated to the relative expression of alternatively 
spliced isoforms of IR in human muscle. 
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A GLYCINE-1008 TO VALINE MUTATION IN THE INSULIN RECEPTOR 
IN A WOMAN WITH TYPE A INSULIN RESISTANCE 
H.Makino, O.Nozaki, Y.Suzuki, F.Shimada, N.Hashimoto, 
M.Taira, Y.Hatanaka, Y.Notoya*, O.Kanashir~ and S.Yoshida. 
Second Dept. of Internal Medicine, Chiba University 
School of Medicine, Chiba and*Third Dept. of Internal 
Medicine, Tokyo Medical College, Tokyo, Japan. 
We examined the insulin receptor gene in a Japanese woman 
with type A insulin resistance. At the age of 20, she 
was referred to hospital for evaluation of acanthosis 
nigricans and polycystic ovary. 75 g oral glucose 
tolerance test showed a diabetic pattern and fasting 
hyperinsulinemia (130 ~u/ml) was noted. Insulin binding 
was normal, but autophosphorylation and tyrosine kinase 
activity were reduced in partially purified insulin 
receptors from EB-virus transformed lymphocytes. We 
determined the nucleotide sequence for all 22 exons of 
the insulin receptor gene by direct sequencing of genomic 
DNA amplified with polymerase chain reaction. Substitu- 
tion of valine for glycine at codon 1008 in the tyrosine 
kinase domain was identified in her one allele, which was 
the same mutation reported previously (Science, 245, 66, 
1989). Her father had the same mutation and impaired 
glucose tolerance with mild hyperinsulinemia, but her 
mother and two brothers were normal. From the previous 
reports as well as our case of deletion mutation (ibid, 
63, 1989), it is concluded that a single mutant allele in 
the tyrosine kinase domain develops insulin resistance 
dominantly. 
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PRESENCE OF GLUCAGON AND GLP-I(7-36)AMIDE 
SPECIFIC RECEPTORS IN HUMAN FAT MEMBRANES. E. 
M~rida, E. Delgado, L.M. Molina, M.L. Villanueva- 
Pefiacarrillo and I. Valverde. Fundaci6n Jim~nez 
Diaz, Madrid, Spain. 

GLP-l(7-36)amide (tGLP-I), insulinotropic intes- 
tinal peptide, is lipolytic in isolated rat 
adipocytes, and specific receptors in rat fat 
membranes were found. Now we have explored the 
presence of glucagon and tGLP-I specific 
receptors in human fat. Previous informed consent 
given, fat was obtained from the abdominal wall 
of patients undergone cholecystectomy. The fat 
membranes (30,000 g pellet) were solubilized with 
1% Triton X-100 in 50 mM Hepes, i0 Mm MgSO4, pH 
7.6. [nSI]glucagon or [125I]tGLP-I (3 fmol each) 
were incubated, for 15 min at 25~ with 
solubilized membranes (3-10#g) in i00 ~i of 50 mM 
Hepes, pH 7.6, containing i0 raM MgSO4, 0,1% 
bacitracin, 500 Uic/ml trasylol and 2% BSA, in 
the absence or presence of increasing 
concentration of either unlabelled peptides. Both 
[nsI] peptides displayed specific binding, linear 
to the range of the membrane protein-content and 
displaceable only by the equal unlabelled 
peptide. The maximal binding (i0 ~g membrane 
protein) represented 2.3• for [uSI]glucagon, 
and 10.4• for [nsI]tGLP-I. The binding 
capacities for tGLP-I were at least 5 times 
higher than those for glucagon at 10 .20 , 5x10 -m and 
10-gM. The 50% inhibition of the maximal binding 
occurred, in both cases, at <ixl09M unlabelled 
peptide. This work documents the presence of 
specific receptors for glucagon and tGLP-I in 
human fat tissue, being the tGLP-I receptors in 
greater abundance than those of glucagon. 
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PANCREASTATIN BINDING SITES AND ACTION 
IN INTACT AND PERMEABILIZED RINm5F CELLS 
J.Szecowka, O.Shibier, P.R.Flatt, P-O.Berggren, C-G.0stenson 
and S.Efendic. Dept. of Endocrinology, Karolinska Institute, 
Stockholm, Sweden, and Dept. of Biol. & Biomed. Sciences, 
Univ. of Ulster, Coleraine, Northern Irland, U.K. 

To gain insight into mechanism(s) of action of pancreastatin, we 
have studied binding of 125-I-pancreastatin to intact clonal insulin 
producing RINm5F cells, and intraeellular effects of pancreastatin in 
electropermeabilized cells. Binding of 125-I-pancreastatin (in 2.5 
mM Tris-HC1, 15 mM acetate, pH 7.4, 40 rain, 20~ was displa- 
ced by 1-300 nM pancreastatin and not by 1 /~M somatostatin, 
GLP-l(7-36) amide, or GIP. Binding kinetics and Scatchard analysis 
reveal approximately 30 000 receptors per cell with K d about 14 
nM, and indicate internalization of the ligand. Cells were electro- 
permeabilized (2.5 kV/cm) and incubated in 140 mM K-glutamate, 
pH 7.0, with ATP and ATP-regenerating system, 20 min, 37~ 
increase in the ambient Ca 2 .  concentration from 10 -~ to 10- M 
resulted in a 3.2-fold stimulation of insulin release. This Ca 2+-  
induced insulin release was inhibited (-33%,P<0.001) by 10 nM 
pancreastatin, and potentiated (+37%,P <0.001) by protein kinase 
C (PKC) activator, 10riM phorbol ester TPA. Down-regulation of 
PKC by 200 nM TPA for 24 h markedly reduced the acute effects 
of both 10 nM pancreastatin and 10 nM TPA. Pretreatment with 
100 ng/ml permssis toxin abolished the effect of pancreastatin. 
Hence, pancreastatin may inhibit the insulin secretory process inte- 
racting both with specific receptors in plasma membrane and with a 
PKC- and G-protein-regulated intracellular site directly involved in 
exocytosis. 
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GENETICS OF TYPE-I-DIABETES IN OUR BB RAT 
SUBLINE 

I Kl6ting and L Vogt. University of Greifswald, 
Institute of Diabetes, Karlsburg, FRG 

Crossing studies have shown that inheritance of 
Type-I-diabetes in BB rats can be explained by 
two or three recessive genes. These different 
findings prompted us to determine the inherit- 
ance of diabetes in our BB rat subline by 
crossing one diabetic BB male (FI9) with fe- 
males of the nondiabetes-prone congenic rat 
strains LEW.IBB and BB.IA characterized by the 
MHC or the genetic background of our BB rats 
and females of the diabetes-resistant DA rat 
strain which differs in both MHC and genetic 
background including three coat colour genes. 
The F1 females were backcrossed onto the same 
diabetic BB male used for the F1 production. 
All backcrossed hybrids (BC) were observed for 
diabetes development up to an age of 200 days 
at which time the pancreatic insulin content 
was determined in all nondiabetic BCs. The coat 
colour genotypes of albino DA-BCs were deter- 
mined by appropriate crosses. From the diabetes 
incidence in BCs (23.9 % LEW.IBB-BC, 28.2 % 
BB.IA-BC, 9.8 % DA-BC) and the results of the 
coat colour gene analysis in BCs of DA rats we 
assume that i) diabetes in our BB rat subline 
is determined by the MHC, lymphopenia and a 
third recessive non-MHC gene of major impor- 
tance and ii) near the coat colour genes A and 
C there must be interacting genes which prevent 
diabetes development and positively influence 
the pancreatic insulin content. 
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CONNECTION BETWEEN HIGH JUVENILE BODY-WEIGHT 
AND DEVELOPMENT OF DIABETES IN BB-RATS 

C.R. Pedersen, T. Bock, M.W. Hansen, S.V. Hansen, and K. 
Buschard. Bartholin Instituttet, Kommunehospitalet, Copen- 
hagen, Denmark. 

The aim was to study why among BB-rats some animals 
become diabetic and some do not, and to investigate whether 
it is possibly to select those rats destined for diabetes. Whilst 
the genetic background as well as the environmental factors 
affecting BB-rat littermates are very similar, the body-weight 
reflects some of the existing variance. The study included 151 
BB-rats, and the body-weight of each animal was measured 
daily from the day of birth. A standard three-way analysis of 
variance was applied to these weight data. Thirty-four animals 
became diabetic before 100 days of age, and we found their 
body-weight to be increased about 10% compared to the 
non-diabetic animals. This was significant for each day of life 
from the 1st to the 45th, with p-values from 0.05 to 0.0001. 
The weight increase for the individuals destined to become 
diabetic was seen for both sexes but was most pronounced 
among male BB-rats. Furthermore, when investigating 
whether juvenile body-weight has any predictive value we 
found that the incidence of diabetes at 100 days of age could 
be doubled from 22.5% to 46.7% (p<0.01) by selecting the 
heaviest animal in each litter. We conclude that, for BB-rats, 
a connection exists between high juvenile body-weight and 
the risk of diabetes development in early adult life. 
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COMPARISON OF EFFECT OF TREATMENT WITH DAILY SUBCUTANEOUS INJECTIONS OF 

INSULIN AND SUSTAINED RELEASE INSULIN IMPLANTS ON METABOLIC CONTROL AND 

FEEDING PATTERNS IN BB AND STREPTOZOTOCIN DIABETIC RATS. 

C.J. Lynch, W. Smith, R.M. Lindsay and J.D. Baird 
Metabolic Unit, University of Edinburgh Department of 
Medicine, Western General Hospital, Edinburgh, EH4 2XU 

Accurate methods for assessing and maintaining various 
levels of metabolic control are mandatory for studies 
of diabetic microangiopathy in diabetic animals. We 
compared the effect of conventional insulin therapy 
(CIT) (U40 Bovine Ultralente insulin, NOVO) and 
sustained release insulin implants (SRII) (M~llegaard, 
Denmark) on metabolic control and feeding patterns. 
Food intake and plasma glucose concentration (PG) were 
measured 2-hourly for 24 hours and HbAI (Corning) 
determined in (I) non-diabetic (n=lT) (2) established 
diabetic (n=12 STZ, 13 BB/E) rats 7 days before 
substituting CIT with a SRII and again 27 days post- 
implant. Mean • SEM (range) PG was 5.8 • 0.1 (5.1- 
6.3), 7.8 • 1.3 (2.4-17.8) and 7.3 • 0.4 (5.5-IO.O) 
~oi/i respectively. Corresponding mean • SEM HbAI 
values were 4.4 • 0.3, 4.9 • 0.4 and 4.9 • 0.2%. Mean 
• SEM food consumption of non-diabetic rats was 
significantly higher (p< 0.01) during the 12 hour dark 
cycle (1.41 • 0.20g) than the light (0.47 • 0.08g) 
cycle. In all diabetic animals, irrespective of type 
and treatment of diabetes, this diurnal variation was 
abolished and overall intake of food higher {p< 0.01) 
than in non-diabetics (1.60 • 0.13 vs 0.94 • O.17g). 
We conclude (i) PG is very unstable in diabetic rats 
maintained on CIT and random PG and HbAI are misleading 
in assessing overall metabolic control; (2) in 
contrast, SRIIs achieve a relatively stable PG which is 
adequately reflected by these parameters; (3) diabetic 
rats feed continuously and are hyperphagic. 
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FUNCTIONAL AND METABOLIC PERTURBATIONS IN ISOLATED 
PANCREATIC ISLETS FROM THE GK RAT, A GENETIC MODEL OF NON- 
INSULIN-DEPENDENT DIABETES. 
M.-H. GIROIX, L. VESCO and B. PORTHA - Laboratory of Nutritional 
Physiopathology , University of Paris 7, Paris, France. 
Spontaneously diabetic non-obese GK rats exibit high basal 
plasma glucose and insulin levels and a poor insulin secretory 
response to glucose. We studied 1) insulin biosynthesis and 
release 2) glucose metabolism, in islets freshly isolated from GK 
rats and normal Wistar rats, the latter being used as control 
animals. In GK rats, islet insulin content was decreased when 
expressed per islet but normal when related to DNA content. 
The basal rate (2.8 mM glucose) of both (pro)insulin and total 
protein biosynthesis was doubled in islets from GK rats. As 
judged from the (pro)insulin/total protein synthesis ratio, 
(pro)insulin biosynthesis was normally stimulated by 16.7 mM 
glucose. Both basal and glucose-stimulated insulin release were 
dramatically decreased in islets from diabetic rats. A reduced 
secretory response to leucine (10raM) or leucine+glutamine (I0 
mM each) and a lack of response to monomethylsuccinate (10rnM) 
were also observed. By contrast the insulinotropic capacity of 
non-nutrient secretagogues such as gliclazide (0.062raM) or the 
combination Ba2+(2mM)-theophylline(1.4 mM) remained normal. 
Glucose oxidation (estimated as the production of 14CO2 from 
D-[6-14C]glucose) was severely impaired while no major 
alteration of glycolytic flux (as judged from the conversion of 
D-[5-3H]glucose to 3H20) could be detected. Accordingly, the D- 
[6-14C]glucose oxidation/D-[5-3H]glucose utilization ratio was 
less markedly increased in response to a rise in glucose 
concentration in islets from GK rats than in islets from control 
rats. Thus, in islets from diabetic GK rats, glucose-induced 
insulin release but not insulin biosynthesis was impaired. This 
defect is associated with, and probably due to, a deficient islet 
mitochondrial function. 
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PREFERENTIAL ALTERATION OF OXIDATIVE RELATIVE TO 
TOTAL GLYCOLYSIS IN ISLETS OF RATS WITH 
INHERITED OR ACQUIRED NON-INSULIN-DEPENDENT 
DIABETES 
A. Sener, M.-H. Giroix*, B. Portha* and W.J. 
Malaisse. Laboratory of Experimental Medicine, 
Brussels Free Unviersity, Brussels, Belgium and 
*Laboratory of Developmental Physiology, 
University of Paris 7, Paris, France. 
A current hypothesis ascribes to an alteration 
of D-glucose transport into the B-cell the 
impairment of glucose-induced insulin release in 
experimental models of non-insulin-dependent 
diabetes. In the present study, the rate of 
glycolysis, as judged from the conversion of D- 
[5-SH]glucose to 3HOH and when expressed relative 
to the islet protein content, was not affected 
in islets from either adult rats injected with 
streptozotocin during the neonatal period (STZ 
rats) or spontaneously diabetic rats obtained by 
repeated selective breeding (GK rats). In both 
STZ and GK rats, however, the paired ratio 
between D-[3,4-14C]glucose oxidation and D-[5- 
SH]glucose utilization was 25% lower than in 
control animals. Such a decrease was observed 
at both low and high hexose concentration and 
persisted in the absence of extracellular Ca 2§ 
In contrast, the ratio between either D-[2- 
14C]glucose or D-[6-14C]glucose oxidation, which 
informs on the generation of 14C02 from the C I and 
C~ of glucose-derived acetyl residues, and D- 
[~,4-14C]glucose oxidation was not impaired in 
the diabetic rats. These findings suggest that 
a preferential alteration of oxidative relative 
to total glycolysis, rather than an impaired 
transport or phosphorylation of D-glucose, 
contributes to the secretory defect not solely 
in a cytotoxic but also in an inherited model of 
non-insulin-dependent diabetes. 
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THE NUMBER OF LIVER INSULIN RECEPTOR IS DECREASED 
IN THE INSULIN RESISTANT GK RAT. 

B. PORTHA, S. BISBIS*, D. BAILBE, M. DEROUET*, J.SIMON* 
Lab. Physiopath. Nutr. - CNRS/Univ. Paris7, 75251 Paris; 
*INRA - SRA, 37380 Nouzilly; F. 

The spontaneously diabetic non obese GK rat (as compared 
to control Wistar rat) has been found to exhibit higher 
basal plasma glucose and insulin levels and a very poor 
insulin secretory response to glucose. Insulin action was 
assessed in adult GK females at basal and submaximal 
(euglycemic clamp) insulin levels. Liver, insulin receptor 
properties and hepatic glucose production (GP) were 
determined under these two conditions. GP in the GK rats 
was significantly higher (p<0.001) in the basal state. At 
submaximal hyperinsulinemia (and euglycemia), it was less 
effectively suppressed (p<0.001) than in the controls, thus 
demonstrating liver insulin resistance. At both basal state 
and clamp condition, binding of 125I-A14-insulin to liver 
membranes of GK rats was significantly decreased 
(p<0.005) by 20-30%. Tracer binding was inhibited by 
50% at the same insulin concentrations. Solubilized and 
wheat germ agglutinin purified receptors of GK and 
control rat liver exhibited similar affinity for insulin and 
kinase activity (for both autophosphorylation and 
phosphorylation of the artificial substrate poly(Glu- 
Tyr)4:l. This indicates that liver insulin resistance in the 
GK rat is at least partly accounted for by a decrease in 
receptor number. 
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PHOSPHOLIPID FATTY ACID COMPOSITION AND GLUCOSE 
TOIZRANCE IN THE ISRAELI SAND RAT. 
GR Collier, FMcL Collier, i%7 Sinclair and K O'Dea. 
Department Human Nutrition, Deakin University, 
Geelong, 3217, Australia. 

Recent dietary studies in rats have demonstrated an 
association between increasing tissue long chain 
n-3 fatty acid phospholipids and inproved insulin 
sensitivity of glucose metabolism. However, this 
relationship has not been examined in animal models 
that spontaneously develop non-insulin dependent 
diabetes mellitus. The Israeli Sand rat 
demonstrates a range of glucose and insulin 
responses when maintained on standaxd laboratory 
chow, providing a suitable anira~l model. The aim of 
our study was to examine the relationship betw~dn 
glucose tolerance and tissue phospholipid fatty 
acid composition in Israeli Sand rats. At 24 weeks 
of age we classified our rats into 4 groups 
according to blood glucose and insulin levels. 
Group A were normoglycemic, normoinsulinemic; B 
were normoglycemic, hyperinsulinemic; C were 
hyperglycemic, hyperinsulinemic ; and D were 
hyperglycemic, hypoinsulinemic. In the fed state 
rats were sacrificed and tissues removed for 
subsequent analysis. The % fatty acids as 20:5n-3 
in liver phospholipids %~re 6.2 _+ 1.5, 6.7 + 1.4, 
4.6 + 0.6 and 3.6 + 0.5; the 20:4n-6 levels were 
7.1 + 0.6, 6.8 + 0.3, 7.0 + 0.7 and 9.4 + 0.9, 
which resulted in a ratio of 20:4n-6/20:5n-3 of 1.3 
+ 0.3, i.i + 0.3, 1.6 + 0.3 and 2.7 + 0.2 for 
groups A,B,C ,and D respectively. Although cross- 
sectional, our results are consistent with the 
suggestion that an increase in tissue 20:4n- 
6/20:5n-3 ratio is associated with a deterioration 
in glucose tolerance. 
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ISLET MONOAMINE OXIDASE ACTIVITY IN OBESE 
HYPERGLYCEMIC MICE AND THEIR LEAN LITTER- 
MATES 
G. Panagiotidis a, P. Lindstr6m 2 A. Stenstr6m 3 and I. Lundquist 1 
Department of 'Pharmacology, University of Lund and 2Depart- 
ment of Histology and Cell Biology and "Department of Pharma- 
cology, University of Umeft, Sweden 

g-Cell monoamines, located in secretory granules, are inactivated 
by monoamine oxidase (MAO), a H~Oz-generating enzyme, which 
may influence the redox state of the B-cell and thereby insulin 
secretion. We studied the relation between islet MAO-activity, 
plasma insulin and glucose in obese (ob/ob) mice. MAO activity 
was assayed radiochemically with serotonin, dopamine and g- 
phenyletbylamine (PEA) as substrates. An overnight fast in lean 
mice increased the MAO-activity by 35-70% towards all three 
substrates. In obese mice the MAO-activity towards serotonin 
decreased after fasting (-25%), whereas no effect was recorded 
with dopamine or PEA. Thus islet MAO towards dopamine and 
PEA was higher (30-50%) in fasted lean v s  fasted obese mice, 
whereas it was lower (-40%) towards serotonin. A correlation 
analysis in obese mice showed a negative correlation between 
plasma glucose and islet MAO-activity towards PEA (r = -0.61; p 
< 0.05) and dopamine (r = -0.65; p < 0.02) respectively. The 
data suggest that the plasma glucose levels modulate islet MAO- 
activity and thereby influence the monoamine content and redox 
state of the g-cell which in turn may affect insulin secretion. In the 
obese mouse this regulatory influence is disordered, and this may 
contribute to the hyperinsulinemic state of the obesity syndrom. 
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METHYLGUANIDINE INHIBITS NITRIC OXIDE PRODUCTION AND 
PREVENTS DIABETIC VASCULAR DYSFUNCTION IN RATS. 
R.G. Tilton, K. Chang, K.S. Hasan, W. Allison, T. Miskoe, and J.R. 
Williamson; Department of Pathology, Washington University and 
Monsanto; Saint Louis, Missouri; USA 

We assessed the ability of methylguanidine to inhibit nitric oxide 
(NO) production and prevent diabetic vascular dysfunction. 
Methylguanidine inhibited endotoxin-induced NO synthase isolated 
from RAW 264.7 macrophages (~1/40 as potent as NG-mono 
methyI-L-arginine (NMMA) and aminoguanidine) and constitutive NO 
synthase isolated from rat brain (~1/50 as potent as NMMA but 
equipotent to aminoguanidine). Diabetes was induced (45 mg/kg 
body weight streptozotocin i.v.) in four groups of male Sprague- 
Dawley rats: controls (n=10), methylguanidine-treated controls 
(n=8), diabetics (n=10), and methylguanidine-treated diabetics 
(n=9). Methylguanidine was administered orally (2 mg/ml in 
drinking water) and by single daily s.c. injection (25 mg/kg body 
weight). Plasma glucose (7.2_+0.8 [SO] vs 23.3_+6.7 mM for 
controls vs diabetics), water consumption (46_+6 vs 108_+68 
ml/day), and urine volume (14_+6 vs 111_+68 ml/kidney/day) were 
unaffected by methylguanidine in controls and diabetics. 125i_ 
albumin permeation (pg plasma/min/g wet weight) was increased 
by diabetes (p < 0.001) in retina (47_+12 vs 116_+30), sciatic 
nerve (47-+13 vs 121_+22), aorta (62_+20 vs 155-+37), and kidney 
(727+_239 vs 1,011_+265), and was normalized by methylguanidine 
in diabetic rats (retina, 55+18; sciatic nerve, 50-+10; aorta, 
85-+41; kidney, 738-+169) without affecting albumin permeation in 
controls. These experiments establish methylguanidine as an 
inhibitor of NO synthase and suggest a role for increased N O 
production in the pathogenesis of diabetic vascular complications. 
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Neuropeptide Y augments  the vasoconstrictor action of 
noradrenaline in experimental diabetes�9 

C.W. Bodmer, M.W. Savage, E.A. Masson, M.A. Ware, D.C.M. 

Taylor*, M.C. White and G. Williams. University Departments 

of Medicine and Physiology , Liverpool, UK. 

Abnormal  vascular responses may influence the development of 
diabetic microvascular complications. However, previous 
studies have not shown a consistent effect of diabetes on 
vascular reactivity. We compared the vasoconstrictor response 
to noradrenaline (NA) in isolated mesenteric arterioles 
(diameter 293+8 (mean+SE))urn) between non-diabetic and 
streptozotocin-induced diabetic (STZ-D; 4 weeks' duration) 
Wistar rats. We also examined the effects of neuropeptide Y 
(NPY), a powerful vasoconstrictor co-released with NA from 
sympathetic nerve endings, at a sub-vasoconstrictor dose on 
NA-induced vasoconstriction. Arteries were dissected and 
mounted in a myograph and dose-response curves constructed 
for NA (Sx10 "7 to 104 M) with and without NPY (10TM). 
Control arteries (n=16) showed no difference in EDs0 (dose 
causing 50% vasoconstriction) between NA-only and NPY- 
augmented NA responses (EDs0 1.6+0.4x10 "6 M vs 2.5+0.5x10 "6 
M respectively; p=0.2). By contrast, diabetic vessels (n=20) 
showed enhanced constriction with NPY-augmentation (ED50 
0.9+0.2x10 "6 M vs 2.1+0.3x10 -6 M; p<0.0001). In diabetic rats 
plasma NPY levels were higher (1056+207 vs 433+113 pmol/I; 
p=0.03). In conclusion, STZ-D Wistar rats show an NPY- 
augmented response to NA contraction and higher plasma NPY 
levels, indicating dysregulated sympathetic vascular control, 
which may be relevant to the development of diabetic 
microvascular complications. 
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EVIDENCES FOR INCREASED SYMPATHETIC ACTIVITY IN 
TYPE-II DIABETIC RATS. 
F. Lefevre-Borg, M.T. Eon, M. Prouteau, S. Arbilla and L Angel. 
Department of Biology, Synthelabo Recherche, Bagneux 92220, 
France. 

It was previously postulated that an overactive sympathetic nervous 
system is implicated in type-II diabetes. To investigate this 
hypothesis, we evaluated some parameters of sympathetic 
transmission in a rat model of type-II diabetes, induced in neonatal 
animals by the treatment with streptozotocin (90 mg/kg ip). Adult 
diabetic rats, which respond to glucose load with pronounced 
hyperglycemia and reduced insulin secretion, have two- to 
three-fold higher levels of noradrenaline in the plasma, pancreas or 
brain, when compared to normal controls. In addition diabetic rats 
have a significantly higher blood pressure which seems to be 
sympathetically mediated because following ganglionic blockade by 
chlorisondamine (0.6 mg/kg ia) residual blood pressure was not 
significantly different from controls. Stress-induced hyperglycemia 
in diabetic rats is antagonized by the r antagonist 
SL 84.0418 (at 3 mg/kg ip) and attenuated by chlorisondamine. 
In addition, SL 84.0418, which does not affect basal insulin 
secretion in normal rats at this dose, potently stimulates basal- or 
glucose-evoked insulin secretion in diabetic rats, and these effects 
are further attenuated by chlorisondamine. It is suggested that 
type-lI diabetic rats have an overactive sympathetic nervous system, 
which results in hyperglycemia and inhibition of insulin secretion, 
and that o~2-adrenoceptor blockade by SL 84.0418 normalizes 
hyperglycemia by disinhibiting insulin secretion. 
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A NEW EXPERIMENTAL MODEL FOR PARTIAL REDUCTION 
OF PANCREATIC B-CELL MASS IN THE RAT 
A.M. Svensson ,  L. Jansson  and C. Het iers t r6m.  
D e p a r t m e n t  of Med ica l  Cel l  B io l ogy ,  U p p s a l a  
Universi ty,  Uppsala, Sweden.  

The aim of this study was to deve lop a technique to 
make a subtotal  reduct ion of pancreat ic  B-cell mass 
w i thou t  surgical  removal  of pancreat ic  parenchyma.  
The super ior  mesenter ic  artery, which suppl ies 1/3 of 
the pancreas with blood, was located in anesthet ized 
rats and clamped. Then 0.2 ml of either streptozotocin 
(SZ; 40 mg/kg bodyweight )  or sal ine was in jected 
in t ravenous ly .  Af ter  t 0  min the arter ia l  c lamp was 
removed  and the an imals  were a l lowed to recover  
from anesthesia.  All animals injected with sal ine (n = 
6) had a normal intraper i toneal g lucose to lerance test 
(GTT) 7 days later. A total of 8 out of 9 of the SZ- 
t reated rats were normoglycemic  and had a normal 
GTT 7 and 14 days af ter  surgery,  whi ls t  1 was 
diabetic. The number of islets (>25 #m) in the part of 
the pancreas to which SZ had free access, was very 
low, whi lst  the islet number  in the part suppl ied by 
the super ior  mesenter ic  artery was simi lar to that of 
the cont ro l  an ima ls  (=2 is lets/mg pancreas) ,  it is 
conc luded that the present  model  can be used to 
se lec t ive ly  des t roy  the B-cells in app rox ima te l y  2/3 
of the islets. In this animal  model  the remaining B- 
cel ls  are  p r e s u m a b l y  e x p o s e d  to an i nc reased  
funct ional  demand in an otherwise normal pancreat ic  
gland. 
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IDENTIFICATION OF RESIDUAL PANCREAT[C fl-CELLS IN STREP- 
TOZOTOCIN TREATED RATS BY INSULIN IN SITU HYBRIDIZATION. 
J.Van Gompel, T.Mahler and G. Kl~ppel . Dept .of 

Pathology,vrije Universiteit Brussel, Brussels. 

Beta-cells surviving the toxic effect of streptozotocin may be 

difficult to identify by immunoeytochemistry for insulin because 

of depletion of the cellular insulin stores, due to sustained 

hyperglycemia. We therefore performed in situ hybridization 

of rat prepreinsulin mRNA (a cocktail of three oligonucieotides 

was used) in pancreafa of streptozotocin diabetic rats (60 mg per 

kg body weight, n=5) and compared the staining results with those 

after immunocytochemistry. Quantitative analysis of 10 islets in 

each pancreas, followed throughout 20 serial sections 

a l ternat ive ly  subjected to in situ hybr id izat ion and 

immunocytochemislry, revealed that immunocytochemistry 

detected 20-25% less Beta-cells in the streptozotocin diabetic 

rat pancreas than in situ hybridization. The highest number of 

in situ hybridization positive and immunocytochemistry negative 

Beta-cells were found in small islets where only 20% in situ 

hybridizat ion posit ive Beta-cells were also detected by 

immunocytochemistry. These results suggest that in silu 

hybridization for preproinsulin mRNA is the method of choice 

for the identification of residual or regenerating Beta-cells with 

very low insulin content. 
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EFFECT OF ELEVATED BLOOD GLUCOSE ON 
INSULIN-STIMULATED GLUCOSE TRANSPORT IN 
RAT MUSCLE. 
L.A. Nolte, I.K. Martin, S.M. Abdel-Halim, A. Guenifi, C- 
G. 0stens0n,  and H. Wallberg-Henriksson. 
Departments of Clinical Physiology and Endocrinology, 
Karolinska Hospital, Stockholm, Sweden. 
Type II diabetes mellitus is characterized by skeletal 
muscle insulin resistance. To investigate the effect of 
chronically elevated blood glucose on insulin-stimulated 
glucose transport,  muscles from Ft Hybrids (H) of 
spontaneously type II diabetic (non-ketotic and non-obese) 
GK-Wistar ra ts  and control Wistar rats  (C) were studied at  
100, 200, and 500 g of body weight. Serum cholesterol and 
triglycerides did not differ between groups. The glucose 
induced insulin response was impaired by 87% (p<0.01) in 
perfused pancreases of H rats. An intraperitoneal glucose 
injection (2 g/kg) increased blood glucose after 60 minutes 
significantly greater in H than  C (100 g: 8.9+_0.3 vs 5.7_+0.4 
retool/L; 200g: 13.6• vs 6.8+_0.4 retool/L; 500 g: 19.5• 
vs 7.8+--0.6 mmol/L; p<0.001 for all groups). Epitrochlearis 
and seleus muscles were incubated in vitro for 1 hr  in 
increasing concentrations of insulin. The 100, 200, and 500 
g C and H insulin dose response curves for 3-0- 
methylglucose t ransport  did not differ. However, the basal 
3-0-methylglucese t ransport  rate in soleus muscles from 
500 g H rats  was decreased (p<0.05) compared to C 
muscles. In conclusion, these results provide evidence t ha t  
elevated glucose per se is not responsible for the 
development of peripheral insulin resistance in rats. 
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EFFECT OF PROLONGED HYPERGLYCEMIA ON IN VlVO 
INSULIN SECRETION IN RATS: ROLE OF THE AUTONOMIC 
NERVOUS SYSTEM. 
J.M. N'Guyen, M.C. Laury, C. Guettet, L. Penicaud and A. Ktorza. 
Lab. Physiopathol. Nutr. CNRS URA307, University Paris VII, 
Paris, France 
We have previously shown that prolonged hyperglycemia 
induced in non-diabetic rats (HG), durably potentiated the 8-cell 
responsiveness to glucose. The fact that in vitro glucose- 
induced insulin secretion was, on the contrary, markedly 
impaired, suggested that the potentiation of insulin secretion 
was related to extrapancreatic factors, especially those involving 
central nervous control of insulin secretion. Rats were rendered 
hyperglycaemic by a 48h-glucose infusion (20 mM). To evaluate 
the role of parasympathetic system (PS), HG rats were 
submitted to bilateral subdiaphragmatic vagotomy, 6h after the 
end of infusion. Insulin secretion was investigated by a glucose 
tolerance test. The AI/AG was markedly increased in intact HG 
rats (3.86+0.86) compared to controls (1.02+_0.30).Vagotomy 
reduced the difference between groups: AI/AG became similar in 
vagotomized HG rats (1.69+ 0.25) and in intact controls. This 
suggests that increased cholinergic activity was involved in the 
high insulin secretion in HG rats. The role of the sympathetic 
system (SS) was investigated by studying the effect of an 
intraperi toneal injection of various doses of the alpha2 
adrenergic blocker oxymetazolin (OM). The OM concentration 
producing half maximal decrease of AI/AG was doubled in HG 
rats compared to controls. This strongly suggests a decreased 
sensit ivity of insulin secretion to the inhibiting effect of 
catecholamines in HG rats. Therefore both PS and SS could be 
involved in the potentiating effect of prolonged hyperglycemia 
on the in vivo insulinresponse to glucose. 
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TAMM-HORSFALL GLYCOPROTEIN IN EXPERIMENTAL DIABETES. 
R. Rasch*, O. Torffvitt, S. Bachmann~:, P.K. Jensen** and N.O. 
Jacobsen # . 

*Department of Cell Biology, Institute of Anatomy, Aarhus 
University, Denmark; #institute of Pathology and **Department of 
Ophthalmology, University Hospital, Aarhus, Denmark; "l'Medical 
Department, Lurid University Hospital, Sweden; :l:lnstltute of 
Anatomy, University of Heidelberg, Germany. 

Tamm-Horsfall protein (TH) is a glycosylated polypepUde secreted 
only by kidneys. The aim of these studies was to estimate the 
significance of TH In diabetes by studying TH urinary excretion, 
cellular location of TH mRNA by in situ hybrldisatlon, and cellular 
immunostaining of TH in the distal straight tubule (DST) on tissue 
sections from age matched controls (C) and 10 (Dr0) and 50 (D50) 
days moderately diabetic rats. 
Urine was collected from each group for several 4 hour periods. 
One kidney was snap frozen for in sltu hybridization and the other 
was perfusion fixed for Immunocytochemlcal staining. 
Densitometry was used to quantitate tissue staining. 
Urinary excretion of TH increased significantly from 0.5 i~g/day In 
controls to 1.2 In D10 and 1.78 In D50. The mRNA staining 
expressed in relation to control measurements of 100 In C was 50 
in D10 and 29 in D50. The Immunocytochemlcal staining decreased 
significantly from 100 in C to 41 In D10 and 30 In D50. The 
decrease was most pronounced in the cortex. 
In conclusion, the TH protein formation and excretion in the DST 
is disturbed in diabetic rats, Indicating a dysfunction In the DST. It 
is possible that this Is an early manifestation of diabetic kidney 
disease. 
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HYPERSECRETION OF AMYLIN FROM THE PERFUSED 

PANCREAS OF GENETICALLY OBESE RATS 

K. Incus, A. Hisatomi, S. Hiramatsu, Y. Sako, F. Umeda and 

H. Nawata, Third Department of Internal Medicine, 

Kyush~ University, Fukuoka, Japan. 

To clarify alterations in amylin secretion during 

the ~evelopment of obesity, we studied the secretion of 

amylin from the perfused pancreata of lean (Fa/?) and 

genetically obese (fa/fa) tucker rats at 9, 18, and 54 

weeks of age. Amylin concentration in the effluent was 

determined by radioimmunoaseay (Peninsula). Secretion 

of amylin induced by 16.7 m~[ glucose in obese rats was 

significantly greater than in lean rats at 9 and 18, 

but not at 56 weeks, whereas the secretion of amylin 

induced by 1OmM arginine in obese rats was 

significantly greater than in lean rats at all ages. 

Maximu/n secretion of insulin and amy• induced by 

arginine occurred at t 8  weeks in obese rats and at 54 
weeks in lean rats. The secreted amylin-to-insulin 

molar ratio induced by glucose in obese rats at 18 

weeks was significantly greater than in lean rats 

( o b e s e :  1 . 2 3 •  l e a n ; 0 . 9 9 •  p < 0 . 0 1 ) .  At  54 
weeks, the molar ratios induced by glucose and arginine 

in obese rats were significantly greater than in lean 

rats, although insulin secretion did not differ 

significantly. These findings suggest that hypersecre- 

tion of amylin from the pancreata of genetically obese 

rats may be linked to the development of obesity. 
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Human islet amyloid polypeptide accumulates in p-cell lysosomea 
and perivascular spaces in transganic mice. 

EJP de Koningl,2, JWM H6ppener3.4, C Oosterwijk3, JS Verbeek 5, HJ 
Visser4, HS Jansz 3, CJM Lips4, JFM Morris1, A Clark1,2 

1 Dept. of Human Anatomy, 2Diabetes Research Laboratories, University of 
Oxford, Oxford, UK 
3Dept. of Physiological Chemistry. 4Dept. of Internal Medicine, 5Dept of 
Experimental Immunology, University of Utrecht, Utrecht, The Netherlands 

The species specific amine acid structure of islet amyloid polypeptide 
(lAPP) is an important factor in formation of islet amyloid in type 2 (non- 
insulin-dependent) diabetes mellitus. We used a transgenic mouse model 
to investigate whether accumulation of lAPP in ,a-cells is a result of the 
amino acid sequence, Pancreatic tissue was obtained from transgenic 
mice (>5 months), expressing genes for human lAPP (hlAPP)(7 breeding 
lines) or rat lAPP (rlAPP)(2 lines) and from control mice. lAPP was 
immunolocalised on ultrathin sections for electron microscopy using 
antisera to rlAPP (which cross reacts with hlAPP and mouse lAPP) and to 
hlAPP C-terminal flanking peptide (hC-IAPP). The investigators were 
blind to the genetic status of the animals, Immunoreactivity (IR) for lAPP 
was located in insulin granules of all animals. High density of IAPP-IR 
was only found in B-cell lysosomal lipofuscin bodies of animals 
expressing the hlAPP gene. Amorphous perivascular IAPP-IR deposits 
were detected in two hlAPP mice. hC-IAPP-IR was Iocalised to insulin 
granules in hlAPP transgenic animals but was not found in lysosomes of 
any mice studied. We suggest that hlAPP in transgenic mice, as in man 
and monkeys, is processed via a B-cell lysosomal pathway and can 
accumulate in perivascular spaces and lipofuscin bodies. 
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AN INSULIN RECEPTOR GENE DELETION IN A KINDRED 
WITH A FAMILIAL FORM OF INSULIN RESISTANCE. 
E. Wertheimer, Y. Litvin*, R.P. Ebstein*, E.R. 
Bennett*, F. Barbetti, D. Accili and S.I. 
Taylor. National Institutes of Health, 
Diabetes Branch, Bethesda, Maryland, USA. 
*Sarah Herzog Memorial Hospital, Jerusalem, 
Israel. 

Mutations in the insulin receptor gene have 
mainly been identified in patients with extreme 
insulin resistance. We have investigated a 
family in which both parents and all five 
daughters have moderately elevated levels of 
fasting insulin ranging between 160-220 pmol/L 
except for a 6-year old girl with levels of 85 
pmol/L. One dauqhter is obese and has fasting 
hyperglycemia. [125I] insulin binding to 
EBV-transformed lymphoblasts was either low or 
at the lower limit of the normal range. Using 
denaturing gradient gel electrophoresis we did 
not find a mutation in the insulin receptor 
gene. However, in exon 3 we could not detect 
the father's DNA sequence in any of the 
daughters. Southern blot analysis revealed a 
deletion in the father's genomic DNA. When 
cDNA was synthesized from the paternal genomic 
DNA using reverse transcriptase and amplified 
by polymerase chain reaction, two cDNA species 
were identified: one with a normal sequence; 
in the other species exon 3 was deleted. The 
deleted allele was inherited by all the 
daughters. In conclusion, the deletion mutation 
appeared to cause a moderate degree of insulin 
resistance in this kindred. These observations 
suggest that the prevalence of insulin receptor 
mutations may be higher than is generally 
believed. 
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INSULIN INTERACTION WITH ITS OWN RECEPTORS IS BLOCKED BY 
RECEPTOR AUTOANTIBODIES: 1-123 INSULIN IMAGING IN A PATIENT 
N. DOZIO, E. SARUGERI, M. SCAVINI, S. SARTORI, R. CANDRINA, F. 
DOSIO, A. SAVI, F. FAZIO, C. LOIN, JC. SODOYEZ and G. POZZA, H. 
San Raffaele, Milano, Italy - University of Li6ge, Liege, Belgium. 
Insulin receptor antibodies (IRA) of a patient with autoimmune 
hypoglycemia were in vitro characterized and their effect on in vivo 
biodistribution of 1-123 insulin was evaluated. IRA inhibited insulin 
binding on HIR3T3 fibroblasts, IM9 lymphocytes and human placental 
membranes; induced aggregation of the receptors on the cell 
membrane; immunoprecipitated the proreceptor, alfa and beta subunits 
from cell lysates. A biodistribution study in the patient after i.v. 
injection of 1 mCi I- 123 Tyr A 14 insulin showed lack of tracer uptake 
by the liver (9% of the injected dose, n.v. 21,1+1.7%). Time activity 
curves generated on the heart and on the liver were parallel suggesting 
that activity in the liver represents only the tracer in the hepatic blood 
compartment. Clearance of insulin from the blood was indeed slower 
than in controls with a T1/2 of 11.5 min (n.v. 3.2+0.1 rain) and 
mainly exerted by the kidneys. Analysis of plasma radioactivity 
showed that insulin degradation did not occur at the same rate as in 
controls. 
In conclusion, IRA detected in vitro by different techniques 
significantly alter in vivo biodistfibution of 1-123 insulin by preventing 
its interaction with receptors and its subsequent degradation. 
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INCREASED DISSOCIATION RATE OF INSULIN FROM ITS 
RECEPTOR IN A PATIENT WITH STEINERT'S ATROPHIC 
MYOTONIA. B. Casanova, F.J. Arrieta, A. Casla, A. 
Su~rez, N. Pulido and A. Rovira. Fundaci6n 
Jim~nez Diaz. UAM, Madrid. Spain. 
Steinert disease is inherited through a dominant 
autosomic gene and may be associated with insulin 
resistance. The insulin binding, dissociation 
kinetics, insulin internalization and degradation 
were studied in lymphocytes transformed with 
Epstein-Barr virus from a 14 yr-old patient with 
Steinert disease. Insulin sensitivity index, 
obtained by the modified minimal model, was 
0.6x10 ~ minl/(~U/ml) (normal: 3.5• ~, 
mean• n=14). Either maximal specific 
125I-insulin binding (26.2% /107 cells, n=2), 
maximal insulin binding capacity (0.48 pmol/107 
cells) and affinity (IDs0:0.75 nM) were within 
the normal range (31.8• 0.8• and 0.7• 
respectively). 125I-insulin dissociation rate at 
pH 6.0 or in the presence of 500 ng/ml insulin 
was 23% and 70% higher than in controls 
respectively. Insulin internalization was 
decreased (8.2 vs 18.4• of total bound at 
t=0), and a smaller fraction of internalized 
125I-insulin remained bound to its receptor 
(PEG-precipitable: 32.4 vs 51.7• of total 
intracellular). 125I-insulin was more rapidly 
degraded (TCA-soluble radioactivity in the 
medium: I00 % higher than in controls after 60 
min incubation at 37~ We conclude that the 
higher dissociation rate of insulin from its 
receptor at the cellular surface and at the 
intracellular compartment, together with a 
decrease in the internalization of the 
insulin-receptor complex may explain the insulin 
resistance present in this patient with Steinert 
disease. 
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INFLUENCE OF INSULIN RECEPTOR (z -SUBUNIT  
PROTEOLYSIS ON HORMONE-RECEPTOR INTERACTIONS 
B. Yusta, P. S~.nchez-Casas and E. Bl~.zquez. Dpto. 
Bioqu{mica, Fac. Medicina, UCM, 28040-Madrid (Spain). 

Insulin binding to rat liver plasma membranes 
(LPM) promotes proteolysis of the 135 kDa c(-subunit of 
the insulin receptor (siR) to a fragment of 120 kDa, a 
process suggested to play a role in the hepatic IR down- 
regulation onset. In the present study, transient-state 
and steady-state [1251]_insuli n binding assays in 
combination with chemical cross-linking procedures 
and SDS-PAGE, were used to characterize the influence 
of siR proteolysis on insulin-receptor interactions in 
LPM. Degradation of c(IR occurred even in the absence of 
hormone (basal degradation) with insulin binding 
augmenting proteolysis above basal level. By the time 
maximal binding was achieved, insulin-stimulated a- 
subunit proteolysis had contributed in half to maximal 
degradation attained (=30%). The effect of insulin on 
(zlR proteolysis was more pronunced at low (<12%) than 
at high receptor occupancy, suggesting that proteolytic 
activity responsible for (zlR degradation is saturable. 
Proteolytic degradation of (~-subunit increases by 3- 
fold the apparent affinity of the IR as determined by 
displacement assays. A slower rate of insulin 
dissociation from 120 kDa complexes is responsible, at 
least in part, of the higher affinity showed by the 
degraded receptors. Our results suggest that (~lR 
proteolysis may have a regulatory effect on cellular 
sensitivity to insulin by altering IR affinity. 
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BIOCHEMICAL AND MORPHOLOGICAL EVIDENCE THAT INSULIN CAN 
UP-REGULATE ITS RECEPTORS IN THE PLASMA MEMBRANE 
JW Eriksson, P LOnnroth, J Vinten and U Smith. Dept of 
Medicine I I ,  Universi ty of Gothenburg, Sweden and Inst. 
of Medical Physiology B, Universi ty of Copenhagen, 
Denmark 

The aim was to fur ther characterize the acute effects 
of insul in on i ts  ce l l  surface receptors. Isolated rat  
adipocytes were preincubated at 37~ for 20 min with or 
without insulin (lOOO #U/ml). Receptor cycling was 
stopped with 2 mM KCN and insulin dissociated. IZq-insulin 
was bound to the cell surface and cross-linked to the 
receptors with 0.5 mM disuccinimidyl suberate. Insulin 
pretreatment increased binding ~4-fold (p<O.OOl) through 
an enhanced number of binding sites. This effect was 
recovered in plasma membranes (despite receptor interna- 
l izat ion) when prepared after the cross-linking procedure 
{p<O.Ol). SDS-PAGE and autoradiography confirmed a 3-5- 
fold increase of ~251-insulin bound to the 135 kDa ~- 
subunit of the insulin receptor. This effect was markedly 
attenuated in insulin-resistant cells (cAMP-treatment). 
Furthermore, immuno-gold labell ing (using a monoclonal 
antibody directed against the C-terminus of the receptor 
B-subunit) of the cytoplasmic face of plasma membranes, 
assessed with electron microscopy, was enhanced -3-fold 
following insulin pretreatment. Trypsin (1 mg/ml) treat- 
ment of cells removed > 90% of the ~ l - insu l in  binding 
capacity of subsequently prepared plasma membranes, 
suggesting that no "hidden", trypsin-resistant receptor 
pool exists. 
Conclusion: Insulin rapidly increases the number of 
functioning insulin binding sites in the rat adipocyte 
plasma membrane possibly through a conformational change. 
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TYROSINE KINASE ACTIVITY IN INSULIN RECEPTORS FROM 
HYPOMAGNESEMIC RATS 
A. Su~rez, N. Pulido, A. Casla, B. Casanova, F.J. 
Arrieta, R. Romero and A. Rovira. Fundaci6n 
Jim~nez Diaz, Universidad Aut6noma de Madrid, 
Madrid, Spain. 
Decreased insulin sensitivity has been referred in 
diabetic patients with hypomagnesemia. The aim was 
to study the effect of hypomagnesemia on insulin 
binding and tyrosine kinase activity of the 
insulin receptor from liver, muscle and fat. Rats 
(180 g) were fed with normal (n=9) or low 
Mg+2-containing diet (n=15), reaching a serum Mg +2 
level of 1.90• mg/dl (mean• and 1.10• 
respectively (p<0.001). solubilized receptors from 
liver, skeletal muscle and epididymal fat were 
partially purified by Wheat Germ Agglutinin 
affinity chromatography. Specific 12sI-insulin 
binding (101~) and tyrosine kinase activity 
towards an exogenous substrate (Poly GluS~ 2~ 
were measured. No differences in the insulin 
binding to liver, muscle or fat insulin receptors 
were found between hypomagnesemic and control 
rats. Hypomagnesemic rats presented a decrease in 
basal and in insulin-stimulated tyrosine kinase 
activity of insulin receptors from liver (basal: 
2.4• vs 3.8• pmol np/~g receptor, p<0.05; 
10-7M insulin: 4.3• vs 9.5• p<0.05), 
skeletal muscle (basal: 3.7• vs 5.3• 
p<0.Ol; 107M insulin: 22.1• vs 26.5• 
p<0.05) and fat (basal: 3.7• vs 7.6• 
p<0.05; 10"7M insulin: 6.4• vs 20.7• 
p<0.001); the insulin effect on the kinase 
activity was also significantly decreased in the 
three tissues. In conclusion, the insulin 
resistance referred in hypomagnesemia is due in 
part to an impairment of the tyrosine kinase 
activity of insulin receptors from the three major 
insulin-target tissues. 
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EVIDENCE FOR INCREASED GLP-I(7-36)AMIDE SPECIFIC 
RECEPTORS IN FAT MEMBRANES FROM NONINSULIN-DEPEN- 
DENT DIABETICS. M.L. Villanueva-Pe~acarrillo, E. 
M~rida, E. Delgado, F. Arrieta, A. Rovira and I. 
Valverde. Fundaci6n Jim~nez D~az, Madrid, Spain. 

We have found GLP-l(7-36)amide (tGLP-I) specific 
receptors in rat and human fat membranes and a 
lipolytic effect of tGLP-I in rat adipocytes. 
Higher tGLP-I secretion after oral glucose in 
noninsulin-dependent diabetics (NIDDM) has been 
reported. We have studied the [I~I]tGLP-I binding 
to solubilized fat membranes from NIDDM and 
weight matched controls. The fat tissue was 
obtained from the gluteal region after patients 
informed consent given. Fat membranes (30,000 g 
pellet) were solubilized with 1% Triton X-100 in 
50 mM Hepes, i0 mM MgSO4, pH 7.6. Solubilized 
membranes (5 ~g) and [12sI]tGLP-i (3 fmoles) were 
incubated for 15 min at 25~ in i00 ~i of 50 mM 
Hepes, pH 7.6, containing i0 mM MgSO4, 0.1% 
bacitracin, 500 Uic/ml trasylol and 2% BSA, in 
the presence of unlabelled peptide (0-i0-~). The 
maximal specific binding was 8.5 • 0.9%, n=5, and 
5.3 • 0.3%, n=4, p < 0.02, in NIDDM and controls, 
respectively. The Scatchard plot revealed the 
presence of high- and low-binding sites, with 
respective Kds of 1.4xi01~4 and 0.8 x 10-~M, in 
NIDDM, and 1.6xI0-I~ and 0.8x10-SM, in controls. 
The total binding capacity was 6.4 and 3.0 
fmol/~g in NIDDM and in controls, respectively. 
In conclusion, NIDDM seem to have higher tGLP-I 
receptor's number accompanied by no alterated 
affinities when compared to matched weight 
control subjects. These results indicate a 
possible implication of tGLP-I in the 
physiopathology of noninsulin-dependent diabetes 
mellitus, at the level of lipid mobilization. 
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A COMPARATIVE STUDY OF IN VITRO AND IN VIVO INSULIN 
METABOLISM IN NORMAL CONTROLS 
L. Benzi, P. Cecchetti, AM. Ciccarone, G. Di Cianni, R. Cionini and 
R. Navalesi. Chair of Metabolic Disease, Inst. of Second Medical Clinic 
and CNR Institute of Clinical Physiology, P1SA. ITALY. 

This study compares intermediates obtained from A14-125I-insulin 
(A14-I) processing by human monocytes with those arising after iv 
injection of insulin. Monocytes from I0 normal controls were incubated 
with A14-I (8.33 nM) for 30 min at 37~ acid washed and reincubated 
in A14-I-free buffer. Cells released 50% of internalized radioactivity 
within 30 min. The reversed-phase HPLC (RP-HPLC) characterization 
of medium radioactivity at this time, showed 8 labeled products: peak 1 
(70% of medium radioactivity) coeluting with 125I-iodotyrosine, was 
identified as a final degradation product and peak 7 (12%) coeluting 
with A14-I, as intact hormone. 6 other peaks (25%), eluted at 
intermediate positions (peaks 2-6) or after A14-I peak (peak 8). In vivo 
A14-I (140-150 ].tCi) was injected in 5 normal controls. Serum 
radioactivity, extracted by Sep-Pack C18 column, was resolved by RP- 
HPLC into 8 peaks which appeared rapidly in plasma, reached a 
maximum in 15 rain, and then decreased slowly. The comparison of in 
vivo and in vitro RP-HPLC patterns, showed that medium from 
monocytes contains identical products to those in blood. The 
immunochemicai characterization of degradation products obtained in 
vitro and in vivo, showed that immunoprecipitability with anti-insulin 
antibody increased from peak 4 (50%) to peak 8 (90%, superimposable 
to that of A14-I). The presence of immunoprecipitable derivatives in 
plasma implies that the decay curve of insulin is faster and the metabolic 
clearance rate higher, when determined by RP-HPLC as compared with 
immunoprecipitation (589_+29 ml/min/m 2 vs 399_+23 ml/min/m 2, 
p<0.05). On Sephadex G50, peaks 4-8 eluted with A14-I and after 
sulfitolysis, they contained in their structure intact A-chain. Rebinding 
values to monocytes (% of A14-I binding) were about 25% for peaks 5 
and 6 and 40% for peak 8. This material was internalized at a rate (45%) 
similar to that of intact insulin (51.2%). We conclude: 1) In vivo and in 
vitro insulin metabolism produces intermediates, with characteristics 
very similar to those of insulin and almost in part, rebindable to insulin 
receptors. 2) intermediates produced in vivo and in vitro are identical 
thus supporting the possibility that insulin is metabolized in various cells 
by a common pathway. 
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EVALUATION OF COMPLEX BINDING BEHAVIOR IN THE 
INSULIN RECEPTOR USING A BIOSENSOR. 
R.M. Shymko, L. Sch~ffer and P. De Meyts. Hagedorn 
Research Institute, Gentofte, and Novo-Nordisk Diabetes 
Research, Bagsvaerd, Denmark. 

Classical experiments using 12Sl-labeled insulin show that 
insulin does not bind to its receptor according to a simple 
bimolecular interaction scheme. Rather, equilibrium and 
kinetic binding measurements suggest the presence of nega- 
tive cooperativity, which is most clearly demonstrated by the 
acceleration of dissociation of 12Sl-insulin when receptor bind- 
ing sites are fully occupied by insulin. We have extended 
these studies using a newly-developed technology 
(BIAcore TM, Pharmacia Biosensor AB) which monitors in real 
time the association and dissociation of ligand to purified 
substrates coupled to a biosensor. Experiments were carried 
out to measure association and dissociation kinetics of insu- 
lin binding to a purified cloned insulin receptor extracellular 
domain (IRED) bound to the biosensor. Computer programs 
were developed to to analyze the shapes of the kinetic bind- 
ing curves along with extrapolation to equilibrium bound 
values. The association phase could be interpreted in terms 
of a simple bimolecular binding reaction with a lower affinity 
than seen in solution. However, the dissociation phase was 
non-first-order, confirming the presence of complex binding 
behavior in this system. We describe the detailed analysis 
required to distinguish among various classes of binding 
models incorporating negative cooperativity, multiple binding 
sites, or isomerization transitions during the binding process. 

321 
RECEPTOR BINDING OF THE THREE ISOMERS OF 
12SI-LABELED INSUUN-LIKE GROWTH FACTOR I 
L.Sch~ffer, U.D.Larsen, S.Linde, L.Skriver, and K.Hejn~s. 
Novo Nordisk A/S and Hagedorn Research Laboratory, 
Denmark. 

The binding of insulin-like growth factor I (IGF1) to the 
IGFl-receptor has been characterized for receptors from a 
variety of sources, but in contrast to studies of the insulin 
receptor where TyrA~4(1251)-Iabeled human insulin is 
available as an ideal tracer, studies of the IGF1 receptor 
have been performed with various less well characterized 
tracers. Since the purity, homogeneity, and affinity of the 
tracer are all crucial for the data obtained from receptor 
binding assays, we have isolated and characterized the 
three isomers obtained upon 12Sl-labelling of IGF1. The 
isomers were separated by RP-HPLC and identified by 
peptide sequencing. The relative receptor affinities were 
determined by binding to partially purified IGFl-receptors 
from transfected cells. The affinities of the isomers were 
Tyr 24 > Tyr 31 > > Tyr 6~ In another experiment the 
curves for binding of increasing amounts of Tyr31(12Sl) - 
IGF1 to the IGFl-receptor and displacement of Tyr31(1251)- 
IGF1 with unlabelled IGF1  were superimposable, 
indicating that the affinity of Tyr3~(12~I)-IGF1 is 
comparable to that of unlabelled IGF1. 
In conclusion, we have purified, identified, and 
characterized the three iodination isomers of IGF1, and 
we find Tyr31(~2~I}-IGF1 to be the tracer of choice for all 
studies involving IGFl-receptors. 
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METABOLIC EFFECTS OF A GROWTH HORMONE BOLUS IN 
TYPE II DIABETES 

KD Hopkins, SL Judd, PH S6nksen and RH Jones. Department 
of Endocrinology and Chemical Pathology, St Thomas' Hospital, 
London, UK. 

Growth hormone (GH) and insulin-like growth factors (IGF's) 
have been implicated in the pathophysiology of diabetic 
complications. We studied the response of 9 well controlled, 
male, diet treated diabetics (D)(mean (-+ SEM) duration 2.1 _+ 
0.8 years;mean HbA1 7.8 _+ 0.4%) and 9 age, sex and weight 
matched controls (C) to a bolus of GH (0.012U/kg/15min) in the 
postprandial state. Plasma glucose decreased significantly from 
baseline in diabetics (7.61 -+ 0.4 mmol/I) and controls (5.4 -+ 
0.1 mmol/I) at 20 and 25 minutes (p<0.05 GLM/ANOVA). 
Glucose in controls returned to baseline at 120 minutes. 
Baseline plasma insulin and C-peptide were not different 
between groups. Insulin decreased in controls at 20 minutes 
(5.8 - 1.4 mU/I,p<0.05) till 50 minutes associated with 
significant suppression of C-peptide (baseline 0.43 + 0.07 
nmol/I to nadir (75 min) 0.23 +-- 0.1,p<0.05). Insulin and C- 
peptide did not change in diabetics. Baseline insulin-like growth 
factor binding protein-1 was significantly higher in normals (D 
0.71 +- 0.17;C 1.64 -+ 0.35 ug/I,p<0.05) but did not change;it 
increased in diabetics at 75 and 90 minutes (1.4 _+ 0.29, 1.3 -+ 
0.21 ug/I,p<0.05). This altered response to a GH bolus in type 
II diabetics may affect distribution and action of IGF's. 
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ROUTE OF INSULIN ADMINISTRATION AND GROWTH HORMONE BOTH 
INFLUENCE HEPATIC GENE EXPRESSION OF IGF-I. 

D L Russell-Jones, and C R Thomas. Patricia Whale Laboratory 
of Molecular Endocrinology, Department of Endocrinology and 
Chemical Pathology , UMDS, St Thomas' Campus, London SE1 
7EH, UK. 

Diabetes reduces hepatic IGF-I gene expression, but the 
controlling factors and the role of the portal vascular link between 
the pancreas and liver remain poorly understood. We therefore 
investigated the effects of growth hormone (GH) and the route of 
insulin administration (s.c. or i.p. [to mimic the hepatic portal 
delivery]) on hepatic IGF-I mRNA levels in-vivo. Fifteen 
streptozotocin diabetic rats were randomly assigned to 5 groups: 
[D] untreated diabetics (blood glucose (b.g.) 36.3 + 0.5 retool/l), 
[D+Ise] diabetic + 5.0IU/24h insulin s.c. (b.g. 3.3 -+ 0.i mmol/1), 
[D+Iip] diabetic + 5.0IU/24h insulin i.p. (b.g. 4.7 _+ 0.3mmol/1), 
[D+GH] diabetic + 0.8IU/24h GH (b.g. 38.7 -+ 2.4 mmol/1), 
[D+GH+I] diabetic + GH + insulin s.c. (b.g. 13.9 _+ 4.3 mmol/1) 
plus 4 controls [C](b.g. 7.4 -+ 0.4 mmol/1). Hepatic IGF-I mRNA 
was quantified by northen blot analysis. Compared with [12] IGF-I 
mRNA levels were reduced to 21 _+ 6% in [D](p<0.01), partly 
restored in [D+GH](76 -+ 4%, p<0.05) and not different in 
[D+GH+I](102 _+ 10%). Intraperitoneal insulin was more 
effective (p<0.05) in restoring hepatic IGF-I mRNA (71 -+ 17% 
of [C], p<0.02) than s.c. insulin (44 _+ 4% of [C], p<0.01). We 
conclude that insulin, the route of insulin delivery via the portal 
route to the liver and GH play an important role in hepatic IGF-I 

gene  expression. 
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METABOLIC POTENCY OF RECOMBINANT HUMAN INSULIN- 
LIKE GROWTH FACTOR II IN ADULT RATS 
F. Stumpel, H. Hartmann and W. Creutzfeldt, 
Department of Medicine, Robert-Koch-StraBe 40, 
3400 Gottingen, Germany. 
Insulin-like growth factor II (IGF-II) is 
structurally related to preinsulin and insulin- 
like growth factor I (IGF-I). Insulin-like 
acute metabolic actions have been reported for 
both, IGF-I and IGF-II in vivo and in vitro. 
Aim of the present investigation was to further 
characterize the acute metabolic action of IGF- 
II in anaesthetized adult rats by obtaining 
dose response curves for hypoglycaemic action 
and for stimulation of glucose metabolism 
during euglycaemic clamping. Results: Maximal 
responses of insulin and IGF-II were identical. 
However, about 50 times higher doses of IGF-II 
were required to result in identical in vivo 
responses, with half-maximally effective serum 
concentrations for the stimulation of glucose 
disposal during clamp studies of about 0.8 and 
50 pmol/ml respectively. A similar difference 
in potency was observed for the dose dependent 
stimulatory actions on glucose metabolism in 
individual target tissues, e.g. for 2- 
deoxyglucose uptake, glycogen formation in 
skeletal muscle and for lipogenesis in 
epididymal fat requiring half-maximally 
effective serum concentrations in the range of 
0.8 to 3.0 pmol/ml for insulin and of 40 to 70 
pmol/ml for IGF-II. 
These data suggest that in vivo acute metabolic 
actions of insulin-like growth factor II on 
carbohydrate metabolism occured through insulin 
receptors. 

325 

THE RESPONSE OF GLUCOSE AND FAT METABOLISM TO 
IGF-I, INSULIN AND COMBINED INSULIN + IGF-I IN DOGS. 
F. Shojaee-Moradie, M.J. Thomason, N.C.Jackson, A. Skottner, 
P.H. SOnksen, R.H. Jones and A.M. Umpleby. Dept Endocrinology 
& Chemical Pathology United Medical and Dental Schools of 
Guy's and St Thomas' Campus London SE1 7EH UK. 
IGF-I has insulin like effects on glucose and fat metabolism with 
a hypoglycaemic potency 8-11% of insulin (INS) but it is unclear 
whether these effects are mediated via IGF-I receptors. The short 
term metabolic effects of 34 or 103 pmol/kg/min IGF-I, 3.4 
pmol/kg/min INS, combined 3.4 INS + 34 IGF-I or combined 3.4 
INS + 103 IGF-I pmol/kg/min infusions were investigated in 
anaesthetised dogs (n=5). D-3 3H glucose was infused for 510 rain 
and the hormones from 180-360 min. Euglycaemia was maintained 
by D-3 3H glucose spiked glucose infusion. The percentage 
decrease in basal glucose production (Ra) with both combined 
infusions (59% and 54%) was not different from 3.4 pmol INS 
None (51%). The percentage increase in glucose utilisation (Rd) 
from basal was greater with both combined infusions (444%, 
498%) than with INS (331%) or 34 or 103 pmol IGF-I (317%, 
331%), (p<0.01). The decrease in free fatty acid (NEFA) 
concentration with both combined infusions was not different from 
INS. The differential effects of INS and IGF-I on glucose Rd, 
glucose Ra and NEFA concentration are consistent with the 
relative abundance of IGF-I receptors in muscle but not in 
hepatocytes or adipocytes and suggest the metabolic effects of IGF- 
I are mediated through IGF-I receptors. 
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NEGATIVE FEEDBACK REGULATION OF AMYLIN 
GENE EXPRESSION BY AMYLIN IN J~TC1 CELI.S 
A. BAtLMC~T, J.C. MARIE, C. LAVERGNE, G. SKOGLUND, B. 
BREANT and G. ROSSELIN . INSERM U55, Centre de 
Recherches Paris Saint-Antoine, Paris, FRANCE 

Islet amyloid polypeptide (IAPP) is known to be 
secre ted  by  the  B-cell and  to a c c u m u l a t e  as  amyloid 
deposi ts  in Type 2 diabetes.  Our  a im was  to s t u d y  the  
s h o r t - t e r m  r e g u l a t i o n  (30 rain) of  IAPP g e n e  
e x p r e s s i o n  in  the  g l u c o s e - r e s p o n d i n g  JS-celI l ine  
JSTC1. Based  on our  recent  observat ion tha t  lAPP (2.5 
~tmol/1) c a n  i n t e r a c t  w i th  CGRP r e c e p t o r s  to 
s t i m u l a t e  a 4 fold inc rease  of i n s u l i n  sec re t ion  in 
JSTC1 cells , we invest igated whe the r  lAPP was  able to 
regula te  its own gene express ion  t h r o u g h  the  CGRP- 
recep to rs ,  lAPP gene  e x p r e s s i o n  in  exponen t i a l l y  
growing cells was  s tud ied  by Nor thern  blot ana lys i s  
a n d  quant i f ied by dens i tometr ic  analys is .  Glucose (1- 
25 mmol/1) i nc reased  IAPP gene  expres s ion  in a 
d o s e - d e p e n d e n t  way,  m a x i m a l  s t i m u l a t i o n  w a s  
observed a t  25 mmol /1  and  represen ted  a 1.6 fold 
inc rease  as  compared  to tha t  of lmmol /1  glucose.  At 
the  opt imal  s t imu la to ry  concen t ra t ion  of g lucose  (25 
mmol /1) ,  lAPP (l~tmol/1) i nh ib i t ed  i t s  own gene  
e x p r e s s i o n  {40% of control] ,  w i t h o u t  a p p a r e n t l y  
modifying insu l in  mRNA levels. CGRP (lllmol/1) gave 
the  s a m e  degree of inhibit ion of IAPP gene express ion.  
Cycloheximide,  a protein  syn t he s i s  inhibitor,  did no t  
p reven t  the  inhibi tory effect of lAPP. It is conc luded  
t h a t  lAPP can  down-regu la te  i ts  own gene  product ,  
probably th rough  the  activation of CGRP receptors. 
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IDENqqFICATION OF A CHOLECYSTOKININ R E C E F F O R  

SUBTYPE IN T H E  ENDOCRINE PANCREAS 

E.J. Verspohl, B. Haf~er, H.P.T. Ammon,  M.A. Wahl, J.J. Knittel 

Depart.  of  Pharmacology, Inst. of  Pharmaceut.  Sciences, Mfiuster 

and Tiibingen (Germany) and Medical Center, University of  

Cincinnati (USA) 

Cholecystokinin (CCK) is a gut  hormone that regulates pancreatic 
endocrine functions via CCK-A receptors. CCK 4 (Trp-Met-Asp- 
Phe-NH2) is 1000 fold less potent  than CCK 8. The in vitro 
potencies and selectivity of  newly synthesized CCI~ analogues 
were investigated. Exchanging various amino acids, e.g. Met  by 
Pro (compounds UCII l l8A,  UC1V38B) or Nle (compounds 
QIII10, QIII36, UCV46A) and modifying Phe and/or Trp shifts 
the dose-respouse curves for glucose-induced insulin release two 
to three fold to the left (p<0.001), i.e. results in a sensitizing 
effect of  isolated islets to glucose that is comparable to the 
insulinotropie effect of  CCK~. Especially above mentioned 
compounds which possess electron-drawing groups were effective. 
Other  synthesized compounds with electron-donating groups had 
no effect. In contrast to CCK, the insulinotropic CCK, 
compounds were selective for the endocrine pancreas: they had 
no agonistie or antagonistic effect on either the contraction of  
the guinea pig ileum or on the feeding behaviour of mice being 
supplied with either compound by an implantable Alzet | pump 
for five days. It is concluded that by these highly selective 
compounds (peripheral) CCK-A receptor subtypes can be  
discriminated for the first time; the B-ceil CCK-A receptors are 
different from those in smooth muscle and those for regulating 
appetite. 
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SYNERGISTIC EFFECTS OF GIP AND GLIBENCLAMIDE ON 
INSULIN AND SOMATOSTATIN SECRETION 
E. Sandberg, A. Nyl6n, J. Szecowka, C-G. (Sstenson and 
S. Efendic. Dept. of Endocrinology, Karolinska Institute, 
Stockholm, Sweden. 
It is well established that glucose-dependent insulinotropic 
peptide (GIP) stimulates adenylate cyclase. The aim of this 
study was to explore further the mechanisms by which GIP 
stimulates secretion of pancreatic hormones. Using isolated 
perfused rat pancreas we have studied interactions of GIP 
with secretagogues, which differ in their effects on intracel- 
lular cyclic AMP-levels. 10 nM GIP potentiated both early 
(1-5 min) and late (6-40 rain) 16.7 mM glucose-induced 
insulin and somatostatin release. Total 40 min insulin: 1867 
_+ 120 ng (control), 5011 _+ 440 ng (+GIP); n=5 ,  
p<0.O01. Somatostatin: 1.91 + 0.34 ng (control), 5.31 + 
1.13 ng (+GIP); n=5 ,  p<0 .01 .  The early (1-5 rain) and late 
(6-20 rain) 2 pM glibenclamide-induced insulin and soma- 
tostatin responses were potentiated by 10 nM GIP. Total 20 
rain insulin: 147 + 13 ng (control), 708 + 92 ng (+GIP); 
n=6 ,  p<0.001.  Somatostatin: 1.22 + 0.13 ng (control), 
2.81 _+ 0.37 ng (+GIP); n=6 ,  p<0.01 .  Similar but less 
pronounced results were obtained with 1 nM GIP. In 
contrast, 1 or 10 nM GIP had no effect on 20 mM arginine- 
induced secretion of insulin, somatostatin or glucagon. 
Hence, GIP shows synergistic activity with the cyclic AMP- 
increasing secretagogues glucose and glibenclamide, and 
not with arginine, a secretagogue whicJ~ depolarizes the + 
g-cell and increases the intracellular Ca concentration 
but does not increase cyclic AMP. 
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INSULIN DYNAMICS FOLLOWING GLUCOSE 
INJECTION ARE BLUNTED IN INTERSTITIAL FLUID 
COMPARED TO PLASMA: IMPLICATIONS FOR 
INSULIN ACTION? 
M. Ader and R.N. Bergman. Department of Physiology and 
Biophysics, University of Southern California, Los Angeles, CA, 
USA. 

Insulin action in viva is determined by both transeapillary 
insulin transport (TCIT) and subsequent insulin binding and acti- 
vation of glucose transport. We discovered that during hyperin- 
sulinemic euglycemic clamps, TCIT is rate-limiting for insulin 
action. To examine insulin (INS) and (GLU) dynamics under 
physiologic conditions, we performed intravenous glucose 
tolerance tests (IVGTrs; 0.3 g/kg; n=7)  on 6 conscious dogs, 
mad sampled mixed venous plasma (P) and thoracic duct lymph 
(L). At basal, INSp was 2 .1+0.2  fold greater than INS L 
(P<0.001);  no gradient existed for GLU. Upon injection (t=0), 
GLUp reached peak of 3404-28 mg/dl at 2 min. GLU appear- 
ance in lymph was delayed (10__+2 min; P<0.01) ,  and attained 
peak level 93+28 mg/dl below plasma (P<0.004).  In contrast, 
while INSp attained peak of 138+25 #U/ml within 2 rain, 
appearance of INS in lymph was slower (4+1 rain; P<0.01) ,  
reaching only 49% of lNSp (68+9/zU/ml; P<0.01) .  There was 
no relation between GLU disappearance rate (KG) and INS L 
(peak value, integrated area, time to initial appearance; P > 0.05 
for all). CONCLUSION: During the IVGTT, while glucose 
dynamics between plasma and lymph are not very different and 
can largely be explained by sampling delay, insulin dynamics in 
lymph are delayed and attenuated relative to plasma concentra- 
tions, consistent with energy-dependent transendothelial insulin 
transport. 
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THE EFFECT OF A PURE ANTIANDROGEN ON INSULIN RESISTANCE 
IN POLYCYSTIC OVARY SYNDROME 
E. Diamanti,A.Mitrakou,N. Kaklas, D. P la tan is io t is ,E .  Georg- 
iadou, J.Spfna,S.Raptis and C. Chtouverakis, Dept. o f  En- 
docr inology and 0iabetes, Athens General Hospital ,  2nd 
C l in i c  o f  In te rna l  Medicine, Athens Universi ty,  Greece, 

The po lycys tJc  ovary syndrome (P.O.O,) is associated 
w i t h  h y p e r i n s u l i n e m i a  and hyperandrogenemia but  i t  
remalns unclear which is the pr imary event .  The main 
aim of  t h i s  s tudy is  to  assess the long-term e f f e c t  o f  
a pure n o n s t e r o J d a ]  androgen r e c e p t o r  b l o c k e r ,  
F ]u tamide ,  on i n s u l i n  r e s i s t a n c e  in P.O.O. Eleven 
anovu la to ry  obese women wi th  P.O.O. (BMI 29.6 t 1,28),  
aged 18-28 years,  received Flutamide, 500 ms d a i l y ,  f o r  
4-6 weeks. The f o l l o w i n g  parameters were determined 
be fo re  and a f t e r  t r e a t m e n t :  1) I n s u l i n  and g lucose 
responses to  era] glucose to le rance t e s t  (OGTT 759) 2) 
I n s u l i n  t i s sue  s e n s i t i v i t y  index (SI )  w i th  euglycemic 
clamp technique 3) Androgen leve ls :  f ree  Testosterone 
( fT ) ,  ~4 Androstenedione (A4A) and Dehydroepiandros- 
terone s u l f a t e  (OHEAS). Resul ts:  1) Glucose and i nsu l i n  
l eve ls  decreased throughout  the OGTT: glucose a t  30' 
(144. t  • 10.0 vs 108.7 • 7.0 mgZ p<O.01) and 60' (156.7 
• 14.0 vs 119.8 • 9.0 mgZ p<O,05) and i nsu l i n  at  60' 
(90.2 • 5.0 vs 72.6 • 5.0 mIU/ml,p<O.03) and 90' (85.0 
• 7.0 vs 66.0 • 4.0 mIU/m],p<O.05) 2) SI (Glucose i n f u -  
s ion r a te / immuno reac t i ve  i n s u l i n )  remained unchanged 
( 6 . 3 0  • 0 .68  vs 6 .70  • 1 . 0 , p  NS). 3) A4A l e v e l s  
decreased (7.30 • 0.39 vs 4. t8 • 0.30 ng/ml,p<O.O04) 
but  not  fT (15.80 • 1.70 vs 13.98 • 1.8 p m e l / ] )  and 
DHEAS (4008 • 666 vs 2883 • 601 ng/m]) .  In conclusion 
t h i s  study suggests tha t  the long-term e f f e c t  o f  the 
ant iandro9en f ]u tamide ,  at the present dosage, seems to 
a l t e r  glucose to le rance  dur ing OGTT, but t h i s  may not 
be due to  improvement o f  i n s u l i n  r e s i s t a n c e ,  which 
remains unchan9ed du r i ng  the eug]ycemic  clamp t e c h -  
nique. 
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SPI RONOLACTONE TREATI'IENT I NCREASE'3 INSULIN 
SENSITIVITY IN HYPERANDROGENIC WOMEN. 
P. Hoghett ~, R. C a ~ t e l l  r C. Hagnani, F. Tosi, 
C. Negri, L. Fur.l.ani, H.O. Zenti and M. Huggeo. 
Department of Hetaholic Diseases, University of 
Verona (Italy). 
To eva i uate whether cot ~ ect i on of 
hyperandrogenism may inczease in rive insulin 
Sensitivity, a two step ( 2~)- 88 mU/m ~ -rain) 
euglycemis insulin clamp, associated to 6-[3HI- 
glucose infusion, was perfolmed in Ii young 
nonobese hirsute women ( BHI < 25 kg/m ~ , 
Fer~ iman-Gallwey sc(,re > 12) w• normal 
glucose tolerance, as well as in 6 matched 
healthy controls. In hi:rsute patients the study 
was u;arried out before and after 3 months of 
antiandlogen treatment with spironolaotone (i@8 
rag/day ) . Fasting plasma glucose, insulin and 
potassium were similar before and aftel 
spiru~olaistoae (4. ~3t~. 1 vs 4. "7.+_@. 1 retool/l, 4126 
vs 4524 pmol/l, and 4. 3• 1 vs 4. I~% i meq/l 
~espect:ively, mean~SEM). Glucose disposal was 
signlfacant [y lower i n  hirsute wame[t as 
COrl]pa/ed to normal corttr ols, and iflGI eased  
ariel treatment flora 25. | 7 to 27. 8-+2. 2, and 
from 66.7• to 71.7-+2.2 ~.,ol/min-kg f~vt-fcee 
mass, p< C/), ~25, re.~Jpectively in the 2 steps of 
clamp studies. Howsv~I , also after treatment it 
i elnalned lower than in controls. Hepatic 
glucose p~ eduction was si[llilai- ~ft the 2 groups 
eithe* at basu] o f  durlng hypelinsulinemia and, 
I n  hirsuLe women, it. did not change after 
treatraer~t. I r l  O0 flOlusioll~ afttiand f ogen 
treatment with spi:t oflniaotoae improved 
peripheral insulin ser,s i tivlty uf 
hypel andl c*g e~i u: women, supporting t h e  
hypothesis that a n d r o g e n  excess pet se. 
c,o~,tribute tu detel llli[le iIP.SUlif] [esistant~e, 
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IN 191NSULINOMAS HYPERINSULINEMIA LEADS TO INSULIN 

RESISTANCE WHICH DISAPPEARS AFTER SURGERY 

F. Leonet t i ,  G. T a m b u r r a n o ,  P.  Sbraccia ,  P. lozzo, M. 
Foniciello, A. Parisi  and  D. A n d r e a n i  - I Endocrinology 
Division,  U n i v e r s i t y  "La Sapienza" ,  Rome. 

The effect  of chronic  hype r insu l inemia  on insu l in  
s ens i t i v i t y  was eva lua ted  in 19 pa t i en t s  (11 obese and  8 
non-obese )  with insul inoma before  and  in 8 pa t i en t s  4 
months  a f t e r  surg ica l  removal  of the  tumor.  None had  
family h i s t o r y  of d iabe tes  mel l i tus .  One pa t ien t  had  
mild h y p e r t e n s i o n .  Plexn~ choles te ro l  and  t r ig iyce r ides  
did not  show s i g n i f i c a n t ,  changes .  Euglycemie 
hyper insu l inemic  (1.0  m U ] k g . m i n  of Human Insu l in)  
clamp was per formed in each  pa t i en t  a f te r  7-12 h o u r s  
of f a s t i n g  s t a t e ,  d e p e n d i n g  on the  s e v e r i t y  of 
hypoglycemia.  The  metabolized glucose index  was 
cor rec ted  for the  s t e a d y - s t a t e  insul inemia.  Resu l t s :  
metabolized glucose  was h i g h l y  r educed  in insul inomas 
t han  in normals (23.0-+2.28 and  40.33+0.83 pmel lkg .min  
r e spec t ive ly ,  p<0.006).  No s ta t i s t ica l ly  s igni f icant  
d i f fe rence  was found  be tween  obese and  non -obese  
insul inomas (19.33_+2.28 v s  27.94+4.33 ~unol/kg.min,  
respec t ive ly)  a l though  a s t r o n g  t endency  of obese  
insul inomas to be  n o n - i n s u l i n  r e s i s t a n t  was o b s e r v e d .  
The metabolized glucose  index  was nega t ive ly  cor re la ted  
(r=-0.754) to fasting insulinemia only in non-obese 
insulinomas. After surgery, the metabolized glucose 
index was normalized (38.73+2.17 pmol]kg.min). In 
conclusion: I) chronic hyperinsulinemia determines 
insulin resistance in insulinomas; 2) the degree of 
insulin resistance is inversely related to the plasma 
insulin concentrations; 3) surgical removal of the tumor 
leads to a normalization of insulin sensitivity. 
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THE EFFICACY OF PHARMACOLOGICAL TREATMENT OF INSULINOMA 
PATIENTS EXAMINED BY EUGLYCAEMIC CLAMPS 
J.Skrha~S.Sva6ina,and V.Justovd, Dept.s# Internal Medicine, 
Faculty os Medicine i, Charles University, Prague, CSFR 
Complete recovery of glucose metabolism after surgical ope- 
ration need not be achieved in all patients with insulino- 
ma. A conservative treatment with diazoxide may be used as 
an alternative. However~ two types of insulinoma patients 
classified as "responders" and "non-responders" to diazo- 
xide therapy were previously observed. We evaluated eugly- 
caemic clamps to decide the efficacy of conservative treat- 
ment with diazoxide. Nine patients with later histological- 
ly confirmed insulinoma were preoperatively examined by 
euglyoaemic clamps on Biostator (mode 7:1) before and after 
3 days of diazoxide administration (3mg/kg daily).Euglyeae- 
mic clamps were performed after an overnight East using an 
insulin infusion at a rate 0.5 mO/kg/min during 90 min 
(Clamp I) and l.O mU/kg/min in the following 90 min 
(Clamp II). Fasting plasma glucose concentration was impro- 
ved after diazoxide treatment in 5 patients ("responders", 
3.6+0.6 vs 5.5+0.5 mmol/l,p<O.O1) whereas it was unchanged 
in 4 patients ~"non-responders', 2.6+0.2 vs 2.2+0.3 mmol/1, 
NS). Significantly higher plasma insulin concentration was 
found during Clamp I in responders and non-responders to 
diazoxide as compared to 5 healthy persons (75+9 and 89+12 
vs 46+8 U/1,p~O.O01). Oiazoxide administration induced-a 
significant decrease of plasma insulin levels in responders 
as compared to non-responders (44+12 vs 82+14 U/1,p~O.Ol). 
Tissue sensitivity to insulin was-sionifioantly reduced in 
both subgroups of insulinoma patients in comparison with 
healthy persons (22+5 and 25+6 vs 39+7 mmol/kg/min per U/I, 
p~O.O01) whereas an improvement after diazoxide was found 
only in responders(22+5 vs 28+4 mmol/kg/min per U/1,p<O.02) 
Similar results were obtained-in Clamp II. The ameliora• 
of all the above variables was present after surgical re- 
moval of an insulinoma in both groups of patients. We con- 
clude that euglycaemic clamps may distinguish responders 
to diazoxide therapy from those in whom only surgical re- 
moval of the tumor may be beneficial. 
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INSULIN SECRETION AND ACTION IN VARIOUS POPULATIONS WITH 
TYPE 2 (NON-INSULIN-DEPENDENT) DIABETES MELLITUS. 
A.J. Seheen, G. Paoliaso, M. Castillo, B. Oandrain, N. 
Paquot and P.J. Lef@bvre. Division of Diabetes, Nutrition 
and Metabolie Disorders, Department of Medicine, CHU 
Sart Tilman, B-4000 LIEGE i, Belgium. 

In order to better understand the natural history of 
Type 2 diabetes, we compared an index of insuiin secre- 
tion (basal + post-glueagon plasma C-peptide l e v e l s  ; n 
= 80) and an index of insulin sensitivity (glucose MCR 
during a euglyeaemie hyperinsulinaemie glucose damp ; n 
= 69) in six populations separated by the presence or 
absence of obesity, diabetes and insulin-requirement 
respectively. The four diabetic groups had Isimilar 
basal blood glucose levels, around 8 mmol.l -'. Non- 
diabetic obese subjects compensated a decreased insulin 
sensitivity (p < 0.05) by an increased insulin secretion 
(p < 0.001). In all diabetic groups, insulin sensitivity 
was markedly altered (p < 0.001) while insulin secretion 
was significantly impaired (p < 0.05) only when correc- 
ted for the higher bas=l blood glucose levels ; insulin 
sensitivity was more reduced (p < 0.05) while insulin 
secretion was less affected (p < 0.001) in the presence 
than in the absence of obesity. The transition to 
insulin-requirement was accompanied by a significant 
decrease in both insulin secretion (p < O.OO1) and 
action (p < 0.05) in non-obese diabetic patients but 
only by a marked decrease (p <O.OD1) in insulin secretion 
in obese diabetic subjects. This cross-sectional study 
suggests that insulin resistance plays a crucial role in 
early Type 2 diabetes but that deficient insulin secre- 
tion best explains the late evolution towards insulin- 
requirement. 
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INDUCTION OF INSULIN RESISTANCE BY GROWTH 
HORMONE DEPENDS ON ITS PATTERN OF DELIVERY 
E.W. Kraegen, S. Ng and M.C. Stuart*. Garvan 
Institute of Medical Research, St Vincent's Hospital 
Sydney, NSW 2010, Australia. (*present address 
Macquarie University, Sydney) 

The mode of growth hormone administration 
influences its biological effects in the rat. Our aim was 
to determine the tissue specificity and dependence of 
mode of delivery of biosynthetic human growth 
hormone (GH) on induction of insulin resistance in the 
rat. Cannulated adult Wistar rats (groups n=6) were 
infused with saline (SAL), or GH (l U/kg.day) 
administered continuously (CTS) or intermittently 
(PLS, 5 min pulse each 3 h). After 4 days euglycemie 
hyperinsulinemic (100mU/1) clamps were performed in 
the awake, 5 h fasted state. Significant whole body and 
liver insulin resistance (both p<0.01) were only present 
in CTS rats (clamp glucose infusion rates SAL 
20.1+1.0, CTS 12.4_+0.6, PLS 22.2+1.2; clamp hepatic 
glucose outputs SAL 0.8-+0.5, CTS 11.1+3.8, PLS 
-0.1+0.7 mg/kg.min). Total clamp peripheral glucose 
uptake was not significantly different among groups. 
However tissue-specific insulin action (estimated from 
14C-2-deoxyglucose uptake) was significantly reduced 
(p<0.05) in 4/7 and 0/7 muscles of CTS and PLS GH- 
treated rats respectively compared with SAL rats. No 
significant differences were observed among groups in 
adipose tissue, heart or lung responses. We conclude 
that continuous but not pulsatile GH delivery produces 
in vivo insulin resistance in liver and muscle of the rat. 
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GROWTH HORMONE INVOLVEMENT IN DIURNAL VARIATIONS 
OF INSULIN SENSIT IV ITY IN NORMAL SUBJECTS 
L . T .  He, K.C.  S h i h ,  T. S. Lee ,  L .C .  H s i a o ,  Y . F .  
L i u ,  & S .H .  L i .  D e p t .  o f  M e d i c i n e ,  V e t e r a n s  
G e n e r a l  H o s p i t a l ,  T a i p e i ,  T a i w a n ,  R .O.C.  

In o r d e r  to  e v a l u a t e  the i n v o l v e m e n t  o f  g r o w t h  
hormone (GH) in d i u r n a l  v a r i a t i o n s  o f  i n s u l i n  
s e n s i t i v i y  ( I S ) ,  2 g r o u p s  o f  n o r m a l  s u b j e c t s  
we re  r e c r u i t e d  f o r  2 e x p e r i m e n t s .  In e x p e r i m e n t  
I ,  8 s u b j e c t s  u n d e r w e n t  m o d i f i e d  i n s u l i n  
s u p p r e s s i o n  t e s t  (MIST,  S o m a t o s t a t i n  500 m c g / h r ,  
r e g u l a r  i n s u l  in  30 mU/M 2. m i n ,  g l u c o s e  6 
m g / k g - m i n ,  i v  i n f u s i o n )  in a d i u r n a l  s e t t i n g  [ 
o n e  a t  8 am and  o n e  a t  4 pm, e a c h  w i t h  a 
p r e c e d e n t  16 hr  f a s t i n g ) .  S teady  s t a t e  p lasma 
g l u c o s e  (SSPG) was o b t a i n e d  as an i ndex  o f  IS, 
i n s u l i n  ( S S P I )  f o r  i n s u l i n  c l e a r a n c e  ( I C )  
c a l c u l a t i o n  and  RBC s p e c i m e n s  f o r  i n s u l i n  
b i n d i n g [ I B )  m e a s u r e m e n t s .  In e x p e r i m e n t  I I  , 
a n o t h e r  5 s u b j e c t s  r e c e i v e d  s i m i l a r  p r o c e d u r e s  
p l u s  a s u b c u t a n e o u s  i n j e c t i o n  o f  e i t h e r  GH (4 
i u )  o r  o c t r e o t i d e  (OCT, I50 meg) a t  11 pm the  
n i g h t  b e f o r e  s t u d y .  The r e s u l t s  showed:  (1 )  SSPG 
was  l o w e r  ( 1 1 8 . 0 + 4 3 . 6  vs  1 5 0 . 3 + 3 4 . 2  m g / d l ,  
p < 0 . 0 5 )  and IB h ~ g h e r  ( 3 . 3 + 0 . 9  v s 2 . 7 + 0 , 8 % ,  
p < 0 . 0 5 )  in am than  in pm, r e s p e c t i v e l y .  The re  
was no d i u r n a l  d i f f e r e n c e  o f  IC at  SSPI a round  
40-60 mcU/ml .  (2 )  GH i n j e c t i o n  i nduced  l ower  am 
SSPG [ 1 2 9 . 8 + 5 0  vs 1 6 6 . 9 + 2 8 . 0  m g / d t ,  p < 0 . 0 1 ) ,  
w h e r e a s  OCT t h e  o p p o s i t e  ( 1 4 4 . 5 + 2 5 . 3  vs  
1 1 0 . 6 ~ 4 7 . 7  m g / d l ,  p < 0 , 0 1 ) .  I t  is  c o n c e d e d  t h a t  
t h e r e  a r e  i n d e e d  d i u r a l  v a r i a t o n s  o f  IS in  
normal  s u b j e c t s ,  i . e . ,  b e t t e r  in the  m o r n i n g ,  
and GH p l a y s  an i m p o r t a n t  r o l e  in  i t s  mechan ism.  
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IMMUNOGOLD LABELING OF GLUCOSE- AND CAT-ION 
TRANSPORTERS IN HUMAN ADIPOCYTE MEMBRANES 
J. Vinten, M. Voldstedlund, Aa. Handberg and P. Datum", 
The Panum Institute, Dept. of Physiology and "Rigshospita- 
let, Dept, of Obstetrics and Gynaecology, University of 
Copenhagen, Denmark. 

The in vitro insulin effect on the expression of different 
transporter proteins on the surface of adipocytes from 
normal individuals was quantitated. Adipocytes were 
isolated from subcutaneous abdominal biopsies obtained 
from 5 young, nonobese women, devoid of metabolic 
disorders and undergoing laparatomy for other reasons. The 
insulin effect on the transport of 3-O-methylglucose in 
adipocytes was determined, and native plasma membrane 
fragments, with the cytoplasmic face exposed, were 
prepared from the cells and incubated with different mo- 
noclonal antibodies directed against intracellular epitopes on 
the glucose transporter isoforms GLUT-1 or GLUT-4 or the 
Na/K-ATPase isoforms al  or a2, followed by immunogold 
labeling and negative staining. The labeling of the various 
transporters was quantitated by counting on electron micro- 
graphs. It was found that insulin (100 nmol/I) increased 3-O- 
Methylglucose transport (at 10 mmol/I) from (mean+SE) 
0.045_+0.007 to 0 .109•  (s -1) and the GLUT-4 
labeling in the plasma membrane from 2 9 •  to 8 4 •  
(thousands of particles~cell), whereas labeling of GLUT-l, a l  
and a2 was low and not significantly affected by insulin. In 
conclusion the relative, insulin induced increases of glucose 
transport over and of GLUT-4 transporters in the plasma 
membrane of human adipocytes are similar. 
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DEFECT INSULIN RECEPTOR KINASE IN MUSCLE FROM 
YOUNG RELATIVES OF TYPE 2 DIABETIC PATIENTS 
A. Handberg*, A. Vaag# J. Vinten*& H. Beck-Nielsen#, 
*)Institute of Med. Physiology B, University of Copenhagen 
and #) Diabetes Research Centre, Odense, DK 
Insulin resistance in Type 2 diabetes is associated with 

decreased activation of the insulin receptor kinase in skeletal 
muscle. To investigate whether this could be primary to the 

development of Type 2 diabetes we studied 10 young (27 _+ 1 
yr) non-obese first degree relatives of patients with Type 2 
diabetes and 8 matched controls without a family history of 
diabetes. Insulin sensitivity was assessed by an euglycemic, 
hyperinsulinemic clamp. Insulin receptors were partially purifi- 

ed from muscle biopsies obtained in the basal and the insulin 
stimulated state during the clamp. Insulin binding capacity 

was decreased by 28% in the relatives in the basal biopsy 

(p<0.05) but normal in the insulin stimulated biopsy, Mean 

receptor tyrosine kinase activity towards Poly(Glu:Tyr(4:l)) 
after stimulation with various insulin concentrations "in vitro" 

was reduced in the relatives in basal (p<O.O05) and insulin 
stimulated biopsies (p<O.01) and also when expressed per 
binding capacity. Basal kinase activity correlated with non- 
oxidative glucose uptake in the fasting state ( r=0.53,  
p <0.03}, and "in vitro" insulin stimulated kinase activity with 
insulin stimulated non-oxidative glucose metabolism (r =0.61,  
p <0.01 }. We conclude that the marked defect in the insulin 

receptor tyrosine kinase activity may be a primary defect of 

significance for the development of Type 2 diabetes. 
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RESPONSE OF PYRUVATE DEHYDROGENASE COMPLEX 

ACTIVITY TO A GLUCOSE LOAD IN OBESE MICE. 

J. Bryson*, V. Wensley, G. Cooney, G. Denyer, P. Williams and I. 

Caterson, Dept of Medicine (Endocrinology), University of Sydney, 

NSW 2006, Australia~ 

In the gold-thioglucosc (GTG)-obese hyperinsulinaemic mouse, 

peripheral tissues become insulin-resistant while liver remains insulin- 

sensitive. The aim of this study was to see if this difference is reflected 

in the changes in pyruvate dehydrogenase complex activity (PDHa) in 

response to an oral glucose load (3g/kg). PDI-Ia was measured in 

mitochondrial preparations of heart, liver, quadriceps muscle, brown 

adipose tissue (BAT) and white adipose tissue (WAT) from 10week 

GTG-obese mice and age-matched controls killed 0'-120' post gavage. 

In obese animals, fasting PDHa was increased 3-fold in BAT 

(p<0.001), decreased in quadriceps (50%, p<0.05) and WAT (75%, 

p<0.001) and unchanged in heart and liver. Maximum PDHa response 

to glucose in controls was >5-fold in heart (p<0.001) and liver 

(p<0.01) at 30' and 2-fold in BAT (p<0.01) at 60'. In all tissues PDHa 

returned to fasting levels by 90'. Responses in muscle and WAT were 

not significant. In obese mice, there was no significant change to 

fasting PDHa in any tissue except liver where there was a 5-fold 

increase at 30' (p<0.001). We conclude that the ability of the PDH 

complex to respond to a glucose load is lost in peripheral tissues after 

the development of insulin resistance whereas liver PDHa remains 

insulin-sensitive. 
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L O N G - T E R M  C O N T I N U O U S  AND P U L S A T I L E  
INTRAVENOUS INSULIN TREATMENT OF DIABETIC 
RATS: EFFECT ON INSULIN-MEDIATED GLUCOSE 
UPTAKE AND LIPOLYSIS IN ISOLATED ADIPOCYTES. 
S. J. Koopmans, H. C. M. Sips, J. K. Radder and H. M. J. Krans. 
University Hospital Leiden, The Netherlands. 
Short-term exposure of tissues to pulses of insulin leads in 
general to an enhancement of insulin action. We investigated the 
effects of 2.5 weeks of near-physiological continuous and pulsatile 
intravenous insulin treatment of streptozotocin (70 mg/kg) 
diabetic rats (D) on in vitro insulin action in isolated adipoeytes. 
D received a continuous (Dc, n=6) or pulsatile (Dp, n=6)(6 re_in 
double infusion speed, 6 rnin off) insulin infusion. Control rats 
(C) received a continuous (Cc, n=7) or pulsatile (Cp, n=6) 
vehicle infusion. Data are means_+SE. At adipocyte isolation, 
fasting plasma glucose was elevated in Dc vs Cc (15.3-+3.0 vs 
6.8+0.1 mM, p<0.05) but similar in Dp and Cp (5.1-+2.1 vs 
6.6-+0.1 raM). Body weight, mean adipocyte cell size (69.3-+2.8, 
65.6-+2.7, 64.7-+2.9, 64.2+-1.1 /zm), specific [~25I]-insulin binding 
per 4x10 s cells (2.3-+0.4, 1.7_+0.4, 2.1_+0.4, 2.2_+0.6%) and basal 
[UJ4C]-glucose uptake (96-+12, 94-+11, 75___12, 93_+21 
fmol/min.4xl0 s cells) were comparable in Cc, Dc, Cp, Dp and 

14t the dose-response curves for insulin-stimulated [U- C]-glucose 
uptake were identical. Isoproterenol (10 -6 M)-stimulated glycerol 
output was 617- + 117, 490- + 120, 847-+ 167, 803-+ 160 ng/min.4xl05 
cells in Cc, Dc, Cp, Dp (p=n.s.) and the dose-response inhibition 
by insulin was identical in Cp and Dp (Vmax=48.6-+6.1 vs 
42.3-+4.6%) but blunted in Dc (Vmax=8.2-+4.6%) vs Cc 
(44.0-+7.2%), p<0.01. In conclusion, in D, long-term near- 
physiological pulsatile intravenous insulin treatment results in 
normal insulin-mediated glucose uptake and lipolysis in isolated 
adipocytes, whereas continuous insulin treatment induces a post- 
binding defect in the antilipolytic action of insulin. 
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IMPAIRMENT OF GYCOSYL-PHOSPHATIDYLINOSITOL- 
DEPENDENT INSULIN SIGNALLING SYSTEM IN 
HEPATOCYTES ISOLATED FROM OBESE (fa/fa) RATS. 

J.C. S~nchez-Guti~rrez 1, J.A. S~nchez-Arias 1 , J.C. Valle 1 , 
A. Guadafio 2, B. Samper 1, J.M. Mats 2 and J.E. Fel[u 1. 
1Hospital Puerta de Hierro, U.A.M., and 21nstituto de 
Investigaciones Biom~dicas, C.S.I.C., Madrid, Spain. 

An inositol-phosphate glycan (IPG), generated by the 
phospholipase C-catalyzed hydrolysis of an insulin- 
sensitive glycosyl-phosphatidyl inositol (GPI), mimics and 
may mediate some of the biological effects of this 
hormone in different types of cells. Changes in GPI- 
dependent cellular signalling system have been observed 
in different situations of insulin-resistance (IRes) (i.e. 
chronic dexamethasone treatment, streptozotocin- 
diabetes, aging). Now, we have investigated how the 
IRes expressed in genetically obese (fa/fa) rats affects the 
GPI-dependent signalling system in isolated hepatocytes. 
GPI was isolated by TLC after labelling of hepatocytes 
with (1-14C)isethionyl acetimidate. The hepatocyte 
content of GPI was reduced by about 30% in obese rats, 
as compared to that measured in lean (Fa/fa) rats (2553 
~: 138 vs 3334 _+ 115 dpm/mg protein). In obese rats, 
the decreased level of GPI was accompanied by a 
blockade of insulin-mediated GPI hydrolysis, a decreased 
rate of hepatocyte IPG uptake (about 30%) and a 
significant reduction in the st imulatory effects of both 
insulin and IPG on glycogen synthesis and glycogen 
synthase activi ty ratio. Our results demonstrate that IRes 
associated wi th genetic obesity is accompanied by an 
impairment of the GPI-dependent insulin signalling system. 
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I N T R A P O R T A L  A D M I N I S T R A T I O N  OF A M Y L I N  
INDUCES iNSULIN RESISTANCE IN NORMAL RATS. 
F. Lacour, J. Duhaul t  and J. Espinal. Ins t i tu t  de Recherches 
Servier, Suresnes, France. 

Amyl in  has  been proposed to be responsible for i n su l i n  
resistance. The aim of our s tudy was to examine  i f  an  
intraportal  administrat ion of amylin could modify glucose 
disposal in rive. Intraportal  and intracardiac catheters were 
implanted into male Sprague-Dawley ra ts  (3 months  old). 
Three groups of animals formed the study . Group 1 (G1) 
received i n t r a p o r t a l  s a l i ne  i n fu s ion  ; G2, a m y l i n  a t  
2.6 nmol/kg/h ; and G3, amylin at  26 nmol/kg/h. An IVGTT 
was performed 30 rain after the beginning of the infusion 
( to ta l  i n fus ion  t ime  : 90 min) .  The  r a t e  of g lucose  
disappearance was not altered at  the lowest dose of amylin 
but  i t  was dramatical ly  decreased by the h ighes t  dose : 
K(•  10-2) = 3.49_+0.26 for G1 vs 1.91_+0.22 for G3 (p<0.01). 
Interest ingly,  this  decrease in glucose to le rance  existed 
despite a sustained elevated release of insul in  in the G3 group 
throughout  the last 20 min of the IVGTT (15.6 • 1.4 for G3 vs 
10.7• pU/m] for G1, p<0 .05) .  T h i r t y  m i n u t e s  a f te r  
stopping the infusion of amyl in ,  i n su l in  levels  rap id ly  
returned to basal values. Since there was a decreased glucose 
disposal in spite of elevated insulin secretion, we conclude 
tha t  high dose of amylin infused directly into the portal vein 
provokes insulin resistance in vlvo. 
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EFFECT OF PHORBOLESTER ON CARRIER-TRANS- 
LOCATION (GLUT-l, GLUT-4) IN THE RAT HEART. 
R. Scholz, K. Rett, E. Maerker, C. Lodri and 
H.U. Haering. Institut fuer Diabetesfor- 
schung, Koelner Platz i, 8000 Muenchen 40, 
Germany. 
Insulin induces translocation of glucose car- 
riers from intracellular pools to the plasma 
membrane in fat and skeletal muscle. As 
phorbolesters mimick the effect of insulin on 
GLUT-4-translocation in these tissues, a role 
of protein kinase C in insulin- induced car- 
rier translocation was suggested. Aim of the 
study was to characterise the mechanism of 
the insulin effect on glucose transport in 
the heart. 
Hearts from male wistar rats were perfused in 
Langendorff-technique with control medium, 
insulin (8x10-SM), and the protein kinase C- 
stimulating phorbolester TPA (10-9M). Glucose 
transport was measured using 3-O-methylglu- 
cose-efflux. Subcellular distribution of 
GLUT-4 and GLUT-I in fractions enriched with 
plasma- and low density microsomal membranes 
was determined by western blot. Insulin sti- 
mulated glucose transport as well as GLUT-l- 
and GLUT-4-translocation in a similar order 
of magnitude (factor 3-4, n=6 in each group). 
In contrast, in TPA-treated hearts no altera- 
tion of glucose transport nor carrier-trans- 
location was found, whereas both contracti- 
lity and relaxation increased. 
These data suggest that in perfused rat 
hearts both carrier-isoforms are present and 
translocated by insulin. In contrast to fat 
and skeletal muscle, protein kinase C is not 
involved in the insulin signal on glucose 
carrier translocation in the heart. 

344 
PHOSPHODIESTERASE ACTIVATION IS IMPORTANT FOR 
THE EFFECT OF INSULIN TO STIMULATE GLUCOSE 
TR_AxNSPORT 
C Wesslau, JW Eriksson and U Smith. Dept of 
Medicine II, University of Gothenburg, Sweden 

To elucidate the role of the cGMP-inhibited 
low I{= phosphodiesterase (PDE) for insulin ac- 
tion, rat adipocytes were incubated at 37~ for 
20 min with or without insulin, cAMP-analogues 
and the specific PDE-inhibitor OPC 3911. ~'C-3-0- 
methylglucose uptake rate was then determined. 
The maximal rate of glucose transport elicited 
by i000 ~U/ml insulin was ~10-feld higher than 
basal, non-stimulated uptake (p<0.01). It was 
not significantly affected by the addition of 
the hydroiyzable cAMP-analogue 8-bromo-cAMP (4 
mM). Maximal glucose uptake was suppressed (by 
~20%1 p<0.05) by N~-monobutyryl-cAMP (4 mM) 
which is not hydrolyzed by PDE. When both 8- 
bromo cAMP and OPC 3911 (i0 ~M) were present, 
the reduction in maximal insulin response was 
more pronounced (~45%, p<0.05). A small impair- 
ment (-15%, p<0.05) was also seen with OPC 3911 
alone. The dose-response curve for insulin- 
stimulated glucose uptake was shifted ~2-3-fold 
to the right by either N6-menobutyryl-cAMPor 8- 
bromo-cAMP + OPC (p<0.05) whereas each of the 
latter agents alone was without significant 
effect. 
Conclusions: Inhibition of PDE in rat adipocytes 
impairs the insulin response on glucose trans- 
port. This is only partially attributable to 
regulation of cAMP levels. Insulin sensitivity 
is impaired, probably through cAMP elevation. 
Thus PDE plays a role in the regulation of both 
insulin sensitivity and responsiveness. 
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PHOSPHORYLATION OF GLUT-4 IMPAIRS ITS INTRINSIC ACTIVITY 
B. DRAZNIN, K.E. SUSSMAN~ and J.E-B. REUSCH, Univ Cole 
Sch Med and VAMC~ Denver, CO 80220 
We examined the effect of phosphorylation on GLUT-4 
function in isolated rat adipooytes. Adipocytes labeled 
with 32p for 2 hrs were incubated with PTH (5 or 20 
ng/ml for 60 min) and exposed to insulin (25 ng/ml) for 
an additional 30 min. 3 P-GLUT-4 was immunopreoipitated 
from the plasma membrane and low density microsomal 
fractions~ and its degree of phosphorylation was 
determined by autoradiography and densitometry. The 
state of GLUT-4 phosphorylation was correlated with the 
ability of insulin: I) to translocate GLUT-4 to the 
plasma membranes and 2) to stimulate GLUT-4 intrinsic 
activity. PTH significantly increased GLUT-4 
phosphorylation. Western blotting with R820 polyclonal 
antibody revealed normal distribution of GLUT-4 before 
and after insulin stimulation in control and the PTE- 
treated eells~ suggesting that phosphorylation of GLUT-4 
does not interfere with its recruitment to the plasma 
membrane. Glucose uptake in plasma membrane vesicles 
isolated from control and PTH-treated cells exposed to 
insulin (25 ng/ml x 30 min at 37~ was measured using 
14C-2-deoxyglueese. With increased phosphorylation of 
GLUT-4~ we observed a progressive inhibition of 2-DOG 
uptake (50Z inhibition with 20 ng/ml PTH 9 p < 0.01~ n = 
10). We conclude that phosphorylation of GLUT-4 
significantly impairs the ability of insulin to 
stimulate its intrinsic activity. 
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METFORMIN BLOCKS DOWN-REGULATION OF CELL-SURFACE 
GLUT4 IN CHRONIC-INSULIN-TREATED RAT ADIPOCYTES 

I.J. Kozka and G.D. Holman, Department of Biochemistry, University 
of Bath, U.K. 

The effect of acute-and of chronic-insulin treatment and of treatment 
with metformin on the cell-surface distribution of Glut 4 and Glut I in 
cultured rat adipose cells has been studied using the impermeant 
photolabel [3 H]-ATB-BMPA. The cell-surface labelling has been 
compared with that obtained in digitonin-permeabilized cells. 
Following 24 hr in culture the proportion of GLUT 4 and GLUT 1 at 
the surface of basal cells were 18% and 26% of the total while the 
insulin-stimulated levels of GLUT 4 and GLUT 1 at the cell-surface 
were 49% and 37% of the total. Chronic, 24 h -insulin treatment 
reduced glucose transport activity to almost basal levels and the 
proportion of GLUT 4 at the cell surface to 25% of the total. The down- 
regulation of GLUT 4 with chronic-insulin treatment was alleviated by 
metformin and the proportion of GLUT 4 at the cell-surface was 
maintained at 60% of the total. Furthermore, cells which were 
chronically treated with insulin and which were then washed to 
remove insulin showed severe resistance to subsequent acute-insulin 
re-stimulation of transport and cell-surface recruitment of both GLUT 
4 and GLUT 1. This effect was also alleviated by inclusion of 
meformin during the chronic-insulin treatment. 

347 
GLUT4 mRNA CONCENTRATION IN WHITE ADIPOSE TISSUE 
FROM RECENT ONSET TYPE 1 DIABETIC PATIENTS. 
M. EDDOUKS ; R. BURCELIN* ; V. DELMAS ; J. GIRARD* and 
R. ASSAN. Biebat Hospital, Paris and *CNRS Meudon, France. 
Patients with recent onset insulin-dependent diabetes mellitus present a 
marked insulin-resistance which is progressively corrected by intensified 
insulintherapy. Site(s) of this resistance at the cellular and molecular 
levels remain(s) unclear. A decrease in GLUT4-mediated glucose 
transport into insulin-sensitive cells could contribute to this resistance. 
Adipose tissue samples (3 g ; abdominal wall) were obtained from 
informed consenting recent onset patients and controls. Total RNA were 
extracted. The mRNA coding specifically for GLUT4 was revealed by 
the specific cDNA probe (Dr. G. Bell) and quantified by Northern blot 
analysis. A 50% decrease in GLUT4 mRNA was noted in patients 
treated for less than 7 days with insulin (1.2 • 0.1 U/kg/d) 
normoglycemic (101 + 4  mg/dl) with plasma insulin levels of  
19 _+ 2 uU/ml, in post absorptive state (controls : 86 • 4 mg/dl glucose 
and 13 • 2 uU/ml insulin). A marked insulin-resistance was present, 
quantified by the euglycemic hyperinsulinemic clamp. After four weeks 
of insulin treatment, the GLUT4 mRNA was normalized, a normal total 
body sensitivity to insulin was restored at that time. A deficient GLUT4 
synthesis may contribute to the decrease of glucose transport into human 
adipocytes and to insulin-resistance in recent onset type 1 diabetic 
patients. 
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EXPRESSION OF GLUT4 IN TYPE 1 DIABETIC PATIENTS IN 
POOR GLYCEMIC CONTROL: EFFECTS OF 24 HOURS OF 
INTENSIVE INSULIN THERAPY. 
P.H. Andersen, H. Vestergaard, S. Lund, P. Vedel, S. Junker and O. 
Pedersen. 
Steno Diabetes Center, Copenhagen and Division of Endocrinology 
and Metabolism, University Clinic of Internal Medicine C, Aarhus 
Amtssygehus, Institute of Human Genetics, Aarhus University, Den- 
mark. 

Type I diabetic patients in poor glycemic control are characterized by 
insulin resistant glucose uptake in muscle. We have examined the 
effects of a near normaIization of glycemia by 24 hours of intensive 
insulin therapy on the expression of GLUT4 protein and mRNA in 
vastus lateralis muscle of 8 Type 1 diabetic patients with poor long- 
term glycemic control (mean HbAle 10.3%). Good glycemic control 
was obtained in all patients after 24 hours of insulin therapy (plasma 
glucose, 20.8 _+ 0.8 vs. 8.7 + 0.8 mmol/1). Furthermore, serum 
insulin level was increased (0.06 ___ 0.01 vs. 0.17 _ 0.03 nmol/1). 
However, the abundance of both GLUT4 protein (0.138 _+ 0.019 poor 
glycemic control vs. 0.113 _+ 0.009 arb.units, good glycemic control, 
NS) and mRNA (96432 + 15904, poor glycemic control vs. 81394 _+_ 
9002 arb.units, good glycemic control, NS) in muscle remained 
unchanged by near-normalization of glycemic control. In conclusion: 
1) Physiological plasma levels of insulin plays no role in the acute 
regulation of GLUT4 expression in human skeletal muscle. 2) 
Impaired translocation or activation of GLUT4 may be involved in the 
pathogenesis of insulin resistant glucose uptake in muscle from Type 
1 diabetic patients. 
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COMPARATIVE STUDIES OF GLYCOGEN SYNTHASE GENE 
EXPRESSION AND ACTIVITY IN SKELETAL MUSCLE FROM 
ATHLETES AND SEDENTARY CONTOLS. 
S. Lund, H. Vestergaard, P.H. Andersen, O. Schmitz and O. 
Pedersen. 
Steno Diabetes Center, Copenhagen and University Clinic of Internal 
Medicine, Aarhus Amtssygehus, Aarhus, Denmark. 

In 7 competitive level athletes and 9 matched controls we have 
characterized the expression of the rate limiting enzyme in muscle 
glucose storage, the glycogen synthase (GS). Insulin-glucose clamp in 
combination with indirect calorimetry and biopsy sampling of vastus 
lateralis muscle were performed in the basal state and after 4 h of 
euglycaemia and hyperinsulinaemia (2 mlJ/kg/min). GS mRNA was 
studied using slot Nots while GS protein was examined by im- 
munoblotting using an antipeptide rabbit antibody specific for human 
muscle GS. In the basal state, total GS activity as well as GS 
activation by glucose-6-phosphat were increased in athletes by 39 % (p 
< 0.02) and 52% (p < 0.02) respectively. In parallel the GS mRNA 
level in athletes was increased by 85% (p < 0.02) whereas the GS 
protein abundance was similar (athletes 0.87 _+ 0.06 vs controls 0.85 
_+ 0.06 arb.units/100/~g protein). Following 4 h of insulin exposure 
nonoxidative glucose disposal was higher in athletes (12.9 _+ 0.4 vs 
10.1 +_ 0.6 mg/kg FFM/min, p < 0.02) while levels of total GS 
activity, mRNA and protein remained unchanged in both groups when 
compared with basal findings. In conclusion: Athletes have increased 
insulin stimulated nonoxidative glucose metabolism associated with 
both pretranslational (mRNA) and posttranslational (enzyme activity) 
upregulations of GS. 
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Effects of Starvat ion or Diabetes on Pyruva te  
Dehydrogenase Kinase require Protein Synthesis. 
S.Mistry, A.L.Kerbey, D.A. Priestman, and P.J.Randle. 
Department  of Clinical Biochemistry, John Radcliffe 
Hospital, Oxford OX3 9DU, UK. 
Glucose oxidation is inhibited in diabetic or starved rats by 
p h o s p h o r y l a t i o n  and inac t iva t ion  of py ruva te  
dehydrogenase (PDH) complex. A major factor is a slow 
(24-48h) and stable increase in the activity of PDH kinase. 
This effect of diabetes or starvation can be reproduced in 
cultured hepatocytes, cardiac myocytes, or soleus muscle 
by 24h exposure to cyclic AMP and/or  n-octanoate. The 
factor responsible is a protein termed PDH kinase 
activator protein (KAP), separable from PDH complex by 
gel filtration, known to be a soluble PDH kinase, and 
which has been purified to homogeneity . The object of 
the study was to determine whether effects of 50txM-cyclic 
AMP/lmM-octanoate require protein synthesis. Results 
are mean _+ SEM (n). In primary hepatocytes in culture 
(24h) 30~M-cycloheximide decreased incorporation of 14C 
leucine into protein by 92 _+ 1.2%. PDH kinase activities 
following culture were control 1.05 + 0.03 (12); 
cycloheximide 0.97 -2_ 0.03 (12); dibutyryl cyclic AMP/  
octanoate 2.2 _+ 0.04* (12); dibutyryl cyclic AMP/octanoate /  
cycloheximide 1.1 _+ 0.02t (12)(*P<0.001 for effect of 
octanoate + dibutyryl cyclic AMP; 1-P<0.001 for effect of 
cycloheximide). The results indicate that the effect of n- 
octanoate + dibutyryl cyclic AMP to increase PDH ktnase 
activity requires protein synthesis. 

A91 

351 
Pur i f ica t ion  and Charac te r i za t ion  of Pyruva te  
Dehydrogenase Kinase Activator Protein 
D.A. Priestman, S.Mistry, A.L.Kerbey, and P.J.Randle. 
Department  of Clinical Biochemistry, John Radcliffe 
Hospital, Oxford OX3 9DU, UK. 
Glucose oxidation is inhibited in diabetic or starved rats by 
p h o s p h o r y l a t i o n  and inac t iva t ion  of py ruv a t e  
dehydrogenase (PDH) complex. A major factor is a slow 
(24h) and stable increase in activity of PDH kinase. Effects 
of diabetes or starvation are reproduced in cultured 
hepatocytes, cardiac myocytes, or soleus muscle with 24h 
exposure to cyclic AMP and/or  n-octanoate. The factor 
responsible is a protein - PDH kinase activator protein 
(KAP), separable from PDH complex by gel filtration, and 
known to be a soluble PDH kinase. The objective was to 
purify KAP to homogeneity, show the effect of starvation 
on its specific activity, and obtain N-terminal amino acid 
sequence(s).  This has been achieved with liver 
mitochondrial extracts (fed, starved rats) by successive 
poly(ethylene)glycol fractionation, gel filtration on 
Sephaeryl $300 , and chromatography on matrex orange, 
and mono Q FPLC. The product showed a single band on 
SDS-PAGE of Mr = 45kDa. Sequence analysis was 
consistent with a single peptide chain of N-terminal 
sequence K.N.A.S.L.A.G.A.I.E. thus confirming purity. 
The specific activity of purified KAP from starved rats was 
fourfold greater than from fed rats; yields of protein were 
similar, ie starvation (and diabetes) increase specific 
activity of KAP and not its concentration. 
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INSULIN SECRETION AND ACTION IN THE 
SPONTANEOUSLY HYPERTENSIVE RAT 
J D Best, M W Sleeman, S Vulic, S Harrap and A E Doyle, 
Department of Medicine, St Vincent's and Austin Hospitals, 
University of Melbourne, Australia. 

To explore mechanisms for the link between hypertension and 
insulin resistance with hyperinsulinaemia observed in man, 
insulin secretion and action were studied in spontaneously 
hypertensive rats (SHR). SHR (15-16 weeks, mean weight 311 
g, systolic BP 219 mm Hg) were compared with an inbred 
normotensive strain of Donryu (DRY) rats (15-16 weeks, mean 
weight 297 g, systolic BP 136 mm Hg). Insulin secretory 
response to IV glucose (300 mg/kg) was lower in SHR than 
DRY (insulin area 2.4 -I- 0.4 vs 6.2 -I- 0.8 mU.min, n=7, 
p<0.005). Basal glucose turnover was similar (SHR 8.9 + 0.5 
vs DRY 8.0 + 0.7 mg/kg/min) as was glucose disposal during 
insulin infusion (6 mU/min, IRI 183 -I- 3 vs 160 +__ 22 mU/1) 
with glucose clamp (SHR 23.9 __+ 4.3 vs DRY 21.1 +__ 3.0 
mg/kg/min). Basal uptake of SH-2-deoxyglucose into isolated 
soleus muscle strips was greater in SHR than DRY (6690 __+ 
270 vs 4730 -I- 380 dpm/100 mg/min, n = 13, p<0.001) but 
the increment with insulin stimulation (100 mU/ml) was similar 
(2730 + 440 vs 2860 4- 420). Western and Northern blot 
measurements of glucose transporter showed similar skeletal 
muscle levels of GLUT 4 content and message in SHR and 
DRY rats. In this study, SHR secreted less insulin than control 
DRY rats and insulin action was not impaired. There was no 
evidence for insulin resistance or hyperinsulinaemia as factors 
in the pathogcnesis of hypertension in this animal model. 
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MEASUREMENTS BY MICRODIALYSIS OF THE SUBCUTANEOUS 
INTERSTITIAL INSULIN CONCENTRATION IN MAN 

P-A dansson, J Fowelin, *H yon Schenck, U Smith, 
and P L6nnroth, Dept of Medicine, University of 
G6teborg and Dept of Clinical Chemistry, 
*University of Link6ping, Sweden. 

The interstitial insulin concentration was 
measured in 9 healthy lean men (Age: 25• yrs, 
Mean• Body Mass Index (BMI): 22.7• kg/m 2 
fasting glucose 4.6• mmol/l, fasting insulin 
4• mU/l). Two microdialysis catheters (polypro- 
pylene, pore diameter 0.2 #m) were placed in the 
abdominal subcutaneous adipose tissue and cali- 
brated in situ during a euglycemic hyperinsuline- 
mic clamp. After correction for binding of 
insulin to the catheter the absolute interstitial 
insulin concentration was calculated. In 5 
subjects plasma insulin was then rapidly increa- 
sed and kept at a new steady state level for 2 h. 
The insulin infusion was then stopped and the 
elimination monitored. Rise in interstitial 
insulin was markedly delayed (~ 20 min) as 
compared with venous plasma insulin, whereas 
decline of interstitial insulin was not signfi- 
cantly delayed. At steady state euglycemic clamp 
conditions interstitial and plasma insulin 
concentrations were 109• and 196• mU/1, 
respectively (n=9). With a similar study design, 
it was found that interstitial inulin was not 
lower than plasma inulin in 5 subjects undergoing 
an inulin clamp. 
Conclusion: The data suggest the existence of an 
endothelial barrier for insulin but not inulin in 
the adipose tissue leading to lower (50-60%) 
levels of insulin and delayed insulin kinetics (~ 
20 min) in the interstitial fluid as compared 
with plasma. 
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GLUCOSE TOLERANCE, INSULIN, TRIGLYCERIDES AND BLOOD PRESSURE LEVELS 
IN WOMEN WITH UPPER-BODY OBESITY AND LOWER-BODY OBESITY. 
L. Herranz, A. Meg• C. Orande*, A. Zapata*., LF. Pallard0. 
Divisions 0f Endocrinology and Biochemistry*. 
Hospital La Paz. Madrid. ~pain. 

Glucose intolerance, hyloer t rigl yceride~nia and 
hypertension have heen shown to be more prevalent in 
obesity, the relationship being stronger with upper-k,~dy 
obesity, than with total obesity. To evaluate tkis 
association two groups of obese (IR4I-~27) premenopausal 
women were compared. Group A with waist-to-hip girth 
ratio (WHR)<80 (n=19) and group B with ~Ki]~>80 (n=17). 
Within beth groups, there were no significant 
differences with respect to age, }x>dy weight, I~4I, 
smoking habit or alcohol cons~tion. Fasting glucose, 
insulin and triglycerides levels, total areas under the 
curve for glucose and insulin after a 75 gr oral glucose 
tolerance test and blood pressure were measured. Fasting 
glucose (5.0+0.5 vs 5.7+0.9 ranol/L; I)i<0.01), glucose 
area (773+118.4 vs 1021.4_+229.6 r~l*L'~*rain; p<O.O01), 
fasting insulin (114_+52 vs 173+_83 pmol/L; p<9.05), 
insulin area (52268+20472 vs 88352+-57810 pmol*L-~*min; 
p<O.05), and fasting trigl ycerides (1.03+0.35 vs 
1.64+0.95 r~mol/L; p<O.Ol) were all significantly higher 
in group B. Systolic blood pressure (119.7+_14.4 vs 
140.3+-26.3 ram Hg; p<O.Ol), but not diastolic blood 
pressure (79.2+_8 vs 85.3_+12.2; ns), was also 
significantly higher in group B. We conclude that upper- 
body fat distzibution in obese women is associated with 
lower glucose tolerance together with higher 
triglycerides and systolic blood pressure levels. The 
finding of higher insulin levels in this subset of obese 
women is in accordance with a pat/%cgenic role for 
insulin in the development of diabetes, 
hypertriglyeeridemia and hypertension in upper-body 
obesity. 
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VISCERAL ABDOMINAL FAT AND THE METABOLIC 
DISTURBANCES OF OBESE SUBJECTS WITH TYPE 2 
(NON-INSULIN-DEPENDENT) DIABETES MELLITUS. 
E. Bonora, R. Bonadonna, S. Del Prato, G. Gulli, A. Solini and 
R.A. DeFronzo. Diabetes Division, University of Texas at San 
Antonio, San Antonio, Tx, USA. 
Glucose and lipid metabolism in the basal state and during a 
4-h euglycemic insulin (20 mU/min.m2) clamp associated with 
[3H]-3-glucose infusion and indirect calorimetry were 
compared in 20 nondiabetic and 20 sex-, age- and weight- 
matched type 2 (non-insulin-dependent) obese subjects. 
Visceral abdominal fat was estimated by magnetic resonance 
imaging. Obese diabetic subjects showed: higher basal (3.30 
+ 0.16 vs 2.60 + 0.06 mg/min.kgFFM, p<0.001) and insulin- 
suppressed (2.05 + 0.29 vs 0.40 + 0.10, p<0.001) hepatic 
glucose production (HOP); lower insulin-stimulated total (TGD, 
3.60 + 0.27 vs 4.33 +_ 0.23 mg/min.kgFFM, p<0.05) and 
oxidative (GOx, 2.10 + 0.17 vs 3.04 + 0.13, p<0.001) glucose 
disposal; higher insulin-suppressed plasma free fatty acids 
(FFA, 0.41 + 0.04 vs 0.21 + 0.01 p.mol/I, p<0.001) and lipid 
oxidation (1.15 + 0.10 vs 0.61 + 0.09 mg/min.kgFFM, p<0.001); 
higher amounts of visceral fat (211 + 28 vs 133 + 15 cm2, 
p<0.025). In female subjects visceral fat correlated (p<0.05) 
with clamp HOP (r=0.468), TGD (r=-0.563), GOx (r=-0.472), 
FFA (r=0.423), LOx (r=0.459). Clamp FFA and LOx correlated 
to HOP (r=0.703, r=0.736), TGD (r=-0.437, r=-0.565) and GOx 
(r=-0.616, r=-0.901) and were intercorrelated (r=0.735). 
Similar correlations were observed in males and were 
independent of total body fat content. We suggest that obesity- 
associated diabetes is featured by an increased amount of 
visceral fat which further deteriorates glucose metabolism 
through an increased release of FFA and the consequent 
increase in lipid oxidation within the liver and the muscle. 
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HYPERTENSION, BODY SHAPE, OBESITY, 
HYPERINSULINAEMIA AND DIABETES IN URBAN 
AFRICANS 

N S Levitt, D Bradshaw, J Kat~enellenbogen~ F Bonnfci and 
M Hoffnmnn. University of Cape Town and CERSA, MRC, Cape 
Town, Sou~h Afric@ 

Hypertension, diabetes, hyperinsul inaemia, 
body shape and obesity were investigated and 
their relationships determined in a population 
survey o f African subjects i lying in Cape 
Town, South Africa. There were 729 
respondents (79% response rate) . Blood 
pressure and anthropometric measurements were 
taken and a 75 g oral glucose tolerance test 
administered. WHO criteria were used to 
define diabetes, impaired glucose tolerance 
(IGT) and hypertension. Hyperinsulinaemia was 
defined as >75% centile of fasting and two 
hour insulin concentrations. The age 
standardised prevalence of hypertension was 
29.5 % (CI 26-33%), diabetes 8% (CI 6-10%) and 
IGT 7% (CI 5-9%). 52% of diabetics and 21% 
with normal glucose tolerance had hypertension 
(p<0.O01) . 14% of hypertensives and 4% of 
normotensives had diabetes (p<0.001). Based 
on logistic regression, hypertension was 
significantly associated with age >45 yr, 
urbanisation, upper segment fat distribution 
and either obesity alone or obesity coexisting 
with diabetes. Hyperinsulinaemia was not 
associated with hypertension after correction 
of other factors. In urban Africans: (i) 
hyperinsulinaemia was not an independent risk 
factor for hypertension and (2) the frequent 
co-existence of hypertension and diabetes was 
accounted for by common risk factors. 
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PLASMA INSULIN LEVELS AND PREVALENCE OF 
ARTERIAL HYPERTENSION. 
Y. I. Suntsov, I.I. Dedov and S.v. Kudr3aKova, 
National E n d o c r i n o l o g i c a l  Center, RAMS, 
Moscow, Russia. 
TO study relationships between prevalence o~ 
arterlal hYPertension, degree o~ glucose 
intolerance and plasma insulin levels we have 
screened 2576 men, aged 20-69 years. All 
subjects underwent a 75,0 g oral glucose 
tolerance test. Fast PlaSma insulin, total and 
hlRh-densitY lipoprotein cholesterol, 
triglyceride levels were measured. Blood 
pressure was measured in a sltting position by 
using random zero manometer. HYPertension and 
glucose intolerance were determined according 
to WHO crlteria. The prevalence o~ hYPertension 
in subjects wlth diabetes mellitus (DM) was 
46,3z(v. s. 28,0z-in persons with normal glucose 
tolerance, p<O, O05), with impalred glucose 
tolerance (IGT)-SI,8X (v.s. 28,0x, p<o, OOl). In 
subjects with DM and IGT the high Prevalence 
o~ hYPertension was associated with high basal 
insulin levels. To confirm this associatlon we 
analysed the hypertenslon Prevalence according 
to insulin distribution in whole Population. 
In t h e  ~Ourth quartile Of insulin distPlbution 
the Prevalence of hypertension was So, 9z while 
in  the ~ i r s t  q u a r t l l e  i t  was 19,9X (P<O, OI). 
This di{~erence was more signi{lcant when 
hypertension was associated with 
dyslipoprotelnemla. Conclusion: there is a 
strong associatlon between the prevalence of 
arterial hYPertension and ~as% PlaSma insulin 
levels.  

358 
ANTIHYPERTENSIVE THERAPY WITH ENALAPRIL IMPROVES 
GLUCOSE STORAGE AND INSULIN SENSITIVITY IN 
HYPERTENSIVE TYPE 2 DIABETIC PATIENTS 
H. Vuorinen-Markkola and H. Yki-Jfirvincn. Helsinki, Finland. 
A double-blind, placebo controlled 4 week trial was performed to 
determine the antihypertensive and metabolic effects of enalapril 
(20-40 rag/day) in 16 hypertensive type 2 diabetic patients. Glucose 
kinetics, oxidation and storage were determined basally and during 
euglycemic hyperinsulinemia (180 rain) using [3-3H]glucose and 
indirect calorimetry~ Enalapril decreased systolic (161-+3 vs 149-+4, 
p<0.05) and diastolic (100-+2 vs 92-+2 mmHg, p<0.01) blood pres- 
sure and urinary albumin excretion (8-+1 vs 4-+1 ~g/min, p<0.05). 
Peripheral insulin sensitivity, i.e. insulin stimulation of glucose 
utilization, increased by 4.3-+1.7 ~tmol/kg.min (13.1-_2.0 vs 17.4-+3.5 
~lmol/kg.min, p<0.05, before vs after) by enalapril but remained 
unchanged during placebo (15.4-+2.8 vs 15.3-+2.7 ~tmol/kg.min). The 
increase in glucose utilization by enalapril was explained by a 
4.1-+1.7 ~mol/kg.min increase in glucose storage (4.1-+1.2 vs 
8.1-+2.9 p.mol/kg.min, p<0.05). Enalapril increased HDL-cholesterol 
slightly by 8% (p<0.05) with no change in total cholesterol or 
triglycerides. HbA1c improved slightly by enalapril (7.7-+0.7 vs 
7.3-+0.7%, p<0.05) but not by placebo. We conclude that enalapril 
improves insulin sensitivity in hypertensive NIDDM patients. Thus, 
the favourable metabolic effects of ACE irdaititors are not restricted 
to nondiabetic patients and captopril but can also be observed in 
hypertensive type 2 diabetic patients treated with enalapril. 
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DOES A POSITIVE FAMILY HISTORY 0P DIABETES CONVEY A MORE 

ATHEROGENETIC BLOOD PROFILE? 

D. Giugliano, A. Quatraro, A. Minei, N. De Rosa, G. 

Paolisso, A. Ceriello, R. Torella and F. D'Onofrio. 

Dept. of Geriatrics, University of Naples, Italy. 

Type-2 diabetes has a strong genetic component and is 

burdened with an excessive risk of mortality from CVD. 

The purpose of this cross-sectional study was to 

determine whether a positive family history (PFH) for 

type-2 diabetes is associated with adverse risk factors 

levels for CVD. We evaluated a population of about 1000 

subjects who in the course of 1991 underwent a medical 

work-up in Taranto (South Italy). The subjects were 

divided (NDDG criteria) into normal (n=382), impaired 

glucose tolerance (n=144) and OGTT-diagnosed diabetes 

(u=103); a group of 120 subjects could not be put in 

any category (non-diagnostic OGTT). There was a 

continuous increase in fasting and 2-h glucose, ~Alc, 

insulin, triglyceride and blood pressure accross the 

categories of glucose intolerance (from normal to 

diabetic, F test, p<0.05-0.001), which persisted after 

adjustment for age, BMI and waist/hip ratio (analysis 

of covariance). A/I subjects with PFH were younger (4 

years on average) than those without PFU. Risk factors 

for C~ were not significantly affected by PF~: only 

in OGTT-diagnosed diabetes the presence of PFH was 

associated with higher values of 2-h glucose and HbA1c, 

and lower C-peptide but not insulin. Thus, we found a 

graded increase in levels of several risk factors for 

CVD with increasing glucose intolerance even at levels 

which are considered normal according to the WHO 

classification. OGTT-diagnosed diabetics with PFH seem 

to proceed to metabolic decompensation at an higher 
speed. 
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INSULIN SENSITIVITY, GLUCOSE SENSITIVITY, B-CELL 
SECRETION AND INSULIN METABOLISM IN HUMAN 
OBESITY. 
F. Saggiani, E. Bonora, M. Zenere, M.G. Artioli, A. Ruggeri, C. 
Cobelli and M. Muggeo. Department of Metabolic Diseases, 
University of Verona and Department of Electronics and 
Informatics, University of Padua, Italy. 
In this study we compared insulin sensitivity, glucose 
sensitivity, B-cell secretion (as assessed by plasma C- 
peptide), and insulin metabolism during intravenous glucose 
tolerance test in sex- and age-matched obese and nonobese 
subjects. Glucose, insulin and C-peptide kinetics were 
studied by the "minimal model" technique. As compared to 
nonobese subjects, obese patients showed: a) higher fasting 
levels of plasma C-peptide (0.88 _+ 0.10 vs 0.51 + 0.06 
pmol/ml, p<0.01) and, to a greater extent, plasma insulin (112 
_+ 21 vs 42 + 7 pmol/I, p<0.001); b) a B-cell response to i.v. 
glucose similar in the first phase (r = 64 +_ 14 vs 57 + 12 
pmol/min x mg/dl) and only slightly higher in the second 
phase (r = 50 + 12 vs 39 -+ 5 pmol/min x mg/dl, p=NS); c) 
lower values of either insulin sensitivity (Si = 2.36 + 0.29 vs 
5.62 + 0.87 min-1 x U/L, p<0.001) and glucose sensitivity (Sg 
= 0.011 + 0.001 vs 0.022 -+ 0.002 rain-l, p<0.001); d) a lower 
metabolism of insulin (INSFcR = 0.045 _+ 0.007 VS 0.072 + 
0.009 min-L p<0.05) but not of C-peptide (C-PEPFcR = 0.024 
-+ 0.001 VS 0.028 _+ 0.002 rain-l). In the whole population, Si, 
Sg and INSFcR were inversely related to either total body fat 
content or waist/hip ratio, while ~1 only directly correlated 
with total body fat. These results suggest that human obesity 
is featured by an impairment of both insulin and glucose 
sensitivity, a reduced insulin metabolism but a normal B-cell 
response to i.v. glucose. 
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SERUM INSULIN LEVELS AND GLUCOSE TOLERANCE AS 
PREDICTORS OF CARDIOVASCULAR RISK FACTORS. 
H. Bar-On, Y. Friedlander, M. Kidron and J.D. Kark 
Hadassah Hospital and the Hebrew University School of 
Public Health, Jerusalem, Israel 

In a random sample of 708 men (M) and 762 women 
(W) with unknown diabetes,  and based on WHO 
criteria, 4.1% of M and W were newly diagnosed as 
diabetics (DM), while 6.8% and 4.7% of M and W 
respect ively,  were found to have impaired glucose 
tolerance (IGT). Subjects with DM and IGT were older 
and had h igher  body mass  index (BMI)  values  
compared to normal subjects. Mean serum insulin (SI) 
levels (pmol/L)  post chal lenge were lowest  among 
normals (6.13 in M and 6.41 in W), intermediate among 
subjects with DM (12.4 in M and 8.92 in W), and 
highest among subjects with IGT (15.74 in M and 11.56 
in W). Subjects with IGT showed the highest values of 
total cholesterol (TC), LDL-cholesterol and triglyceride 
(TG), and the lowest  HDL-cholesterol  (HDL-C),  as 
compared to non-diabetic subjects or subjects with DM. 
In M, after controll ing for age, ethnicity, BMI and 
smoking, SI was a significant positive predictor of TG, 
and a significant negative predictor of HDL-C. DM and 
IGT were not  independent ly  associated with these 
var iables .  A s imilar  associa t ion  with HDL-C was 
observed among W. However, in W, IGT and insulin 
levels were independent ly  posi t ively associated with 
TG levels after control l ing for the above-ment ioned  
confounders .  These  f indings  point  to the poss ib le  
underlying mechanisms by which glucose intolerance 
and insulin resistance may be involved in the etiology 
of cardiovascular disease. 
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THE EFFECTS OF HYPERGLYCEMIA ON MYOCARDIAL 
BLOOD SUPPLY, FUNCTION AND METABOLISM 
AoI.Khomazjuk, A.P.Nescheret,I.V.Shepelenko and 
L.N.Senko. Ukraine, 154114, Kiev, Vyshgorodska 
str .69~Institute of Endocrinology & Metabolism. 

The experiments on 32 anesthetized dogs were 
performed for the purporse of investigation of 
regional coronary hyperglycemia (H) effects on 
the heart. Catheterization and extracorporal 
autoperfusion of coronary artery (CA), cathete- 
rization and continuous dreinage of coronary si- 
nus (CS) were used. H (21,8Z3,87 mmol/l) was in- 
duced by the glucose (G) infusion (I) into ex- 
tracorporal perfusion system by means of ultra- 
microinjector. Systemic arterial G level incre- 
ased insignificantly during 2-4 min GI. H redu- 
ced CA perfusion pressure (-5,5• kPa), rai- 
sed left ventricular dP/dt (+120,O+_.25,63 kPa/s), 
decreased O z CS blood saturation (-1,9+_0,42 %), 
increased coronary artery-venous blood differe- 
nce (AVD) by 0 z saturation (+9,8+_4,06 %) and 
augmanted AVD by G from O,4!O,17 to 7,2• 
mmol/l. Myocardial contractility and 0 Z consump- 
tion enhancement coincided with the increase of 
negative ~waves (+O,7_+O,10 mV and O,9_+0,11 mV, 
respectively) and the ST 0,~D segment depression 
(-0,4+--0,05 mV). The EGG changes were not accom- 
mpanied by the myocardial lactate release,index 
lactate/pyruvate reduced (20 %) and myocardial 
FFA consumption (O,2+_O,O1 atmol/l) markedly de- 
creased or even ceased. Just after the GI we ob- 
served significant enhancement of heart adrener- 
gic reactions. Beta-adrenergic blockade failed 
to eliminate the H effects on heart contracti- 
lity and EGG. We suggest that coronary H can ex- 
xert direct action on myocardial function, blood 
supply and metabolism independently from syste- 
mic metabolic disturbances in diabetes mellitus. 
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IMPAIRED MYOCARDIAL PERFUSION IN PATIENTS WITH. 
HYPERINSUMNAEMIA AND MICROVASCULAR ANGINA. 

JD Quin, AC Tweddel, W Martin, GH Beastall and I Hutton. 

Diabetes Centre, Department of Cardiology and Institute of 
Bioehemistyy, Glasgow Royal Infirmary. 

Hyperinsulinaemia and elevated C-peptide concentrations have 
previously been demonstrated in patients with angina and normal 
coronary angiograms. It has been suggested that increased insulin 
concentrations may lead to coronary microvascular dysfunction in such 
patients. We have studied coronary flow in 9 patients with typical 
effort angina, abnormal exercise Thallium scans and entirely normal 
vessels at coronary angiography, with no evidence of coronary artery 
spasm. None were hypertensive or diabetic. None were taking drugs 
known to affect carbohydrate metabolism. Patients had a standard 75g 
oral glucose tolerance test. Mean fasting, peak and 2-hourly glucose 
values were respectively 4.6 (-+0.34), 7.2 (_+1,3) and 6.0 (+0.9) 
mmol/L. Median fasting, peak and 2-hourly insulin concetrations with 
ranges were 11.6 (9.1-25), 99.9 (65.4-492) and 87.0 (32.9-128) mU/L 
respectively. Mean fasting, peak and 2-hourly C-peptide 
concentrations were 0.74 (+0.24), 3.37 (+1.32) and 2.86 (_+0.98) mUFL 
respectively. Myocardial flow was measured by the Xenon clearance 
techniques. Resting flows were within normal limits. By atrial pacing 
to heart rates similar to that achieved in exercise, chest pain occurred 
in all patients. Distribution volume fell in at least one coronary 
distribution in all patients and this was associated with reduced 
coronary artery flow by a mean 28.6 _+ 9.8%, p<0.05. This group of 
patients with angina, normal coronary angiography and 
hyperinsuIinaemia have reduced myocardial flow presumably at the 
microvascular level. 
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INSULIN SENSITIVITY IN MICROALBUMINURIC TYPE 1 (INSULIN- 
DEPENDENT) DIABETIC PATIENTS. 
J,Messent, A.Morocutti, G,Pira8, M.Mattock, M.Sethi and G.C.Viberti. 
Unit for Metabolic Medicine, United Medical and Dental Schools, Guy's 
Hospital. London, U.K. 
Type I (insulin-dependent) diabetic patients with microalbuminuria are 
at dsk of cardiovascular and renal disease. The aim of this study was to 
assess insulin sensitivity and its relationship to other cardiovascular 
risk factors in these patients. Insulin sensitivity, expressed as whole 
body glucose disposal rate (by an euglycaemic hyperinsulinaemic 
damp with plasma insulin level of lOOp.Ulml), plasma lipids and 
lipoprotalns, 24 IT ambulatory blood pressure (ABP) and waist/hip ratio 
(WHR) were measured in 9 microalbuminuric(DM)(albumin excretion 
rate (AER) [geometirc mean (95% C.1.)49.1(47.5-50.7)] and 8 
normoalbuminuric (DN)(AER 8.83(7.6-10.1)l~g/min) patients. The 2 
groups were similar in age (mean~-S.D.)(40-~tO vs 40,7 ~), duration of 
diabetes (23,7vs22~6 yr) and body mass index (26.6,2,7 vs 24.6+1.4 
kg/m2). Peripheral insulin sensitivity was significantly reduced in the 
DM group (glucose disposal rate 8.1,1.6 vs 9.5,0.7 mg/kg/min, 
p<O.05) who also had higher night-timeABP(97.1,-7.4 vs 
85.9,5.7mmHg, p<O.Ot), total cholestard (5.38.~1.1 vs 4.26,0.6, 
p=O.02) and apoB (0.94.~.2 vs 0.61~.0.3g/I, p=O.02). The difference in 
WHR was not significant: 0.86=0.05 vs 0.82~-0.02. In the DM patients 
insulin sensitivity was significantly positively correlated with AER 
(R=O.79,p---O.01). In conclusion reduced insulin sensitivity is a feature of 
Type 1 (insulin-dependant) diabetic patients with microalbuminuria 
and conlributes with oth~ factors to the increased dsk for renal and 
cardovascular diesase in these patients. 
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ANALYSIS OF CAROTID ATHEROSCLEROSIS AND SILENT 

CEREBRAL INFARCTION IN JAPANESE NIDDM PATIENTS 

M.Nomura, M.0hashi, M.Nishino, R.Fukunaga, 

K.Sueyoshi, Y.yamada and H.Abe. 

Dept. of Medicine, Osaka Rosai Hospital, Japan. 

[Aim and Methods] Silent cerebral infarctions 

and carotid atherosclerosis were investigated by 

T2 image in MRI (Signa 1.5 Tesla, GE) or B-mode 

ultrasound-scopy (7.5MHz, Aloka) in 67 Japanese 

NIDDM patients (age:59+/-9 yr., duration:10+/-8 

yr., mean+/-SD) without any history and symptoms 

of cerebral infarction. Relationships between two 

lesions and clinical data such as FPG(fasting 

plasma glucose), serum lipids and diabetic 

complications were tried to examine. 

[Results] In NIDDM, silent cerebral infarctions 

were found in 29.9% (20/67), and carotid 

atherosclerosis were found in 23.9% (16/67). Co- 

occurrence rate of both lesions in NIDDM was 6.0% 

(4/67). There were no significant relationship 

between two lesion and FPG or serum lipid levels. 

However, in NIDDM with silent cerebral 

infarction, mean ages (66+/-10 vs. 58+/-9yr., 

p<0.05) and frequency of hypertension (63 vs. 

28%, p<0.05) were significantly higher than 

without cerebral infarction. 

[Conclusioms] In NIDDM incidence of silent 

cerebral infarctions and carotid atherosclerosis 

were higher than expected. From this study, it 

was suggested that the clinical pathogenesis of 

these two lesions might be different. 
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LOWER EXTREMITY ARTERIAL OCCLUSIVE DISEASE IN RELATION TO 
GLYCEMIC LEVEL IN A CAUCASIAN POPULATION 
P.J. Beks, J.N.D. de Neeling, R.J. Heine and L.M. Bouter, Institute for 
Research in Extramural Medicine, Vrije Universiteit, the Netherlands. 

The aim of this study was to evaluate the relationship between parameters 
of glucose metabolism and the occurrence of lower extremity arterial 
occlusive disease (LEAOD). We studied an age/gender stratified random 
sample (N=628) from a Caucasian population, aged 50-76 years (the 
Hoorn Study). Based on two Oral Glucose Tolerance Tests and WHO 
criteria, participants were classified into five categories of glucose 
tolerance, normal/normal (N=236), normal/IGT (N=94), IGT/IGT (N=89), 
IGT/DM (N=50), DM/DM (N=89), and the category of previously 
diagnosed DM (N=67). LEAOD was defined as an ankle/arm index <0.90 
and/or a monophasic doppler-flow-velocity curve in any of the lower eXtre- 
mity arteries. In the glucose tolerance categories the crude prevalence of 
LEAOD was 19.9%, 14.9%, 21.3%, 18.0%, 31.5% and 41.8%, respectively. 
Controlling for age, gender, blood pressure, BMI, W/H-ratio and serum 
lipids, multiple logistic regression analysis showed, in four different 
models, significant contributions of HbAlc (p<0.0001), fasting blood 
glucose (p=0.0005) and category of glucose tolerance (p<0.0005) to the 
risk of LEAOD, whereas no such contribution of fructosamine was 
demonstrated. In conclusion, these cross-sectional data indicate that the 
glycemic level is positively associated with the risk for LEAOD in a Cauca- 
sian population. 
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EFFECTS OF TYPE i DIABETES ON CARDIAC SIZE AND FUNCTION- 
INFORMATION FROM A STUDY OF IDENTICAL T~JINS 
S.S.S.Lo, M.G.St John Sutton and R.D.G.Leslie. Dept of 
Diabetes, St. Bartholomew's Hospital and Royal Brompton 
National Heart and Lung Hospital, London U.K. 
To define the nature of diabetes related cardiac 
dysfunction, we studied 38 young (mean age 25, range 
i0-37 years) normotensive identical twins discordant for 
Type 1 diabetes (mean duration 14 years) by 2D-Doppler 
echo. End-diastolic volume (EDV), end-systolic volume 
(ESV) and left ventricular mass (LVM) were calculated 
from echo images and corrected for body surface area. 
Diastolic function was measured as; i) ratio of 
transmittal blood flow velocities (E/A); 2) time-velocity 
integrals of early (E-integral) and late (A-integral) 
LV filling; 3) diastolic filling contributed by atrial 
systole (At). Diabetio~ compared with non-diabetic twins, 
had lower EDV and ESV (72 + 20 vs 76 + 19 ml/m~ p~O.O01 
and 31 + 8 vs 36 + 14 ml/m~ p~O.02) and lower E/A ratio 
(1.4 ~ O.S vs 1.6--~ 0.3, p~O.O00S) but similar LV[,I and 
stroke volume. Despite similar total time-velocity 
integrals of diastolic filling, diabetic twins had higher 
A-integral (55 ~ 18 vs a7 + i0~ p 0.005) and higher At. 
(32 h 5 vs 29 • 5%, p<O.O05). We conclude that these 
Type 1 diabetics have decreased LV chamber volume and 
subclinical diastolic dysfunction but retain normal 
systolic function, indicating a specific diabetic heart 
disease. 
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CORONARY ARTERIOSCLEROTIC LESIONS IN TYPE I 
DIABETIC PATIENTS WITH END-STAGE RENAL DISEASE 
E.C.A.A. Van Oosterhout, J.H.C. Reiber, C.J. Begeman, H. Van 
Bronswijk, H.G. Gooszen and H.H.P.J. Lemkes. Leiden University 
Hospital, PO BOX 9600, 2300 RC, Leiden, The Netherlands. 

Mortality in patients with diabetes mellitus and end-stage renal failure 
(ESRF) is dominated by ischemic heart disease. Therefore we 
analyzed the extent and magnitude of coronary arteriosclerotic lesions 
in these patients. Coronary cineangiograms of 43 consecutive type I 
diabetic patients who were eligible for renal transplantation were 
analyzed quantitatively with automated edge detection techniques. 
Average age was 38 years (range:23-57); average duration of diabetes 
was 23 years (range:14-39). Angina was present in 4 patients; 
exercise tests revealed no evidence for ischemic heart disease in the 
remaining 39 patients. No lesions with a percent diameter stenosis 
(%-D) > 20% were found in 17 patients; 4 patients had complete 
obstruction of the right coronary artery. Therefore the results of 22 
angiograms were further analyzed. This revealed a total of 61 
obstructions, equally distributed over the three major branches. The 
average stenotic flow reserve, a measure for functional significance of 
obstruction, was decreased at 3.97 (range: i. 16-4.96). Average %-D 
was 44.2% (range: 20.2-74.4). Average percent cross-sectional area 
stenosis (%-A), which correlates well with the visually determined 
degree of the stenosis, was 67.1% (range: 36.3-93.4); Patients with 
angina had significantly larger %-A than those without: 82.9% vs 
64.8% (p=0.02). However out of 18 patients without angina still 13 
had at least 1 obstruction with %-A -> 70% . We conclude that the 
majority of type I diabetic patients with ESRF although asymptomatic, 
have developed at young age severe and multiple obstructions in the 
coronary arteries. Our results stress the importance of coronary 
angiography before renal transplantation in diabetic patients. 
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THE RISK OF ATHEROSCLEROTIC LESIONS OF THE CAROTID ARTE- 
RIES IN YBUNB TYPE 1 DIABETIC PATIENTS 
D.Frost and N.Beischer, BOrgerhospital Stuttgart, Germany 
Alterations of the vessel wall of carotid arteries (CA) 
can be detected by high resolution ultrasound technique. 
We studied the risk of atherosclerotic CA disease in young 
Type 1 diabetic patients (P) aged up to 40 years. We exa- 
mined the CA of gO P and looked for plaques and for 
thickening of the vessel wall by measuring of the reflec- 
tion of the inner wall (R). 19 P with diabetes duration 
less than one year served as a control group (CG), the 
other 71 P were distributed to three groups as follows: 
A: normal R (40.6 mm, equal with CG); B: broadened R (0.7- 
1.0 mm); C: plaques. Alterations of the vessel wall of CA 
occured in 24% of our P with diabetes duration > 1 year, 
The percentage of the following late complications or 
accompanying diseases was significantly higher in group B 
than in group A: nephropathy (stad. III and IV) 67% vs. 
13% (p<O.OOl); hypertension (>140/90 mmHg) 33% vs. 6% (p< 
0.01); cheiropathy (scleroderma-like syndrome) 67% vs. 28% 
(p<O.05). There was no dif ference concerning hyperchol- 
esterolaemia (>200 mg/dl, 11% vs. 20%). In group C however 
hypercholesterolaemia played an important role (75% vs. 
20% in A, p<O.O~); a l l  patients had a nephropathy (100% 
vs. 13%, p<O.O01) and a ha l f  showed hypertension (50% vs. 
6%, p<O.O01); cheiropathy 63% vs. 28% (p<O.05). Nephropa- 
thy, hypertension, cheiropathy and hypercholesterolaemia 
are important indicators of early atherosclerotic lesions 
of CA in young Type 1 diabetic patients. 

370 
ABNORMALITIES IN EXTRAHEPATIC INSULIN SENSITWITY ARE A 
PECULIAR FEATURE OF NON INSULIN DEPENDENT DIABETIC 
PATIENTS WITH BUT NOT WITHOUT HYPERTENSION AND/OR 
MICROALBUMINURIA. 
A. Solini, B. Muollo, F. Frigato, M. Sambataro, M.R. Cipollina, A. 
Morocutti, R, Trevisan, I. Barzon, E. Brocco, M. Vetussi and R. Nosadini. 
Universit~ di Padova, Italy. 
Insulin resistance could be one mechanism linking non insulin dependent 
diabetes to hypertension and to cardiovascular mortality. 
Microalbuminuria is a further independent risk factor of cardiovascular 
mortality and hypertension. Little information is available on the 
relationship between microalbuminuria and insulin action. Our aim was to 
investigate the relationships among blood pressure levels, 
microalbuminuria and insulin resistance in non insulin dependent diabetes. 
Fortyfive non-insulin-dependent diabetic patients were located in four 
groups: Group 1) blood pressure levels lower than 140 and 85 mmHg and 
albumin excretion rate lower than 15 I.tg/min; Group 2) blood pressure levels 
higher than 145 and 90 mmHg and albumin excretion rate lower than 20 
,g/min; Group 3) microalbuminuria and normal blood pressure levels and 
Group 4) microalbuminuria and hypertension. Eight normal subjects served 
as controls. Patients and controls underwent euglycemic multiple step 
insulin clamp. Results: Whole body glucose utilization, mainly an index of 
extrabepatic insulin action, was lower at all insulin infusion steps in Group 
4) 3) and 2) patients than in Group 1) patients and controls. (Group 4) vs 3) 
vs 2) vs 1) vs controls: 5.70LO.56 vs 6.64_+0.46 vs 5.77+0.70 vs 8.73-+1.15 vs 
9.35-+1.19 mg'Kg'l'min "1 at 1500 I.tU/ml insulin concentrations). On the 
contrary hepatic glucose output (an index of insulin action in the liver) was 
less inhibited in all diabetics than in controls. Conclusions: 1) extrahepatic 
insulin sensitivity is normal in non insulin dependent diabetics without but 
not in those with hypertension and microalbuminuria, 2) hepatic insulin 
sensitivity is reduced in all non insulin dependent diabetics. 
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DETERMINANTS OF INSULIN RESISTANCE AND THEIR 
RELATION TO LIPOPROTEINS IN TYPE 2 DIABETES. 
E.H.R. Pondman, M.C. Blonk, M.A.J.M. Jacobs, C.E. Friedberg 
and R.J.Heine. Free University Hospital, Department of Internal 
Medicine, P.O. Box 7057, 1007 MB Amsterdam. 

Determinants of insulin sensit ivity and their relation to lipids, 
lipoproteins and blood pressure were investigated in 46 patients 
with type 2 diabetes (26F/20M, age 59.1+6.1 yrs, HbAle 
7.4-+1.2%). To study the determinants of insulin-mediated 
glucose uptake (M-value), measured with the euglycemic 
hyperinsulinemic clamp, multiple linear regression was applied. 
Only sex, percent bodyfat, waist to hip rat io and resting energy 
expenditure (REE/kgLBM) emerged as significant independent 
factors, with a multiple r2 for the model of 44.1%. Age, HbAle, 
VO2max, smoking, alcohol consumption and dietary habits did 
not contribute significantly. Furthermore, the M-value, the 
fasting insulin level and the above mentioned variables were 
included in multiple regression models predicting average levels 
of lipids, lipoproteins and blood pressure. The M-value was 
independently and inversely associated with tr iglyceride (TG) 
and VLDL-cholesterol concentration (multiple r2 of the models 
were 48.8% and 32.1%, respectively) and positively with HDL2- 
cholesterol and apolipoprotein-A1 (multiple r2 of the models 
were 52.9% and 59.4%, respectively), but not with blood 
pressure level. Moreover, fasting insulin contributed directly, 
independent of the M-value, to the variation of TG, while not to 
the other lipoproteins. In conclusion, the results implicate that  
insulin per se affects TG levels, while HDL2-cholesterol levels 
are predominantly influenced by the degree of insulin 
sensitivity. 
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ISOLATED HYPERCHOLESTEROLEMIA IS NOT PART OF THE 
INSULIN RESISTANCE SYNDROME. 
S. Vigil• de Kreutzenberg, M. DoreUa, M.C. Marescotti, M. Bussolotto, 
P. Per•177 G. Baldo, A. Tiengo and S. Del Prate. Cattedra di Malattie del 
Ricambio, University of Padova, Italy. 

Hyperlipidemia was described as part of the syndrome of insulin 
resistance. To evaluate insulin action in isolated 
hypercholesterolaemia a 180min hyperinsulinemic (420 pM) 
euglycemic (4.7 mM) clamp was performed in 5 (BMi=26+1 kg]m2; 
age=47• yrs) hypercholesterolaemic patients (total Ch=7.2• 
HDL-Ch=I.3• LDL-Ch=4.7_+0.3; Tg=2.4_+0.2; VLDL- 
Tg=l.1+0.1 mM) with normal glucose tolerance and 5 control 
subjects (BMI=27• ; age=48• tot-Ch=5.0_+0.1 ; HDL- 
Ch=1.0• LDL-Ch=3.2+0.3; Tg=1.5+0.2; VLDL-Tg=0.9-+0.2 
raM). Studies were performed with a hot (3-3H) glucose infusion, to 
ensure steady state plasma glucose specific activity, and indirect 
calorimetry. Basal hepatic glucose production (HGP) and glucose 
utilization were similar in hypercholesterolaemics (10.4+1.2) and 
controls (10.1_+0.7 gmol/min.kg). No difference was apparent in the 
basal rates of glycolysis (3H20 generation=8.7!1.2 vs 9.6• 
glycogen deposition (glucose disposal - glycolysis= 1.7• vs 
0.5• glucose oxidation (8.5_+2.0 vs 6.7+1.6), plasma FFA 
levels (3.4-+0.7 vs 4.1-+0.4 g/L), and lipid oxidation (2.6+_0.8 vs 
3.2_+0.5 gmol/min.kg). In response to hyperinsuiinemia, glucose 
disposal increased similarly in both groups (34.5_+4.1 vs 33.4-+3.1 
gmol/min.kg). Also similar was the increment in the glycolytic flux 
(18.6+-3.6 vs 15.3-+3.8), glycogen deposition (15.9+_3.5 vs 
18.1• glucose oxidation (14.4-+2.3 vs 14.4+2.9), and the 
reduction of FFA (0.6_+0.1 vs 0.5_+0.1) and lipid oxidation (0.8_+0.6 
vs 0.7• HGP suppression tended to be lower in 
hypercholesterolaemics (4.1_+1.5) than in controls (1.6_+1.4 
gmol/min.kg) without reaching statistical significance (p=0.12). In 
conclusion, isolated hypercholesterolemia is not associated with 
altered insulin action. Lipid metabolism disturbances other than 
hypercholesterolaemia should be included in the syndrome of insulin 
resistance. 
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ISOLATED HYPERCHOLESTEROLEMIA IS NOT PART OF 
THE INSULIN RESISTANCE SYNDROME (SYNDROME X). 
M. Zenere, E. Bonora, F. Saggiani, M.G. Art• M. Carl•177 and 
M. Muggeo. Department of Metabolic Diseases, University of 
Verona, Verona, Italy. 
Recently it has been suggested that insulin resistance is a 
multifaceted syndrome that can manifest itself with different 
phenotypes, including obesity, glucose intolerance or type 2 
(non- insu l in -dependent )  d iabetes,  hyper tens ion and 
dys!ipidemia. While it is well known that subjects with isolated 
familiar hypertriglyceridemia are less insulin sensitive than 
normal subjects, it has been just postulated, but not 
demonst ra ted,  that subjects with iso lated fami l iar  
hypercholesterolemia are insulin resistant. Aim of the present 
study was to evaluate whether subjects with isolated familiar 
hypercholesterelemia have or have not a diminished insulin 
sensitivity. 10 premenopausal nonobese, nondiabetic, not 
hypertensive women with familiar hypercholesterelemia and 
10 age (38 -+ 4 vs 35 + 2) and BMI (22 _+ 1 vs 24 + 1 ) matched 
healthy women were studied. In the former hypolipidemic 
medications were discontinued at least 2 weeks before the 
study was performed. Pre-treatment serum cholesterol was at 
least 300 mg/dl. The study consisted in a 4-h euglycemic 
insulin clamp (20 mU/m2 surface area), associated with 3- 
[3H]-glucose infusion and indirect calorimetry. During insulin 
clamp the rates of glucose disposal (mg/min.Kg BW; mean _+ 
SE) were not significantly different in hypercholesterolemic 
and normal women (total: 6.12 _+ 0.48 vs 5.54 + 0.69; 
oxidative: 3.12 + 0.18 vs 2.80 + 0.12; non-oxidative: 3.00 + 
0.44 vs 2.74 + 0.65, respectively). These results suggest that 
isolated famil iar hypercholesterolemia is not part of the 
insulin resistance syndrome. 
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EFFECT OF GENDER ON INSULIN RESISTANCE 
ASSOCIATED WITH AGING 
Anja Franssila-Kallunki, Camilla Schalin-J~intti and Leif Groop 
Fourth Department of Medicine, Helsinki University Hospital, 
Finland 

To examine whether age-related changes in energy metabolism are 
influenced by gender 20 females (50+4 years, BMI 23.4+0.7 kg/m 2, 
weight 63.5+2.1 kg, fat percentage 33.4+2.1%) and 20 males 
(48+3 years, BMI 24.1+0.5 kg/m 2, weight 78.4+2.I kg, fat 
percentage 25.7+1.7 %) varying in age from 21 to 80 years were 
studied with euglycemic insulin clamp in combination with indirect 
calorimetry and infusion of 3H-3-glucose. Lean body mass (LBM) 
was measured with the tritiated water technique. Fat percentage 
correlated with age only in males (r=0.60;p<0.05). Insulin- 
stimulated total glucose disposal and storage were similar in 
females (53.1_+2.7 and 28.4_+2.5 umol/kgLBM.min) and males 
(47.6+3.2 and 26.1+2.3 umol/kgLBM.min). Glucose storage 
expressed per kg body weight (r=-0.64;p<0.01) or per kg LBM (r=- 
0.46;p<0.05) correlated inversely with age only in males, but not 
in females (r=0.27;p=NS). In fact, the slopes relating glucose 
storage and age were significantly different in males and females 
(p<0.05). Basal metabolic rate expressed per kg body weight did 
not differ between females (63.7+2.2 (J/kg.min) and males 
(65.8+2.1 J/kg.min) and decreased with age in both sexes (r=-- 
0.49;p<0.05 in females, r=-0.60;p<0.01 in males). No correlation 
with age was observed when data were expressed per kg LBM. 
These data clearly demonstrate different effects of age an energy 
metabolism in females and males. 
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I N S U L I N  R E S I S T A N C E ,  H Y P E R T E N S I O N  A N D  
NEUROPSYCHOLOGICAL PERFORMANCE IN THE ELDERLY 
J. Kuusisto, K. Koivisto, L. Mykk/inen, M. Laakso, E-L Helkala, T. 
H/inninen, M. Vanhanen, K. Pytriil/i and P. Riekkinen. Depts of 
Medicine and Neurology, Kuopio University Hospital, Kuopio, Finland. 

Essential hypertension is known to be associated with an increased risk 
for cerebrovascular disease but studies indicating that cognitive 
function is disturbed in hypertensive subjects are scarce. Therefore, 
cognitive function was examined in a random sample of 978 elderly 
subjects of Kuopio town, eastern Finland. From 772 non-diabetic 
subjects altogether 396 were hypertensive and 376 were normotensive. 
The following neuropsychological screening tests were used to measure 
cognitive function: the Mini-Mental State Examination Test(MMSE), 
Heaton Visual Reproduction Test (HVRT), Trail Making Test (TMT), 
Busehke Selective Reminding Test (BSR) and Verbal Fluency Test 
(VFT). The hypertensive group scored more poorly than did the 
normotensive group in most screening tests , especially in the Trail 
Making Test (part B: 203.7+ 5.2 vs. 188.6+ 5.1, p<0.05; part C: 
188.6+ 4.3 vs. 171.2+ 4.2, p<0.01) which evaluates ability to solve 
problems, and Verbal Fluency Test (P-words 11.4+ 0.3 vs. 10.6+ 0.3, 
p<0.05 ) which assesses long-time semantic memory. Within the 
hypertensive group, the subjects with high fasting plasma insulin (> 
10.1 mU/l) systemically scored more poorly than did the non- 
hyperinsulinaemic ( < 10.1 mU/l) hypertensive subjects, especially in 
the Verbal Fluency Test and Trail Making Test. This difference in the 
Verbal Fluency and Trail Making Tests between these three groups 
(normotensive, hypertensive normoinsulinaemic and hypertensive 
hyperinsulinaemic) remained statistically significant even after 
adjustment by ANCOVA for fasting plasma glucose, age, sex and 
education (TMT, part A, p= 0.009 ; VFT, p= 0.009). Thus, 
hyperinsulinaemia/insulin resistance seems to identify a subgroup of 
hypertensive subjects who have a particularly poor performance in 
neuropsychological screening tests. 
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ABNORMAL CALCIUM HOMEOSTASIS IS ASSOCIATED WITH INSULIN 
RESISTANCE AND GLL~OSE INTOLEPJ~NGE. 
S Kumar, AO Olukoga, C Gordon, EB Mawer, 3P Hosker, M 
Prance, M Davies and A/M Boulton. Manchester Royal 
I n f i r m a r y  , Manchester, UK. 

Glucose tolerance, insulin resistance and beta-cell 
function were studied in 19 non-obese subjects with 
primary hyperparathyroidism ~H) without hypertension, 
diabetes or family history of diabetes and I0 age and BMI 
matched controls. Plasma glucose and insulin were 
measured during a I hour continuous glucose infusion 
(Smg/kg ideal body we~ht/mln) and insulin resistance 
and beta-cell function were derived by mathematical 
modellin~. Median ionlsed calcium was h~her in PH 
[1.49 (interquartile range 1.42-1.6) vs 1.21 (1.15-1.24) 
mmol/h p<O.0001]. Parath~old hormone (PTH) was 60.0 (41- 
80) pg/ml in PH and 20.0 (16.5-25.7) pg/ml in controls 
(p<0.0001). Achieved glucose at the end of the infusion 
was higher in PH [8.9 (8.1-9.8) mmol/l] than in controls 
[8.0 (7.2-9) retool/l, p<0.05], and 7 PH subjects had 
impaired glucose tolerance. Glucose stimulated insulin was 
23 (18-35) mU/l in PH compared to 14 (11-18) mU/l in 
controls (p<O.001). PH subjects were more insulin 
resistant [2.8 (1.7-3.r than controls [1.2 (0.9-1.7, 
p<0.001)] and had h~her beta-cell function [160% (I00- 
209%) vs 81W (62- I00~), p<0.001]. Abnormal calcium 
homeostasis in PH is associated with peripheral insulin 
resistance even in the absence of hypertension and 
obesity. These subjects may be at higher rink for 
diabetes and coronary artery disease. 
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ANTIGLUCOCORTICOID TREATMENT AMELIORATES HIGH- 
FAT FEEDING INDUCED INSULIN RESISTANCE IN RATS 
L.H. Storlien, M. Kusunoki and G.J. Cooney, Department of 
Endocrinology, Royal Prince Alfred Hospital and Garvan 
Institute, St. Vincent's Hospital, Sydney, Australia 

Hyperresponsivity of adrenal glucocorticoids to stress has 
been shown in genetic models of insulin resistance and 
obesity. Conversely adrenalectomy or treatment with 
antiglucocorticoids ameliorate many of the metabolic 
abnormalities. High-fat diets also induce insulin resistance 
and hyperresponsivity to stress. We aimed to determine 
whether the antiprogestin/antiglucocorticoid RU38486 
prevented the insulin resistance induced by high-fat feeding. 
Four groups of adult, male Wistar rats were fed for 4 weeks on 
high-starch (70% of calories as starch) or high-fat diets (59% 
of calories as fat) with or without 30 mg/kg/day RU38486 in the 
diet. Insulin action was determined by euglycemic clamp at an 
insulin infusion rate of 0.25 U/kg/hr. Whole-body insulin action 
was defined as the glucose infusion rate (GIR) to maintain 
euglycemia over the last hour of the clamp, RU38486 did not 
affect food intake or body weight. GIR in starch-fed controls 
was 32.9+2.3 mg/kg/min and reduced to 12.3_+2.2 in fat-fed 
controls. RU38486 did not influence GIR in the starch-fed 
animals (33.8+0.7 mg/kg/min) but significantly elevated GIR in 
the fat-fed group (22.2+2.6 mg/kg/min, p<0.01 compared to fat- 
fed controls). In conclusion, the results support the hypothesis 
that adrenocortical hyperactivity plays an important role in 
development of insulin resistance with high-fat feeding. 
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POST-TRANSPLANTATION INSULIN RESISTANCE 
ASSOCIATED WITH CYCLOSPORIN A 

AJ Krentz, B Dousset, AD Mayer, P McMaster, J 
Smith and M Nattrass. Diabetic Clinic, The 
General Hospital, Birmingham UK & Liver Unit, 
The Queen Elizabeth Hospital, Birmingham UK. 

Post-transplantation diabetes mellitus is a 
reported complication of the 
immunosuppressive agent cyclosporin A (CsA). 
However, the contribution of concurrent 
corticosteroid therapy to this phenomenon 
remains unclear. In this study extended (300 
min) 75 g oral glucose tolerance tests 
(OGTTs) were performed 7 ~ 1 months (mean 
SEM) post-operatively in 10 clinically stable 
CsA-treated liver transplant recipients. 
Eight patients were also receiving 
azathioprine but prednisolone was completely 
withdrawn at least 4 weeks prior to study in 
each case. Ten healthy volunteers matched 
(CsA vs. controls) for age (46 ! 8 vs.49 ~ 3 
yr, p>0.1) and body mass index (23 + 3 vs. 24 
_+ i kg/m 2, p>0.1) served as control~. Venous 
whole blood glucose concentrations at 120 min 
were significantly higher in the CsA patients 
(6.6 • 0.5 vs. 5.2 ~ 0.2 mmol/l, p<0.05) 
being diagnostic of impaired glucose 
tolerance (WHO, 1985) in 3/10 patients. 
Plasma immunoreactive insulin concentrations 
during the OGTTs were also significantly 
elevated (F=5.9, p<0.05) in the CsA patients. 
The combination of glucose intolerance in 
concert with hyperinsulinaemia suggests that 
immunosuppression with CsA is associated with 
post-transplantation insulin resistance. 
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ALTERED SECRETORY RESPOSES OF INS-1 AND RINm5F CELLS ARE 
ASSOCIATED WITH DIFFERENCES IN tnsP3 RECEPTOR FUNCTION. 

G.A. Rutter, G. Li, W-F. Pralong and C.B. Wollheim. Division de 
Biochimie Clinique, Centre M6dical Universitaire, University of 
Geneva, Geneva, Switzerland. 

Mobilization of Ca2+ from inositol trisphosphate (InsP3) - 
sensitive stores may potentiate insulin secretion partly by activating 
intramitochondrial Ca2+-sensitive dehydrogenases. This hypothesis 
was examined by measuring (i) mitochondrial Ca2+ uptake and (ii) 
InsP3-induced Ca2+ mobilization in electropermeabilized preparations 
of two insulin secreting cell lines: INS-l, which respond to glucose 
but poorly to Ca2+ mobilizing agonists, and RINm5f, where this 
situation is reversed. Mitochondrial Ca2+uptake activity (s-1 106cell-I) 
was 60% higher in INS-1 (0.016 + 0.001) than RINm5f cells (0.010 _+ 
0.001). However, the mitochendrial content (succinate dehydrogenase 
activity, pmol rain-1 106 cell-t, n=3) was 50% higher in 1NS-1 (412 _+ 
49) than RINm5f cells (278 _+ 28, p < 0.01). These findings could 
underlie the retained glucose sensitivity of INS-1 cells, but indicate 
that defective Ca2+ uptake by individual mitocbondria in these cells 
does not explain the attenuated response to Ca2+ mobilizing agonists. 
By contrast, saturating InsP 3 released only 13.9 _+ 3.4% (n=3) of the 
Ca2+ released from a nonmitochondrial store by the Ca2+-ATPase 
inhibitor, thapsigargin, in INS-1 cells. This value was 69.8 + 5.1% for 
RINm5f cells. In intact fura-2-1oaded INS-1 cells vasopressin induced 
a peak rise in cytosolic Ca2+ which was 23.3 _+ 1.7% (n=3) of the 
thapsigargin effect, compared with 41.7 _+ 2.0% for RINm5f ceils. 
Thus the poor secretory response of INS-1 cells to Ca2+ mobilizing 
agonists may be due to the partial absence of functional InsP3 
receptors. 
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ENHANCED Ca ~ INFLUX HYPERPOLARIZES THE B-CELL 

MEMBRANE BY INACTIVATING A Ca 2+ CONDUCTANCE 

L.M. Rosario, R.M. Barbosa, A.M. Silva, C.M. 
Antunes and R.M. Santos. Center for 
Neurosciences and Department of Biochemistry, 
University of Coimbra, Portugal 

Glucose depolarizes the B-cell membrane and 
induces synchronous oscillations of membrane 
potential and intracellular free Ca 2* 
concentration ([Ca2+]i). [CaZ+]i changes due to 
Ca 2+ influx may, in turn, modulate the membrane 
potential, but the ionic mechanisms underlying 
this interaction are not currently understood. 
We have now investigated the effects of 
ionomycin and high extracellular Ca 2+ 
concentration ([Ca 2+ ] ) u~on glucose-induced 

�9 . , o 2+ �9 �9 
electrlcal actzvlty and [Ca ]i under condltlons 
where the ATP-dependent K § channel is blocked 
(i00 ~M tolbutamide or 4 ~M glibenclamide). 

�9 2+ Membrane potentlals and [Ca .]i were recorded from 
single mouse islets uslng high-resistance 
microelectrodes and a FURA-2 fluorescence ratio 
microscopy technique. Raising [CaZ*]o from 2.6 to 
10.2 or 12.8 mM turned continuous electrical 
activity into an oscillatory pattern. Ionomycin 
(i0 ~M) typically induced sustained 
hyperpolarizations of the B-cell membrane. The 
ionomycin- and high [CaZ+]o~induced 
hyperpolarizations were blocked by nifedipine 
(i0 ~M), but were insensitive to charybdotoxin 
(40 nM) and tetraethyl@mmonium (2 mM). High 

2 +  �9 ~ +  �9 [Ca ]0 induced large [Ca ]i transzents followed 
by fast oscillations, the latter frequently 
overshooting the [Ca2+]i recorded in presence of 
tolbutamide. Ionomycin evoked a [Ca2+]~ rise 
followed by a decay towards a plateau. The data 

2+ indicate that the [Ca ]~ rlses due to stimulation 
of Ca 2+ influx cause membrane hyperpolarization 
by inactivating an L-type Ca 2§ conductance. 
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INSULIN BUT NOT IGFs PROMOTES THE HYDROLYSIS OF A 
GLYCOSYL-PHOSPHATIDYLINOSITOL IN RAT ASTROCYTES 
E. Vel&zquez, B. Yusta, E. Jim6nez, M, CarriSn, JM. Ruiz- 
Albusac and E. Bt~.zquez. Dpto. Bioquimica, Fac. Medicina, 
UCM, 28040-Madrid (Spain). 

An inositol phospho-glycan (IPG) -the polar head 
group of a glycosyl-phosphatidyl inositol (GPI)- is 
considered as a mediator of insulin action in peripheral 
tissues. In order to gain insight into the mechanism of 
insulin signal transduction on nervous system, the 
relationships between insulin, insulin receptors, GPI 
and IPG in cultured astrocytes were studied. Insulin 
receptors were par t ia l ly  puri f ied b y  af f in i ty 
chromatography and its c~-subunit detected by SDS- 
PAGE after [1251]-Insulin binding and chemical cross- 
linking. On autoradiography, a single band (Mr=130 kDa) 
was identified, which was inhibited by insulin, IGF-II 
and IGF-I (IC5o 3 nmol/I, 25 nmol/I and >0.1 #mol/I, 
respectively). When cells, prelabelled at steady state 
with [3H]-galactose, [3H]-glucosamine or [3H]-myristate, 
were exposed to 10 nmol/I insulin, a 50% decrease in 
GPI and 50% increase in dimyristoyl glycerol (DG) 
contents were observed into 1-2 min. By contrast, 
neither IGF-I and IGF-II (4-6 nmol/I) modified GPI level 
along a 20 min time course. However, IGF-II but not 
IGF-I rose DG content. These findings suggest that 
insulin may activate a GPI specific phospholipase C 
through its own receptor in cultured astrocytes and that 
insulin, IGF-I and IGF-II are probably using independent 
signal transduction pathways. 
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THE INFLUENCE OF CULTURE DURATION ON B CELL 
CYTOPLASMIC Ca 2. AND INSULIN RELEASE 

J.C. Jonas, P. Gilon and J.C. Henquin. Unit6 de Diab6tologie 
et Nutrition, University of Louvain, Brussels, Belgium. 

it is unclear why the oscillations of cytoplasmic Ca 2+ (Ca2~i) 
occurring in glucose-stimulated B cells have been found to be 
highly variable. In this study, Ca2+~ was measured in whole 
mouse islets loaded with the Ca 2+ indicator fura-2 after 1-4 days 
of culture in RPMI medium containing ] l  mmol/I glucose. 
Insulin release was measured in parallel experiments. After 1 
day, stimulation of the islets with 15 mmol/l glucose induced a 
biphasic rise in Ca2§ with a long initial peak and rapid 
oscillations (2-3/min) in the steady state. The initial increase 
was little affected by the duration of culture but the oscillations 
became progressively longer and slower, and eventually 
disappeared after 4 days, CaZ+~ remaining elevated at a higher 
average level than after 1 day. Stimulation by arginine, in the 
presence of glucose, also caused a slightly larger rise in Ca2+ i 
after 4 days. The first phase of glucose-induced insulin release 
was not affected by the duration of culture but the second 
phase was larger after 4 days, as was also the response to 
arginine. In conclusion, the characteristics of the increase in 
B cell Ca2+~ induced by glucose change with the duration of islet 
culture. A higher average Ca2+~ is accompanied by a larger 
secretory response. 
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COMPLEX EFFECTS OF ACETYLCHOLINE ON CYTOPLASMIC 
Ca =~ AND Na § CONCENTRATIONS IN MOUSE B CELLS 

P. Gilon and J.C. Henquin. Unit~ de Diab~tologie et Nutrition, 
University of Louvain, Brussels, Belgium. 

The effects of acetylcholine (ACh) on the concentrations of 
cytosoJic Ca 2+ (Ca2+i) and Na + (Na*~) were studied in whole islets 
and single B cells loaded with the fluorescent probes fura-2 and 
SBFI respectively. In the presence of 15 mmol/I glucose, 0.1-1 
gmol/I ACh caused a sustained rise in Ca2§ i, whereas 10-100 
gmol/I ACh caused a large initial increase followed by a 
progressive decrease. When Ca 2§ influx was prevented (no 
external Ca =+, D600 or diazoxide), ACh triggered a 
concentration-dependent (1-I00 ~moi/I) transient peak of Ca2*~ 
followed by a small sustained increase above basal levels. The 
initial peak was decreased after pretreatment with thapsigargin, 
an inhibitor of the Ca2§ of the endoplasmic reticulum. 
The previous proposal that muscarinic agonists depolarize 
B cells by increasing membrane Na § conductance was 
supported by the observation that ACh increased Na+~ in B cells, 
at least in the presence of extracellular Na § In a Na*-free 
medium, ACh affected Ca2§ in a similar way as when Ca 2+ influx 
was prevented. Atropine blocked all ACh effects. In conclusion, 
ACh mobilizes Ca 2§ from the endoplasmic reticulum and 
stimulates Ca 2§ influx through voltage-dependent Ca 2§ channels 
activated by a Na+-dependent depolarization. The first effect is 
directly concentration-dependent, but the second one 
paradoxically decreases at high ACh concentrations. 
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R E G U L A T I O N  OF SERINE/THREONINE PROTEIN 
PHOSPHATASES IN RINm5F INSULINOMA CELLS. 
,~. Sj6holml, 2, R. E. Honkanen 2 and P.-O. Berggren 1 
I) Depar tment  of Endocrinology, Karolinska Institute, Box 
60500, S-10401 Stockholm, Sweden. 2) University of Hawaii, 
Cancer Research Center, Molecular Oncology Program, 1236 
Lauhala Street, Honolulu, HI 96813, U.S.A. 

Revers ible  p ro te in  p h o s p h o r y l a t i o n  is an i m p o r t a n t  
mechan ism for control  of hormone  secretion. Whereas 
s t imula t ion  of phosphory la t ion  by prote in  kinases is 
relatively well characterized, considerably less is known about 
protein phosphatases that regulate dephosphorylation. Most 
protein dephosphorylation reactions are catalyzed by type 1 
and 2A serine/ threonine phosphatases (PPases). We studied 
PPase regulation by various second messengers in RINm5F 
insulinoma cells. Addition of prostaglandins, cAMP or cGMP 
to cell homogenates failed to affect PPase activity. ATP caused 
50 % inhibition of PPase-1 activity at 1 mM and PPase-2A at 0.1 
raM, while ADP was less potent and AMP and adenosine 
were inactive. Of inositol polyphosphates, IP 6 produced 50 % 
inhibition of PPase-1 activity at 6 IxM and PPase-2A at 2 #M. 
Ca 2+ and TPA slightly elevated PPase-2A activity, while Ca 2+ 
suppre s sed  PPase-1. Polyamines  suppres sed  PPase-1 
( s p e r m i n e > s p e r m i d i n e > p u t r e s c i n e ) ,  whi le  h a v i n g  no 
consistent effects on PPase-2A. All differences are P<0.05. 
When PPases were assayed subsequent to addition of TPA or 
forskolin + IBMX to intact cells, no changes were detected. 
Possible effects of other secretagogues are being investigated. 
We conclude that RINm5F celI PPases are regulated in vitro 
by certain intracellular second messengers and suggest that 
PPases may be as important as protein kinases in regulation of 
stimulus-secretion coupling. 

385 
mRNA OF INSULIN RECEPTOR AND INSULIN 
RECEPTOR SUBSTRATE IN RODENT TISSUES 

G. Preibisch, I. Delseith, K. Geisen, G. Kefenbaum and 
M. Maier,  HOECHST AG, SBU Metabolism, Postfach 
800320, 6230 Frankfurt-80, Germany 

Receptor and post-receptor defects have been suggested to 

impair signal transduction and thus to cause insulin 

resistance. Splicing of insulin receptor (InsR) transcripts 

has been found to be altered in skeletal muscle of type 2 

diabetics. Factors in the insulin signaling pathway are 

likely to be involved, too. We studied the alternative 

splicing of InsR transcripts and the mRNA levels of InsR 

and insulin receptor substrate (IRS-1) in mice (ob/ob, 

db/db, NZO and normal NMRI) and rats (normal and 

STZ-Wistar  and fa/fa). RNA was analysed by Northern 

blots and polymerase chain reactions. The tissue-specific 

splice pattern of the InsR mRNA in mouse and rat is 

similar to man. However,  there is a difference between 

these patterns in mouse and rat heart, showing a muscle- 

type pattern with predominant  E x l l -  and a mixed type, 

respectively. In contrast to findings in type 2 diabetics, 

there are no changes in splice patterns of InsR mRNA in 

the animal models. The ratio of InsR to IRS-1 mRNA is 

increased in skeletal muscle of STZ-diabetic rats. IRS-1 

expression is tissue-specific in the rat with highest levels in 

skeletal muscle and kidney. 
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PROTEIN KINASE C MODULATES GLUCOSE-INDUCED 
OSCILLATIONS IN CYTOPLASMIC FREE CALCIUM IN 
THE PANCREATIC B-CELL. 
H. Kindmark, M. Kdhler, S. Efendic, O. Larsson and P-O 
Berggren, The Rolf Luft Center for Diabetes Research, 
Karolinska Institute, Stockhohn, Sweden. 
The role of Protein Kinase C (PKC) in the regulation of 
glucose-induced oscillatLms in cytoplasmic free Ca 2§ 
concentration, [Ca2+]j, was investigated in mouse pancreatic B- 
cells. [Ca2+]~ was measured in small aggregates of cells in a 
microscopic system, using the fluorescent Ca~+-indicator fura-2. 
At intermediate glucose concentrations (7-12 mmol/1), up to 
40% of the B-cells responded with slow (2-5 minutes) 
oscillations in [Ca2+]i. Acute stimulation of PKC fifftibited these 
oscillations. In PKC-depleted cells, glucose induced transients 
in [Ca2+]~ lasting approximately 10 seconds. [Ca~+]ctransients 
did not occur in the absence of extracellular Ca ~+. Typically, 
transients were preceded by a slow increase in [Ca2+]~ and the 
[Ca~+]i immediately after a transient was lower than just before. 
The lower post-transient [Ca2+]~ possibly reflects attenuated 
influx of Ca 2+ due to repolarization-induced closure of voltag~ 
gated Ca2+-channels. This repolarization may be explained by 
activation of Ca2+-dependent K+-channels accounted for by 
intracellular mobilization of Ca 2+. The inhibitory effect of PKC 
on glucose-induced oscillations in [CaZ+]~ is most likely 
explained by both activation of the plasma-membrane Ca 2+ 
pump and inhibition of the phospholipase C-system. The rapid 
Ca2+-transients in PKC-depleted cells probably reflect 
withdrawal of such mechanisms. These data emphasize the 
modulatory role of PKC in the regulation of B-cell [Ca2+]i - 
oscillations. 
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EFFECT OF PROTEIN KINASE C ON THE PLASMA 
MEMBRANE CALCIUM PUMP IN PURIFIED BETA 
CELL. 
M. Hoen ig .  D e p a r t m e n t  of P h y s i o l o g y  and 
Pharmaco logy ,  College of Vete r inary  Medic ine ,  
University of Georgia, Athens, GA 30602 
The activity of the plasma membrane calcium pump 
is of cri t ical  impor tance  to the main tenance  of 
cel lular  Ca 2+ homeostasis .  It has been suggested 
that activation of protein kinase C (PKC) stimulates 
Ca 2+ efflux from beta cells. Using inside-out vesicles 
(IOV) prepared from a purified plasma membrane 
f ract ion of a g lucose-responsive  insut inoma,  the 
effect of PKC activation on the Ca-pump activity 
was studied. Purified beta cells were incubated at 
3 7 o c  in Hank's buffer containing 5.5 mM glucose for 
10 min in the presence or absence of 100 nM TPA. 
The cells were washed, homogenized,  and purified 
p lasma membranes  were prepared using sucrose 
gradients.  ATP-dependent  45Ca2+-uptake into IOV 
was measured using a rapid filtration method. The 
45Ca2+ uptake in the presence of TPA at varying 
Ca 2+ concentrations had a Km for Ca 2+ of 79.0 + 19.1 
nM, and the maximal  velocity was 1.68 + 0.43 
nmol/min*mg protein. In the absence of TPA , the 
Km for Ca 2+ was 71.3 + 16.5 nM, and the maximal 
velocity was 1.59 + 0.39 nm o l / m i n*m g  prote in  
(n=6). It is concluded that PKC activation does not 
seem to regulate Ca2+-pump activity directly. 
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EFFECT OF SULFONYLUREAS ON GLUCOSE UPTAKE BY 
SKELETAL MUSCLE 
N. Pulido, A. Casla, A. Su~rez, B. Casanova, F.J. 
Arrieta, M. Atienza and A. Rovira. Fundaci6n 
Jim~nez Diaz, Universidad Aut6noma de Madrid, 
Madrid, Spain. 
It has been referred that sulfonylureas enhance 
the action of insulin on peripheral tissues. The 
aim of the study was to know whether glicazide, 
a second-generation sulfonylurea, has a direct 
effect on glucose uptake by skeletal muscle, at 
concentrations similar to those producing a 
hypoglycemic effect in the intact rat. 
Hindquarter preparations from wistar rats (200 g) 
were perfused with Krebs-Henseleit medium, pH 
7.4, containing 5.5 mM glucose, 0.15 mMpyruvate, 
4% BSA and 30% washed bovine erithrocytes. After 
a period of 30 min (basal glucose uptake) 
glicazide (50-1000 ~g/ml) or insulin (10 .9 and 
10-7M) were added to the perfusion medium. Samples 
were taken every 5 min for glucose determination, 
from which values the glucose uptake was 
calculated. Basal glucose uptake was 3.9±0.3 
~mol/g/h, (n=30, mean±SE). The addition of 
glicazide inmediately increased the dissapearance 
rate of glucose from the medium in a 
dose-dependent manner, achieving a plateau at a 
concentration of 300 ~g/ml (10.2±0.8 ~mol/g/h, 
n=7). The half maximal effect (EDs0) was obtained 
with i00 ~g/ml of glicazide (6.8±0.4 ~mol/g/h, 
n=7). The maximum effect on glucose uptake 
produced by glicazide (300 ~g/ml) was similar to 
the one obtained with i0-~ insulin (8.7±1.1 
~mol/g/h, n=4, p>0.05) and lower to that achieved 
with 107M insulin (14.4±1.4 ~mol/g/h, n=4, 
p<0.05). In conclusion glicazide has an inmediate 
effect on glucose uptake by the skeletal muscle 
and this effect does not require the presence of 
insulin. 

389 
INVOLVMENT OF THE SYMPATHETIC NERVOUS SYSTEM IN 
WHITE ADIPOSE TISSUE METABOLISM. 
B. Cousin, M.F. Berthault, J. Girard*, and L. P~nicaud. Lab. 
Physiopathol. Nutr., CNRS URA 307, Paris and * CEREMOD, 
Meudon, France. 

In rats, the development of obesity is associated with 
hyperinsulinemia and decreased sympathetic nervous system 
(SNS) activity. To determine the potential importance of this 
decrease on white fat, retroperitoneal fat pad was surgically 
denervated on one side, the contralateral pad being used as 
control. Experiments were performed 7 days after denervation 
which was assessed by a decreased noradrenaline content. 

The weight of the denervated pad was increased over the 
control value. In vivo glucose utilization, measured by [1-3H] 2 
deoxyglucose, was similar in the two pads, in both basal and 
insulin-stimulated conditions (euglycemic-hyperinsulinemic 
clamps). However, Glut 4 mRNA and protein were decreased by 
about 50% in denervated fat pads when compared to controls. 
FAS mRNA and activity were also decreased respectively by 
75% and 50% in denervated pads, suggesting that the weight 
gain was not due to an increased lipogenesis. Current studies 
on lipolysis (Hormone Sensitive Lipase expression), indicate 
that this pathway could be affected by denervation and could 
account for the weight gain. 

In conclusion, in white adipose tissue 1) the SNS could 
have a role in the modulation of Glut 4 and FAS expression 2) a 
decreased of SNS activity could be involved in an abnormal 
development of this tissue. 
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EFFECTS OF FRUCTOSE FEEDING ON GLUCOSE METABOLISM 
IN ADIPOCYTES OF NORMAL AND DIABETIC RATS. 
J. LUO, S.W. RIZKALLA, A. ARDELEANU, J. BOILLOT, F. 
BRUZZO, A. CHEVALIER, AND G. SLAMA. INSERM U 341, 
Department  of diabetes, H6tel-Dieu Hospital, Paris, France. 

The effect of  fructose feeding on glucose metabol ism in 
epididymal adipocytes was evaluated in 27 normal  and 27 
diabetic male  Sprague-Dawley rats. Diabetes was induced 
by streptozotocin 2 days after birth. At the age of 5 weeks 
rats were fed on a diet containing 57% CHO ei ther  as 
fructose (F), dextrose (13) or starch (S). After 6 weeks of 
diet, fructose feeding induced glucose intolerance in normal  
rats (p<0.05, ANOVA) and aggravated that of diabetic ones 
(p<0.05) .  P lasma  t r ig lycer ides  and cho les te ro l  were 
increased in F (p<0.0001) and were higher  in diabetic than 
in no rma l  rats (TG: p<0.001;  choles terol :  p<0.0001) .  
Fructose fed rats showed decreased insulin stimulated 14C- 
g lucose  i n c o r p o r a t i o n  in to  to ta l  l ip ids  ( n o r m a l s :  

F = 2 . 5 3 + 0 . 4 7  n m o l / 1 0 5  ad ipocy tes /h ,  D=4 .33+1 .01 ,  
S=3 .90+0 .55 ;  d iabe t ics :  F=1 .56+0 .27 ,  13=1.79+0.59,  
S=5.46+2.18, p<0.05) and also decreased insulin stimulated 
oxidation of 14C-glucose into CO2 (normals: F=1.95+0.31, 
D=2 .81+0 .90 ,  S=2 .96+0 .35 ;  d iabe t ics :  F=1 .29+0 .23 ,  
D=1.68+0.43,  S=2.65+0.94) .  There  was no s ignif icant  
change  in the apparent  insul in  sensi t ivi ty  (ED50) .  I n  
c o n c l u s i o n ,  in both  normal  and diabetic rats, a chronic  
f ruc tose-r ich  diet  induced:  1 )hype r t r ig lyce r idemia  and 
hyper-cholesterolemia;  2) glucose intolerance; 3) insulin- 
resistance at adipocyte level. 
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ROLE OF GLUCOSE-6 PHOSPHATASE IN THE INCREASED 
RENAL GLUCONEOGENESIS OF LONG-TERM STARVATION. 
C. Minassian and G. Mithieux. INSERM U. 197, Facult~ de 
M6decine Alexis Carrel, 69372 Lyon C6dex 08, France. 

It i s  known that the renal gluconeogenesis which 
contributes for 5-10 % of total gluconeogenesis in the fed 
state, may represent up to 45 % of the total glucose output 
during tong-term starvation in man. We studied the role of the 
microsomal glucose-6 phosphatase (GIc-6Pase), the last 
enzyme of gluconeogenesis, in this phenomenon. With this 
aim, we assayed the enzyme in microsomes of rat kidney and 
liver in the course of a 96h fast. We report that the liver 
GIc-6Pase increases up to 48h of fasting and significantly 
decreases from 72h of fasting (Vm = 0.31_+0.04 ; 0.50+0.04 ; 
0.54+0.08 ; 0.44+0.07 ; 0.44+0.03 #mol/min/mg prot., 
mean+S.D, n=6, at 0, 24, 48, 72 and 96h of fasting, 
respectively). Concomitantly, the kidney GIc-Pase progressi- 
vely increases throughout the 96h fast (Vm = 0.21+0.02; 
0.26_+0.01 ; 0.3_+0.03; 0.37+0.05; 0.4+0.04 ~mol/min/mg prot.). 
Since the other gluconeogenic enzymes follow a parallel 
evolution in liver and kidney during long term starvation, we 
propose that the antiparallel evolution of GIc-6Pase in both 
tissues constitutes an important factor determining the shift 
from a principally hepatic gluconeogenesis to a hepatic and 
renal gluconeogenesis during long-term fasting. 
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UDP-GLUCOSE ACCURATELY REFLECTS GLUCONEO- 
GENESIS DURING ENTERAL GLUCOSE IN FASTED DOGS. 
W. Frederick Schwenk, Mayo Medical School, Rochester, MN. 

We have shown that in fasted dogs infused with [U-14C]lactate, 
specific activities (SA) of intrahepatic UDP-['4C]glucose (hepatic 
glycogen's immediate precursor) as sampled by acetaminophen 
glucuronidation are nearly identical to the plasma [14C]glucose SA, 
suggesting a common intrahepatic glucose-6-P source. To 
determine whether during an enteral glucose infusion, 
gluconeogenesis would also be equally reflected in endogenously 
produced glucose and UDP-glucose synthesized via gluconeo- 
genesis, mongrel dogs, after fasting overnight or for 2% days, 
received a 5-h infusion of glucose at 22.2 p.mol-kg%min" along 
with [3-3H]glucose, [U-'4C]lactate, and [1J3C]galactose followed 
by IV acetaminophen. The amount of UDP-glucose flux coming 
from direct uptake of glucose was similar on both days (12.9 i 3.4 
vs 13.8 • 3.6 /mml.kg%min% while the amount from 
gluconeogenesis increased (p<0.05) (8.8 • 2.0 vs 15.3 • 1.3 
/mmlokg'~.min -1) with 2 more days of fasting. The estimated 14C- 
SA of the glucose moiety from gluconeogenesis entering plasma 
and intrahepatic UDP-glucose were similar on each day (overnight: 
178 • 58 vs 143 • 36 dpm./zmol"; fasted: 939 • 129 vs 894 • 35 
dpm./z, nol% In conclusion, in mongrel dogs: 1) During fasting 
or an enterat glucose infusion, endogenously produced glucose and 
intrahepatic UDP-glucose from gluconeogenesis seem to come 
from a common pool; 2) The importance of the indirect pathway 
to glycogen synthesis increases with a longer period of fasting. 
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MASS SPECTROMETRIC ANALYSIS OF GLUCOSE 13C 
LABELING PATTERN : APPLICATION TO THE STUDY OF 
HEPATIC GLUCOSE METABOLISM. 
M. Beylot, F. David, H. Brunengraber. Dpt of Nutrition, Case 
Western Reserve University, Cleveland, Ohio, USA. 

Determination of the 130 labeling pattern of glucose 
during infusion of labeled bicarbonate, acetate or gluco- 
neogenic precursors is an important feature in studies of 
gluconeogenesis or glycogen synthesis. Using four derivatives 
of glucose (permethyl, aldonitrile pentacetate, butylboronate 
acetate, methyloxime trimethylsilyl) and selective mass- 
spectrometric analysis of fragment ions retaining specific 
carbon atoms, we developed a method allowing the redundant 
determination of the 130 enrichment of each of the six carbon 
atoms of glucose. The method was first tested by performing 
standard curves of natural glucose enriched (0.5 to 5 % MPE) 
with glucose labeled in different positions (113C, 213C, 313C, 
413C, 6,62H2, U13C-glucose). Next the analysis of various 
mixtures of natural and labeled glucose showed for all labeling 
positions a good agreement (r>0.98) between the expected 
and measured enrichments. Lastly, isolated livers of rats (48 hr 
starved) were perfused with lactate, pyruvate and either 
NaH13CO3, [213C]acetate, [313C]KIC, [313C]pyruvate or 
[U13C]pyruvate. In each case, the labeling pattern of glucose 
produced agreed with patterns previously reported in 
experiments using 14C-labeled substrates and stepwise 
degradation of glucose molecule or 13C-labeled substrates 
and NMR. Thus, the present method appears reliable, avoids 
radioactive tracers, requires only small amount of samples, 
and will be useful for in vivo studies of gluconeogenesis. 
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POSITIONAL ISOTOPIC ANALYSIS OF STABLE ISOTOPE 
LABELED GLUTAMATE BY MASS SPECTROMETRY. 
H. Brunengraber, F. David, B. Lincoln, M. Beylot. Dpt of 
Nutrition, Case Western Reserve University, Cleveland, Ohio, 
USA. 

Determining the labeling pattern of Krebs cycle 
intermediates during infusion of labeled NaHCO3, acetate or 
gluconeogenic substrates allows to estimate some parameters 
of Krebs cycle activity and to correct apparent gluconeogenic 
rates. Hepatic glutamine, whose labeling reflects that of 

ketoglutarate, can be safely sampled in humans by 
conjugation with phenylacetate to form phenylacetylglutamine. 
Its labeling pattern is determined after purification of phenyl- 
acetylglutamine from plasma or urine and isolation of the 
glutamine moiety as glutamate. To avoid radioactive tracers, 
we developed a mass-spectrometric method to determine the 
labeling pattern of glutamate by stable isotopes. The dimethyl- 
aminomethylene methylester derivative of glutamate yields 
fragment ions retaining different glutamate carbons i.e., C1-C5 
(m/z 230),C2-05 (171), 02-04 (111), 01-03 (157) and 01-02 
(143), making possible calculation of enrichment in each 
position. Standard curves of g~utamate enriched (0.5 to 5 % 
MPE) with 1-13C, 5-13C, U-13C or [2,3,3,4,4-2H5] glutamate 
are linear. Next, we analyzed glutamate isolated from rat livers 
(48hr starved) perfused (open circuit) with lactate, pyruvate 
and either NaH13CO3, [1-13C]octanoate, [2-13C]acetate or 
[1,213C2]acetate. The labeling patterns obtained agreed with 
theoretical predictions or patterns reported with 140 labeled 
tracers. This method appears useful for in vivo studies of 
hepatic Krebs cycle activity and gluconeogenesis_ 
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INFLUENCE OF GLIBENCLAMIDE AND HB-699 ON 
HEPATIC GLUCOSE METABOLISM: A COMPARATIVE 
STUDY. 

M.J. MuSoz 1, L. Ldpez-Alarc6n 2, M.C Guijarro 2 and J.E. 
Felful. 1Servicio de Endocrinoleg[a Experimental and 
2Servicio de Bioqufmica Experimental Hospital Puerta de 
Hierro. Universidad Aut6noma de Madrid, Madrid, Spain. 

Sulphonylureas may increase the cytoplasmic 
concentration of Ca ++ in different types of cells. In 
isolated hepatocytes, these hypoglycemic agents cause a 
paradoxical Ca + +-dependent activation of glycogen 
phosphorylase (GPh) which is accompanied by an 
increase in the cellular concentration of fructose 2,6- 
bisphosphate (F-2,6-P2). Here, we have compared, in 
isolated rat hepatocytes, the effect of glibenclamide (GBC) 
and that of HB-699 (a benzoic acid derivative similar to 
the non-sulphonylurea moiety of GBC} on GPh activity, 
on F-2,6-P 2 levels and on cytoplasmic Ca + + 
concentration measured with FURA-2. Hepatocytes were 
isolated from fed male Wistar rats by perfusion of the liver 
with collagenase. Both GBC and HB-699 caused a dose- 
dependent activation of GPh, the half maximal effects 
corresponding to 1.4 and 5.2 pmol/1, respectively. The 
enzyme activation occurred without significant changes in 
hepatocyte cyclic AMP levels and was accompanied by an 
increase in the cytoplasmic concentration of Ca + +. 
Parallel to these effects, GBC raised hepatocyte F-2,6-P~ 
levels and inhibited the conversion of a mixture o-f 
(14C)lactate/ pyruvate (4/0.4 mmol/I) to glucose. Under 
these conditions, HB-699 caused a significant decrease in 
F-2,6-P 2 and stimulated hepatocyte gluconeogenesis. This 
comparative study may help to elucidate which among 
the hepatic effects of GBC are exerted specifically by the 
sulphonylurea moiety. 
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GLUCOCORTICOID INCREASES GLUCOSE CYCLING AND 
INHIBITS INSULIN RELEASE IN PANCREATIC ISLETS OF 
Ob/Ob MICE 
A. Khan, C-G. Ostenson, P-O, Berggren and S. Efendic. 
Dept. of Endocrinology, Karolinska Hospital, Stockholm, 
Sweden. 

The mechanisms involved in the diabetogenic effect of ste- 
roids were investigated in isolated pancreatic islets from 
normoglycemic ob/ob mice treated with dexamethasone 

3 (25ua/day) or saline. ~lslets were incubated with H20 or 
[U-14tC]glucose or [5-"H]glucose, at 5.5 and 16.7mM glu- 

,J, 
cose. Incorporation of H from HoOinto carbon- 2 of glu- 

14 ~- 14 cose and the v ie ld of CO~ from [U- C]glucose and 
3 ~1 Z 

H20 from [5- H]glucose were measured. Dexamethasene 
treatment for 48 hours significantly increased islet glucose 
cycling at both 5.5 (16% vs 24%) and 16.7mM (36% vs 
56%) glucose, while glucose oxidation and utilization were 
unaffected. Dexamethasone also inhibited insulin release by 
about 60% at 5.5 and 16.7mM glucose, either in the pre- 
sence or absence of 10mM arginine. Moreover, 24 h treat- 
ment with dexamethasone significantly increased glucose 
cycling at low and high glucose concentrations and inhibited 
insulin responsiveness to glucose and arginine. In conclu- 
sion, the inhibitory effect of glucocorticoid on insulin release 
in vitro may be due to enhanced glucose cycling. This may 
constitute an important aspect of the diabetogenic effect of 
steroids in addition to decreased glucose uptake and increa- 
sed gluconeogenesis. 
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HYPERGLYCAEMIA-INDUCED ENDOTHELIAL CELLS 

ALTERATIONS ARE REVERSED BY ANTIOXIDANTS 

A. Ceriello,F. Curcio,A. Colombatti*,P. Dello 

Russo,I. Pegoraro and D. Giugliano**.Istituto di 

Patologia Clin e Sper,Ist. Biologia*,UniversitA 

di Udine,Catt. Diabetologia,I Fac. Medicina, 

UniversitA di Napoli**,Italy. 
Exposure to hyperglycaemia induces delay in the 

cell cycle of human endothelial cells (EC) in 

culture,and induces an overexpression of laminin 

mRNA.Recently,it has been reported that glucose 

may autoxidize generating free-radicals. To test 

the involvement of free-radicals in the delayed 

cell replication and laminin overexpression in 

hyperglyeaemic conditions,EC from umbelical vein 

were incubated for 9 days in 5 or 20 mmol gluco- 

se with or without three different antioxidants: 

SOD,CAT and glutathione.EC grown in medium with 

20 mmol glucose,without antioxidants,yelded a 

lower growth rate (GR),and showed an overexpre- 

ssion of mRNA for laminin and for the adhesion 

molecule VCAM-l,while with antiexidants they 

almost recovered to a normal GR and expression 

for laminin and VCAM-I.EC grown in S mmol gluco- 

se,with or without antioxidants,yelded the same 

GR and laminin and VCAM-I expression. These data 

suggest that glucose may induce EC alterations 

consistent with micro and macroangiopathy deve- 

lopment by generating free-radicals. 
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TOLRESTAT BLOCKS THE GLUCOSE-INDUCED DOWN 
REGULATION OF NA+/MYO-INOSITOL COTRANSPORTER 
MRNA 
T.C. Hohman and H.M. Kwon*. Wyeth-Ayerst Research, 
Princeton, NJ, USA and Johns Hopkins University, 
Baltimore, MD, USA* 

The depletion of cellular free myo-inositol (MI) in lens 
retina, kidney and peripheral nerves has been 
implicated in the etiology of the chronic complications of 
diabetes. We have studied the mechanism of MI depletion 
in established primary cultures of lens epithelial (LE) 
ceils by quantitating (1) cellular MI by gas 
chromatography, (2) the rate of MI uptake by measuring 
the accumulation of 3H-MI, and (3) the abundance of 
Na+/MI cotransporter mRNA using a cDNA probe from 
MDCK cells. MI is transported into LE with a Km of 52 IxM, 
against a steep concentration gradient and is rapidly 
depleted by 95% within 24h when cells are exposed to 
medium with 30mM glucose. This depletion is due to the 
non-competitive inhibition of MI uptake by glucose, Ki= 
17raM, and to the rapid accumulation of sorbitol. This 
non-perturbing organic osmolyte appears to mediate its 
effect by reducing the level of SMIT mRNA. When 
sorbitol accumulation was blocked with tolrestat, both MI 
and SMIT mRNA return toward normal levels. The 
observed effect of sorbitol on SMIT mRNA may be related 
to osmotic stress since the incubation of LE in hypertonic 
media (150mM NaCI) resulted in a ten-fold increase in 
SMIT mRNA. 
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GLUCOSE UPTAKE IN TISSUES OF HYPERINSULINAEMIC, 

HYPERGLYCAEMIC, GOLD-THIOGLUCOSE-OBESE MICE 

GJ Cooney, SC Blair and ID Caterson, Department of Endocrinology, 

Royal Prince Alfred Hospital, Camperdown, NSW 2050, Australia. 

Gold-thioglucose (GTG) obese mice exhibit hyperlipogenesis, 

hyperinsulinaemia and hyperglycaemia. The aim of this study was to 

determine if glucose uptake in tissues of obese mice is different from 

controls at the ambient glucose and insulin levels of the fed state. GTG- 

obese mice (4 weeks post-injection) and age-matched controls were 

fitted with jugular catheters 5 days before experimentation. All mice 

were infused with a bolus of [1-t'q2] 2-deoxyglucose and blood 

samples taken from the catheter 2,5,10,15 and 30 miu later. At 30 min 

mice were sacrificed and heart, quadriceps muscle, white adipose tissue 

(WAT) and brown adipose tissue (BAT) analysed for [1-14C] 2- 

deoxyglucose-6-phosphate content for calculation of glucose uptake. In 

the fed state plasma glucose was significantly higher in GTG-obese 

mice (20.0-2-0.9 vs 14.3_+0.5mM, P<0.005) as was plasma insulin 

(210.8+47.5 vs 48.7+4.5~tU/ml, P<0.005). Glucose uptake was not 

different in heart, quadriceps muscle and WAT of fed obese and control 

mice, but was significantly lower in BAT of obese mice (0.56!-0.10 vs 

2.40-Z-0.23~moles/mirdg tissue, P<0.005). These results indicate that 

the hyperglycaemia and hyperinsulinaemia of obese mice compensate 

for insulin resistance in some peripheral tissues such that glucose 

uptake is the same as in control mice. 

400 
EFFECTS OF THE ANTIDIABETIC o.2-ADRENOCEPTOR ANTAGONIST 
SL 84.0418 ON PLASMA GLUCOSE AND INSULIN LEVELS FOLLOWING 
EXERCISE IN NORMAL AND TYPE-I/DIABETIC RATS. 
M. Prouteau, J. Levrier, and I. Angel, Department of Biology, 
Synthelabo Recherche, Bagneux 92220, France. 

We have studied the effects of ot2-adrenoceptor blockade by the 
potent, selective, peripherally active antihyperglycemic and 
antidiabetic compound, SL 84.0418, on glycemic control and insulin 
secretion in normal and type-II diabetic rats following exercise on a 
treadmill. Type-II diabetes was induced in neonatal rats (day i of 
birth) by the treatment with streptozotocin (90 mg/kg ip). Short 
exercise induced a significant reduction of plasma insulin levels in 
both normal and diabetic rats (of 28.2 + 1.6 and 25.2 + 2.3 /aU/ml, 
respectively), which was however of longer duration in diabetic rats, 
compared to normal controls. SL 84.0418 (1 and 3 mg/kg ip), which 
by itself only slightly reduces glycemia in normal rats, markedly 
reduces glycemia in diabetic rats, without significant changes in 
insulin secretion. Following exercise, however, a 2 -3 fold potentiation 
of insulin release is observed both in normal and diabetic rats 
pretreated with SL 84.0418, while the glycemic response to exercise 
was not modified. These results suggest that the inhibition of insulin 
secretion, induced as a result of the sympathetic activation by 
exercise, is mediated via o.2-adrenoceptors, while the glycemic 
responses are largely et2-adrenoceptor independent. 
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EFFECTS OF IN-VIVO ADMINISTRATION OF IGF-I ON 
GLUCOSE UTILISATION IN RAT SKELETAL MUSCLE. 
G. Dimitriadis, M. Parry-Billings, D. Dunger, S. Bevan, A. 
Cotquhoan, A. Taylor, P. Calder and E. Newsholme. 
Departments of Biochemistry and Paediatrics, University of 
Oxford, Oxford and Institute of Child Health, London, U.K. 

The effects of IGF-I and its interaction with insulin were 
studied. IGF-I was given to rats in-vivo (200pg/12h s.c.) and 
soleus muscles were isolated: A) 1 h after one injection or B) 
after 10 days treatment. Glucose phosphorylation (G), lactate 
formation (GL) and glycogen synthesis (GS) were measured. 
Serum level of IGF-I increased by 100% in (A) and 30% in (B). 
In (A), IGF-I vs Control increased (in pmol /h/g) :  G 
(7.84+0.93", 8.57+0.95 *, 8.06_+0.53 vs 4.00_+0.31, 
6.6_+2.44, 9.20• GL (8.48• 8.89• 
8.39+0.84 vs 3.50-+0.40, 5.65-+0.78, 8.02-+0.65), GS 
(4.24_+0.24", 5.15-+0.83, 4.35_+0.34 vs 2.24_+0.14, 
3.80_+0.19, 5.19• in (B), IGF-I vs Control increased (in 
pmol /h/g) :  G (6.92• 8.70_+0.69", 13.65_+ 1.07 vs 
5.01_+0.57, 6.93_+0.70, 10.69_+0.77), GL (7.82-+1.00 *, 
7.78-+0.84, 11.77-+ 1.44 vs 4.35-+0.57, 6.37_ + 1.40, 7.6- + 1.08), 
GS (3.00_+0.15", 4.81• 7.77• vs 2.1 _+0.21, 
3.74• 7.29_+0.50) at 10, 100 and 1000 mU/I insulin, 
respectively (* p <0.05 vs controls). In (B), responsiveness of 
glucose utilisation (GU) to insulin was similar in muscles iso- 
lated from treated and control rats. Conc lus ions :  1) acute 
or chronic increases in serum IGF-I concentrations increase 
basal GU in skeletal muscle independently of insulin; 2) the 
effects of insulin on GU are not additive to those of IGF-I; 
however, this may depend on the level of IGF-I in serum. 
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INFLUENCE OF THE DURATION OF NORMOGLYCEMIA ON 
GLUCOSE-STIMULATED [~-CELL RESPONSIVENESS IN 
TYPE 2 DIABETIC SUBJECTS. 
P.Vedel, O.Pedersen, Aa. Volund, E. Chdstiansen and S.Madsbad. 
Steno Diabetes Center, Nove Nordisk Research Unit, and Hvidovre 
Hospital, Copenhagen, Denmark. 

To answer the question whether the g-ceil responsiveness is affected 
by the duration of normoglycemia we have on 4 separate days studied 
7 patients with Type 2 diabetes (age 49-70 yr, BMI 24-33 kg/m 2) 
before and during a 120 rain hyperglycemic clamp followed by an IV 
bolus of 1 mg of glucagon. The tests were performed at usual fasting 
p-glucose level: 10.7 +_ 1.6 mM (test A), and after IV infusion of so- 
luble insulin resulting in normoglycemia for 30 rain (test B), 120 rain 
(test C) and 240 min (test D). Basal C-peptide level was: A: 0.73 _+ 
0.09, B: 0.61 _+ 0.15, C: 0.35 _+ 0.05, D: 0.49 + 0.09 riM. BothC 
and D were lower than A (p<0.05), and C was lower than B (p < 
0.05). First phase C-peptide response was not significantly different: 
A : - 0 . 8  + 0 . 7 ,  B:-0.08_+0.23, C:0.24_+0.21,  D:-0.01 +_0.2 
nM x min. Second phase C-peptide response was: A: 45.85 • 17.2, 
B: 38.96 _+ 17.8, C: 39.5 _+ 14.0, D: 61.31 _+ 16.39 nM x min. C 
was different from D (p < 0.05). C-peptide level after glucagon: A: 
2.59 _+ 0.46, B: 2.18 _+ 0.44, C: 1.61 • 0.27, D: 2.63 _+ 0.53 nM. 
C was significantly different from both A and D (p < 0.05). The C- 
peptide response to glucose in Type 2 diabetics depends not only on 
the ambient glucose level, but also on the duration of preeeeding 
normoglycemia. Interpretation of g-cell responsiveness is highly 
dependent on the experimental design. 
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SUBTYPE OF MUSCARINIC RECEPTOR INVOLVED IN INSULIN AND 

GLUCAGON SECRETION IN VIVO 

B. Ahr~n and S. Karlsson, Dept Exp Surgery, Lund 
University, Sweden. 

The muscarinic receptor-subtype involved in cholinergi- 
cally-induced insulin and glucagon secretion is not yet 
characterized. We therefore compared the effects of the 
subtype-selective muscarininc receptor antagonists pi- 
renzepine (Ml-receptor antagonist), AFDX-II6 (M2) and 4- 
DAMP {M3) with the effect of methylatropine (MI 2 3 ) on 
carbachol-stimulated insulin and glucagon secr~tfon in 

vivo in mice. Antagonists (0.0021-650 ~mol/kg) or saline 
were administered i.p. 15 min prior to carbachol (0.16 
~mol/kg, i.v.). Blood was sampled 2 min later. We found 
that basal plasma levels of insulin or glucagon were not 
affected by the antagonits. However, carbachol-stimulated 
insulin release was dose-dependently inhibited by 4-DAMP 
or methylatropine. A complete inhibition was observed at 
2.1 ~mol/kg of 4-DAMP (+34• vs. +2• ~U/ml, P<O.OI) and 
at 0.21 gmol/kg of methylatropine (+34• vs. +8• HU/ml, 
P<O.01). In contrast, the M I- and M2-selective antago- 
nists less potently inhibited the insulin response. 
Thus, a partial inhibition was observed at 65 gmol/kg 
(pirenzepine) and 650 #mol/kg (AFDX-II6) (P<0.05). Gluca- 
gon secretion stimulated by carbachol was dose-dependent- 
ly inhibited by either of the antagonists. The order of 
potency for total inhibition was: methylatropine (0.21 
~mol/kg) > 4-DAMP (0.65 ~mol/kg) > pirenzepine 
(65Hmol/kg) a AFDX-II6 (65 ~mol/kg) (P<0.001). 
It is concluded that cholinergically-stimulated insulin 
and glucagon secretion in vivo are mediated by muscarinic 
receptors of the M3-subtype. 
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EFFECT OF GROWTH HORMONE-RELEASING HORMONE ON 
SERUM INSULIN AND GLUCOSE IN HYPOPHYSECTOMIZED 
RATS 
P. Lindstr6m, G. Engstr6m and L. Ohlsson. Department 
of Histology and Cell Biology, Universi ty of UmeA, 
Sweden. 
Growth hormone (GH) is diabetogenic.  However,  both 
GH and growth hormone-releasing hormone (GHRH) can 
st imulate insulin re lease in vitro. The phys io log ica l  
re levance of this is unclear. Female Sprague-Dawley  
rats were hypophysectomized at 40 days of age. At 
day 188, fed rats received 10 Bg GHRH-(1-29)/kg i.v., 
a dose known to induc3 near maximal  st imulat ion of 
GH release. In sham operated rats, GHRH induced a rise 
in serum GH from 36.5 + 1,9 ng/ml (n=6) at t ime of 
injection to 560 + 13.3 nglml after 5 rain. GH was not 
detectable in serum from hypophysec tomized rats. 
Serum insulin was 5.9 + 1.0 ng/ml in sham operated 
and 5.8 +_ 0.9 ng/ml in hypophysectomized rats. Serum 
insulin was unaffected by GHRH in both groups (up to 
60 rain after injection). Serum glucose was lower in 
hypophysectomized rats, 6.3 + 0.1 mmol/I (n=6) vs. 7.3 
_+ 0.4 mmol/I {n=6) in sham operated, but GHRH had no 
effect on serum glucose levels in ei ther group. In 
isolated rat islets, 0.1 - 10 nmol/I GHRH st imulated 
insulin re lease at 3 mmol/I glucose. It is concluded 
mat, nei ther growth hormone-re leas ing hormone,  nor 
a GHRH-induced rise in serum growth hormone levels, 
have any acute effects on serum insulin and glucose 
leve ls .  
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IMPAIREMENTS IN GLUCOSE DISPOSAL IN PATIENTS WITH 
RECENT-ONSET TYPE I(INSULIN-DEPENDENT) DIABETES 
N.M.Lalid,M.Zamaklar,*D.C.Simonson,*R.Jackson and 
P.B.Dordevid,Institute for Endocrinology,Belgrade, 
Yugoslavia and *Joslin Diabetes Center,Boston,MA,USA 
In 14 patients with recent-onset Type l(insulin-dependent) 
diabetes we aimed to evaluate insulin-stimulated(insulin 
sensitivity,Si) and insulin-independent glucose disposal 
(glucose effectiveness,S G) by Eergman's minimal model of 
glucose kinetics,first in insulin-requiring state(IRS)and 
then in non-insulin-requiring state(NIRS)(clinical remis- 
sion) and compared them with 7 healthy controls. S I was 
decreased only in IRS(I.6 • 0.5 vs 3.2 • 0.9 min-i/(pU/ml), 
p< 0.05) while S G remained diminished both in IRS and NIRS 
(1.5~0.4;1.3• vs 3.210.8xl00/min-l,p< O.01).To eluci- 
date the observed defects,we analysed oxidative and non- 
oxidative glucose disposal by continuous indirect calori- 
metry combined with insulin clamp(somatostatin used to 
block endogenous insulin secretion).During hyperglycemic 
clamp(glycemia targeted to 200 and 275 mg% sequentially, 
insulin infusion rate 0.25mU/kg/min) we detected persis- 
tently decreased nonoxidative glucose disposal both in 
IRS(3.6•177 in NIRS(3.4@0.5;2.7• vs 4.6• 
4.9• mg/kg/min in controls,p< 0.01).The oxidative dis- 
posal was also decreased in IRS(2.O• vs 2.7~0.2 
2.4*0.3 mg/kg/min in controls,p< 0.05) but was normalized 
in NIRS. During euglycemic hyperinsulinemic clamp(glycemia 
targeted to 90mg%,insulin infusion rate 1.5 mU/kg/min)both 
oxidative and nonoxidative disposal were decreased but 
returned to normal in NIRS.Our results revealed the per- 
sistent defect in insulin-independent glucose uptake in 
recent-onset Type l(insulin-dependent)diabetes,presumably 
based on impaired non-oxidative glucose disposal. 
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ACTION OF INSULIN ON GLUCOSE METABOLISM : WHAT IS 
DEPENDANT OF ITS ACTION ON LIPID METABOLISM 
M.Laville, V.Rigalleau, J.P Riou, M.Beylot. INSERM U 197, 

Facult~ de M6decine Alexis Carrel, rue Guillaume Paradin, 
69372 Lyon Cedex 08, France. 

Insulin stimulates glucose metabolism but also inhibits lipid 
oxidation. In order to test what in insulin action on glucose 
metabolism is dependant of its action on lipid metabolism, we 
have realized an insulin dose-response (0.1, 0.2, 0.7 
mU/kg/min of insulin) using the euglycemic clamp with an 
infusion of Ivelip (IV) to maintain the lipid oxidation rate 
constant. This test was realized in 5 normal subjects and was 
compared to the control test (C) without Ivelip. Glucose and 
free fatty acids (FFA) fluxes(fx) were measured using 6,6 2H 2 
glucose and 1130 palmitate. Oxidation (Ox) was determined 
using indirect calorimetry and 13002. FFA Fx,  FFA ox and 
lipid ox were maintained throughout the test in IV whereas 
they decreased in C. Insulin action on glucose metabolism 
was altered in IV when compared to C with, at the last insulin 
rate, a decreased utilisation (C 6.8+0.6, IV 3.9+0.4 
mg/kg/min C p<0.01), storage (C 3.8-+0.5, IV 1.9+0.2 
mg/kg/min p<0.01) and a lack of stimulation of oxidation (C 
3.9+0.3, IV 2.0+0.4 mg/kg/min p<0.01) which was unchanged 
when compared to basal (IV 1.7+0.5 mg/kg/min). A defect in 
glucose product ion  inhibition was also significant for the 
2nd (C 1.25, IV 2.03 mg/kg/min p<0.01 ) and 3rd insulin rate (C 
0, IV 0.45• mg/kg/min p<0.01). Thus all insulin effets on 
glucose metabolism appears to be partly or mostly dependant 
of its effects on lipid metabolism. 
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PRIMARY ROLE OF HEPATIC GLUCOSE OUTPUT IN MAINTAINING 

GLUCOSE HOMEOSTASIS 

R.A.Jackson, A.P.Wojcieehowski and B.M.Sim. The Cobbold 
Laboratories, The Middlesex Hospital, London WIN 8AA 

The role of changes in hepatic glucose output (HG0) in 
maintaining glucose homeostasis was investigated in normal 
subjects by determining glucose turnover, using a primed- 
constant infusion of 6-~H-glucose, before and during low- 
dose intravenous glucose infusions of 5.3 (Group A,n=12) 
and ii.i ;Jmol/kg/min (Group B, n=lO). In Group A basal 
glucose (5.17 • .08 mmol/l) and insulin levels (20.4 + 
2.4 pmol/l) rose minimally during the infusion to 5.33 + 
.07 ,~ol/l(p~.Ol) and 26.4 +_ 3.0 pmol/l(p<.02) 
respectively. Concurrent total glucose appearance (Ra : 
10.7 + .3 ~mol/kg/min) and disappearance (Rd) remained 
unchanged during the infusion suggesting that sustained 
suppression of HGO was the sole compensatory homeostatic 
response. In Group B basal glucose (5.16 + .II mmol/l) and 
insulin levels (19.8 + 3.6 pmol/l) rose during the 
infusion to 6.11 ~h .11 mmol/l(p<.001) and 56.9 _+ 7.8 
pmol/l(p<.OOl) respectively. Ra rose from 9.7 +_..3 
~mol/kg/min baaally to peak levels of only 13.6 + .8 
~mol/kg/min(p~.O01) at 30 min indicating concurrent 
sustained suppression of HGO. Additionally, Rd rose by 
.42 + .04 ~mol/kg/min(p~.001). Six studies employing 2-min 
sampling suggested increased glucose and insulin and 
decreased glucagon concentrations were the combined cause 
of HGO suppression. Conclusions : (i) Decreased HGO is the 
primary sole homeostatic response to small challenges to 
the basal steady state (2) HGO is exquisitely sensitive to 
suppression by minimal changes in glucose, insulin and 
glucagon levels (3) only following greater glucose 
challenges is increased Rd an additional homeostatic 
response. 
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HEPATIC GLHCONEOGENIC HYPERSENSITIVITY TO SUBSTRATE 

AVAILABILITY IN TYPE II DIABETES 

I.Toft, P.G.Burhol, N.Nurjhan, J.E.Gerich and 

T.G.Jenssen. University Hospital of Troms~, Norway and 

Presbyterian-University Hospital, Pittsburgh, PA. 

Increased gluconeogenesis (GN) is considered to be 

mainly responsible for the increased hepatic glucose 

output (HGO) in type II diabetes. To determine whether 

this is due to increased hepatic GN efficiency, we 

compared the effect of Na-lactate infusion (30 

~mol/kg/min) in 8 nonobese normal volunteers (NV) and 

5 age- weight- sex- matched type II diabetic subjects 

(DS) during which plasma insulin, growth hormone and 

glucagon were clamped at indentical levels in both 

groups. Control Na-bicarbonate infusion (30 

p,mol/kg/min) studies were performed under identical 

conditions in both groups. Despite comparable 

hyperlactatemia (4.6 mmol/liter), lactate GN 

(%imol/kg/min) increased by4.9• during the lactate 

infusions in the DS compared to only 2.7• in the 

NV (p<0.05); HGO (blmol/kg/min) increased by 2.8• 

in the DS vs. only 1.1• in the NV. Moreover, the 

percent of HGOderived from lactate increased by 32• 

in the DS compared to 22• in the NV. We, therefore, 

conclude that in type II diabetes, there is increased 

hepatic sensitivity to substrate availability and this 

may account in part for the increased GN found in this 

condition. 
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REDUCED ENERGY EXPENDITURE AFTER ORAL FRUCTOSE IN 
CIRRHOSIS 

Y.T.Kruszynska, A.Meyer-Alber, N.Wollen and N.McIntyre. 
University Dept Medicine, Royal Free Hospital School of 
Medicine, London, UK. 

Fructose metabolism is insulin independent. As cirrhotics are 
insulin resistant and glucose intolerant, fructose might confer 
advantages in terms of carbohydrate utilisation. We studied 
8 cirrhotics (54_+tl L~SD] y) and 6 controls (49+13 y). 
Fasting glucose levels and rates of 6-3H-glucose 
appearance (Ra) were similar. Basal NEFA and glycerol 
levels were higher in cirrhotics (p <0.05)but whole body lipid 
(LOX), carbohydrate oxidation (cox) and energy expenditure 
similar. After 75 g fructose, fructose and insulin levels were 
higher in cirrhotics (both p<0.001) and the incremental 4 h 
plasma glucose AUCgreater (154±17 vs 74+26 mmoLl-Zh, 
p<0.05),  due to a higher glucose Ra and reduced MCR 
(p<0.001). Plasma glycerol fell in controls (basal, 77+11; 
post-fructose, 49__+6 ,umol/l, p<0.05) but not in cirrhotics 
(basal, 122+16; post-fructose, 116~20flmol/1); NEFAwere 
suppressed to similar low levels. Suppression of LO× and 
stimulation of cox paralleled changes in fructose levels 
rather than serum NEFA suggesting that fructose 
metabolism inhibits intracellular lipid oxidation. Total lipid 
oxidised in 4h after fructose (cirrhotics, 7.0+1.5, controls, 
8.6__+2.1 g, NS) was similar but the suppressed LOX and 
elevated COX were sustained for longer in cirrhotics. Overall 
oxidative metabolism and storage were similar, but the 
increase in energy expenditure after fructose 46% lower in 
cirrhotics (p<0.005). The energy cost of glycogen synthesis 
from fructose in liver is - x2 that in muscle. High systemic 
fructose levels secondary to reduced hepatic uptake in 
cirrhotics would favour muscle glycogen synthesis. 
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I D E N T I F I C A T I O N  OF THE C H R O M O G R A N I N  A - P R O C E S S I N G  

E N D O P E P T I D A S E  IN I N S U L I N  S E C R E T O R Y  G R A N U L E S  AS 

T H E  M A M M A L I A N  S U B T I L I S I N - R E L A T E D  P R O T E A S E ,  PC2 

S.D. Arden, E.M. Bailyes, D.L. Bennett and LC. Hutton. University of 

Cambridge. Addenbrookes Hospital, Hills Road, Cambridge, CB2 2QR, U.K. 

Two endopeptidase activities are required for the conversion of proinsulin to 

insulin: one of these (type 1) cleaves on the C-tenuinal side of Arg 3 IArg32 in 

proinsulin and the other (type 2) cleaves C-terminally to Lys64Arg 65. The type 

2 enzyme has been identified recently as PC2, a member of the eucaryotic 

subtilisin-like family of proteases. Endopeptidase activity is also required for 

processing of the insulin secretory gramde protein etucomogranin A. N-terminal 

sequencing of the products of bovine ehromogranin A conversion by insulin 

secretory granules reveals that the precursor is cleaved at Lysll4Arg 115 and 

Lys330Arg331. To determine if ehromogranin A processing requires the same 

endoproteolytic enzyme(s) as proinsulin, the type 1 and 2 activities were 

separated by ion-exchange chromatography and the resultant fractions tested for 

chromogranin A- and proinsulin-eonverting activity. Cleavage of chromogranin 

A coincided with type 2 endopeptidase activity and was distinct from the two 

peaks of type 1 activity. Immunoblot analysis of the fractious with anti-PC2 

serum showed that the chromogranin A processing activity also coincided with 

PC2 immunoreaetivity. These results indicate that PC2 is the enzyme 

responsible for cleavage of ehromogranin A and potentially other propolypeptide 

precursors containing LysArg sites in the insulin secretory granule such as pro- 

islet amyloid polypeptide. 
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CONVERSION OF NATIVE AND MUTANT (Met B29) 

HUMAN P R O I N S U L I N  IN T R A N S F E C T E D  AtT20 

CELLS 

S. V. Sizonenko, J. C. Irminger and P. A. Halban, Laboratoires 
Jeantet, Centre Mtdieal Universitaire, 1211 Geneva 4, Switzerland. 

We have previously postulated that Lys B29 is implicated in 

conversion at the B-chain/C-peptide junction of rat proinsulins. To 

verify this and to simulate the difference between rat proinsulins I 

and II, we have transfected AtT20 cells with native (hPI) or a mutant 

human proinsulin with a Met for Lys replacement at B29 (Met B29 

hPI). Cells were labelled (10 rain, 3[H]leu) followed by chases up to 

120 rain. Radioactivity in proinsulin, conversion intermediates and 

insulin was determined by HPLC. At 60 rain 57+7% labelled hPI 

remained, with 26+-5% insulin and 17+2% of des-31-32 spIit hPI; 

des-64-65 split hPI was not detectable. The kinetics of conversion of 

hPI with transient accumulation of des-31-32 split hPI in AtT20 cells 

is comparable to conversion of rat proinsulin I in isolated islets. By 

n M B29 contrast, conversio of et hPI showed no accumulation of des- 

31-32 split intermediate, and, unlike conversion of rat proinsulin II in 

islets, no accumulation of des-64-65 split Met B29 hPI was detectable. 

These data support the hypothesis that conversion at the B-chain/C- 

peptide junction is facilitated by a basic amino-acid at B29. 

Extrapolation from AtT20 to B-cells may however be complicated by 

reported differences in expression of PC2/PC3, the two conversion 

endoproteases. 
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DIFFERENTIAL EXPRESSION OF PROINSULIN C-PEPTIDE I 
AND II IMMUNOREACTIVITIES IN THE MOUSE INSULINOMA 
CELL LINE, B-TC. 
N. Blume, E. E. Pedersen and O. D. Madsen. Hagedorn 
Research Laboratory, Gentofte, Denmark. 

We have previously reported that clonal rat insulinoma 
cultures (MSL-cells) differentially express the two non- 
allelic insulin genes when passaged in vitro. This was 
shown by immunocytochemistry and in situ 
hybridization to be controlled at the level of 
transcription. These heterogeneous cell cultures 
preferentially express the rat insulin I gene. This is in 
contrast to the normal rat or mouse islets where both 
insulin gene products are expressed at comparable 
levels in all 8-cells. 
By using specific antibodies raised against mouse 
proinsulin C-peptide I and II we have analyzed the 
insulinoma culture, 8-TC, derived from transgenic mice 
with heritable 8-cell tumors. We now show a 
remarkable differential expression of mouse C-peptide I 
and II immunoreactivities where a considerable fraction 
(approx. 20%) of insulin positive cells are devoid of C- 
peptide I immunoreactivity. C-peptide II staining 
indicate that this subpopulation express proinsulin II, 
only. We conclude that in vitro murine insulinoma 
cultures have the capacity to differentially express the 
two non-allelic insulin genes, but with a species specific 
difference, since mouse and rat cultures preferentially 
express insulin II and I, respectively. The nature of such 
an aberrant tumor specific process of "non-allelic" 
exclusion remains unclear. 
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INSULIN SECRETION IN INSULIN RESISTANT SUBJECTS 
WITH AND WITHOUT FAMILY HISTORY OF DIABETES 
E.I.M. Wid6n, A.V. Ekstrand, J.G. Eriksson, L.C. Groop, Fourth 
Department of Medicine, Helsinki University Hospital, Helsinki, 
Finland. 
First-degree relatives of patients with Type 2 diabetes (REL) are at 
increased risk for diabetes. Although insulin resistance is a frequent 
early finding in these individuals, defect in insulin secretiou is 
required for manifest diabetes. To investigate whether insulin 
resistant REL are characterized by a concomitant B-cell defect we 
measured first- (FPI) mad second-phase (SPI) insulin secretion with 
a +7mmolB hyperglycemic clamp and total glucose disposal (TGD) 
with a +80pU/ml euglycemic insulin clamp. B-cell capacity was 
measured after administration of 0.5 mg glucagon at the end of the 
hyperglycemic clamp (GSI). 8 insulin resistant REL (age 45 -+ 3 yrs, 
BMI 26.9 + 1.0, TGD 4.2 • 0.4 mg/kgxmin), 7 kidney transplanted 
patients (Tx) with steroid induced insulin resistance (age 41 + 6yrs, 
BMI 26.8 _+ 0.9, TGD 4.6 • 0.4 mg/kgxmin) and 7 healthy control 
subjects (Con) without a family history of diabetes (age 47 • 5 yrs, 
BMI 25.3 • 0.4, TGD 6.1 +_ 0.5 mg/kgxmin;p<0.05 vs Tx and REL) 
participated in the study. All groups had normal glucose tolerance. 
FPI, SPI and GSI did not differ significantly between REL and Con 
(103 • 19 vs. 128 • 58 pU/mlxl0min and 457 + 122 vs. 366 +- 147 
pU/mlxll0min and 515 • 66 vs. 540 • 102 pU/mlx30min). Tx 
tended to have higher FPI and SPI than REL (156 • 49 
pU/mlxl0min and 531 • 102 pU/mlxll0 rain) whereas GSI was 
significantly higher (723 • 56 pU/mlx30min;p<0.05). Conclusion: 
R.EL seem to have decreased capacity to increase insulin secretion 
in reIation to the degree of insulin resistance. 
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PREFERENTIAL STIMULATION OF PROINSULIN 
BIOSYNTHESIS BY SUCCINIC ACID METHYL ESTERS. Io 
Valverde, M.L. Villanueva-Pefiacarrillo and W.J. 
Malaisse*. Fundaci6n Jim~nez Diaz, Madrid, Spain 
and *Laboratory of Experimental Medicine, 
Brussels Free University, Brussels, Belgium. 

Succinic acid methyl esters are efficient insulin 
secretagegues. Their effect on rat islet 
biosynthetic activity was now examined. Over 90 
min incubation in the presence of 2.8 mM D- 
glucose, both succinic acid monomethyl ester 
(SAM) and dimethyl ester (SAD), when tested at a 
I0 mM concentration, increased 10-fold at least 
the incorporation of L-[4-3]phenylalanine into 
TCA-precipitable material, non-hormonal protein, 
proinsulin and insulin. Moreover, the ratio 
between tritiated (pro)insulin and total protein 
was increased by SAM and SAD from a control value 
of 22.3 • 1.6 to 33.4 • 4.0 and 35.9 • 3.5 
percent, respectively. A rise in D-glucose 
concentration to 16.7 mM increased the latter 
ratio to 43.9 • 3.8 percent. Succinic acid (i0 
raM) also increased the incorporation of L- 
phenylalanine into TCA-precipitable material, as 
well as non-hormonal and hormonal peptides. 
However, this increase was less marked than that 
evoked by SAM or SAD and failed to coincide with 
an increased ratio between (pro)insulin and total 
protein biosynthesis. None of the agents tested 
affected the islet pool of TCA-soluble 
radioactivity. Likewise, the ratio between 
tritiated insulin and (pro)insulin was not 
affected by succinic acid and its esters, being 
only increased at the high concentration of D- 
glucose. Thus, succinic acid methyl esters, like 
D-glucose, stimulate preferentially the 
biosynthesis of proinsulin. 
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DIFFERENT MECHANISMS OF LOW INSULIN RESPONSE IN 
PREDIABETIC AND ENDURANCE-TRAINED SUBJECTS 
C-G. 0stenson, J. Pigon, S. Pye, J. Radzink and S. Efendic. Dept. 
of Endocrinology, Karolinska Hospital, Stockholm, Sweden, and 
Div. of Endocrinology & Metabolism, Ottawa Civic Hospital, 
Ottawa, Canada. 

Subjects with a low insulin response (LIR) to a standardized 60 min 
glucose infusion test (GIT) are considered prediabetic. Endurance- 
trained subjects (ET) also demonstrated low insulin levels after the 
same glucose challenge. Peripheral plasma insulin responses to GIT 
in LIR (n=6) were therefore compared to those in high insulin re- 
sponders (H]R, n=6)  and ET (n=6). We also measured insulin 
secretion rates with a two-compartmental model for C-peptide dist- 
ribution and degradation. The parameters defining C-peptide kine- 
tics were obtained in each subject after an i.v. bolus of biosynthe- 
tic human C-peptide. During GIT, blood glucose levels plateaued at 
18-22 mmol/1. In peripheral plasma, mean insulin responses were 
362 __ 32 pmol/1 in HIR, 136 __ 14 pmol/1 in LIR (38 % of HIR, 
p<0.05) ,  and 188 _+ 14 pmol/1 in ET (52%, p<0.05) .  Insulin 
secretion rates were 705 +_ 60 pmol/min in HIR, 327 __+_ 53 
pmol/min in LIR (46% of HIR, p<0.05) ,  and 594 _+ 30 pmol/min 
in ET (84%). In conclusion, an impaired insulin response in pre- 
diabetics (LIR) could mainly be accomlted for by a lower insulin 
secretion rate than in HIR. In contrast, a normal insulin secretion 
rate and increased metabolic clearance rate of insulin are characte- 
ristics of ET. 
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Defective beta cell function in subjects with impaired 
glucose tolerance (IGT). 
MJ Davies, g Rayman, IP Gray, JL Day, *CN Hales. 
The Ipswich Diabetes Centre, Ipswich. 
Department of Metabolic Medicine, St Mary's Hospital 
~Department of Clinical Biochemistry, Cambridge 

51 subjects with iGT matched to 5! controls with respect 
te age, sex, and BMI (mean [SD] 60.7 [7.9] vs 60.2 [7.4] 
yrs, 26.8 [3.4] vs 26.1 [2.8] kg/mZ), underwent a 75 gram 
0GTT. Fasting, 30 and 120 minute insulin and intact 
proinsulin, and fasting and 120 minute 32/33 split pro- 
insulin, were mqasured by two-site immunoradiome5ric 
assays. The subjects with IGT had higher basal and 120 
minute intact (mean [SEMI 5.0 [0.6] pmol/l vs 3.3 [0.25] ; 
p< 0.02, 27 [2.1] vs 17.2 [1.7] ; p < 0.0001) and 32/33 
split proinsulin, (a.1 [0.34] vs 2.2 [0.26] ; p<0.0007, 
23 i2.8] vs !0.8 [2.2] ; p<0.0001). Despite hyper- 
glycaemia, the IGT group had similar fasting insulin, 
(58 [5.4] pmol/l vs 45.3 [3.3] ; p : 0.3), lower 30 minute 
insulin (248 [!8.2 vs 304 [19.5] ; p< 0.02), and lower 
30 minute insulin/glucose ratio, (23.7 [14.2] vs 34.8 
[15.7] ; p<0.002). The fasting percentage of preinsulin 
to total insulin-like molecules was higher in those with 
IGT, ~15% [0.08] vs 11.6% [0.05] ; p<0.04). After 6 
months, at repeat OGTT, the same 5! subjects with IGT were 
classified as 'persisters' or 'reversers ~. In the 
reverters 27 (52.9%) there was a reduction in 120 minute 
intact and 32/33 split pro~nsulin, (26.3 [2.4] vs 20.2 
[1.6] ; p<0.02, 21 [2] vs IA.2 [I .2] ; p<0.006), and an 
increase in fasting insulin, (46.3 [5.7] vs 56.8 [5.7] ; 
p< 0.02) despite nc change in fasting glucose after 6 
months (5.7 [0.8] mmol/l vs 5.6 [0.65] ; p = NS). These 
findings show that IGT is strongly associated with beta 
cell dysfunction, with reduced early insulin secretion. 
In some subjects with IGT, beta cell function shows 
improvement in the short term. 
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Negligible Insulinotropic Action of Exogenous Glucagon-l ike 
Peptide-1 [7-36 Amide] at Basal  P lasma Glucose 
Concentrations in Healthy Volunteers 
C. Qualmann, M. Nauck, J.]. Holst, C. 13rskov and W. 
Creutzfeldt, Department of Internal Medicine, University of 
G6ttingen, FRG and The Panum Institut/Rigshospitalet, 
Copenhagen,  Danmark 

Animal studies suggest that the incretin hormone glucagon-like 
peptide-1 [7-36 Amide] (GLP-1 [7-36 A]) might - in contrast to 
GIP - stimulate insulin secretion also at basal plasma glucose 
concentrations, thus possibly leading to hypoglycaemic episodes.  
In order to test this in man, six healthy male volunteers received 
incremental doses of intravenously infused GLP-1 [7-36 A] (Fa. 
Bissendorf) (0.3, 0.9, 2.7 pmol/kg/min, for 30 min each). Plasma 
glucose (capillary, glucose-oxidase-method), insulin, C-peptide 
and GLP-1 [7-36 A] (RIA) were measured over 2 hours. GLP-1 
[7-36 A] steady-state plasma levels of 23 + 2, 72 _+ 18 and 178 _+ 
15 pmol/l (mean _+ SEM) were reached at the incremental 
infusion levels (basal concentration 9 _+ 2 pmol/l). After start of 
the infusion and at each dose increment small, short-lived 
insulin- (maximum, + 44%) and C-peptide- (maximum, + 26%) 
peaks as well as a small but significant reduction of plasma 
glucose levels from 4.9 _+ 0.1 to a minimum of 4.0 _+ 0.1 retool/1 
at the highest dose were seen. At basal plasma glucose 
concentrations, even high doses of exogenously infused GLP-1 
[7-36 A] do not stimulate insulin secretion to an extent that 
causes relevant hypoglycaemia. 
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STRUCTURE OF HUMAN GLP-I(GLUCAGON-LIKE 
PEPTIDE-I) CONTAINING PEPTIDES. 
C. @rskov, H. Kofod, L. Rabenhej, A. Wettergren 
and J. J. Holst. Dept. Med. Physiol. C, Panum 
Institute, Depts. Clin. Chem and Surgery C, 
Rigshospitalet, University of Copenhagen, and 
Novo Nordisk, Bagsv~rd, Denmark 

The potent insulinotropic hormone, GLP-I, has 
been isolated from human intestinal mucosa and 
demonstrated by sequencing and mass spectrometry 
to correspond to proglucagon (PG) 78-107amide. 
The occurrence of variant forms (PG 78-108, PG 
72-108 or 72-107amide) and their source remain 
controversial. Based on synthetic fragments we 
developed highly specific radioimmunoassays a- 
gainst the N-terminus, the mid region and the 
C-terminus of PG 78-107 amide and analysed fresh 
human pancreas and intestinal mucosa (n : 6), 
extracted without loss of peptides, after ana- 
lytical gel filtration on Sephadex G 5@. Pancre- 
as contained exclusively a large peptide identi- 
fied by N-terminal and mid-region assays (same 
amounts as glucagon) and very small amounts (0-5 
%) of a peptide reacting with C-terminal and 
mid-region assays, coeluting with PG 72-107ami- 
de. The small intestine contained a single pep- 
tide, coeluting with PG 78-107amide, reacting 
equally in all three assays (same amounts as 
glicentin) . Conclusions: In humans the GLP-I 
sequence is contained in major proglucagon frag- 
ment corresponding to PG 78-158 and ve~] small 
amounts of PG 72-107amide, both from the pancre- 
as. The intestinal form corresponds exclusively 
to PG 78-107amide. This insulinotropic hormone 
may be measured specifically by C-terminal 
assays. 
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TRAINING AND B-CELL SECRETION IN TYPE 2 (NON-INSU- 
LIN-DEPENDENT) DIABETES. 

M.von Linstow, F.Dela, K.J.Mikines, M.Gall, and H.Galbo. Dept. 
of Medicine "IrA 21301, Dept. of Urologi D 2111, Rigshospitalet; 
Dept. Medical Physiol. B, The Panum Institute; and Hvid~re Hospital, 
Copenhagen, Denmark. 

In healthy subjects physical training induces a reduced glucose 
stimulated B-cell response. To test if the same effect of trainiag is seen 
in type 2 diabetics we studied eight type 2 diabetics, age 55 5:2 years 
(mean 5: SE), height 174 5:2 era, weight 89.5 5:4.5 kg, and body 
fat 24:1:1%. The participants were examined before (UT) and after 
(T) 12 weeks ergometer bicycle training. Maximal aerobic capacity 
increased from Z.5 5:0.2 to 3.0 + 0.3 l/mitt (p<0.05). During a 
mixed meal test, plasma glucose concentration and B-ceU function 
were not affected by training as areas under concentration curves 
(AUC) for insulin and C-peptide were similar: Insulin: UT: 10388 5: 
1960, T: 9710 5:1892 pmol.min/l, C-peptide: UT: 357 5: 61, T: 355 
5:54 nmol.min/l, both P>0.1. During graded hyperglycemic ( 11, 
18, and 25 mM) clamps steady state insulin and C-peptide concentra- 
tions were similar before and after training: Insulin: UT 19.95 + 
5.02, 30.47 5: 6.98, 41.23 + 11.17; T: 20.24 + 6.59, 32.67 5: 
11.58, 51.04 5:20.45 pmol/1; C-peptide: UT: 0.98 5: 0.19, 1.35 5: 
0.25, 1.97 5: 0.35; T: 1.04 5: 0.19, 1.44 5: 0.29, 1.96 + 0.43 
nmot/l, at each clamp step respectively. It is concluded that the 
betaceU function in type 2 diabetics, unlike in healthy young subjects, 
is unaltered bY training. 
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IMPAIRED INSULIN SECRETION PRECEDES INSULIN RESISTANCE 
WHEN DIABETES DEVELOPS IN CYSTIC FIBROSIS 
B. Thorsteinsson, S. Lanng, M. Reder, J. Nerup and C. Koch. 
Department of Medical Endocrinology, Herlev Hospital, Her- 
lev; Department of Paediatrics, Rigshospitalet, Copenhagen; 
and Steno Diabetes Center, Gentofte, Denmark. 

Diabetes mellitus accompanying cystic fibrosis (CF) is 
insulinopenic but not ketosis-prone. Peripheral sensitiv- 
ity to insulin has been scarcely studied in CF patients, 
results are divergent, and, as for Type 2 diabetes, it is 
unknown whether changes in insulin sensitivity precede 
beta cell dysfunction or vice versa. We used an oral 
glucose tolerance test (75 g) and a previously validated 
model to simultaneously analyse the initial insulin re- 
sponse to glucose (IRG) and the peripheral sensitivity to 
insulin (SI) in adult CF patients with normal (NGT; N=I4), 
impaired (IGT; N=4), and diabetic (DM; N=I2) glucose 
tolerance, and in 10 age-matched normal subjects. The 
incremental area of the glucose curve above basal level 
correlated negatively with IRG (R(S)= -0.69) and SI 
(R(S)= -0.90), which were positively correlated (R(S)= 
-0.58) (all p<0f001). As compared with normal subjects 
(100%), median IRG (NGT:47%; IGT:36%; DM:I0%) and SI 
(NGT:93%; IGT:75%; DM:41%) decreased with decreasing 
glucose tolerance; IRG in all CF groups and SI in CF 
patients with IGT and DM were significantly lower than in 
normal subjects. Thus, a progressive decrease in insulin 
response is seen in CF patients with decreasing glucose 
tolerance, whereas insulin sensitivity is normal in CF 
patients with NGT, but decreased at IGT and DM. 
Consequently, impaired insulin secretion precedes insulin 
resistance when diabetes develops in cystic fibrosis. 
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INDUCTION OF MHC CLASS I1 ANTIGENS ON PANCREATIC 8-  
CELLS OF BB/OK RATS 
B. Kuttler, A. Dunger, H. Wanka, P. van der Meide, M. Ziegler, and 
H. J. Hahn; Institute of Diabetes, Karlsburg, University of Greifswald, 
Germany 

The expression of MHC class II antigens on pancreatic B-cells in 
response to cytokines is still a matter of discussion. Hypothetically, 
B-ceils with increased MHC antigen expression could be a 
sensibilized target for cytotoxie lymphocytes. 
To evaluate whether B-cells are able to express MHC class II 
antigens, we cultivated isolated BB/OK rat islets (8 - 12 d of age) for 
4 or 8 d in the presence of 1000 U/ml rlFN~(control without ]FN[). 
After culture insulin and DNA content, glucose-stimulated insulin 
secretion, protein and DNA synthesis of the islets were determined. 
MHC antigen expression was determined on single cells by FACS 
analysis (double-staining) using the monoclonal antibodies OX 18 
(class I) or OX6 (class II) and SB14D10-FITC (pancreatic B-cells). 
The proportion of B-cells in cell suspensions ranged between 80 
and 90%. IFN~" induced expression of MHC class II antigens on B- 
cells: 18.2 + 2.3% OX6+B-cells (control 4.5 + 0.5%). The proportion 
of OX 18 § islet cells was increased from 29.3 + 5.8% to 68.5 + 
7.0%. Whereas the majority of functional parameters were not 
affected, glucose-stimulated insulin secretion was significantly 
reduced by IFN~-eulture (4d). Cytotoxieity of lymphocytes did not 
differ when using ~tCr-labeled IFN~--cultured or control islets as 
target. 
Pancreatic 8-cetls obtained from 8B /OK rats do expres~s MHC class 
II antigens associated with a reduced insulin-secretion. However, 
consequences for an increased vulnerability to cytotoxic 
lymphocytes could not yet be observed. 
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THE INDIVIDUAL ISLET RESPONDS TO GLUCOSE WITH 
AMPLITUDE MODULATION OF RAPID INSULIN TRANSIENTS 
P. Bergsten and B. Hellman. Department of 
Medical Cell Biology, Biomedicum, University of 
Uppsala, Uppsala, Sweden 

When islets are stimulated with glucose there is 
a synchronization of cytoplasmic Ca 2§ cycles 
among the cells. What is the secretory 
counterpart for this coordinated pattern? The 
problem was approached by perifusing a single 
mouse islet and analyzing the perifusate for 
insulin with an ELISA technique capable of 
detecting as little as 0.4 pg insulin. Basal 
insulin release in a medium containing 3 mmol/l 
glucose was 0.02 + 0.01 ng/~g dry weight/min. 
When the perifusate was collected in 18 s 
periods, an oscillatory insulin release with a 
periodicity of 2-3 min was revealed in the 
presence of 5.5 mmol/l glucose. After further 
increase of the glucose concentration to ii and 
20 mmol/l the height of the oscillations 
increased substantially. The rate of the 
oscillations, however, remained unaffected. By 
decreasing the sampling period to 2-3 s it 
became possible to resolve the oscillations into 
10-20 s transients, often originating from the 
basal level and sometimes reaching peak values 
exceeding i0 ng/~g dry weight/min. Accordingly, 
the secretory response of an isolated islet to 
a glucose challenge is determined by fast 
insulin transients varying more than 1000-fold 
in their amplitudes. These rapid transients 
generate the slow 2-3 min oscillations, 
modulated by glucose in amplitude but not in 
frequency. 
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INTRACELLULAR LOCATION OF THE SULPHONYLUREA 
RECEPTOR 

E. Papadakis and C.N. Hales 
University of Cambridge, Department of Clinical 
Biochemistry, Addenbrooke% Hospital, Hills Road, 
Cambridge CB2 2QR 

Sulphonylureas have been used for many years in the treatment of 

Type 2 diabetes and stimulate insulin release from pancreatic 13- 

cells. However the location of sulphonylurea binding sites has not 

been characterized. The rat insulinoma cell line CRI-G1 is an in 

vitro model with which to study insulin secretion. Secreted 

immunoreactive insulin increased by up to 320% (p<0.005) in the 

presence of 50 p.M ADP. The effect of ADP was also studied on the 

binding of [3H]-glibenclamide to microsomal membranes, The 

binding was decreased 72% (p<0.001) by 1 mM MgADP. ADP 

alone decreased [3H]-glibenclamide binding by only 32% 

(p<0.001). Proteolytie digestion of mierosomal membranes and a 

crude cellular homogenate with trypsin reduced [3H]-glibenclamide 

binding by 80 +-- 6% and 83 +- 7% respectively, whereas identical 

proteolysis of whole cells did not affect binding. These studies 

indicate that although extracellular MgADP, like sulphonytureas, 

stimulates insulin secretion and MgADP inhibits glibenclamide 

binding to microsomal membranes, the site of these two effects 

differs. Glibenclamide binding is destroyed by trypsin when applied 

directly to microsomes but not when applied extracellularly, 

suggesting that the sulphonylurea receptor is intracellular. 
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DUAL EFFECTS OF PROTEIN PHOSPHORYLATION ON THE 

BINDING ACTIVITY OF THE SULPHONYLUREA RECEPTOR 

I. Niki, B. Coles*, P.M. Ashcroft* and S.J.H. Ashcroft Nuffield 

Department of Clinical Biochemistry, John Radcliffe Hospital, 

Headington, Oxford OX3 9DU and *University Laboratory of 

Physiology, Parks Road, Oxford OX1 3PT, England 

The effects of protein phosphorylation on the binding activity of the 

sulphonylurea receptor, a putative ATP-sensitive K-channel, were 

investigated using the pancreatic Gcell line, HIT T15. MgATP 

inhibited [3H]glibenclamide binding and revealed inhibition of 

[3H]glibenclamide binding by diazoxide, which opens the ATF- 
sensitive K-channel. These effects of MgATP were time-dependent and 

their disappearance was correlated with the time-course of ATP 

hydrolysis by endogenous ATPase. Diazoxide inhibited 

[3H]glibenelamide binding even when added after MgATP was 

completely hydrolyzed, suggesting that diazoxide did not affect ATP 

metabolism or kinase activity which phosphorylates the receptor. 

ATP-?S had a long-lasting effect to reveal diazoxide-induced 

inhibition although this analogue elicited little inhibition of 

binding. The suIphonylurea receptor solubilized by CHAPS retained 

its affinity for sulphonylureas. Inhibition of [3H]glibenclamide 

binding by MgATP was also observed after solubilization, but the 

revealing effect on diazoxide-induced inhibition disappeared. 

Incorporation of [y-32p]ATP into HIT cell membranes confirmed the 

presence of endogenous kinases and phosphatases. These findings 

suggest that the sulphonylurea receptor may change its binding 

properties via protein phosphorylation at two distinct sites. 
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EFFECT OF CHRONIC HYPERGLYCEMIA ON PROINSULIN 
PROCESSING IN RAT AND PSAMMOMYS OBESUS 

G. Leibowitz, M. Gadot, E. Cerasi, D. Gross, and N. Kaiser 
Department of Endocrinology and Metabolism, Hebrew 
University-Hadassah Medical Center, jerusalem, Israel 

Diabetics s h o w  increased p l a sma  pro insu l in ,  bu t  the 
mechanism under ly ing this phenomenon  is unclear. Our  
aim is to evaluate  the role of hyperg lycemia  in the 
deve lopmen t  of impai red  p ro insu l in  process ing.  Two 
animal  models  are used: rat and Psammomys obesus. 
Monolayer cultures of rat islets were exposed to RPMI 1640 
med ium (11.1 mM glucose), or to medium containing 33.3 
mM glucose for 2-3 weeks. Insulin immunoreact ive  (IRI) 
pept ides  were  seperated by reversed-phase  HPLC and 
identified by pulse-chase experiments. Chronic exposure to 
high glucose had no effect on islet proinsulin content (7-10% 
of total IRI peptides),  or med ium pro insu t in  (<3%). In 
Psammomys obesus, a rodent  model of type 2 diabetes, 
insulin constituted 90% of total IRI peptides in pancreatic 
extracts of nondiabetic animals, but  only 70% in diabetic 
ones. In addit ion to proinsul in ,  other unidentif ied IRI 
peptides were  detected in both groups,  but  more  so in 
diabetic pancreata. In summary :  1. Chronic exposure to 
high glucose in vitro does not affect proinsul in processing 
and secretion in normal rat islets, 2_. Pancreata of diabetic 
Psammomys obesus contain considerable  a m o u n t s  of 
proinsul in  and unidentified IRI peptides. This may reflect 
an intrinsic defect of proinsulin processing in diabetes-prone 
animals, amplified by hyperglycemia. 
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INSULIN RELEASE OF GLUCOSE-UNRESPONSIVE RAT ISLET 
B-CELLS IS STIMULATED BY LEUCINE. 
C.F.H. Van Schravendijk, R. Kiekens and D.G. Pipeleers. 
Department of Metabolism and Endocrinology, Vrije Universiteit 
Brussel, Brussels, Belgium. 

Rat pancreatic B-cells differ in individuai responsiveness to glucose. 
Cells with higher threshold for glucose-induced changes in metabolic 
redox require higher glucose levels for induction of insulin 
biosynthesis and release. This study compares the secretory response 
of B-cell subpopulations with different glucose sensitivity during 
perifusion at high glucose (20 mM) or leucine (10 mM). Cells with 
glucose-induced increase in intracellular redox (G7.5-responsives) 
were separated by flow cytometry from those with unchanged levels 
(G7.5-unresponsives). At 1.25 mM glucose, basal insulin release was 
comparable in both preparations. Glucose 20 mM induced a higher first 
phase insulin response in G7.5-responsives (0.05% of cellular 
contentdmin) than in G7.5-unresponsives (0.02%/min, p<0.05), but 
second phase releases were comparable. Leucine 10 mM elicited a 
similar secretory response in both subpopulations. Addition of 
glucagon (10 nM) during the second phase amplified glucose-induced 
release to 0.21%/min in GT.5-responsives vs 0.10%/min in G7.5- 
unresponsives (p<0.05). This dissociation was not observed during 
glucagon potentiation of leucine-induced insulin release. Thus, islet B- 
cells with different threshold for glucose-induced functions differ in 
secretory responsiveness to glucose but not to leucine. Cellular 
heterogeneity in glucose-induced insulin release appears attributable to 
intercellular differences in glucose-specific factors rather than in 
secretory capacity. 
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EFFECTS OF OKADAIC ACID ON INSULIN SECRETION FROM RAT 
ISLETS OF LANGERHANS. 
H. Ratcliff, P.M. Jones, H. Basudev and S.L. Howell. Biomedical Sciences 
Division, King's College London, Campden Hill Road, London, UK. 

Okadaic acid (OA) is a potent inhibitor of protein phosphatase I (PP1) and 
protein phosphatase 2A (PP2A), two of the four major cytosolie protein 
phosphatases that dephosphorylate proteins at serine and threonine residues. 
As protein phosphorylation is thought to be involved in the regulation of 
insulin secretion,we have investigated the effects of okadaie acid on insulin 
secretion from both intact and electrically permeabilised rat islets of 
Langerhans. Basal insulin secretion from intact islets was uaaffected by 
10#M okadaie acid (2mM glucose, 0.80+0.11; + OA,0.70+ 0.09ng/islet/hr, 
mean__+SEM, n=8, p>0.2), whereas glucose-induced secretion was 
significantly reduced with this concentration of phosphatase inhibitor (20raM 
glucose, 10.5• +OA, 5.1+l.07ng/islet/hr, p<O.O01). Insulin 
secretion from intact islets stimulated with 20raM glucose plus 50OHM PMA 
or 20mM glucose plus 10#M forskolin (F) also showed a marked inhibition 
in the presence of 10/~M okadaic acid (PMA, 22.39+1.32, +OA 
8.41+0.79ng/islet/hr, p<0.001; F, 19.20+1.17, +OA 5.34-1-0.49, 
p<0.001), suggesting that PP1 and/or PP2A may be involved in the 
mechanism of glucose-induced insulin secretion. In contrast, studies with 
electrically permeabilised islets (5 exposures to 3.4kVem "1) revealed that 
okadaic acid had no effect on calcium-induced secretion (10/~M Ca 2+, 
2.30+0.22; +OA, 2.13• p>0.2) but enhanced both basal 
(50riM Ca 2+, 0.94__+0.17; +OA 3.10• p<0.001))and cAMP- 
induced secretion (500/xM, 2.28+0.21; +OA, 2.64+0.21ng/islet/hr, 
p<0.001). In electrically permeabilised islets, okadaic acid enhanced 
incorporation of a2p from [~2p]ATP into a number of endogenous substrates 
(MW 17, 18.5, 19.5) under basal conditions (50riM Ca 2--, 1 min), and 
enhanced cAMP-induced (100#M) phosphorylation of proteins of MW16.5 
and 23kDa.These results demonstrate that rat islets contain PP1 and/or PP2A 
activity. Our results in permeabilised islets suggest that phosphatase 
inhibition enhances the insulin secretory response to some klnase activators, 
unlike the studies in intact islets which suggest that okadaie acid inhibits 
glucose-induced secretion at a site proximal to calcium entry. 
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OKADAIC ACID INHIBITS INSULIN RELEASE AND PROTEIN 

PHOSPHATASES OF RINm5F CELLS 

R.O. Heurich I, G. Friderich 2 and H.P.T. Ammon I. iDepartment of 

Pharmacology, 2Department of Pharmaceutical Chemistry, Institute of 

Pharmaceutical Sciences, University of Tuebingen, FRG. 

Protein phosphatases play an important role in a variety of ceUular 

functions. Okadaic acid (OA) is a potent and specific inhibitor of the 

protein phosphatases 1 (PF-1) and 2A (PP-2A). Among phosphatases, 

only PP-1 and PP-2A possess significant phosphorylase a phosphatase 

activity. Here, we studied the effect of OA on phosphots~lase a 

phosphalase activity and insulin secretion of RINm5F cells. In 

homogenates of RINm5F cells, OA inhibited phosphorylase a 

phosphatase activity in a concentration dependent manner (ICs0 = 2 

nM). In intact cells, half maximal inhibition was achieved with about 

500 nM OA. OA (2 IIM) did not affect basal insulin release (2.60 • 

0.37 laU IRI/llg protein), but significantly inhibited insulin secretion 

stimulated by 25 mM KC1 (10.94 + 0.39 vs. 6.87 J: 0.28 lxU/pg, p < 

0.00l) or 10 mM L-alanine (5.38 + 0.3,t vs. 3.74 • 0.32 lJU/pg, p < 

0.01). Our data indicate that RINm5F cells contain phosphorylase a 

phosphatase activity, which can be inhibited by OA. The concentration 

necessary for inhibition of phosphorylase a phesphatase activity in 

intact cells was about 300-fold higher than in homogenates. Since OA 

( a 1 laM ) also inhibited insulin release stimulated by KC1 or L- 

alanine, we suggest that PP-1 and/or PP-2A are involved in the 

mechanism of insulin release of RINm5F cells. 
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GLUCOSE - INDUCED B-CELL DESENSITIZATION: MECHA- 
NISMS OF PROTECTIVE EFFECT BY DIAZOXIDE. 
A. Bj6rklund and V. Grill, Dept. of Endocrinolo- 
gy, Karolinska Institute, Stockholm, Sweden. 

Sustained hyperglycemia desensitizes B-cells to 
glucose; diazoxide (D) protects against this ef- 
fect. Mechanisms behind protection were investi- 
gated. Desensitization was achieved by perifu- 
sing rat islets 180 min with 27 mmol/l glucose 
and 0.i mmol/l 3-Isobutyl-l-Methylxanthine 
(IBMX). Restimulated response to glucose + IBMX, 
30 min, was only 20 % of 30 min initial gluco- 
se-induced stimulation (IGIS); it was completely 
restored by previous D. 40 mmol/l K+ (180 min + 
IBMX) markedly stimulated secretion both during 
6 and 27 mmol/l glucose; these conditions desen- 
sitized restimulated responses to 27 mmol/l glu- 
cose + IBMX + normal K+ to 24 % and 27 % respec- 
tively of IGIS. D with 40 mmol/l K+ completely 
failed to protect against restimulation-asses- 
sed desensitization. - Cooling (18-20~ with 
2.5 mmol/l calcium (blocking exocytosis but not 
calcium influx) only partly prevented desensiti- 
zation (restimulated response, 37~ 63 % of 
IGIS). Previous D during cooling exerted 1.7- 
fold higher effect. Cooling during omission of 
calcium totally prevented glucose-induced desen- 
sitization ; D during cooling did not alter 
this. - Specificity of D protective effect was 
tested by restimulating with non-glucose secre- 
tagogues. Previous D (co-perifused with 27mmol/l 
glucose) enhanced response to i0 mmol/l L-argi- 
nine and 2.5 mmol/l barium 2.8- and 5.0-fold 
respectively. Conclusions: Neither induction nor 
expression of D protective effects are directly 
coupled to drug interaction with ATP-sensitive 
K+-channels. Desensitization is partly induced 
distal to the calcium influx event. 
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NORADRENALINE INHIBITION OF INSULIN SECRETION IS RELIEVED 
BY PHORBOL MYRISTATE ACETATE AND ARACHIDONIC ACID 
S. J. Persaud, P. M. Jones and S. L. Howell Biomedical Sciences 
Division, King's College London, London W8, U.K. 

The mechanisms by which catecholamines inhibit insulin release 
remain obscure. We have investigated the effects of the protein 
kinase C (PKC) activator, 41] phorbol myristate acetate (PMA) and 
the fatty acid, arachidonic acid (AA) on the inhibition of insulin 
secretion from rat islets by noradrenaline (NA). NA (10#M) fully 
inhibited both phases of glucose-stimulated insulin release. The 
secretory response to PMA, in the absence of exogenous glucose 
was also abolished by NA (0 glucose, 0.19_+0.05; +500nM PMA, 
0.61+0.04; +500riM PMA + 10/~M NA, 0.28_+0.04 ng/islet/h, 
n=8-9,  p<0.01) ,  but under the same conditions NA did not 
inhibit AA-stimulated insulin release (0 glucose, 0.24+0.05; 
+100~M AA, 0.64+0.07; +100#M AA +10#M NA, 
0.61 _0.09ng/islet/h, n =9,  NS). At 20raM glucose PMA partially, 
but significantly (p < 0.01), alleviated both the inhibitory effect of  
NA on insulin release (20mM glucose, 1.0-1-0.04; +500rim PMA, 
1.9-1-0.1; +10#M NA, 0.5_+0.04; +500nM PMA + 10/xM NA, 
0.8_+0.05 ng/islet/15min, n=  10) and on cAMP generation (20mM 
glucose, 54.1_+4.8; +500rim PMA, 65.6_+7.7; + I 0 # M  NA, 
28.2_+2.2; +500nM PMA + 10/zM NA, 42.7___3.0 
fmol/isletll5min, n =9-10). AA did not potentiate insulin secretion 
at 20raM glucose, but in its presence NA no longer exerted a 
significant inh!bitory effect on insulin release (20raM glucose, 
1.614-0.06; +100/.tM AA, 1.744-0.13; +100/~M AA +10#M 
NA, 1.25+0.22rig/islet/h, n=9 ,  NS). These results suggest that 
activation of PKC by PMA reduces the inhibitory capacity of  NA 
at stimulatory concentrations of glucose, perhaps in part by 
reducing NA inhibition of cAMP generation. In addition, the 
inhibitory site of NA appears to lie largely proximal to the site of 
the secretory pathway at which AA exerts its effects. 
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IS PROTEINKINASE C-ACTIVATION INVOLVED IN THE 
MEDIATION OF THE INCRETIN SIGNAL? 

M.E. Trautmann, R. GSke, B. G6ke, and R. Arnold, Medical 
Clinics University Hospital Marburg, Germany 
The insulinotropic hormone glueagon-like peptide 1(7-36)-amide 

(GLP-1) is a potent candidate as incretin. It remains questionable 

whether other gastrointestinal hormones are additive to GLP-1 in 
eliciting the full insulin release after oral glucose. After the 

demonstration of the GLP-1 action in RINm5F-cells and isolated 

islets and the receptor characterisation we aimed to elucidate the 

intracellular signalling. Insulin release was determined in short term 

incubations. Membrane potential and cytosolic free calcium 

concentrations were monitored fluorometrically. While GLP-1 leads 

to a concentration dependent rise of  cAMP levels in parallel to insulin 
release membrane potential and cytosol calcium remain unaffected. 

Thus, involvement of inositol phophate breakdown seems unlikely. 

Since GLP-1 leads to a maximal increase of cAMP levels the action 
of other incretins must be transduced via other signalling pathways. 
Therefore, proteinkinase C involvement was further investigated. At 
low and at maximal stimulatory concentrations of GLP-1 addition of 

I0 -8 to 10 -6 molll phorbol-myristate-acetate (PMA) leads to an 

additive stimulation of insulin release in RINm5F-cells and islets. 
Pretreatment with 10 -8 reel/1 PMA during 48 h downregulates 

proteinkinase C completely and abolishes PMA-induced insulin 
secretion while GLP-l-stimulated insulin relese is unaffected. In 
conclusion, the insulinotropie action of GLP-1 is intraeellularly 
transduced by the cAMP-pathway. Proteinkinase C-activation is not 

involved and may be used for signal transduction of additional 

hormones. 
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FREE ARACHIDONIC ACID INACTIVATES PROTEIN KINASE C 
IN MOUSE PANCREATIC ISLETS 

P. Thams, C.J. Hedeskov and K. Capito. Department 
of Biochemistry A, University of Copenhagen, 
Denmark 

The role of protein kinase C in arachidonic acid 
(AA)-induced insulin secretion was investigated. 
In the absence of extracellular Ca 2+, exogenous AA 
(I00 Nmol/l) stimulated insulin secretion. AA-in- 
duced insulin secretion was not potentiated by the 
protein kinase C activator 12-O-tetradecanoyl- 
phorbol 13-acetate (0.16 pmol/1) and was not pre- 
vented by the protein kinase C inhibitor stauro- 
sporine (i ~mol/l). AN-induced insulin secretion 
in Ca 2~ free medium was on the other hand poten- 
tiated by addition of extracellular Ca 2' (2.5 
nm]ol/l). Stimulation of insulin secretion by exo- 
genous AA was associated with inactivation of 
protein kinase C, and after 60 min of incubation 
with AA (I00 ~mol/l) islet protein kinase C acti- 
vity was reduced to 53.5 • 8.4 (11)% of control 
values (P < 0.005). In islet homogenateAN (i00 
Nmol/l) stimulated protein kinase C activity by 
substituting for phosphatidylserine. Inactivation 
of protein kinase C was, however, also observed in 
islet homogenate after preincubation with AA in 
the absence of MgATP 2-. In conclusion, it is sug- 
gested, that free AN by inactivating protein 
kinase C may exert toxic effects in islets, and 
that AN may stimulate insulin secretion by a 
nonphysiological mechanism, involving an ionopho- 
retic effect of AA to induce Ca='-mediated insulin 
release. 
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INHIBITION OF INSULIN RELEASE BY DIAZEPAM-BINDING 
INHIBITOR (DBI) INVOLVES INTERACTIONS WITH PROTEIN KINASE 
C AND AN INHIBITORY G-PROTEIN 

P.R. Flatt, O. Shibier, E. Saadberg, C.-G. 0stenson, S. 
Efendic and P.-O. Berggren. Department of Biological & 
Biomedical Sciences, University of Ulster, Coleraine, BT52 
ISA, Northern Ireland, UK, and Department of Endocrinology, 
Karolinska Institute, Stockholm, SI04 01, Sweden. 

The mechanism of inhibition of insulin release by diazepam- 
binding inhibitor (DBI) was investigated in a homologous 
system using rat DBI and isolated rat islets or electro- 
permeabilised (2.5 kV/cm) rat clonal RINm5F cells. In rat 
islets, insulin response to 16.7 mmol/l glucose (1.9 -+ 0.3 
ng/islet/h; mean + SEM, n=5) was inhibited by 24-40% (P< 
0.05) by rat DBI (i0-i00 nmol/l). Using electro- 
permeabilised RINm5P cells (incubated at 37~ in potassium 
glutamate buffer supplemented with ATP and ATP-regenerating 
system), rat DBI (i0 nmol/l) decreased by 6-34% (P <0.001) 
the insulin response evoked by an increase in the ambient 
free Ca 2+ concentration from 10 -8 to 10 -4 mol/l (3.2-fold 
insulin response (P<0.001) from basal: 9.1 -+ 0.3 ng/lO 6 
cells/20 min, n=5). Protein kinase C (PKC) activation by 
i0 nmol/l 12-0-tetradecanoylphorbol-13-acetate (TPA) 
induced an approximate 3.l-fold stimulation (P<O.001) of 
insulin release from electropermeabilised RINm5F cells. 
The inhibitory effect of i0 nmol/l rat DBI at 10 -8 mol/l 
to 10 -4 mol/l Ca +2 was reduced 27-34% (P<0.001) ~ by i0 
nmol/l TPA or after down-regulation of PKC by overnight 
pretreatment of RINm5 cells with 200 nmol/l TPA. The 
inhibitory effect of i0 nmol/l DBI on electropermeabilised 
RINm5F cells was abolished by overnight pretreatment with 
pertussis toxin (0.i ug/ml). These results indicate that 
DBI-inhibition of insulin release involves PKC-induced 
phosphorylation and a pertussis toxin-sensitive inhibitory 
G-protein. 
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NON-METABOLIZABLE ~-AMINOISOBUTYRIC ACID EVOKES A 
GLUCOSE-DEPENDENT INSULIN SECRETORY RESPONSE IN ~-CELLS. 
N. McClenaghan, A. Berts, S. Dryselius, I.-M. Thorell 
and B. Hellman. Department of Medical Cell Biology, 
U~iversity of Uppsala, Biomedicam, Uppsala, Sweden. 

Although non-metabolizable analogues of the amino acid 
leucine induce an insulin secretory response, 
uncertainties existed as to whether the dissimilar ~- 
aminoisobutyric acid (AIB) could influence insulin 
secretion. Studies have shown that Na+-dependent 
transport systems, accessible to AIB, are present in 
insulin-producing ~-cells. The effects of AIB were 
analysed both by column perifusion of adult mouse ~- 
cells together with polyacrylamide beads, at a rate Of 
0.8 ml/min, and by intracellular sodium measurements 
using integrating flame photometry. The highly sensitive 
perifusion technique, made it possible to demonstrate a 
short-lived, repeatable insulin secretory response to 
AIB in the presence of ii mmol/l but not 3 mmol/l 
glucose. Separate additions of 1 mmol/l and I0 mmol/l 
AIB resulted in peak increases of secretion of 50 and 
500% respectively. Further analysis showed this effect 
to be physiological in its total suppression by both 
addition of 1 Mmol/l clonidine and lowering of 
temperature to 22oc. The observed induction of insulin 
secretion was paralleled with a rise of intra-islet 
sodium. The importance of sodium uptake was further 
highlighted by complete suppression of the response by 
removing Na + from the extracellular media. It is 
concluded that a non-metabolizable amino acid co- 
transported with Na + can induce an instantaneous insulin 
secretory response from mature ~-cells. 
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GLUCOSE INDUCED B-CELL DESENSITIZATION: EVIDENCE 
AGAINST A MAJOR ROLE OF PROTEIN KINASE C. 
V. Grill and A.Bj~rklund, Dept. of Endocrinolo- 
gy, Karolinska Institute, Stockholm, Sweden. 

Prolonged hyperglycemia or high glucose in vitro 
induces B-cell insensitivity by unclarified mec- 
hanisms. Possible involvement of protein kinase 
C (PKC) was investigated by studying effects of 
previous exposure to phorbol myristate acetate 
(PMA). Rat pancreatic islets were cultured 16-18 
hours in RPMI, ii mmol/l glucose and 200 nmol/l 
PMA. They were then perifused 180 min with 27 
mmol/l glucose and 0.I mmol/l 3-Isobutyl-l-Met- 
hylxanthine (IBMX). Initial 0-30 min stimulated 
response was similar for previously PMA-exposed 
(95 • ii ~U/islet/30 min) and control islets 
(ii0 • 18 ~U/islet/30 min). Subsequent secretion 
was lower in PMA-exposed (131 • 29 ~U/islet/150 
min) than in control islets (216 • 26 ~U/is- 
let/150 min, P<0.05). Following 20 min with 3.3 
mmol/l glucose islets were restimulated 30 min 
with 27 mmol/l glucose + IBMX. PMA-exposed is- 
lets showed marked desensitization (14% of ini- 
tial stimulation); corresponding desensitization 
for control islets was 20%. Islet insulin con- 
tent at end of perifusions was 40% less in PMA- 
treated versus control islets. - Diazoxide 
during first stimulation blocked glucose-induced 
insulin secretion by 82% in PMA-exposed and by 
93% in control islets, P<0.05 for difference. 
Previous diazoxide prevented restimulation~as- 
sessed desensitzation both in PMA-exposed (87% 
of initial stimulation) and in control islets 
(95% of initial stimulation) and increased islet 
insulin content 1.9- and 2.2-fold respectively. 
- Accelerated desensitization in PMA-treated is- 
lets may be secondary to decreased insulin 
reserves rather than modulation of PKC-activity. 
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PARASYMPATHETIC INVOLVEMENT IN MEAL-ASSOCIATED 
CONDITIONED INSULIN SECRETION. 

J.H.Strubbe. Department of Animal Physiology, Haren, The Netherlands. 

During food intake vagally mediated insulin secretion plays a role in 
reducing blood glucose levels. The present study aims to investigate 
whether this insulin secretion can be conditioned. By clock-activated 
opening of doors in front of the food hopper rats were habituated to a 
feeding schedule of 6 meals in comparison with a schedule of 2 meals per 
day. Blood glucose and plasma insulin concentrations were measured in 
blood sampled via a permanently implanted cardiac catheter in freely 
moving rats. After opening of the doors insulin rapidly increased in the 
first minute during feeding in both conditions ( 16 + 4 versus 33 -+ 6 
mU/L, p< 0.05, n --- 6, for respectively the 6 and 2 meal schedule ). After 
presenting an empty food hopper, insulin rose significantly in the first 
minute after opening of the door ( 31 -+ 10 mU/L, p< 0.05) in the 2- 
meal/day condition but not in the 6-meal/day condition. This response was 
abolished following pharmacological blockade of nicotinic receptors by 
hexamethoninm and muscarlnic receptors with atropine. The present study 
shows that rapid conditioned insulin secretion can be evoked within 1 
minute by a meal-associated stimulus. These results further indicate that 
this conditioned insulin secretion is vagally mediated and that its 
oCCurrence is dependent on the nature of the feeding schedule. 
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ROLE OF THE CENTRAL NERVOUS SYSTEM IN 
INCREASED PANCREATIC ISLET BLOOD FLOW OF OBESE 
RATS. 
N. Atef, A. Ktorza, and L. P@nicaud. Lab. Physiopathol. 
Nutrition, CNRS URA 307, Paris, France 
We have previously shown that pancreatic islet blood flow (IBF) 
was significantly higher both in the basal state and after an 
intravenous glucose load in obese than in lean Zucker rats. 
The aim of the present work, was to investigate whether the 
effect of glucose could be mediated by the central nervous 
system. Glucose (9 mg/kg) was injected towards the brain via a 
carotid artery in anesthetized lean and obese rats. IBF was 
determined by using the non radioactive microspheres 
technique. Glucose injection resulted in: 1) no significant 
changes of peripheral plasma glucose in both groups, 2) a 
similar increase above basal values of plasma insulin level (AI 
#U/ml lean 35+5, obese 46+6), 3) a higher increase of IBF in 
obese than in lean rats (AIBF p_l/min: 203_+38 vs 48_+20). Both 
glucose-induced increase of plasma insulin and IBF were 
abolished by prior bilateral subdiaphragmatic vagotomy in lean 
rats and decreased significantly in comparison to basal values 
in obese rats. These data suggest that 1) the increased 
glucose induced IBF is mediated at least in part by a direct 
action of glucose in the brain 2) this central effect of glucose is 
abnormal in obese rats. 
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THE EFFECT OF ADRENODEMEDULLATION AND TRAINING ON INSULIN 

SECRETION AND GLUCOSE METABOLISM IN PANCREATIC ISLETS. 

B. Stallknecht, M. Graversen, S.E. Hansen, K. Cap• and 

H. Galbo. Depts. Biochemistry A, and Medical Physiology, 

The Panum Institute, University of Copenhagen, Denmark. 

Chronieal epinephrine treatment reduces the insulin re- 

sponse to glucose. Accordingly, we studied whether adre- 

nomedullary hormones are responsible for the diminished 

glucose induced insulin secretion seen after training. 

To further elucidate the mechanism for this adaptation 

we also measured beta-cell glucose metabolism. Rats were 
adrenodemedullated (ADM) or shamoperated (C) and either 

swimtrained for I0 wks (T) or sedentary (S). At sacrifice 

body weight was lower (p < 0.05) in T than in S groups 

(412 + ii (SE) g (ADMT, n = 8), 378 + I0 (CT, n = 8), 

476 + 20 (ADMS, n : 8), 509 + 20 (CS, n : 8). Pancreatic 

islets were incubated at 3,10 and 20 mM glucose and in- 

sulin, 3H20 (from 5-3H-glucose, overall glycolysis} and 

14C02 (from U-14C-glucose, glucose oxidation) were 

measured. In ADMS rats insulin secretion was increased 
(p < 0.05) at 3 mM (68 + 7 ng/ml/5 islets/2 h vs 37 + 5 

(CS), 26 + 8 (ADMT), 32 + 7 (CT)). Insulin response was 

similarly depressed (p < 0.05)+in 8 both trained groups 
(at i0 mM: 49 + l0 (ADMT), 50 (CT) vs 69 + 7 (CS), 
62 + 9 (ADMS). Glycolysis was higher (p < 0.05) in CT 

+ + + 
(3-10-20 mM: 914 - ii0, 2594 - 415, 3764 - 578 pmol/10 

islets/2 h) than in CS (567 -+ 134, 1173 + 322, 1968 + 

264) rats and never affected by demedullation. Glucose 

oxidation showed the same pattern. Conclusions: Adreno- 
medullary hormones normally exert atrophic depression 
on basal beta-cell secretion but do not account for the 
training induced decrease in glucose stimulated insulin 

secretion. The latter is, surprisingly, accompanied by a 

training induced increase in beta-cell glucose metabo- 

lism. 
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DIETARY RESTRICTION AMELIORATES IMPAIRED INSULIN SECRETION 

IN ISOLATED ISLETS 0E AGING RATS. 

M. Bombara, M. Novelli, P. Masiello and E. Bergamini. 

Istituto di Patologia Generale, University of Pisa, Italy. 

To explore the influence of a dietary restriction known 

to increase longevity in rodents (intermittent feeding), 

on the impairment in insulin secretory responsiveness 

of aging rats, islets were isolated from 25-mo-old 

Sprague-Dawley rats, fed either ad lib• (controls) 

or every other day (IF) over 22 months. During a 60-min 

static incubation, insulin release in IF islets was lower 

than in control islets at 2.8 mmol/l glucose (2.4 • 0.2 

versus 3.6 f 0.5 ng/islet, p < 0.05) and higher at 

16.7 mmol/l glucose (ii.0 • 1.8 versus 4.3 • 0.7 ng/islet, 

p < 0.01). Furthermore, a clear-cut improvement of the 

secretory effectiveness was found in IF islets, in 

comparison with control islets, stimulated by either 

20 mmoi/l 2-ketoisocaproate (12.8 • 1.2 versus 4.5 • 0.4 

sg/islet, p < 0.01, at 2.8 mmol/l glucose and 17.2 • 1.8 

versus 6.0 • 1.3 ng/islet, p < 0.01~ at 16.7 mmol/l glu 7 

eose), or 20 mmol/l arginine plus glucose (13.3 • 0.7 

versus 5.6 • 0.8 ng/islet, p <0.01) or 1 mmol/l isobutyl? 

methylxanthine plus glucose (20.6 • 2.3 versus 7.1 f 0.9 

ng/islet, p < 0.01). Indeed, the feature of insulin sore- 

tory response of islets from IF aging rats is similar 

to that occurring in young animals. Immunoreactive insulin 

and glucagon content were higher in IF than in control 

islets (IRI, 446 • 12 versus 356 f 16 ng/islet, p < 0.01; 

IRG, 8.4 • 0.6 versus 5.1 • 0.2 ng/islet, p < 0.01). In 

conclusion, IF prevents the decline in insulin secretory 

efficiency of aging rats. 
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AMYLIN TO INSULIN SECRETORY RATIOS IN OBESE SUBJECTS. 
W BLACKARD*, J CLORE*, D SCHROEDER, AND J KELLUM, 
Medical College of Virginia, P.O. Box 155, RICHMOND, 
VA 23298 

Evidence suggests that insulin and amylin are co- 
secreted from the pancreas. The purpose of the 
present study was to determine the relative amylin and 
insulin secretory rates in man using portal vein 
catheterization. Four morbidly obese patients 
underwent portal vein catheterization at the time of 
gastric banding surgery. Baseline portal amylin 
levels were approximately 40% higher than peripheral 
(6.9• vs 4.9• pmoi/L), in contrast to the two- 
fold elevation in insulin levels in portal blood 
reflecting the slower metabolic clearance rate of 
amyiin. By subtracting peripheral amylin and insulin 
concentrations from portal vein amylin and insulin 
concentrations respectively, instantaneous relative 
amylin to insulin secretory rates can be determined. 
Insulin and amylin secretory rates were compared in 
each patient at eight time points before and after 
administration of 25 gm intravenous glucose. Insulin 
and amyiin secretion rates were highly correlated in 
each patient (r=0.77 to 0.94, p<0.05), but large 
inter-subject variations in the ratio of amylin to 
insulin secretion were observed (.004 to .014). Thus, 
we conclude that the amylin secretory response to 
glucose is tightly coupled to the insulin response in 
any individual patient, but that the relative rate of 
amylin to insulin secretion may be determined by 
constitutional factors. 
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ON THE MECHANISM OF THE INHIBITORY EFFECT OF AMYLIN ON 
INSULIN SECRETION. STUDY IN THE PERFUSED RAT PANCREAS. 
P. D~gano, M. Salas, E. Peir6, R.A. Silvestre and d. Marco. Hospital Puerta 
de Hierro, Universidad Aut6noma de Madrid, Madrid, Spain. 

The study of the effect of amylin on insulin secretion has yielded conflicting 

results. In this work, we have investigated the influence of amylin on insulin 

release (IRI) as evoked by secretagogues which act on the B-cell via 

different mechanisms, i.e., a phosphodiesterase inhibitor [isobutyl-methyi- 

xanthine (IBMX), Sigma Chem. Co., 75 ,umol/I)], and a dihydropyridine 

derivative, Ca2+-channel activator (BAY K 8644, Bayer AG, 10 Hmol/I). The 

study was performed in the perfused rat pancreas. Peffusate consisted of 

Krebs-Henseleit buffer supplemented with albumin (0.5%), dextran T-70 

(4%) and glucose (5.5 mmol/I). Amydated rat amylin (Peninsula Labs.) was 

infused at 75 pmol/I, so far the lowest concentration reported to inhibit 

glucose-induced insulin output. First, the inhibitory effect of 75 pmol/I 

amylin on the insulin response to glucose (9 mmol/I) was confirmed 

[incremental areas: 16_+5 ,SEM,(N =5) vs. 57• ng/20 min (N=7) in control 

experiments; p<0.05]. Amylin reduced the insulin responses to both IBMX 

[incremental areas: 45_+15 (N=6) vs. 182-+63 ng/20 rain (N=5} in control 

experiments; p<0.05] and BAY K 8644 [incremental areas: 28-+11 (N=7) 

vs. 78-+20 (N=5) ng/20 min in control experiments; p<0.05]. The present 

results would indicate that the inhibition of amylin on insulin secretion is, at 

least in part, mediated by cAMP as well as Ca 2+ dependent mechanisms. 
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IN VITRO RELEASE OF C-PEPTIDE AND INSULIN IS 
NOT EQUIMOLAR. 
S.E. Kahn, C.B. Verchere, D.A. D'Alessio, R. Gingerich, 
W.Y. Fujimoto, and D. Porte Jr. VA Medical Center and 
University of Washington, Seattle WA and Washington 
University, St Louis MO, USA. 

Equimolar quantities of C-peptide and insulin are expected 
to be produced during proinsulin processing in the B-cell. 
To determine the proportion of these two peptides released 
during stimulation and inhibition of B-cell secretion, we 
cultured neonatal (3-5 days old) rat pancreata in 
monolayers and then incubated them in 16.7 mM glucose 
with or without epinephrine 10-7 M. C-Peptide and insulin 
immunoreactivity were measured in the medium following 
static incubations of 15 to 120 minutes. Molar ratios of C- 
peptide to insulin released were: 

Time (min) Glucose Glucose + Epinephrine 
15 28+_3% 44+_1% * 
30 30_+2% 40_+4% 
60 33_+1% 44+3% * 
90 33+__1% 40-+6% 

120 29_+1% 45_+1% * 
(x_!+sem; n=4 per condition; * p<0.05 vs glucose) 

Despite expectations, three times as much insulin as C- 
peptide was released in response to glucose. Thus, although 
the molar ratio remained c6nstant over time, C-peptide and 
insulin were not released in equimolar quantities. With 
epinephrine, both C-peptide and insulin release were 
inhibited but this inhibition was less for C-peptide (72%) 
than insulin (80%), so that the molar ratio increased over 
that observed in glucose alone. Based on these data we 
conclude that variable proportions of C-peptide and insulin 
exist in different B-cells or granules. 
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NICOTINAMIDE, A POLY(ADP-RIBOSE)SYNTHETASE INHIBITOR, 
PROMOTES REGENERATION OF PANCREATIC B-CELLS. Y. Inoue, 

K. Ta~igawa, K. Tamura, Y. Kato and A. Nakase. 
Departments of Surgery and Internal MedieiQe, Shimane 
Medical University, Izumo, Japan 

To investigate the effect of a poly(ADP- 
ribose)synthetase inhibitor, nicotinamide, on 
regeneration of pancreatic B-cells, 7-wk-old male Wistar 
rats received 90% pancreatectomy (Px), and a part of 
them were treated with nicotinamide (ND, 0.5 g/kg bw, ip) 
every day for one wk before and 12 wk after Px. Plasma 
glucose levels in fed ND rats were significantly lower 
than those in Px rats without ND treatment (8.4• vs. 
10.2• mmol/l, p < 0.05). IPGTT (2 g/kg) showed marked 
hyperglycemia in Px rats, and ND treatment effectively 
ameliorated diabetes (120 min values; 20.8• vs. 
9.9• mmol/l, p < 0.005). In vitro perfusion of the 
isolated pancreas, insulin secretion induced by 16.7 
mmol/l glucose was blunted whereas insulin secretion 
induced by 19 mmol/l arginine was rather exaggerated in 
Px rats. In contrast, insulin secretion from the ND rat 
pancreas was not different from that in sham-operated 
animals. The dry weight of the pancreas was significantly 
higher in ND rats than in Px rats (0.13i 0.01 vs. 0.10• 
0.00 g, p < 0.01). The insulin content in ND rats was not 
different from that of sham-operated rats (7.74!2.32 vs. 
7.18• mU/mg dry wt). Histological examination 
revealed fibrotic degeneration and degranulation in the 
islets of Px rats, whereas the normal structure was 
retained in most islets of ND rats. These results suggest 
that ND promotes regeneration of pancreatic g-cells and 
ameliorates islet function. 
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THE POTENTIATION OF EXOCYTOTIC INSULIN RELEASE BY 
GTP IS GLUCOSE-CONCENTRATION DEPENDENT 

S. Metz, M. Meredith, M. Rabaglia, and T. Pintar, University of 
Wisconsin, Madison, WI, USA 

To investigate the role of GTP in insulin secretion, isolated rat islets 
were cultured overnight in the presence of mycophenolic acid (MPA) 
or mizoribine, selective inhibitors of  de novo GTP synthesis. Pre- 
exposure to either agent inhibited glucose-induced insulin secretion 
(by 54% at 25 #g/ml MPA); in parallel, either agent reduced GTP 
content (measured by HPLC) by 68-81%, from 2.71+0.08 to 
0.52___0.03 pmol/islet. Both effects were prevented by co-culture 
with guanine (but not adenine, hypoxanthine or xanthine) to circum- 
vent the GTP syfithetic block by entering into the nucleotide "salvage" 
pathway. Although ATP was also moderately reduced (-39%), ade- 
nine (150 ~M) increased ATP nearly to normal without restoring GTP 
content or insulin secretion. In contrast to these data from islets 
cultured at 11.1 mM glucose, secretion from islets cultured at 
4.4 mM glucose was virtually insensitive to inhibition by MPA 
(-16%); correspondingly, their basal GTP content was lower and less 
inhibitable by MPA than that of  islets exposed to the higher glucose 
concentration. Thus, glucose appears to activate the de novo pathway 
for GTP synthesis and thereby primes or potentiates subsequent 
insulin release. These studies provide the first direct evidence of a 
physiologic, regulatory role for GTP in exocytotic insulin release. 

445 
MECHANISMS BY WHICH MASTOPARAN STIMULATES INSULIN 
SECRETION FROM RAT ISLETS OF LANGERHANS 
P.M. Jones, F.M. Mann, S.J. Persaud and S.L. Howell. Biomedical 
Sciences Division, King's College London, London, W8, U.K. 

The amphiphilic peptide mastoparan (MP) is a component of wasp venom 
which activates GTP-binding (G-) proteins and stimulates secretion from a 
number of cell types. We have now investigated the effects of MP on 
insulin secretion from isolated rat islets. MP caused a temperature- 
dependent and dose-related stimulation of insulin secretion from intact islets 
at a substimulatory cortcentration of glucose (2mM glucose, 1.0+0.08 
ng/islet/30min; + 10#M MP, 4.6+0.7; +20/zM MP, 6.4+ 1.2; +30/zM 
MP, 6.2+0.6, mean_+SEM, n=6, p < 0.01) and enhanced glucose-induced 
secretion (20raM glucose, 7.4__.0.7ng/islet/30 min; +30#M MP, 
12.2__. 0.5, n = 6, p < 0.0 I). Although glucose-induced insulin secretion was 
dependent on the presence of extracellular Ca :+ (20mM glucose, 2mM 
Ca 2§ 4.3+0.6 ng/islet/30min; 20raM glucose, lmM EGTA, 0.7-+0.1, 
n=6, p > 0.2), MP induced secretion was not inhibited by the omission of 
extracellular Ca z+ (30/~M MP, 2mM Ca ,-+ , 8.7-+0.6 ng/islet/30min; 301zM 
MP, lmM EGTA, 13.4+1.4). In experiments using electrically 
permeabilised islets, MP stimulated insulin secretion at a substimulatory 
Ca 2+ concentration (50nM Ca ~+, 230_+15 pg/islet/30min; +30#M MP, 
987+68, p< 0.0t, n=6), and potentiated Ca2+-induced secretion (10#M 
Ca ~§ 697+__91; +30~tM MP, 1 t22+_ 102, n=6, p<0.05). Ca~§ 
insulin secretion from permeabilised islets was ATP-dependent (10#MCa 2+, 
5raM MgATP, 434-+27 pg/islet/min; 10#M Ca 2+, 0 ATP, 147+ 19, n=9, 
p > 0.2). In contrast, MP stimulated insulin secretion from permeabilised 
islets in the absence of exogenous MgATP (+ 15#M MP, 490_+ 33 % basal; 
+30/~M MP, 629-+44%, n=9, p<0.01). MP-induced insulin secretion 
(30/~M) was not inhibited by the protein kinase inhibitor, staurosporine 
(SP), even at concentrations as high as 500nM SP (2mM glucose, 0.9_4-0.2 
ng/islet/30min; +MP, 7.3-+0.7; +MP, +500riM SP, 8.8-+0.5, n=8, 
p>0.2). These results suggest that MP stimulates insulin secretion by a 
mechanism that is independent of changes in cytosolic Ca 2+ or protein 
kinase activation, and are consistent with MP acting as a fusogen itself, or 
generating a fusogen by interaction with a G-protein within ll-cells. 
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CLOSURE OF K-ATP CHANNELS IN g-CELLS IS PRECEDED 
BY AN INCREASE IN NAD(P)H FLUORESCENCE AND 
HYPERPOLARIZATION OF THE MITOCHONDRIAL 
MEMBRANE 
Frances Asheroft, Paul Smith and Michael Duchen*. University 
Laboratory of Physiology, Parks Road, Oxford, OX13PT and the 
*Department of Physiology, University College, London 

The aim of this study was to determine the relative magnitude and 
time course of nutrient-induced changes in B-cell metabolism, K- 
ATP channel activity and intracellular calcium. We used 
autofluorescence (450nm) to monitor NAD(P)H levels and the 
fluorescent dyes rhodamine 123 and to3  to measure mitochondrial 
membrane potential and intracellular free Ca2+, respectively. K-ATP 
channels were recorded from cell-attached patches using patch- 
clamp methods. Experiments were carded out at 37~ on isolated 
mouse B-cells. Glucose, or ketoisocaproate, caused a dose- 
dependent hyperpolarization of the mitochondrial membrane. 
Metabolic inhibitors depolarized the mitochondrial membrane, 
indicating it is significantly polarized in the absence of exogenous 
substrate. Glucose produced a dose-dependent increase in 
NAD(P)H autofluorescence. The mean latency of the response to an 
increase of glucose from zero to 20mM was 40-80s for 
autofluorescence, 60-80s for mitochondrial hyperpolarization, and 
2-2.5 min for the appearance of action potentials and the rise in 
[Ca]i. Simultaneous recordings showed the increase in NAD(P)H is 
paralleled by K-ATP channel closure. These results are consistent 
with mitochondrial metabolism playing an important role in the 
regulation of K-ATP channel activity. 
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MECHANISM OF ACTION OF AG-EE 623 ZW, A NOVEL 
INSULINOTROPIC AGENT. 
J. Frokjaer-Jensen, H. Kofod and S. E. Godtfredsen, 
Biopharmacology, Diabetes R & D, Novo Nordisk A/S, 2880 
Bagsvaerd, Denmark. 

AG-EE 623 ZW (((S)-(+)-2-ethoxy-4-[2- ((3-methyl-1-[2- 
(1-piperidinyl)phenyl]-butyl)amino)-2-oxoethyl)benzoic acid) is 
a new insulinotropic agent for use in treatment of Type-2 (non- 
insulin-dependent) diabetes. It has a short plasma half life (< 
1 hour ) and is excreted predominantly via the bile. The aim of 
the present study was to determine the action and potency of 
AG-EE 623 ZW applying patch-clamp techniques to single B- 
cells isolated from newborn rats (cell-attached, outside-out 
and whole-cell experiments). Thirty min prior to experiments 
cells were transferred to a Ringer's solution containing (in 
raM): Na+: 140, K+: 4, Ca++: 2, Mg++: 1, CI-: 150, Hepes: 10, 
glucose and drugs in varying concentrations; pH: 7.4. All 
experiments were performed at room temperature. Glucose 
alone (16.7 mM) totally blocked the ATP-sensitive K+-channels 
(~70 pS in symmetrical K+) within approx. 8 rain. Further, it 
was found that AG-EE 623 ZW, like glibenclamide, closed the 
ATP-sensitive K+-channels within approximately one rain 
(90% closure at 10 nM AG-EE 623 ZW as compared to 90% 
closure with gtibenclamide at 20 nM in the presence of 0 or 1 
mM glucose). AGEE 623 ZW did not affect neither the Ca-+- 
sensitive K+-channels (~200 pS) nor the smaller (~15 pS) K+- 
channels. )n conclusion: AG-EE 623 ZW acts by closure of the 
ATP-sensitive K+-channels in rJ-cells like the su]fonylurea 
glibenclamide and with approximately the same potency. 
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EFFECTS OF TRYPSIN ON ATP-DEPENDENT K + 
CHANNELS FROM PANCREATIC J3-CELLS. 
P. Proks and E M. Ashcroft. University Laboratory of 
Physiology, Parks Road, Oxford, OX1 3PT, UK 

Regulation of ATP-dependent K + channels, which play a key 
role in B-cell stimulus-secretion coupling, is complex and 
poorly understood. We have studied the decline of channel 
activity (rundown) which occurs in inside-out patches, using 
patch-clamp methods and mouse B-cells. Trypsin (type II and 
XI) at concentrations of 10 - 50 #g/ml prevents run-down of 
ATP-K § channels: considerable channel activity remains after 2 
hours. Trypsin treatment does not affect the single channel 
conductance, voltage-dependent block by internal Mg a+ ions or 
decrease in channel activity produced by 1 mmol/1 Mg 2+. 
Furthermore, trypsin treatment restores channel activity after 
complete rundown. Exposure to low pH (6~2) inhibits channel 
activity; this inhibition remains after return to control solution, 
but activity can be restored by trypsin treatment. All effects of 
trypsin were absent in the presence of trypsin inhibitor (type 
II-O, 20 #g/ml). Chymotrypsin (20/~g/ml), was unable to reac- 
tivate the channel. These results suggest that trypsin modifies 
part of the ATP-K + channel, or an associated protein, which 
regulates rundown. 
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GLYCINE POTENTIATION OF INSULIN RELEASE INVOLVES 
Na+-DEPENDENT INCREASE OF CYTOPLASMIC Ca 2+ 
A. Tengholm, N. McClenaghan, E. Grapengiesser, 
E. Gylfe and B. Hellman Department of Medical 
Cell Biology, University of Uppsala, Sweden 

In the individual pancreatic B-cell, the glucose 
response is manifested either as large amplitude 
oscillations of cytoplasmic Ca 2+ [Ca2+]i or as a 
sustained increase. Studying how amino acids 

cotransported with Na + modulate the B-cell 
function, it was analyzed how glycine and its N- 
methyl analogue sarcosine affect [Ca2+]i and 
insulin release. [Ca2+]i was monitored in mouse 
B-cells with dual wavelength microfluorometry 
using the indicator fura-2, and insulin release 
was measured by perifusing B-cells mixed with 
polyacrylamide beads. At 3 mmol/l glucose, 
glyeine and sarcosine had only marginal effects 
on [Ca2+]i and secretion. However, in the 
presence of ii mmol/l glucose, I-i0 mmol/l of 
the amino acids triggered immediate and dose- 
dependent responses. The [Ca2+]i oscillations 
were transformed into a sustained elevation with 
increase of time-average [Ca2+]i paralleled by a 
pronounced potentiation of insulin release. The 
initial peak and the following sustained 
stimulation represented maximal increases to 700 
and 250 % respectively of the secretory activity 
induced by glucose alone. The effects of glycine 
on [Ca2+]i and insulin release were strictly 

dependent on extracellular Na +. It is suggested 
that glycine potentiation of insulin secretion 
reflects influx of Na + , which results in 
elevation of time-average [Ca2+]i by increased 
entry and reduced elimination of Ca 2+ from the 
cytoplasm. 
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A highly sensitive ELISA for total proinsulin in human serum 
based on two monoclonal antibodies. 
L.L. Kjems ~, M.E. Reder 1, B. Dinesen 2, S.G. Hartling ~, P.N. 
Jgrgensen 2, and C. Binded. 

1. Steno Diabetes Center, Gentofte, Denmark 
2. Novo Nordisk, Bagsv~erd, Denmark 

Present proinsulin immunoassays have a detection limit in serum 
of 1-2 pmol/l. At least 25 % of normal individuals have fasting 
values below this limit. A new two site proinsulin sandwich ELISA 
was developed using an anti-C-peptide antibody (PEP-001) and 
a biotin labelled anti-insulin antibody (HUI-001). Detection limit 
(3xSD above zero value) in buffer is 0.05 pmol/I corresponding 
to 0.25 pmol/I in serum (diluted 1:5). Calibrator range is 0.05-20 
pmol/I. Analysis time is 36-48 hours and 150/~1 serum is required 
for analysis. Interassay coefficient of variation (CV) is 4.7 % at a 
median (range) of 2.25 pmot/I (0-3 pmol/I, N=8), 6.7 % at 5.1 
pmol/I (4-7 pmol/I, N=8) and 8.7% at 10.0 pmol/I (8-12 pmol/l, 
N= 10). The assay correlates with the formerly used proinsulin 
ELISA based on polyclonal antibodies. R=0.96, p<0.0001, 
N =49, serum range 1.3-70 pmol/I, new = 1.09 x old -1.02. Mean 
recovery of added human proinsulin (2, 5, and 10 pmol/I) to 
serum is 84% (range 68-128). Human C-peptide and human 
insulin do not crossreact at 1000 pmol/I. The four major 
proinsulin intermediates crossreacted almost 100%. Serum from 
one total pancreatectomised patient shows absorbance values 
not distinguishable from background absorbance. 
Conclusion: We have developed a simple, precise and highly 
sensitive ELISA for total proinsulin immunoreactivity useful for 
e~,aluation of remaining beta-cell secretion in patients with insulin- 
dependent diabetes mellitus. 
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IMMUNOLOGICAL CHARACTERISATION OF PERTUSSIS TOXIN-SENSIT 
-IVE G-PROTEINS IN ISOLATED ISLETS AND CULTURED INSULINOMA 
CELLS 

N.G. Morgan and N.S. Berrow. Department of Biological 
Sciences, Keele University, Keele, Staffs ST5 5BG, UK. 

Receptor-mediated inhibition of insulin secretion involves 
a class of G-proteins that are substrates for Pertussis 
toxin. Since both G. and G belong to this class, we 

1 . o 
have studied the expresslon of these proteins in freshly 
isolated rat islets and in cultured HIT-T15 cells. 
Specific anti-G-protein antisera were used to probe islet 
or HIT cell proteins immobilised on nitrocellulose. Both 
cell types were immunoreactive for G , but G was not 
detected in rat islets. By contrast~2up~ to 7 iI proteins, 
ranging in molecular mass from 30 KDa to 56 KDa, were 
labelled by a specific anti-G antiserum in HIT cell 
membranes. When islets and HI~ I~ Cells were probed with 
anti-G antisera, both were found to express two immuno- 

.o 
reactlve protein~bands (39 and 40 KDa). ~eatment of 
islet membranes with pertussis toxin and P-NAD, 
resulted in radiolabelling of G o (demonstrated by immuno- 
precipitation) revealing that these proteins do act 
as pertussis toxin subetrates. These studies reveal the 
presence of multiple G-proteins in the endocrine pancreas 
and suggest that there may he differences in expression 
between rat islets and cultured HIT cells. 
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GENERATION OF A SOMATOSTATINOMA CELL LINE 
DERIVED FROM A PLURIPOTENT TRANSFORMED ISLET 
CULTURE. P. Serup, F.G. Andersen, E.E. 
Petersen, and O.D. Madsen. Hagedorn Research 
Laboratory, DK 2820, Gentofte, Denmark. 
MSL-G2 cells have previously been described 
as a highly heterogenous clone with multiple 
hormone/neurotransmitter expression. MSL-G2 
cells preferentially express glucagon, 
cholecystokinin (CCK), and islet amyloid 
polypeptide (IAPP), but display small 
populations of CGRP, insulin, and 
somatostatin positive cells. Also the 
neurotransmitters serotonin and GABA are 
expressed in the majority of MSL-G2 cells. 
MSL-G2 is known to change its phenotypical 
composition when passaged in vivo and stable 
insulinomas as well as glucagonomas has been 
established. We now report the establishment 
of a highly stable somatostatinoma culture 
(MSL-G2-TuS) which has been maintained in 
continous culture for more than a year. 
Almost 100% of the cells express high levels 
of immunoreactive somatostatin. Few insulin, 
glucagon, CCK, and IAPP cells are still 
present. Interestingly, a significant 
fraction of the cells expressed ~-endorphin 
immunoreativity, implicating activation of 
the POMC gene. The derivation of the 
somatostatinoma cell line MSL-G2-Tu6 further 
support the stemcell nature of MSL cells. 
MSL-G2-Tu6 cells constitutes an ideal cell 
line in which to study tissue-specific 
expression of the somatostatin gene. 
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ESTABUSHMENT OF AN ENDOCRINE CELL LINE FROM A HUMAN 
INSULAR pANCREATIC TUMOR 
G. Soldevila*, P. Armengol *~ N. Somoza*, M. Vives*, M. 
Fernandez#, J. F. Llamazaresw J. S, Petersen�82 Y. Sarri ~ R. 
Casamitjana ~ R. Gomis ~ and R. PujoI-Borrell*. 
*Immunology, #Pathology & Surgery Dpts, Hospital 
Universitari Germans Trias i Pujol, Badalona, Spain, �82 
Hagedorn Lab. Gentofte, Denmark, ~ and Nutrition 
Unit, Hospital Clinic i Provincial, Barcelona, Spain. 

A human insular cell line has been established from the 
primary culture of the liver metastasis of an insular tumor of 
the pancreas. The primary tumor and metastasis were positive 
for insulin and gastrin. Nine colonies of small epithelial cells 
with islet cell morphology were expanded and one of them 
cloned. The cell line was designated "Pancreatic endocrine line- 
1" (Pel-1). In the initial screening of the culture supernatants 
12/29, 21/28 and 11/28 of the clones were positive for 
glucagon, gastrin and insulin respectively (RIA). Indirect 
immunofluorescence staining of monolayer cultures from both 
the cell line an some of the clones showed clear positivity for 
eytokeratin, glucagon, Glutamic Acid Decarboxilase (GAD, MoAb 
GAD-6, Developmental Studies Hybridoma Bank) and 
synaptophysin (Boehringer Manheim). Western blots 
demonstrated the presence of both forms of GAD (65 and 67 
Kd). The electronmicroscopy revealed endocrine type of 
granules in the two clones studied. In conclusion, we have 
established a human insular cell line of potential interest as a 
source of native GAD and other putative islet autoantigens. 
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INTRACELLULAR ISLET AMYLOID POLYPEPTIDE-DERIVED AMYLOID 
IN HUMAN INSULINOMAS AND IN EXTREME INSULIN RESISTANCE 

T.D. O'Brien, A.E. Butler, K.H. Johnson and P.C. Buffer. 
Department of Veterinary PathoBiology, University of Minnesota, 
St.Paul, MN, USA, and Endocrine Research Unit, Mayo Clinic, 
Rochester, MN, USA. 

Islet amyloid polypeptide (IAPP)-derived amyloid deposits are 
characteristic of type 2 diabetes mellitus and have been reported in 
insulinoma. However, the pathophysiologic and cellular mechanisms 
of islet amyloidogenesis in vivo are unknown. To address this we 
studied human insulinomas (n=12) by immunohistochemistry and 
electron microscopy. 11/12 tumors contained amyloid (by Congo 
red) which showed IAPP immunoreactivity, and 12/12 tumors stained 
for IAPP intracellularly. Dense intracellular staining for IAPP 
suggested intracellular formation of IAPP-derived amyloid. This was 
supported by electron microscopy demonstrating widely distributed 
dense intracellular amyloid deposits. Since IAPP-defived fibril 
formation is concentration dependent we hypothesized that 
intracellular IAPP fibril formation in insulinoma is due to unregulated 
IAPP synthesis exceeding the maximal cell clearance rate. If this 
hypothesis is valid IAPP-derived amyloid would be anticipated under 
conditions of extreme beta-cell stimulation. To test this we examined 
the pancreas of a patient with chronic severe insulin resistance 
secondary to an insulin receptor antibody. The islets demonstrated 
nesidioblastosis, extensive extracellular IAPP-derived amyloid, and 
dense intracellular IAPP deposits. Thus we conclude that under 
conditions of excessive unregulated, or, massive stimulated IAPP 
synthesis, IAPP derived amyloid deposits form intracellularly. The 
mechanism of amyloidogenesis in diabetes mellitus remains to be 
determined. 
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EXPRESSION OF A NOVEL SRC HOMOLOGY 2 PROTEIN IN 
PROLIFERATING INSULIN PRODUCING CELLS. 
M Welsh 1, J Mares 1, T Karlsson 1, B BrYant 2 and C Lavergne 2. 
1Dept of Medical Cell Biology, Uppsala University, Uppsala, 
Sweden. 2Unit6 INSERM 55, 1-16pital Saint-Antoine, Paris, 
France 
To understand the cellular mechanisms regulating B-cell 
proliferation, changes in gene expression during the G1 phase 
of the cell cycle was studied by a cDNA library subtraction 
screening procedure. For this purpose, mRNA was prepared 
from serum deprived (Go ceils) or serum fed (G1 cells) insulin 
producing ~TC cells. Library subtraction screening using these 
two mRNAs yielded a positive cDNA clone, which contains a 
reading frame coding for amino acids with a strong homology 
to src homology 2 (SH2) domains of several other proteins. 
SH2 domains are amino acid sequence motifs targeting 
binding of the SH2-proteins to receptor tyrosine kinases. This 
property may allow the SH2-proteins to function as 
messengers from the receptors to their target systems. The 
novel SH2 gene is expressed in RINm5F cells, spleen and 
kidney, and at lower levels in adult islets and heart. It is 
postulated that the novel SH2 protein serves a role in coupling 
growth factor receptor activation with stimulation of [~-cell 
replication. 
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ISLET AMYLOID POLYPEPTIDE PLASMA CONCENTRATIONS IN 

PATIENTS WITH INSULINOMA 
M.G. Nieuwenhuis, K.L. van Hulst, W.H.L. Hackene and C.J.~ 
Lips.Dept.of Internal Medicine, University Hospital, 
Utrecht, and Endocrinology Laboratory, IJsselland Hospital 
Rotterdam, The Netherlands. 

Islet amyloid polypeptide (IAPP) is synthesized in normal 
pancreatic B-cells; it is cosecreted and coreleased with 
insulin. In insulin-producing endocrine tumours this pro- 
cess may be abnormal. An elevated IAPP content in tumour 
tissue as well as in plasma has been reported. We studied 
IAPP plasma concentrations in five patients (age 21-80 yr) 
with proven benign insulinoma,and in one patient with me- 
tastases from a malignant insulinoma. A sensitive and spe- 
cific RIA was performed, using polyclonal rabbit anti-hu- 
man antiserum. Preoperative basal plasma concentrations 
ranged from 1.7 to 10.5 pmol/l (mean 6.7 pmol/l; refererce 
value 2-12 pmol/l. Simultaneous insulin concentrations 
ranged from 12 to 157 mU/l, ratio insulin/IAPP from 2.2 
to 23.4. No constant relation between mRNA content and 
immunoreactive IAPP in tumour tissue has been found. The 
presence of amyloid depositions was not related to IAPP 
plasma levels. In conclusion, up to now we have found no 
elevated IAPP plasma concentrations in patients with spo- 
radic or familial insulinoma. It is not known whether in 
every insulinoma tumour B-cellsrelease IAPP into the 
blood. Whether circulating IAPP is mainly produced by tu- 
mour cells, with suppression of insulin and IAPP release 
by the normal islet B-cells remains to be elucidated.lnsu- 
lin resistance in the hyperinsulinemia of insulinoma pa- 
tients is not caused by high concentrations of plasma IAPP. 
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SELECTION OF POTENTIAL ENDOCRINE PRECURSOR CELLS FROM 
THE HUMAN FETAL PANCREAS BY NEUROENDOCRINE MARKERS 
AND CELL SORTING 
G.J. Bruining, H.J. Aanstoot, G. Kranenburg, M. Reinhard, and 
R.R. De Kfijger. Department of Pediatrics, division of heredi- 
tary/congenital diseases, Erasmus University and University 
Hospital/Sophia Children's Hospital, Rotterdam, The Netherlands 

Human fetal pancreata (n = 11) and single cell preparations (n = 15) 
of 11-17 weeks gestation were studied for the co-expression of 
endocrine pancreatic hormones and chromogranin-A, synaptophysin, 
A2B5, and HNK-1. Chromogranin-A was found in a proportion of 
insulin and glucagon containing cells in endocrine cell clusters and 
in single cells. Synaptophysin was expressed in the majority of all 
four endocrine cell types. A2B5 was not localized in endocrine cells. 
HNK-1 reactivity was present in delta cells in the periphery of 
endocrine cell clusters, but not in alpha, beta, or PP cells. Counting 
positive cells in single cell preparations, no correlation with 
gestational age could be found, except for HNK-1 (r,=-0.511, 
p<0 .05) .A  proportion of chromogranin-A-, synaptopbysin-, and 
HNK-l-positive cells was hormone negative. To test these cells for 
proliferative activity, tissue fragments and single cell suspensions 
were incorporated with bromodeoxyuridine. No incorporation was 
found in chromogranin-A- or synaptophysin-positive cells. In 
contrast, 5% of A2B5-, and 8% of HNK-l-positive cells before 15 
weeks gestation presented with BrdU-positive nuclei. After surface 
labelling HNK-1 positive cells were isolated by fluorescence 
activated cell sorting and enriched from 13 _.+ 4% to 74 + 11%. 
Concurrently, delta cells were enriched from 0.8 __+ 0.4% to 4 . 4 +  
1.8%. In conclusion, human fetal endocrine cell preparations may 
be enriched by cell sorting with surface markers, which allows the 
study of their growth and development in culture. 
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AUTOFLUORESCENCE-ACTIVATED CELL ANALYSIS AND SORTING OF 
HUMAN S-CELL FRACTION BY LIGHT SCATTER FLOW CYTOMETRY. 
C. Giordano, G. Stassi, M. Todaro, P. Richiusa, R. De 
Maria, A. Mattina, F. Farina ~, V. Maroian6*, G. Zummo* 
and A. Galluzzo ~ . Laboratory of Immunology and 
Endocrinology, Clinica Medica, *Institute of Anatomy, 
University of Palermo, Italy. 
A variety of tecniques using rat pancreas have been 
employed successfully to obtain purified B-cells. Our aim 
was to develop e method for the preparation of single, 
pure and viable human pancreatic B-cells in numbers 
sufficient for in vitro analysis. Islet isolation 
technique according to Gray's method was employed using 8 
human pancreata from organ donors. After purification by 
hand-picking and culture, after different periods of 
criopreservation, vital islets (> 95%) producing insulin 
(0.4 ng/islet) were used to obtain endocrine cells. The 
cells were examined with FACS 440 on the basis of their 
respective intensities in forward light-scatter and in 
flavin adenine dinucleotide fluorescence. Islet cells 
gave different displays on the FAtS-dot plot and were 
characterized by distinct cell populations of o- and 
S-cells. The difference in autofluoescence of o- and 
B-cells was much more pronounced permitting sorting by 
FACS-procedure with the achievement of three 
preparations: I) insulin-containing B-cells; 2) 
glueegon-centaining o-cells; 3) coupled B-cells. The 
cellular composition purity of the fractions was 
confirmed by electron and scanning microscopy. Only 2-6% 
of cells showed signs of damage after sorting. 
Immunostaining for insulin confirmed the high purity of 
B-cells. The latter in culture maintained insulin 
production ability. Our results may be considered highly 
interesting not only with regard to human grafts with an 
excess of S-cells, but also for other research fields 
which require purified B-cells. 
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A TECHNIQUE TO OBTAIN FUNCTIONAL, 
MONODISPERSED HUMAN ISLET CELLS. 
M. Peakman and D. Vergani. Department of 
Immunology, King's College School of Medicine 
and Dentistry, London SE5 9PJ. 
Preparation of single islet cells from rodent 
and porcine islets is relatively easy, but 
there are little data on human islets. The aim 
of this study was to develop techniques for 
dispersing human islets to obtain single 
cells. Pancreas was collagenase digested and 
islets hand-picked under stereomicroscopy. 
Monodispersion of human islets was attempted 
using trypsin, collagenases II, IV, V and XI, 
DNAse and hyaluronidase. Dispersion using 
EDTA, collagenases, hyaluronidase or a 
collagenase/trypsin/DNAse mixture gave low 
yields (median 192 cells/islet, range 23-253) 
with poor viability (59%, 43-97%). A 
trypsin/EDTA mixture gave the highest 
viability (92%, 75-97%) and yield of single 
cells (868 cells/islet, 549-1193) which 
secreted insulin (5.3 pg/1000 cells/hour) in 
20mM glucose and had a median viability of 68% 
after overnight culture. Using trypsin/EDTA a 
total of 48 xl06 islet cells was obtained from 
55,300 islets. Passing these through nylon 
wool gave a suspension comprising >80% single 
cells, 32% of which stained for cytoplasmic 
insulin, indicating the ~ cell content of the 
preparation. Cytofluorimetry showed that islet 
cells express class I but not class II MHC 
molecules. This study shows that separation of 
intact, functional, monodispersed human islet 
cells is readily achieved and on a large 
scale, providing the optimum targets for 
studying damaging autoimmune reactions in Type 
I diabetes and potentially a more efficient 
substrate for transplantation. 
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SULFONYLUREAS MIMIC THE EFFECT OF GLUCOSE IN 
PROMOTING Na + INFLUX INTO PANCRATIC i3-CELLS 

S. Saha, E. Andersson and B. Hellman. Department of Medical 
Cell Biology, University of Uppsala, Sweden 

It has been proposed that hypoglycemic sulfonylureas in 
addit ion to closing the ATP-regulated K + channels also 
promote the entry of Na + into the pancreatic 8-cells. This 
hypothesis was evaluated using integrating flame photometry 
for measuring sodium content of isolated mouse islets after 
inhibition of the sodium pump with 1 mmol/I ouabain. When 
added to a medium containing 3 mmol/I glucose, the 
hypoglycemic sulfonylureas tolbutamide (10-1000 ~tmol/I), 
glipizide (10 #mol/I) and glibenclamide (10 p.mol/I) mimicked 
the effect of increasing glucose concentration in promoting 
uptake of sodium. Whereas 400 t~mol/I diazoxide had the 
opposite effect, the presence of 1 mM of the non-hypoglycemic 
sulfonamides sulfadiazine and sulfadoxine did not affect the 
sodium uptake. Neither was there any effect when 100 p.mol/l 
tolbutamide was added to a medium containing 20 mmol/I 
glucose. Sulfonylurea stimulation of the sodium uptake was 
also seen in the presence of 4 #mol/I of the Na + channe l  
blocker tetrodotoxin. The results support the idea of an 
important role for a sulfonylurea-induced influx of Na + in 
amplifying the secretory response of the 8-cells additional to 
the depolarisation obtained with suppression of their K + 
conductance, 
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THE SODIUM-CHANNEL ACTIVATOR BDF 9148 INHIBITS GLUCOSE- 

INDUCED INSULIN RELEASE IN MOUSE ISLETS! 

M.A. Wahl, K. Anulukanapakorn, and Hermann P.T. Ammon. Depart- 

ment of Pharmacology, Insitute of Pharmaceutical Sciences, Eberhard- 

Karls-University, T(~bingen, FRG. 

Na* -channels are known to be present in islets of Langerhans, though 

their role in the glucose-mediated insulin release is unclear. To further 

evaluate this role in isolated mouse islets, we used BDF 9148 (4 - [3 ' -  

1 "-benzhydryl-azetidine- 3"  -oxy}- 2 "-hydroxypropoxy]- 1 H-indole-2- 

carbonitrile) a new cardiotonic agent which delayes the inactivation of 

Na +-channels in other tissues. BDF 9148 inhibited concentration de-  

pendent the glucose induced (16.7 mM) insulin release, the effect 

being most pronounced at 100 IIM (361.3 + 33.1 vs 142.7 + 14.3 

IJU/5 islets, p<0.05). BDF 9148 (10 I~M) also inhibited insulin release 

evoked by tolbutamide (1 O0 IJg/ml) or KCI (20 raM) significantly but was 

ineffective on insulin release induced by low glucose concentrations (3 

to 11.1 mMh BDF 9148 (10 p.M} neither affected eSRb § efflux nor 

45 Ca = § uptake induced by glucose, tolbutamide or KCI. Electrical acti- 

vity of mouse islets recorded by glass-microelectrode technique remai- 

ned unchanged in the presence of 10 I~M BDF 9148 both, at 3 or 16 

mM glucose. Our data show that in the mouse islet the activation of 

Na* -channels with BDF 9148 inhibits glucose-stimulated insulin relea- 

se though this effect does not affect Ca z § uptake and electrical activity 

suggesting that BDF 9148 acts at a site following the uptake of Ca =*. 
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RUNDOWN OF ATP-SENSITIVE K - C U R R E N T S  IN 
MOUSE PANCREATIC g-CELLS 

B.A. Williams and F.M. Ashcroft, University Laboratory of  
Physiology, Parks Road, Oxford, OX1 3PT, U.K.  

Studies of  the ATP-sensitive K+-channel (K-ATP channel) using 
the patch-clamp technique are hindered by the rapid decline of K- 
ATP channel activity on forming an excised-patch or going whole- 
cell ("rundown"). Rundown is reduced by intracellular Mg-ATP 
but not by non-hydrolysable ATP analogues, suggesting that 
phosphorylation maintains channel activity and that rundown is due 
to dephosphorylation. We have examined this idea using mouse 
pancreatic g-cells. In the whole-cell configuration with standard 
internal solution (107KC1, 2MgC1 1CaCI_, I1EGTA, 10HEPES 

m the pipette, ct~annel actawty declines in raM, pH7.2 with KOH) " z, . . . 
to 50% of maximum with a half time, t , /a=4.0+0.3min (n=8). 
Addition of 0.3mM ATP to the internal solution (0.16mM MgATP) 
reduced t,~ to 11 +3rain (n=5). Microcystin (10#M), an inhibitor 

f . . . .  - -  , , o protein phosphatase 1, 2A and 2B did not sigmficantly affect 
rundown (tm--3.5_+0.5min,n=10), however, addition of 10#M 
protein kinase A inhibitor peptide with 0.3raM ATP reduced 
rundown significantly (t,,~ = 18 +4min,n =5). Rundown was also 
increased by Mg2+: tlj~ '-"16+2~nin (n=4) with 5nM free Mg2+; 
t = 7 +  lmin (n=3) Wl~ 650~M Mg ~+ These results suggest that 

l / 2  - -  �9 2 +  

rundown is a Mg -dependent process and that phosphorylation by 
protein kinase A is probably not involved in maintaining K-ATP 
channel activity. 
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VASOACTIVE INTESTINAL POLYPEPTIDE (VIP) - EFFECT ON CALCI-  

UM FLUXES OF MOUSE ISLETS 

S . G .  S t raub ,  E .J .  Verspohl*  ) ,  H .P .T .  Ammon and M.A .  Wahl .  

Department of Pharmacology, Institute of Pharmaceutical Sciences, 

Eberhard-Karls-University, T~ibingen and * )Westfgtlische-Wilhelms- 

University, MCinster, FRG 

We have recently shown that VIP stimulates insulin secretion and 

4 n Ca = + net uptake in isolated mouse islets even at basal glucose con-  

centrations (8 raM) without affecting ATP-sensitive K + -channels.  M o -  

reover VIP increased electrical activity but only at high glucose con-  

centrations (16 .7  mM). To clarify the influence of VIP on Ca =* move- 

ments we investigated its effect on 4 n Ca = § uptake (silicone oil method) 

employing Ca = +-antagonists and 45 Ca z + efflux (perifusion technique). 

At 16 .7  mM glucose VIP increased 45 Ca2+ uptake from 75 .0  + 4 .3  to 

1 0 1 . 6  + 9 .8  pmol/10 islets; p , 0 . 0 6 .  The Ca =* -channel blockers 

isradipine or cobalt reduced the glucose-induced 45 Ca = + uptake to 

almost basal levels (29 .08  + 2 .22  resp. 3 1 . 7 5  + 2 .37;  p<0.05) .  Ad -  

dition of VIP antagonised this inhibition to 4 9 . 5  • 6 . 0  resp. 5 6 . 3  �9 7.2;  

p ,  0 . 0 5 .  Simultaneous measurement of 4 n Ca = + efflux and insulin s e -  

cretion showed an enhanced insulin release with VIP but surprisingly 

no changes in 45Ca=+ efftux. In either a Ca ~* -deprived medium or if 

Na § was substituted by choline no effet of VIP was seen. Presence of 

VIP during the preloading period did not affect the increase in the 

45 Ca = + efflux rate by carbamylcholine. Our data show that VIP-st imu- 

lated Ca = § uptake is partly independent from the activation of voltage- 

dependent Ca =* -channels and that this increase is not associated 

with appropriate changes in the Ca = + efflux rate. 
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DIFFERENT RESPONS/VITY TO GLUCOSE OR GLYBURIDE OF RAT 
PANCREATIC I~LETS PRE-EXPOSED TO IL-IB: POSSIBLE INVOLVEMENT 
OF K + AND CA z+ CHANNELS. 
M. Buscema, A. Rabuazzo, M. Vetri, F. Forte, V. Caltabiano, C. 
Vinci, R. V~ned,  F. Purrello. Cattedra di Endocrinologia University 
of Catania, tZatania, Italy. 

In the early phases of IDDM, 13-cells loose the capacity to secrete insulin 
in response to glucose but not to other secretagogues. Since in vitro B- 
cell exposure to/L-1B inhibits the islet responsivity to glucose, we have 
studied whether a similar IL-1B inhibition occurs also in response to 
other stimulators. Moreover, we have also investigated the possible 
involvement of ion channels in this IL-113 effect. 
Rat pancreatic islets were cultured for 24 h in the presence or absence of 
50 U/ml IL-113 and then stimulated for 1 h at 37~ Basal Insulin 
secretion was 117+32 pg/islet/h (rm-+SE, n=7) in control islets and 
greatly increased in response to 16.7 mM Glucose (2140-2_293), 10 mM 
Arginine + 8 mM Glucose (1679+307) and 10 gM Glyburide 
(1464+234). When islets were exposed to IL-113, insulin release was 
significantly reduced (p<0.001) in response to Glucose (323+80) and 
Arginine + 8 mM Glucose (167_+46) but not in response to Glyburide 
(1316+185). 
In control islets, the increased insulin secretion in response to both 
16.7 mM glucose or 10 gM glyburide was associated to the reduction of 
86Rb eff/ux (A of decrement -50-+1.2 and -49_+2.3% respectively, 
n~+SE, n=5). In contrast, in IL-113 treated islets both glucose and 
glyburide stimulation only slightly modified 86Rb efflux (A -19_+1.9 
and -5.3_+3.1% respectively, n=5, p<0.001)~ 
Furthermore, in control islets basal 43Ca2+ uptake (2.6-+0.4 
pM/islet/20 min, rn-+SE, n=6) increased to 16.8-+3.2 after glucose and 
to 10.7-+2.1 after glyburide. In IL-113 treated islets basal Ca 2+ uptake 
was 4.6_+0.6 and significantly reduced after glucose (7.1_+1.1, p<0.01) 
but not after glyburide (12.8_+2.5). 
The present data demonstrate that rat pancreatic islets treated with IL-113 
for 24 h loose their responsivity to glucose and aminoacid-stimulation, 
but not to glyburide. The ability of glyburide to stimulate 1L-113 treated 
islets is probably due to its capacity to directly influence the Ca 2+ 
uptake. 
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HUMAN PANCREATIC B-CELLS POSSESS TWO TYPES OF 

CA-CHANNEL 

P. A. Smith, J. Quayle, D. Gray* and F.M. Ashcroft. University 

Laboratory of  Physiology, Parks Road, Oxford, OX1 3PT U.K. 

*Nuffield Department of Surgery, John Radcliffe Hospital, Heading- 

ton, OX3 9DU, U.K. 

Ca2+-infiux through voltage-gated Ca2+-channels is the key signal 

for the stimulation of  insulin secretion from pancreatic/1-cells. 

Using the patch-clamp technique we have investigated single Ca 2+- 

channel currents in human ll-cells. Human g-cells, isolated with 

permission from pancreatic islets of normal cadaver organ donors, 

were bathed in a high-K + solution to zero the membrane potential. 

Single-channel Ca2+-currents were recorded from cell-attached 

patches using pipettes containing 100mM BaCI 2. With holding poten- 

tials of -90mV two types of single-channel Ca2+-currents were elic- 

ited by depolarizing pulses. The first (T-type) activated at potentials 

positive to -70mV, inactivated during the pulse, had a slope-con- 

ductance of 14+0.5pS (n=15) and was insensitive to the dihydrop- 

yridine agonist, BAY-K-8644. The second (L-type) was activated by 

potentials positive to -30mV, showed little inactivation, was larger 

in size, (slope-conductance: 21_0.8pS,  n=9) ,  and had channel 

openings which were greatly prolonged by BAY-K-8644. These 

properties are characteristic of T- and L-type Ca2+-channels. 
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EXOCYTOSIS INDUCED BY A SINGLE ACTION 
POTENTIAL IN INSULIN-SECRETING B-CELLS. 

C. ,~mm/il/i and P. Rorsman, Department of Medical Physics, PO 
Box 33031, S-400 33 GOtcborg, Sweden. 

Using the whole-cell configuration of the patch-clamp method, 
microfluorimetry and a circuit-analysis technique to measure 
changes in membrane capacitance (Cm~membrane area), we have 
monitored the correlation between Ca2+-currents, cytoplasmic Ca z§ 
concentration ([Ca2+]i) and changes in insulin release in mouse B- 
cells. A single action potential is occasionally sufficient to induce 
exocytosis. Larger responses were obtained by 4 or 8 action 
potentials. Ca2+-currents, ([CaZ§ and exocytosis exhibits the same 
voltage-dependence with maximum responses at +20 mV. The Ca 2§ 
currents, exocytosis and [Ca2+]~ could be blocked by 5 mM 
extracellular Co 2+. When 2 mM EGTA was included in the pipette 
solution, the capacitance- and [Ca2+]cresponse to a voltage-clamp 
pulse disappeared. In some cells, a single action potential produced 
a change in [Ca2§ sufficient to initiate exocytosis. However, in 
most cells 4 or 8 action potentials were required. This suggests that 
intermittent electrical activity consisting of action potentials 
generated at a high frequency represents a more effective way of 
initiating the exocytotic machinery, than continuous electrical 
activity consisting of action potentials fired at a lower frequency. 
This may represent a functional explanation to the fact that the B- 
cell produces bursts of action potentials. 
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PITUITARY ADENYLATE CYCLASE ACTIVATING PEPTIDE INCREASES 
INSULIN AND CYTOSOLIC Ca ++ IN RAT ISLET H-CELLS. 

M Sakurada, T.Yada*, K.Tsukuda and M.Kiknchi. 
Institute For Adult Diseases, Asahi Life Founda- 
tion, Tokyo and Department of Physiology*, Kago- 
shima University School of Medicine, Kagoshima, 
Japan. 

Pituitary adenylate-cyclase activating peptide 
(PACAP) was suggested to function as a neuro- 
transmitter, vasodilator and hypophysiotrophic 
factor. The purpose of this study is to investi- 
gate the effects of PACAP on insulin release and 
the mechanisms to influence the secretion. We 
examined insulin secretion from incubated and 
perifused rat islets and measured cytosolic Ca ++ 
in single rat ~-cells by microfluorometry using 
fura-2. PACAP'inereased insulin secretion from 
incubated islets dose-dependently (0.93, 1.04 
and 1.37pmole/50islets/hr with i0 -I~ ,i0 -s and 
10-SM PACAP respectively, p<0.01 vs control) in 
the presence of 8.3mM glucose but failed in the 
presence of 2.8mM glucose. PACAP also increased 
cAMP content by 71% in islets. The most remarka- 
ble increase in insulin secretion was observed 
for the initial i0 min upon PACAP stimulation. 
PACAP also produced a transient increase in 
eytosolic Ca ++ in ~-eells only in the presence 
of an elevated(8.3mM) glucose. 10-eM Nitrendi- 
pine, a specific blocker of L-type Ca ++ channel, 
inhibited completely the PACAP-indueed increase 
in both insulin release from perifused islets 
and cytosolic Ca ++ in single ~-cells. These 
data suggest that PACAP may be a poteneiator of 
insulin release in pancreatic islets and that 
the potentiating effect appears to be mediated 
by the rise in cytosolic Ca ++ 
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MECHANISMS OF THE CONTROL OF INSULIN RELEASE BY GLUCOSE 
IN ABSENCE OF CHANGES IN B CELL MEMBRANE POTENTIAL 

M. Gembal, Z.Y. Gao, P. Detimary and J.C. Henquin. Unit4 de 
Diab4tologie et Nutrition, University of Louvain, Brussels, Belgium. 

Glucose st imulation of insulin release depends on a rise of 
cytoplasmic Ca 2. in B cells, which results from an influx of 
Ca 2~ through channels activated by membrane depolarization. 
Recent evidence, however, suggests that glucose can control 
release by an additional mechanism that can be evidenced 
when the membrane potential of B cells is clamped at a 
depolarized level by a medium containing diazoxide and high 
K § Incubated and perifused mouse islets were used to 
identify this mechanism. The increase in insulin release that  
glucose causes under these conditions is not due to a further 
rise in cytoplasmic Ca 2§ It cannot be ascribed to acceleration 
of phosphoinositide metabolism, or to activation of protein 
kinases A or C. Thus, glucose did not increase inositol 
phosphate levels and hardly affected cAMP levels. Moreover, 
increasing inositol phosphates by vasopressin or cAMP by 
forskolin, and activating PKC by phorbol esters did not mimic 
the action of glucose on release. On the other hand, the effects 
of glucose and other agents on insulin release correlated with 
their ability to raise the ATP/ADP ratio. We suggest that 
changes in ATP availability contribute to the control of insulin 
release that glucose can exert independently from changes in 
B-cell membrane potential and cytoplasmic Ca 2§ 
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DUAL EFFECTS OF Na/K PUMP INHIBITION ON CYTOPLASMIC Ca 2+ 
OSCILLATIONS IN PANCREATIC B-CELLS. 
A.Berts, E.Grapengiesser, s. Saha, P.-E.Lund, E.Gylfe and 
B.Hellman.Dept.of Medical Cell Biology Biomedicum, Univer- 
sity of Uppsala, Uppsala, Sweden. 
The effects of inhibiting the Na/K pump on the 
cytoplasmic Ca 2+ concentratio~ [Ca2+]i in mouse A-cells 

was studied using dual wavelengh fluorometry and the 
indicator fnra-2. The activity of the ATP-regulated K + 
channel was determined with the patch-clamp 
technique and intracellular sodium with micro flame 
photometry. At 3 mmol/l glucose, addition of ouabain or 

removal of K + resulted in a small gradual increase of 
intracellular sodium. This action of ouabain was 
parallelled by closure of the ATP-regulated K+-channels 

and a slow elevation of [Ca2+]i . In most k-cells increase 

of the glucose concentration to 11-20 mmol/l induced 
large amplitude oscillations of [Ca2+]i with a frequency 

of 0.2-0.5/min. Ouabain had dual actions on these 
glaeose-indueed oscillations in promoting their 
appearance and at higher concentrations, transforming 
them into a sustained increase of [Ca2+]i . Ouabain 

(i00 ~mol/l) reduced the frequency of the glucose- 
induced oscillations hut nevertheless raised time- 
average [Ca2+]i by increasing the amplitudes and half- 

widths of the [Ca2+] i peaks. When high concentrations of 

ouabain or removal of K + transformed the oscillations 
into a sustained increase of [Ca2+]i, the level reached 

exceeded that obtained in response to rise of glucose 
alone. 
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NOVEL PEPTIDE PRODUCTS OF PROSOMATOSTATIN (pro- 
SS) PROCESSING IN PORCINE PANCREAS AND ANTRUM. 
M. Bersani, A.H. Johnsen, H. Kofod, T.N. Ras- 
mussen, and J. J. Holst. Dept. Med. Physiol. C, 
Panum Institute, Dept Clin. Chem., Rigshospita- 
let, University of Copenhagen, Denmark. 

We previously identified proSS 1-64 as the 
predominating N-terminal product of proSS in 
pancreas and gut, but a decapeptide (antrin, 
proSS i-i0) has been described to be produced in 
antral D-cells and to be secreted from islets. 
Using a radioimmunoassay against the N-terminus 
of proSS we isolated ig~nunoreactive peptides 
from fresh specimens of both antral mucosa and 
pancreas. By analytical HPLC the major form was 
identified to be proSS 1-64, but additional 
forms were found and characterized by mass spec- 
trometry and sequence analysis: one in antrum 
corresponding to proSS 1-14 and 2 in pancreas, 
proSS 1-14 and 3-14. Synthetic proSS i-i0, well 
detected in the system, was not found in either 
tissue. By analytical HPLC on effluent from iso- 
lated perfused preparation of porcine antrum and 
pancreas stimulated with luminal HCL or intra- 
vascular isoproterenol these peptides were shown 
also to be secreted. Synthetic replicas of proSS 
i-i0 and 1-14 infused at 10 -8 mol/l had no ef- 
fect on secretion of gastrin, insulin or gluca- 
gon from these perfused preparations. Their role 
if any must be sought outside pancreas/antrum. 
The processing site (Ser-Leu) for the formation 
of proSS 1-14 or 3-14 is novel. 
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GLUTAMATE STIMULATES GLUCAGON RELEASE BY ACTING ON 
SPECIFIC RECEPTORS IN RAT PANCREAS. 
G. Bertrand, R. Gross, M. Roye, M.M. Loubati6res-Mariani and J. Bockaert. 
Centre CNRS-INSERM de Pharmacologie-Endocrinologie UMR 6 and 
Laboratoire de Pharmacologie, CNRS URA 599, MONTPELLIER, FRANCE. 

L-glutamate, the major excitatory neurotransmitter in brain, 
exerts its effects through two main receptor subtypes : the N- 
methyl-D-aspartate (NMDA) and the a-amino-3-hydroxy-5- 
methyl-4-isoxazolepropionic acid (AMPA) receptors. Recently we 
have shown that L-glutamate potentiates glucose-induced insulin 
secretion via an AMPA receptor subtype. This study was designed 
to investigate whether this amino acid may also affect pancreatic 
glucagon secretion and to characterize the receptor subtype 
involved. In isolated rat pancreas perfused with 2.8 m M  glucose, 
L-glutamate (30-100 tamol/I) induced an immediate, transient and 
concentration-dependent glucagon response with a maximum of + 
300 + 20 % at 3 rain. NMDA (100-1000 pmol/1) was ineffective. 
In contrast the three non-NMDA receptor agonists AlVlPA (30- 
100 pmol/1), quisqualate (3-10 pmol/1) and kainate (30-1000 
pmol/1) all elicited a peak-shaped glucagon response. The two 
partial agonists for the AMPA receptor, quisqualate and A M P A  
exhibited a similar efficacy to that of glutamate whereas kainate, a 
full agonist, caused a 4 fold higher maximal glucagon response. 
The antagonist of AIVIPA receptor, 6-cyano-7-nitroquinoxaline- 
2,3-dione (50 lamol/1) totally prevented the glucagon response to 
glutamate (100 pmol/1). In conclusion, as previously reported on 
insulin release, the stimulatory effect of L-glutamate on glucagon 
secretion is mediated by an excitatory amino acid receptor of the 
AMPA subtype. 

472 

EFFECTS OF ALPHA-2 AND BETA ADRENERGIC AGONISM ON 

PANCREATIC A CELLS IN RATS. 

H. Hirose, K. Itoh, K. Kido, K. Koyama, H. Maruyama and T. 

Saruta. Dept. of Internal Medicine, Keio University School 

of Medicine, 35 Shinanomachi, Shinjuku-ku Tokyo 160, Japan. 

Insulin secretion is inhibited by alpha-2 adrenergie 

agonism and stimulated by beta adrenergic agonism in both 

experimental animals and humans. In contrast, there is 

controversy with regards to adrenergie control of 

pancreatic A cells. Furthermore, it is not clear, whether 

these effects are direct, because intra-islet insulin is a 

potent inhibitor of glucagon secretion. The present study 

was designed to determine the effects of alpha-2 and beta 

adrenergic agonism on pancreatic A cells, using isolated 

perfused pancreata of normal and streptozocin-induced 

diabetic (STZ-D) rats. Insulin and glucagon concentrations 

were measured by RIA. The alpha-2 agonist clonidine at 

10-7mol/l s igni f icant ly  (p<0.05) s t imulated g tucagon 
secre t ion  as compared with the  basal  levels  in both normai 
(1330-+212 vs  420-+71ng/1) and  STZ-D r a t s  (534_+ 140 v s  100_+ 
8ng/]) .  Also, the  be ta  agon i s t  i soproterenol  at  10-7mol/l 
s igni f icant ly  s t imulated g lucagon  secre t ion  v s  basal  levels 
in both normal (915-+122 v s  397-+37ng/1) and  STZ-D ra t s  
(171 -+ 33 v s  72-+ 12ng/1). Fur the rmore ,  t hese  e f fec ts  were 
inhibi ted in the  p r e sence  of the  a lpha-2  an t agon i s t  
yohimbine or the  beta  a n t a g o n i s t  propranolol  at  
concen t ra t ions  of 10-Smol/L Insul in  secre t ion  was markedly  
reduced  in STZ-D ra t s .  We conclude tha t  both a lpha-2  and  
beta  ad r ene rg i e  agonism may di rect ly  s t imulate  g lueagon 
secretion from pancreatic A cells in rats. 
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A ROLE FOR BASIC FIBROBLAST GROWTH FACTOR IN THE 
DEVELOPMENT OF HUMAN PANCREATIC ISLETS 
T. Otonkoski, G. Beattie, R. Bartholomeusz and A. Hayek, The Whittier 
Institute for Diabetes and Endocrinology, La Jolla, CA, USA. 

We have previously shown that adult rat and human islet cells are 
resistant to the action of basic fibroblast growth factor (bFGF)-saporin 
mitotoxin, suggesting the absence of functional bFGF receptors. In 
contrast, alt of the cells present in human fetal pancreatic monolayers 
were killed after 72-h incubation with bFGF-saporin. To explore the role 
of bFGF in fetal islet development immunohistochemical and in situ 
hybridization studies of human fetal pancreases were done at 13 to 24 
gestational weeks. Basic FGF immunoreactivity was concentrated at the 
epithelial-mesenchymal cell boundary, whereas bFGF receptor was 
expressed in the majority of pancreatic cells. The effects of bFGF on the 
function of free-floating islet-like cell clusters were studied after 7 days 
in RPM1 1640/1% human serum (expressed as gU of insulin or cpm per 
~tg of DNA): 

Insulin release Insulin content 3H-th},m. incorp. 
Control 78.8_+16.4 395+66 2300-+215 
bFGF 10 ng/ml 25.4+3.8* 318+34 3318-+372 
bFGF 100 ng/ml 19.7-+2.7" 338+-26 3897-+294* 
Data are mean+SEM of 13-15 replicates from 3 experiments. 
*, p<0.001, vs. contr. 

Our results suggest that bFGF may act as a sm~mal mediator of fetal 
islet cell growth and differentiation. 
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ATTACHMENT IS IMPORTANT IN THE STIMULATION OF 
ISLET CELL GROWTH. 
S. Cooney, J. Harrington, I. Hulinsky, and M. Silink. Dept. of 
Endocrinology, Royal Alexandra Hospital, Sydney, NSW, Australia 

The effect of attachment on pancreatic islet cell proliferation was 
studied using 3H-Thymidine and 5-bmmo-2'-deoxyttridine (BrDU) 
incorporation into neonatal rat islets with the aim of elucidating culture 
conditions favouring islet growth. Islets were isolated using a non- 
enzymatic method and sub-cultured to eliminate fibmblast 
contamination. In medium containing 11.1 retool/1 glucose (baseline) 
3H-Thymidine incorporation (12,475 cpm/pg DNA +2777(SEM)) in 
attached islets was significantly higher than in free-floating islets, 
(5,074+758, p<0.001). 3H-Thymidine incorporation in attached islets 
remained significantly higher than in free-floating islets at all glucose 
concentrations, at 26.1 mmolB (the highest concentration tested) being 
22,129+7,938cpm/pg DNA vs. 8,473+954 (p<0.01). There was no 
difference in 3H-Thymidine or BrDU incorporation in the presence or 
absence of basic fibroblast growth factor (FGF) between attached and 
free-floating islets, although there was a three-fold increase when 
"fibroblast-contaminated" islets were plated as controls. 3H-Thymidine 
incorporation was significantly higher at 21.1 mmol/1 glucose in 
comparison with baseline in both attached (43,043-29,203, p<0.007) 
and free-floating (11,789+1,610, p<0001) islets. In conclusion, a 
fibroblast free islet culture was used to document the stimulatory effect 
of islet attachment on DNA synthesis, which was greater than the 
stimulator'/effect of glucose in the tested range. 
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Glucokinase and GLUT-2 glucose transporter gene 
expression in neonate pancreatic islets and RINm5F 
insulinoma cells 

M. Tiedge and S. Lenzen, Institute of Pharmacology and 
Toxicology, University of G6ttingen, D-3400 G6ttingen, 
Germany 

Neonate pancreatic islets and RINm5F insulinoma cells 
show a defective insulin secretory response to glucose 
stimulation. Glucokinase and GLUT-2 high K m glucose 
transporter gene expression were studied in pancreas 
from 2 day old neonatal and 16 day old rats after weaning 
to a high carbohydrate diet. The 2.8 kb glucokinase 
mRNA transcript was e~cpressed already in pancreas from 
2 day old neonatal rats, whereas distinct expression of the 
4.4 kb glucokinase-reiated transcript occurred only in the 
pancreas from 16 day old rats. GLUT-2 glucose 
transporter was expressed already in the pancreas from 2 
day old neonatal rats, albeit to a lesser extent than in the 
pancreas from 16 day old rats. Northern Blot Analysis of 
glucokinase gene expression in RINm5F insulinoma cells 
revealed a 2.8 kb and a 4.4 kb transcript, while GLUT-2 
glucose transporter mRNA was undetectable. Sodium- 
butyrate treatment led to a cell arrest. This treatment 
increased the 2.8 kb glucokinase mRNA levels by 74 %, 
but decreased the GLUT-1 and did not improve GLUT-2 
glucose transporter gene expression. Thus the immature 
insulin secretory response to glucose in neonate pancreas 
and RINm5F cells may be related to a deficient 
glucokinase and GLUT-2 glucose transporter gene 
expression. 
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INTERCELLULAR DIFFERENCES IN B CELL RESPONSIVENESS TO 
GLUCOSE ARE NOT CAUSED BY DIFFERENCES IN GLUCOSE 
TRANSPORTER GENIE EXPRESSION 

H. Heimberg, A. De Vos, E. Quartier, T. Mahler�82 R. Kiekens*, D. 
Pipeleers* and F. Schuit. Dept. of Biochemistry, Pathology�82 and 
Metabolism*, Diabetes Research Center, Vrije Universiteit Erussel, 
Brussels, Belgium. 

Expression levels of the glucose transporter GLUT2 have been 
proposed to determine functional responsiveness of pancreatic B 
cells. This concept was tested by comparing GLUT expression in 
LOW and HIGH rat B cell subpopulations which differ in their 
metabolic activity and threshold sensitivity for glucose-induced 
biological functions. Rates of 3-O-methyl glucose uptake were 
comparable in LOW and HIGH B cells (15-20 pmol/min/103 B cells 
at 37~ - 7.5 mM substrate) and exceeded maximal rates of glucose 
utilisation by two orders of magnitude. Immunostaining with 
GLUT2 antisera was homogenous and ubiquitous in LOW and 
HIGH B ceils; no GLUT1 or GLUT4 immunoreactivity was 
detected. Northern blot analysis of LOW and HIGH B cells resulted 
in similar relative abundance of GLUT2 mRNA over B-actin 
mRNA. Low levels of GLUT1 mRNA were detected in both 
subpopulations after prolonged exposure times. PCR amplification 
of GLUT cDNA fragments with isoform-specific and degenerate 
primer sets was followed by dot-blot hybridisation and sequence 
analysis. LOW and HIGH B cells had the same pattern of GLUT 
expression : predominance of GLUT2, low amounts of GLUT1 
and no GLUT4 or other GLUT-like isoform. It is concluded that 
the previously described functional and metabolic heterogeneity of 
pancreatic B cells cannot be explained by quantitative or qualitative 
heterogeneity in GLUT expression. 
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HUMAN PANCREATIC ISLET FUNCTION AT THE ONSET OF 
TYPE i DIABETES MELLITUS. 
J.Fern&ndez-Alvarez, Y.Sarri, J.Ferrer, J.I.Conget, 
A. Nevials~ *N.Somoza and R Gomis. Endocrinology 
and Nutrition Unit. Hospital Clinic. Barcelona. 
~Immunology Unit. Hospital Germans Trias i Pujol. 
Badalona. Spain. 
We report data concerning pre-proinsuiin mRNA and 
insulin content, as well as insulin secretory 
behaviour, of human pancreatic islets at the onset 
of Type i diabetes mellitus. Islets were isolated 
from the pancreas of a ICA positive 18-years olO 
woman donor who died because of diabetic 
ketoacidotic coma. She was free of symptoms until 
two days before, when polydlpsia and polyuria were 
initiated. Islets were obtained by an automatic 
digestion technique. Insulin response to glucose 
(5.5 and 16.7 mM), glucose+forskolin (16.7 mM + 
O.O05mM) and insulin content were analyzed. Total 
RNA was isolated by the method of Chirgwin. Results 
were compared with those obtained processing 
control pancreas by the same methodology. Insulin 
response to increasing glucose concentration, as 
well as glucose+forskolin in the media, was fully 
abolished in diabetic islets, as oppossed to 
control islets. Insulin content was reduced, but 
not absent, in diabetic islets (395.023.5 
pU/islet), when compared to control islets 
(935.0251.7). Northern blot disclosed a severe 
reduction in the content of pre-proinsulin mRNA. 
Immunohistochemical study of pancreatic sections 
reveals that only 12.22i4.8% of islets contains 
insulin positive cells. Our results demonstrate a 
decrease in insulin synthesis and secretion at the 
onset of Type i diabetes mellitus. 
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INSULIN GRANULE ELECTRONDENSITIES: AN INDEX FOR 

THE METABOLIC STATUS OF RAT B-CELLS. 

T.Mahler , Z. Ling, R. Kiekens, G. Kl~ppel and D. Pipeleers. Dept. 

of Pathology and Dept. of Metabolism and Endocrinology, Vrije 

Universiteit Brussel, Brussels. 

The aim of our study was to determine whether the percent of pale 

over total insulin granules correlates with the functional state of 

islet B-cells. It is based on the recent observation of different 

percentages in B-cell subpopulations which were separated 

according to their (un)responsiveness to 7.SmM glucose. Cells 

responsive to 7.5raM glucose contained a higher percent of pale 

granules (12%) than the unresponsive ones (4%, p<0.05), 

whereas their total number of granules per cytoplasmic area was 

similar. Percentages were now determined in B-cells cultured for 

10 days at 6mM, 10mM or 20mM glucose. The furctions of 6mM- 

cultured cells were markedly less sensitive to glucose than those 

of 10mM- or 20mM-cultured cells. The percent of pale over total 

granules was significantly lower in B-cell preparations with the 

lower glucose sensitivity (3 % in 6mM-cultured cells versus 

16% in 10mM- and 26% in 20raM-cultured cells, p<0.001- 

0.03). The 6raM- and 10raM-cultured cells exhibited comparable 

total granule counts per cytoplasmic area, whereas the 20mM- 

cultured cells contained 45 % less granules than the 6raM group 

(p<0.05). These findings suggest that the percent cf pale over total 

insulin granules can be taken as an index for the glucose 

sensitivity of rat B-cells. 
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LACTATE PRODUCTION BY ISLETS OF RATS AND OBIOB-MICE 
MEASURED WITH A NEW METHOD. 
J.Tamari~-Roddguez,L.A.Idahl,O.Alc~tzar,E.Gine and J.SehlLn. Depm'tment of 
Biochemistry, Comp[utense University, Madrid(Spain) and Department 
of Histology and Cell Biology, Ume~ University (Sweden). 

A new sensitive method for direct assay of lactate was 
employed for determination of lactate production in 
isolated islets. Medium lactate was allowed to react with 
p-dibromoacetophenone, the resultant ester separated 
isocratically (acetonitri le:water,3:7) by reverse phase 
HPLC (retention time 9 rain) and quantitated by its light 
absorbance.The amount of lactate produced was 
correlated to the DNA content of the incubated islets and 
expressed as pmoles of glucose-equivalents/jugDNAxhour. 
It increased with the glucose concentration in rat islets: 
506 +- 76 (23) at Ommol D-glucosell (control),788 +- 49 (29) 
at 0.2retool tl ( p <  0 .01) ,1742 *- 111(22) at l m m o l / I  
(p 0.001),2220 +161 (19) at 3retool /I (p<O.O01) and 2492 
+ 293 (6) at 20mmoltl (p<O.O01). Comparable values were 
obtained from microdissected oblob-mouse islets: 410 * 69 
(9) at Ommolll, 1598 +- 195 (9) at 3mmol/I and 1685 +-141 
(9) at 2Ommol/I  glucose. The lactate production from 
glucose was not affected by Antimycin A (10 "5 molll ) but it 
was reduced by iodoacetamide ( lmmol / I ) .Excep t  for 
mannose, other hexoses showed lower conversion rates 
to lactate as compared to D-glucose at 2Ommol/I in rat 
islets: D-fructose [1636 +- 172 (13) vs. 2876 +- 188 (12), 
p<O.O01] and D-galactose [1024 ~ 94(13) vs.2876 +-188 
(12),p < 0.001]. In conclusion,islet lactate production is 
almost maximal at 3mmol t l  D-glucose and it is 
significantly lower with D-hexoses which are poor 
secretagogues. 
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EFFECT OF INSULIN TREATMENTON PANCREAS FUNCTION 
AND ISLET-CELLPROLIFERATION IN FEMALE RATS. 
S. Wijkstra and T.R. Koiter. Department of 
Obstetrics & Gynaecology, University Hospital 
Groningen, The Netherlands. 
The effect of experimental hyperinsulinaemia on 
endocrine pancreas function and on islet-cell 
proliferation was investigated in cyclic Wistar 
rats. Osmotic minipumps releasing 4.8 IU insulin 
per day were implanted on day 0 and were removed 
on day 6. Six rats were subjected to ivgtt's (i 
g glucose/kg bw) on day 0 (before implantation), 
on day 6 (before pump removal) and on days 
7,8,9,10,13 and 17. Islet-cell proliferation was 
measured by Bromodeoxyuridine (24 hr infusion) on 
day 0 (n=6) and days 6,9,13 and 17 (all n=5). 
Insulin treatment resulted in hypoglycaemia 
(1.9• mmol/l), hyperinsulinaemia (114• mU/l; 
normal 28• mU/l) and in 50% reduction in islet- 
cell proliferation. On day 7 rats showed hyper- 
glycaemia (11.7• mmol/l), hypoinsulinaemia 
(21• mU/l), a reduced insulin response and a 
reduced glucose tolerance. Basal glucose and 
insulin levels were normal again on day 8, but 
insulin response and glucose tolerance were still 
impaired. On day 9 islet-cell proliferation was 
5-fold increased as compared with day 0. On day 
13 endocrine pancreas function and islet-cell 
proliferation, had returned to normal values. It 
was concluded that hyperinsulinaemia inducing 
hypoglycaemia causes reversible suppression of 
endocrine pancreas function and islet-cell 
proliferation. 
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PROLONGED EXPOSURE OF HUMAN PANCREATIC ISLETS 
TO HIGH GLUCOSE CONCENTRATIONS IN VITRO IMPAIRS 
THE B-CELL FUNCTION 
D.L. Eizirik 1, G.S. Korbutt 2 and C. Hellerstr6m 1. 1 Department 
of Medical Cell Biology, Uppsala University, Uppsala, Sweden; 
2 B-Cell Transplant, Vrije Universiteit Brussels, Brussels, 
Belgium. 

The aim of the present study was to clarify whether prolonged 
in vitro exposure of human pancreatic islets to high glucose 
concentrations impairs the function of these cells. For this 
purpose islets were isolated from 14 human pancreata, and 
cultured for 7 days in the presence of either 5.6, 11 or 28 mM 
glucose. Culture in the presence of 11 or 28 mM glucose left 
the islet DNA content unchanged and induced no signs of 
morphological damage. However, islets cultured at 11 or 28 
mM glucose showed a 45 % or 60 % decrease in insulin 
content, as compared to islets cultured at 5.6 mM glucose 
(P<0.01). When such islets were submitted to a 60 min 
stimulation with a low (1.7 mM) followed by a high (16.7 mM) 
concentration of glucose, the islets cultured at 5.6 mM glucose 
showed a higher insulin response to glucose than those of the 
two other groups (P<0.01). The rates of glucose oxidation, 
(pro)insulin biosynthesis and total protein biosynthesis were 
similar in islets cultured at 5.6 or 11 mM glucose, but they were 
decreased by 30-50 % in islets cultured at 28 mM glucose 
(P<0.05). A subsequent 2-day culture at 5.6 mM glucose 
reverted some of the effects of high glucose on islet insulin 
content and insulin release. These combined results suggest 
that a lasting exposure to high glucose concentrations impairs 
the function of human pancreatic islets. 
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LACK OF GLUCOTOXlCITY IN MURINE B-CELLS EXPOSED 
ONE WEEK TO HIGH GLUCOSE CONCENTRATION IN VITRO 
C. Svensson, Department of Medical Cell Biology, 
Uppsala University, Uppsala, Sweden 
The objective of the present work was to study the 
effects of glucose on the in vitro function of islet 8- 
cells from two mouse strains with different in vivo 
glucose sensitivity of their 8-cells. Isolated islets of 
each strain (C57BL/Ks and C57BL/6) were kept for 
one week in culture at either 5.6, 11 or 56 mM 
glucose. Islets from both strains cultured at 56 mM 
showed a significantly increased glucose-stimulated 
insulin release (ng/10 islets.6O min) compared to 
corresponding control islets (11 raM); BL/Ks: 29.9 +_ 
5.4 vs 10.7 _+ 2.3, (p<0.01), BL/6:45.5 _+ 11.7 vs 18.8 + 
4.2, (p<O.01). Rates of (pro)insulin biosynthesis 
(kDPM/10 islets.90 min) were decreased in BL/Ks 
islets at both 5 mM and 56 raM: 35.6 _+ 11.4 and 38.1 +_ 
2.8 vs 63.2 + 8.6, (p<0.O5). In BL/6 islets there was no 
decrease at 56 mM, but a marked decrease at 5.6 mM: 
13.1 + 2.8 and 48.2 + 7.6 vs 52.2 + 9.4, (p<0.01). There 
were no differences in DNA content (l~g DNA/10 
islets) in islets cultured at different glucose 
concentrations: control islets BL/Ks: 0.13 -+ 0.04, 
control islets BL/6; 0.27 _+ 0.03. Islet insulin content 
(ng/ng DNA) was decreased at 56 mM in both strains; 
BL/Ks: 457 _+ 183 vs 1105 + 445, BL/6 :1204  _+ 193 vs 
2093 + 238, (p<0.05). The present study indicates that 
irrespective of genetic background murine 8-ceils 
can adapt to very high glucose concentrations in vitro 
without any obvious signs of so called glucotoxicity. 
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IMPROVEMENT OF FUNCTIONAL BEHAVIOUR OF 
HUMAN ISLETS AFTER CHRONIC EXPOSURE TO HIGH 
GLUCOSE LEVELS. 
Y. Sarri, J.I. Conget, A. Novials, R. Casamitjana* and R. 
Gomis. Endocrinology and Nutrition Unit, *Hormonology Unit, 
Hospital Clinic, Barcelona, Spain. 

Chronic exposure to high glucose media sensitizes 
human islets to glucose stimulus. In order to clarify this 
phenomenon we have studied insulin response to other 
secretagogues, glucose metabolism (D-5-3H-glucose 
utilization and D-6-14C-glucose oxidation), insulin content 
and Northern blot analysis of insulin mRNA in human 
islets cultured at 5.5 and 16.7 mM glucose for one and 
seven days. Insulin responses to glucose after 7 days 
culture at 16.7 mM glucose to 5.5 and 16.7 mM glucose 
stimulus was 5-fold increased compared with 1 day 
culture. Insulin secretion to 10 mM leucine+lO mM 
glutamine and 16.7 mM glucose+ 5 pM forskolin, after 
1 day culture (5.5 and 16.7 mM glucose} was 
(14.43+__1.98 ; 17 ,284- l .95  and 73.974-3.46 ; 
79.40__+2.80 b,U/islet per 90 min), respectively. Insulin 
response increased to (24.38__+6.10 ; 40,61__+9.15) and 
(207.87__+16.16 ; 274.36__+10.88) after 7 days at 5.5 
and 16.7 mM glucose culture. Glucose utlization and 
oxidation increased significantly after 7 days culture in 
both glucose conditions. Moreover, the ratio D-6J4C - 
glucose/D-5-3H-glucose, was much higher after 7 days 
culture (0.16, stimulus 5.5 mM glucose ; 0.22, stimulus 
16.7 mM glucose) than values obtained after 1 day 
culture (0.03 and 0.05}. Insulin content and mRNA 
insulin expression were also increased after 7 days 
culture at high glucose concentration. These findings 
demonstrates that chronic exposure of islets to high 
glucose media improves their overall functional 
behaviour. 
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GAI~%NTIDE II IS A STABLE GAIA%NINP-WTAGONIST. 
S. Greaersen I, B. Ahr~n I. S. Lindskog I, T. Land 2, U. 

2 1 
Langel and T. Bartfai , Department of SurgerY2, 
University of Lund, Department of Biochemistry , 
University of Stockholm, Sweden. 

The neuropeptide galanin occurs in pancreatic adrener- 
gic nerves and inhibits insulin secretion. The peptide 
has been suggested to be an adrenergic mediator of 
stress-induced inhibition of insulin release. To 

verify its physiological function, galanin receptor 
antagonists are required. We recently demonstrated 
that the 20 amino acid chimeric peptide, galantide, is 
a galanin antagonist. However, galantide contains a 
methionine moiety, and is therefore easily oxidized 
and unstable. In this study, we examined whether a 
galantide analogue not containing methicnine is a 
galanin antagonist. This peptide, galantide II, is 
also chimeric: galanin(l-13) coupled to bradykinin(2- 
9). Galantide II had no effect alone on glucose (ii.i 
mM)-stimulated insulin secretion in isolated mouse 
islets, but potently counteracted the inhibitory 
action of galanin (I00 nM). The lowest effective dose 
of galantide II was 1O pM. In contrast galantide II 
did not counteract the inhibitory actions of clonidine 
(i ~M) or somatostatin (I ~M). Furthermore, galantide 
II displaced 125-I-monoiedo-[26-Tyr]-galanin from 
membranes of RINm5F cells. The displacement curve 

fitted to a two-site model in which 60% binds with K 1 
(0.1• nM) and 40% with K 2 (3• nM). In conclu- 
sion, galantide II is a specific galanin antagonist 
and might distinguish different classes of galanin 
receptors. Galantide II is non-methionine containing 
and therefore more stable than galantide. 
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INSULIN  R E L E A S E  UPON P E R I F U S I O N  AND 
X E N O T R A N S P L A N T A T I O N  OF C R Y O P R E S E R V E D  
PORCINE ISLETS. 
P. Marchetti, D.W. Scharp, E. Finke, K. Pfiffner, C. Swanson, A. 
Gerasimidi-Vazeou, B. Olack, R. Navaiesi, P.E. Lacy. Chair of 
Metabolic Diseases, Institute of 2nd Medical Clinic, University of 
Pisa-ltaly; and Islet Transplant Center, Washington University 
School of Medicine, St. Louis, Me. 
We previously described a method for successfully 
cryopreserving porcine islets (PI). Hereby we report on insulin 
release (IR) from cryopreserved, perifused PI, and 
xenotransplantation of cryopreserved PI (CPI) into C57B/B6 
mice with streptozotocin-induced diabetes and temporarily 
immunosuppressed with aL3T4 antibody. Basal (3.3 mmol/I 
glucose -G-) IR from CPI and non-cryopreserved PI (NCPI) from 
the same pancreases was 69+18 and 43+10 pmol/200 islet 
equivalents-lE-/min (NS). Peak IR from CPI in response to 16.7 
mmol/I G and 16.7 mmol/I G plus 10 mmol/I theophylline (T) was 
157+48 and 479+140 pmol/200 IE/min, significantly (p<0.05) 
higher compared to IR from NCPI (respectively 85+28 and 
221+102 pmol/200 IE/min). Total IR at 16.7 mmol/I G and 16.7 
mmol/I G plus T was significantly (p<0.02) higher from CPI 
(3756_+746 and 7505_+2075 pmol/200 IE/min) than from NCPI 
(1412_+375 and 2161_+37t pmol/200 IE/min). IR returned to 
basal values upon perifusion with 3.3 mmol/I G again. 
Normoglycemia was restored in mice within 7 days after 
transplantation of 1500-2000 CPI under the kidney capsule. 
Mean survival time of CPI xenografts was 41_+7 days, slightly 
longer than with overnight cultured NCPI (36_+4 days) and 
similar to that with 7 days cultured NCPI (43+_3 days). Thus: IR is 
well maintained from perifused CPI, with the reasons still 
unknown of the increased release after cryopreservation; 
reversal of diabetes is feasible with CPI, with the exact role of 
cryopreservation to be still defined in reducing PI 
immunogenicity. 
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THE RECEPTORS AND MECHANISMS INVOLVED IN THE EFFECTS 
OF VASOPRESSIN AND OXYTOCIN IN PANCREATIC B CELLS 

Z.Y. Gao  a n d  J.C. H e n q u i n .  Unit6 de Diab6tolog~e et Nutrition, 
University of Louvain, Brussels, Belgium. 

Recent studies have suggested that arginine vasopressin (AVP) 
and oxytocin (OT) increase insulin release by stimulating 
phosphoinositide metabolism in B cells. We used mouse islets 
to investigate this issue and identify the receptor(s) involved 
in the effects of AVP and OT. Both agents caused dose- 
dependent (10 "1~ to 10 .5 mol/]) increases in insulin release and 
inositol phosphate (IPs) levels. Their potencies were similar 
and their maximal effects were not additive. Synthetic 
agonists selective for AVP (V1) and OT receptors in other 
tissues were equipotent with the natural agorfsts on insulin 
release and IPs. Antagonists allegedly selective for V 1 and OT 
receptors inhibited both types of effects with a potency that  
varied with the nature of the agonist. Both AVP and OT were 
about ten-fold more potent on insulin release (ECso - 2 nmol/l) 
than on IPs (ECso - 25 nmol/1). Moreover, the antagonists 
more readily inhibited the effects of all agonists on IPs than on 
insulin release. It is suggested that AVP and OT act on a 
single type of receptor that  is distinct from classical V 1 or OT 
receptors but is closer to the latter. The acceleration of 
phosphoinositide turnover might not be the sole mechanism 
involved in the stimulation of insulin release by AVP and OT. 
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T N F - c t  P E R T U R B S  C E L L  O R G A N I Z A T I O N  OF 
P S E U D O I S L E T S .  
V. Cirulli, P.A. Halban and D.G. Rouiller. Laboratoires de 
Recherche Louis Jeantet, C.M.U., University of Geneva 
Medical School, CH-1211 Geneva, Switzerland. 

Dispersed rat islet cells can reaggregate in culture 
forming pseudoislets with cellular architecture reminiscent 
of native islets. We have assessed the effect of the cytokine 
tumor necrosis factor (TNF-a) on pseudoislet formation. 
Sorted rat islet B- and non-B-cells were labeled 
respectively with the carbocyanine fluorescent dyes Dil 
and DiO, mixed together, and allowed to reaggregate in 
culture, with or without non-cytotoxic doses (100U/ml) of 
TNF-a.  In control pseudoislets segregation between 
central ly located fluorescent red (Dil) B-cells and 
peripheral green (DiO) non-B-cells was observed after 5 
days (confocal microscopy). In aggregates formed in the 
presence of TNF-a such segregation was grossly 
perturbed. This effect was reversed after removal of the 
cytokine. Short-term (45 min) homotypic aggregation of 
sorted B-, but not non-B-cells, was also affected by a 20-h 
pre-exposure to the cytokine with an increase (from 28.5.1: 
2.5% to 43.2 + 2.1%; n=6, p<0.001) in calcium- 
independent adhesion. We have shown previously that B- 
/non-B-cell segregation in pseudoislets is due at least in 
part to higher expression of calcium-independent adhesion 
molecules on non-B-cells. The increase in calcium- 
independent adhesion of TNF-a-treated B-cells diminishes 
this difference, possibly explaining the random cell type 
organization of TNF-a-treated pseudoislets. The data 
suggest a novel pathway by which cytokines could affect 
islet structure/function. 
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EXPRESSION OF DNA DAMAGE-INDUCIBLE GENES IN 

RAT PANCREATIC ISLETS 

E. CagIiero and D. L. Eizirik. Department of Medical Ceil 

Biology, Uppsala University, Uppsala, Sweden. 

Pancreatic B-cells are able to repair themselves following 

sublethal injuries in vitro. However, the repair mechanisms 

activated in these cells remains unknown. The aim of the 

present study was to determine whether two DNA damage- 

inducible genes (DDI), gadd 45 and gadd 153, are expressed in 

rat pancreatic islets following exposure to different alkylating 

agents. Rat pancreatic islets were exposed in vitro to 0.55 mM 

streptozotocin (SZ) or 1 mM methyl methanesulfonate 

(MMS) for 30 rain. Exposure to SZ or MMS reduced the 

insulin release over the next 4 h by 40-50 %. The baseline 

expression of gadd 45 and gadd I53 was increased by 2-3-fold 2 

and 4 h following SZ exposure, as evaluated by Northern blot 

analysis, while MMS induced a 3-fold increase in gadd 45 and 

a 5-6-fold increase in gadd t53 (n = 4). Islet exposure to MMS 

or SZ did not modify the expression of actin mRNA. These 

data show that DDI are induced in pancreatic islets following 

exposure to alkylating agents, and that DDI expression is 

more marked in MMS-treated islets. Since islets are able to 

recover completely their function following MMS exposure, 

but not after SZ exposure, it will be of interest to further 

characterize the role of these DDI genes in the repair of islet 
DNA damage. 
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DNA STRAND BREAKS IN ISOLATED RAT ISLET CELLS 
AS AN EARLY EFFECT OF NITRIC OXIDE RADICALS. 
K. Fehse] ,  E. Lampeter and V. Ko lb -Bacho fen ,  
H e i n r i c h  Heine U n i v e r s i t y  Dep. o f  Immunobio- 
l ogy ,  4000 DQsse ldo r f ,  Germany 

We have r e c e n t l y  shown, t h a t  macrophage- 
med ia ted  i s l e t  c e l l  c y t o t o x i c i t y  i s  L - a r g i n i n e -  
dependent ,  p o i n t i n g  to  an i m p o r t a n t  t o x i c  r o l e  
f o r  n i t r i c  o x i d e  (NO). Recent r e p o r t s  
demons t ra te  in in  v i t r o  models DNA-damaging or  
- a l t e r i n g  e f f e c t s  o f  NO, We t h e r e f o r e  
de te rm ined ,  whether  we can f i n d  DNA-damage in 
i s o l a t e d  r a t  i s l e t  c e l l s  a f t e r  i n c u b a t i o n  w i t h  
v a r i o u s  chemica l  NO-genera to rs .  
C e l l s  were i ncuba ted  w i t h  N i t r o p r u s s i d e  (NP) or  
S - n i t r o s o - N - a c e t y l - D , L - p e n e c i l l a m i n e  (SNAP) a t  
v a r i o u s  c o n c e n t r a t i o n s  and t imes .  V i a b i l i t y  o f  
c e l l s  was assessed by t r y p a n  b lue  e x c l u s i o n .  
Using a m o d i f i e d  in s i t u  n i c k  t r a n s l a t i o n  
method DNA-strand breaks  were shown a t  s i n g l e  
c e l l  l e v e l :  A f t e r  c e l l  f i x a t i o n  on g l a s s  s l i d e s  
DNA po lymerase  I i n c o r p o r a t e s  b i o t i n - d U T P  i n t o  
the  DNA b e g i n n i n g  a t  the  b reak ,  B i o t i n  is  
d e t e c t e d  in a s t r e p t a v i d i n - c o u p ] e d  p e r o x i d a s e  
r e a c t i o n .  Brown n u c l e i  a re  counted under the  
m ic roscope .  
As a r e s u l t  s t r a n d  breaks  were demons t rab le  
a f t e r  3 hours o f  i n c u b a t i o n  and preceeded ] y s i s  
f o r  about  3 hours ,  P o s i t i v e  c o n t r o l  was TNF 
induced a p o p t o s i s  in L929, n e g a t i v e  c o n t r o l  was 
SNAP on L929 c e l l s  known to  be T N F - s e n s i t i v e  
and N O - r e s i s t a n t ,  
The r e l e v a n c e  o f  t h i s  o b s e r v a t i o n  was backed by 
the  d e m o n s t r a t i o n  o f  massive DNA-damage in s i t u  
in pancreas  s e c t i o n s  o f  h igh  dose S Z - t r e a t e d  
mice,  
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490 
THE EFFECT ON INSULIN SECRETION OF AGENTS 
WHICH ALTER NITRIC OXIDE AND CYCLIC GMP. 
JM Cunningham, V Karmiris, CA Delaney, C Southern* and 
IC Green. Biochemistry Laboratory, University of Sussex, 
Brighton BN1 9QG UK. *now at Yamanonchi Research 
Institute, Littlemore Hospital, Oxford OX4 4XN 

Treatment of islets of Langerhans with IL-If5 is associated 
with nitric oxide generation, raised cyclic GMP and a 
glucose-induced insulin secretory response which is either 
stimulated (pM doses IL-lfs) or inhibited (nM dose). We 
have attempted to mimic IL-l's effects using a compound 
which generates nitric oxide and increases cGMP ( 3- 
morpholinosydnonimine; SIN ). We also used the guanylate 
cyclase inhibitor LY83583 to decrease intracellular cGMP. 
In all cases 20raM glucose-induced insulin secretory 
responses, cGMPand cAMP production in rat islets were 
measured. Incubation of freshly isolated islets with SIN 
(100FM) for 30 minutes decreased insulin secretion (494 
+/- 72 vrs control 713 +/- 69 fmol/islet/30 rain; P=0.03). 
SIN also increased cGMP (6.6 vrs control 3.0 fmol/,ug islet 
protein/30 min; P= 0.019; n=6-11) and decreased cAMP 
(14.8 vrs control 22.7 fmol/Fg protein/30 rain; n=6-11). 
LY83583 (10FM) inhibited insulin secretion (487+/-65 vrs 
control 966 +/-93 fmol/islet/30 rain; P<0.001) decreased 
cGMP (2.73 vrs control 4.02 fmolFg protein/30 min; n=5; 
P=0.01), while having no effect on cAME In addition we 
found that culturing islets with a cGMP analogue (10- 
100uM 8-bromo-cGMP) stimulated insulin secretion. These 
results suggest that, while islet cGMP and secreted insulin 
are directly correlated during stimulation of insulin secretion, 
it is likely that the nitric oxide-mediated inhibitory effects of 
IL-lf5 and SIN are not directly induced by raised cGMP. 

491 
ROLE OF cGMP AND cAMP IN THE INHIBITORY 
EFFECTS OF INTERLEUKIN- 1g ON INSULIN 
SECRETION 
C. A. Delaney,V. Karmiris, J. M. Cunningham, C. Southern* 
and I. C. Green Biochemistry Laboratory, School of 
Biological Sciences University of Sussex Brighton BN1 9QG 
*Yamanouchi Research Institute Littlemore Hospital Oxford 
OX4 4XN 

We have previously associated the inhibitory effect of 
interleukin-if5 (IL-lfS) on glucose-induced insulin secretion 
in rat islets of Langerhans with the increased production of 
nitric oxide in vitro. This study investigates the effect of IL- 
113 on cyclic nucleotide production and whether this is 
dependent on nitric oxide. Rat islets were pre-cultured for 
48h then treated for 12h with IL-lf5 (100pM) in RPMI 
medium supplemented with arginine (lmM) or the arginine 
analogue - N-w-nitro-L-arginine methyl ester (NAME) - 
which blocks nitric oxide production. Cyclic nucleotides 
were extracted from groups of 15-40 islets; values were 
expressed as fmol nucleotide/Fg islet protein. In the 
presence of isobutylmethylxanthine (IBMX), islet cGMP 
levels were significantly increased versus control ( 8.2_+ 1.1 
from 2.2+_0.3 fmol/cGMP/Fg protein/12h, p<0.001, n=12) 
and cAMP levels remained unchanged. Islet cGMP levels in 
the absence of IBMX were similarly increased (fourfold), 
however cAMP was significantly reduced from (13.3+_0.7 
to 9.3_+0.8 fmol cAMP/~ug protein/12h, p=0.006, n=8). IL- 
lfs's lowering of cAMP was not observed in the presence of 
NAME, which decreased IL-lf5's ability to generate cGMP 
(by 70%). Our findings suggest that IL-lg has no direct 
effect on adenylate cyclase activity and are consistent with 
cGMP-dependent activation of phosphodiesterase(s) which 
accelerate breakdown of cAMP and which may contribute 
to IL- lg's inhibition of insulin secretion. 

492 
DIFFERENT SENSITIVITY TO CYTOKINES OF HUMAN ISLETS FROM 
VENTRAL AND DORSAL ORIGIN 
J. Arias, C. Garcia, J. Torres-Melero, J.L. Ealibrea, and 
E. Vara. D. of Biochemistry and D. of Surgery, F. 
Medicine, U. Complutense, Madrid, Spain 
Islets both from the ventral and dorsal portion of the 
human pancreas are being used for clinical islet 
transplantation. There exist functional differences 
between both kinds of islets in diverse animal species. 
In humans only immunohistochemical differences have been 
documented at present. On the other hand, cytokines have 
been shown to inhibit insulin release and to be 
cytotoxic, and they have been postulated as important 
effectors in islet rejection. The present study was 
designed to compare the hormone secretory response and 
lipid synthesis by freshly isolated human islets from 
ventral with those of dorsal origin, as well as their 
response to different cytokines, in order to find out 
differences that could suggest a different efficiency for 
transplant and even a different susceptibility to 
rejection. Multiple organ donor pancreata, stored for 
less than 6 hours in UW solution, were used for islet 
isolation. Insulin, as well as somatostatin, secretion by 
dorsal islets was different from that of ventral islets 
in presence of both 5 mmol/l (0.08• dorsal, vs 
0.04• ventral, ng/islet x 120 min, n=8, p<O.05) and 
20 mmol/l (0.29• dorsal, vs 0.12• ventral, 
ng/islet x 120 min, n=8, p<0.01) glucose. Tumor-necrosis 
factor (TNFa), IL-I and IL-6 inhibited insulin (0.29• 
control, vs 0.13• TNF~, 0.11• IL-I, vs 0.12• 
IL-6, ng/islet x 120 min, n=8, p<0.01 in all cases) and 
somatostatin response of dorsal islets to glucose 20 
mmol/l without affecting TRH response. Hormone response 
of ventral islets was not affected by cytokines. The 
suppression of insulin response induced by cytokines in 
dorsal islets were correlated with reduction in 20mmol/l 
D-(U-14C)-glucose incorporation into both phosphatidyl- 
choline and phosphatidic acid. Our results demonstrate 
that secretory response of ventral and dorsal islets show 
a different sensitivity to cytokines. Differences on "de 
novo" lipid synthesis suggest that cytokine action could 
be linked to an impairment in this metabolic route. 

493 
EFFECT OF TUMOR NECROSIS FACTOR ON HORMONE SECRETION BY 
FETAL CULTURED ISLETS. 
C. Garcia, J. Arias, J. Torres-Melero, J.L. Balibrea and 
E. Vara. D. of Biochemistry and D. of Surgery, F. 
Medicine, U. Complutense, Madrid, Spain. 
The objective of this study was to investigate whether 
tumor necrosis factor (TNF~) modifies hormone release in 
fetal islets and to test the hypothesis that PGE 2 
mediates the effect of TNFu. Islets were isolated from 
fetal rats after partial digestion of the pancreas with 
collagenase. After overnight culture, the islets were 
separated from the exocrine tissue and cultured for 2 
days before TNF~ or PGE 2 were added. The islets were then 
cultured for 18 hours in an atmosphere of 95% air/ 5% CO 2 
at 37~C. At the end of the culture period the islets were 
washed with RPMI-1640 medium to remove the additives and 
incubated in Krebs-Ringer bicarbonate (0 or 20 mmmol/l 
glucose) and hormone content of both the incubation 
medium and the islets was determined. In some cases, the 
medium was replaced whith RPMI-1640 medium containing no 
additives and cultured for 8 days before the experiment 
was performed. In all experiments, control islets were 
washed and handled in a manner identical to treated 
islets. TNFa decreased insulin (36.5• vs 25.6• 
ng/islet, n=24; p<O.01) and somatostatin (12.0• vs 
7.8• pg/islet, n=lO; p<0.05) content of the islets. 
TNFa also inhibited insulin (0.38• vs 0.18• 
ng/islet x h, n=lS; p<0.005) and somatostatin (0.29• 
vs 0.14• pg/islet x h, n=7; p<0.Ol) release in 
response to 20 mmol/l glucose. PGE 2 had a similar effect 
on insulin content of the islets (37.5• vs 27.2• 
ng/islet, n=9) but it increased glucose-induced insulin 
release (0.37• vs 0.54• ng/islet x h, n=9) and 
this effect was apparent even in the presence of TNFG. 
After 8 days-culture, neither TNFG nor PGE 2 modified 
insulin or somatostatin release. These results show that 
TNFu inhibits secretory response to glucose by fetal 
islets; this effect was not mediated by PGE 2 that induces 
changes in islet function which appear to be different 
from those observed in islets exposed to TNFG. 
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STUDIES ON GLUTAMIC ACID D E C A R B O ~ E  IN ISLETS. 
Olle K~mpe, Licio Velloso, FAnders Karlsson. Depar tmen t  
of I n t e r n a l  Medicine,  Un ive r s i ty  Hospi ta l ,  S-751 85 
Uppsala,  Sweden. 
Glutamic acid decarboxylase (GAD) has  been identified a 
major  au toant igen  in diabetes. Two forms of the enzyme, 
GAD 65 and GAD 67, encoded by different genes, exist. 

We have examined the two forms of the  enzyme by 
t rans ien t  expressions in COS cells and by incubations of r a t  
islets in different glucose concentrations. GAD was analy- 
zed by immunoprecipi ta t ion of [ssS]-labelled lysats  us ing 
pat ient  sera, by Western blotting using a monoclonal (GAD- 
6) specific for GAD 65 and a rabbi t  serum (K2) directed 
against  GAD 67. 

We observe t ha t  upon increasing glucose concentra- 
tions GAD 65 increases selectively on Commassie s ta ining 
to appear  as a prominent  protein. GAD 65 is recognized in 
Western  blots by GAD-6 as a doublet. The slowly migrat ing 
component  is weak in islets from freshly prepared islets  
and  increases upon exposure to glucose. Trans ien t  expres- 
sion of GAD 65 in COS cells gives rise to a single protein, 
which might  suggest  t h a t  the slow component  reflects a 
splicing phenomenon.  Test ing 20 sera from pat ients  with  
IDDM GAD 65 but  not GAD 67 was immunoprecipitated. 

The present  data  underl ine GAD 65 as the islet auto- 
antigenic form of GAD associated with IDDM and empha- 
size glucose as a stimulus for i ts  synthesis. 

495 
DIFFERENTIAL ISLET CELL EXPRESSION OF TWO FORMS OF 
GLUTAMATE DECARBOXYLASE, BOTH BEING AUTOANTIGENS IN 
DIABETES. 
B.K. Miehelsen, J.S. Petersen, A.E. Karlsen and 
O.D. Madsen, Magedorn Research Laboratory, Niels 
Steensensvej 6, DK-2820 Gentofte, Denmark. 

Two different forms os glutamlc acid decarhoxylase 
(GAD6~ and GAD67) appear to be two independent 
targets for autoantibodies in insulin-dependent 
diabetes mellitus. Both enzymes are expressed in 
rat pancreatic islets as well as in rat brain. We 
have studied the expression of GAD64 and GAD67 in 
rat and human islets and in islet tumor cell 
cultures. The study confirmed that, on rat 
pancreatic sections, the expression of GAD64 and 
GAD67 was co-localized to the islet ~-cells. We 
also made several interesting observations: 
firstly, sera from certain diabetic patients 
renognize only GAD6,, even though we did not detect 
this form in human islets; secondly, Jn menolayers 
of rat islet- or islet tumor cells, the expression 
of GAD67 appeared also in non-~-cells; thirdly, in 
rat islet tumor cell lines at various differential 
stages, GAD64 expression was found only in cells at 
a high level of differentiation as exemplified by 
insulin production, whereas GAD6v was expressed 
also in the more immature phenotypes along with 
other hormones such as glucagon and CCR. Thus~ the 
two isoenzymes followed different patterns of 
expression. These findings have several interesting 
implications for the pathogenesis of 
insulin-dependent diabetes. 

496 
PROTECTIVE EFFECT OF NICOTINAMIDE ON PRESERVATION OF 
MOUSE ISLET FUNCTION AND MORPHOLOGY 
M.Vars~,nyi-Nagy, V.Dadufalza, B,Buckingham, Z.Wang, I.Bal&zsi,* M.Horv&th* 
and L.Romics*.: Children's Hospital of Orange County, Orange, CALIFORNIA and 
*3rd Department of Medicine,Semmelweis Medical School, Budapest, HUNGARY 
The aim of this study is to assess the in vitro effect of NA on 
islets cultured in presence of Interleukin-18(IL-16). 
Swiss/Webster mouse islets were maintained in culture for 
20 days in Du{becco's medium containing 10%FBS and 
5.5mmol glucose w/wo recombinant human IL-1 8 (1.0 U/ml) 
and w/wo NA (50mmol). Islet survival was assessed and 
accumulated insulin and islet insulin content were 
measured. After 20 days there was no significant difference 
between control and IL-18 treated islets. In both, islet 
disintegration and intensive fibroblast growth were 
observed. However 50mmol NA preserved the islet 
structure and completely inhibited fibroblast growth. 

Control NA IL-18 NA+IL-18 
survival 
intact islets (%) 11.7• 3.3 43.3• 6.7+~..3 76.7_+8.0 
(n=4) p=0.003 p=0.001 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Accumulated insulin 
(pmo[/islet/24 h) 0.09• 0.05 0.75• 0.017• 3.67_+0.97 

p=0.007 p=0.013 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Islet insulin content 
(prnol/is[et) 2.02• 8.83• 3,34• 11,99i0.27 

p=O.O01 p<O.OOl 

In conclusion, high concentrations of nicotinamide are not 
toxic to islets and can preserve islet structure. NA stimulates 
insulin release and synthesis up to 20 days and has a 
strong inhibitory effect on fibroblast growth. The effect of NA 
on survival and function of mouse islets is amplified by 
addition of low dose IL-1 8. 
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RISK OF DIABETES IN PARENTS AND OFFSPRING OF 
DRUG TREATED FINNISH DIABETIC PATIENTS. 

G. Nikolakaros*, O. Simell* and A. Reunanen ~ 
*Department of Pediatrics, University of Turku, 
20520 Turku and ~ Insurance Institution 
P.B. 78, 00381 Helsinki, Finland. 

In Finland the annual incidence of diabetes in 
children is the highest in the world (36/100000 
under the age of 14 years). The aim of this 
nationwide study is to investigate incidence of 
diabetes in parents and offspring of patients 
with diabetes. In Finland patients with diabetes 
regularly treated with drugs, belong to the 
Finnish Diabetes Drug Registry. From this 
registry we identified all patients with 
diabetes diagnosed since 1965 which were less 
than 30 years of age at diagnosis. Through the 
Finnish Population Registry we identified all 
offspring and parents of those patients. We then 
looked which of the offspring and parents belong 
to the Drug Registry, 1990 inclusive. 1890 
diabetic women had 2536 offspring of which 47 
(1,85%) had diabetes. 2152 men had 3364 
offspring of which 114 (3,39%) had diabetes. The 
difference was significant (p<0,001, chi squared 
test). Among parents of 13846 patients with 
diabetes, 353 mothers (1,27%) and 568 fathers 
(2,05%) had diabetes before the child's birth 
(p<0,001). 19 children with diabetes had both 
parents with diabetes. In conclusion, risk of 
diabetes in Finland is bigger in offspring of 
men with diabetes and diabetes occurs more 
commonly in fathers than in mothers of patients 
with diabetes. 
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EPIDEHI@LOGY OF TYPE i AND TYPE 2 DIABETES 
T~T THE v " ' " l  '~- -,,u • A T'~M OF 
N. L e b e d e v *  T. c !ur~eva,  A. Ser%'eev, N, Gubanov 
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INCREASING INCIDENCE OF TYPE I DIABETES MELLITUS IN THE 

NETHERLANDS. 
H.M. Reeser, R.A. Hirasing, D. Ruwaard, K. Bakker, R,J. Heine, R.A. 

Geerdink, G.J. Bruining, G.J. Vaandrager and S.P. Verloove-Vanhorick. 

TNO Institute of Preventive Health Care, P.O. Box 124, 2300 AC Leiden, 

The Netherlands 

In past years the incidence of type I diabetes mellitus has increased in a 

number of countries. To study the trend of the incidence in the Nether- 

lands in 1991 a questionnaire was sent to all paediatricians and internists. 
The questionnaire was the same as for a previous study for the years 1978- 

1980. In the present study data were requested on patients aged 0-19 years 

who started with insulin in 1988-1990. All paediatricians and 87% of the 
internists responded. They reported 1169 patients in total. As a secondary 

source of validation the same questionnaire was sent to members of the 

Dutch Diabetes Association, of whom 799 responded. 
The ascertainment adjusted average annual incidence for the 0-19 years 
old was 13,21 / 100.000 with a 95% confidence interval (CI) of 12,59-13,83 

and for the 0-14 years old, 12,41 (CI 12,00-12,82). For 1978-1980 the 

incidence for the 0-19 years old was 10,95 (CI 10,31-11,56) and for the 

0-14 years old 11,10 (CI 10,47-11,69) 

Conclusion: The incidence of type I diabetes mellitus has increased during 

the past 10 years in the Netherlands too. 

5OO 
THE YORKSHIRE REGIONAL CHILDHOOD DIABETES 
REGISTRY 
H] Bodansky, *A Staines, C Stephenson, *H Lilley, and 
*RA Car twr igh t .  Academic  Unit of Medicine, Leeds 
Genera l  Inf i rmary  and *IRF Unit for Clinical 
Epidemiology, Universi ty of Leeds 

A reg is t ry  for cases of childhood insulin dependent  
diabetes  has been established in Yorkshire in Northern 
England. It col lec ted cases re t rospec t ive ly  from 1978 to 
I990, and prospect ively  thereafe r .  Cases were  first  
identified through local paediatr ic ians and diabetologists,  
and details were  abs t rac ted  from hospital records.  
Regis t ra t ion  was ver i f ied from general  p rac t i t ioners '  
records  and hospital admissions computer  records.  From 
1978 to 1990, 1171 children aged 16 or under were  
diagnosed with diabetes  whilst resident  in the region. The 
total  population a t  the 1981 census in the region was 
863,522. The overall  incidence ra te  was 10.41 per 
1O0,000 children per year ,  10.80 in males,  and t0.01 in 
females .  The male  to female  rat io was 1.08:1 [95% CI= 
0.96-I.21).  The second (pubertal) peak was ear l ier  and 
higher in females ,  13.96 at  ages 9-11, than in males,  
12.27 a t  ages 12-14 [t=2.11, df=11676.9, p=0.03]. There  
was an increasing incidence of diabetes over  the 12 years  
[Mantel-Haenszel  X 2 for trend = 56.10, df=l, p<0.O00I) 
with peaks eve ry  fourth year.  

501 
INCIDENCE OF CHILDHOOD TYPE 1 (INSULIN-DEPENDENT) 
DIABETES IN COIMBRA, PORTUGAL,1987-91 

F.J.C. Rodrigues 1, L.S. Moura 2, B. PintoL L. Gomes 1, M. 
Carvalheiro 1 and M.M,A.  Ruas< 'Servico de Endocrinologia 
e Diabetes, University Hospital of Coimbra, ~Children's 
Hospital of Coimbra, 3Hospital of Figueira da Foz. Portugal 

Little information is available concerning the incidence of  
type 1 diabetes in the portuguese population. In order to 
investigate the epidemiology of insulin-dependent diabetes 
in the age group 0-14 years, a prospective, population 
based registry was established in Coimbra in 1990 (WHO 
DIAMOND project). Prior to the institution of  that  registry 
we undertook a retrospect ive study for the period 1987-89. 
Population at risk 84 ,640 (total population 430,533) .  
Included were cases diagnosed between 1987-91, wi th age 
at onset less than 15 years and residence in the distr ict of  
Coimbra at diagnosis. As the primary source of  cases we 
used: hospital admissions, diabetologists and general 
practi t ioners. A school survey was used for validation of  
case ascertainment.  The degree of ascertainment by the 
primary source was 100%. Age specific incidence rates 
(/lO0,O00/year) were as fol lows: 6.7 (95%C1:1.3-12.1) in 
1987, 4.6 (0.1-9.2) in 1988, 8.3 (2.2-14.5) in 1989, 8.5 
(2.2-14.7) in 1990 and 7.4 (1.5-13.3) in 1991. The age 
group 10-14 years showed the highest incidence rate, 9.9. 
There was no sex difference. These rates are similar to 
those reported for other mediterranean countries (e.g. 
France, Italy), lower than those reported for Spain but 
hiQher than in portu.quese-heritage populations in Brazil. 
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SEX DIFFERENCES IN SEASONALITY AT ONSET OF TYPE 
1 (INSULIN-DEPENDENT) DIABETES MELLITUS IN 
CATALONIA. 
A. Goday, C. Castell, R. Tresserras, G. LLoveras 
and the Catalan Epidemiology Diabetes Study 
Group. S. d'Endocrinologia. Hospital de 
l'Esperanqa. Barcelona. Consell Assessor sobre la 
Diabetis a Catalunya. Dep. Sanitat i S.S. 
Generalitat de Catalunya 
The aim of this study was to evaluate factors 
associated with seasonal trends of clinical onset 
of Type 1 diabetes. A prospective Type 1 
(insulin-dependent) diabetes incidence study has 
been carried out in Catalonia during the period 
1987-1990, including cases with onset less than 
30 years of age and residents in Catalonia at 
diagnosis. Population at risk (0-29 y) is 
2.690.394 inhabitants. 1154 cases were identified 
(ascertainment degree 90.1%). Seasonality was 
assessed by Edward's Test. Factors analized in 
relation with temporal trends were age, sex, 
metabolic status at diagnosis (ketoacidosis, 
ketosis or hyperglycemia) and place of residence. 
A seasonal onset pattern was observed, with 
higher incidence in December-February during the 
five-years study period (p<0.05). This pattern 
was maintained when cases were analyzed for age 
groups, metabolic status at diagnosis and place 
of residence. According to sex, seasonal 
fluctuations were only observed in males, either 
in the whole group or in the different age groups 
(p<0.001). Females only followed a seasonal 
pattern when ketoacidotic cases were excluded 
(p<0.05). We conclude that clinical onset of type 
1 (insulin-dependent) diabetes mellitus in 
Catalonia follows a seasonal pattern only in 
males, and it does not deppend on age, clinical 
severity at onset or area of residence. 

503 
THE INCIDENCE OF CHILDHOOD DIABETES r~ELLITUS 

TYPE i IN SLOVAKiA 

D.~v~ichai kov~, J ~ ernay,M. Rusn~k,A.Rai sov~ and 
M.Fandakov~.Pediatric Clinic,University, Re- 
search Institute of Informatics,Bratislava, 
Czechoslovakia 

The incidence of diabetes mellitus Type 1 was 
prospectively evaluated in Slovak children up 
to 14 years of age during the period 1985-91. 
The population consisted of 1,338.O25 children 
~683.105 boys and 654.920 girls.During this 
period 949 newly diagnosed diabetics-495 boys 
and 454 girls- were registered. A~l the diabe- 
tics were independently identified from two 
sources:from the pediatricians who have esti- 
mated the diagnosis and from the hospitals whe- 
re the patients were treated.Estimated ascer- 
tainment completness was over ~5%. i~lean inci- 
dence rate in the 6 years was 7/1OO.OO0,with 
marked age differentiation. The mean prevalen- 
ce of diabetes was 35/1OO.O00. Highest age- 
specific incidence rates (per lO0.O00 ) were 
in the following age groups: In the 3-4 age 
group it was 9, i~ the 7-8 a~m group it was IO 
and in the ~bertal age group /13-14 years/ it 
was 14.Seasonal manifestation of diabetes was 
found with a maximum in autumn and winter.No 
direct relation was found between coxsackie-vi- 
rus infection passed before diabetes manifesta- 
tion /in 55-66%/ and the seasonal diabetes in- 
cidence. We conclude that the incidence of dia- 
betes in Slovakia in the latest years revea ~- 
led increasing rates, namely in the youngest 
childrens "groups. 

504 
~NCIDENCE OF DIABETES MELLITUS TYPE I 

IN BULGARIEN CHILDREN 

M.Atanasova, K.Koprivarova, R.Savova, 
M.Konstantinova~ I=Ivanov, B=Angelova~ Clinic o~ 

Endocrinology and Diabetes Mellitus~ University 

Children's Hospital, Sofia~ Bulgaria 

The incidence of Type I Diabetes Mellitus was 

prospectively evaluated by newly diagnosed pa- 
tients aged from 0 to 14 years in the Clinic of 

Endocrinology and Diabetes Mellitus during the 

period of 1987-1991. The overall incidence rate 

was 6.7 per 100000 per year. The evaluated inci- 
dence rate is higher compared with that of the 
previous decade (6.2 per 100000). The incidence 
rate increased from 6.2 to 6.9 per 100000 for 

1987 and 1988 respectively. A steadily increasing 
gradient with age to peai~ incidence in the age 
group I0 - 13 years was observed. Children up 

to 2 years aged exibited the lowest rate (2.4). 

In the autumn and winter significantly more 
cases were diagnosed than in summer season. In 
conclusion our study supports up to date inves- 
tigations and hypothesis that north-south gradi- 

ent may be an explanation of the geographical 
variations in the incidence of diabetes observed 

in Europe. 
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EPIDEMIOLOGY OF TYPE I (INSULIN-DEPENDENT) DIABETES MELLITUS IN A 
PREVIOUSLY UNDESORIBED EUROPID POPULATION- A STUDY OF 1303 CASES. 
R.M. Drury, M.L Drury, D. Powell and R.G.R. Firth. Mater Misericordiae 
Hospital, Dublin, Republic of Ireland. 
Study objective: analysis of epidemologic characteristics of type 1 
( insul in- dependent ) diabetes. Two independent registration systems 
were utilised for case ascertainment. Inclusion criteria were (i) age at 
diagnosis <_ 29 years; (ii)insulin dependence; (iii)diabetes development 
between Jan. 1st 1960 to Dec. 31st 1984. 1303 (681 male, 622 female) 
satisfied the above criteria. Males were significantly older at diagnosis 
(16.5_+7.5 yrsvs, females14.6_+7.2yrs, p<0.001 ). 56% males vs. 
41% females were > 14 years and 38% males (27% females) _> 20 yrs. 
The overall male: female ratio 1.01:1.0 reflected male preponderance 
(1 .6 :1 .0 )  in the third decade. 751 (415 male, 336 femab)  were 
studied for seasonal variation. Significant seasonality (winter 30.5 % vs. 
summer 19.3%, p <0.001 ) was observed overall, and was related to age 
at high incidence of type 1 (insulin- dependent) diabetes- seasonality 
was significant for both sexes aged 7 - 1 5  years (p  < 0.02) and older 
males (p<0,05)  but not for cases _<6years or females > 15 years. 
94% of 608 newly diagnosed cases had classical symptoms. 71% 
presented w{tNn 4 weeks of symptom onset. Symptom duration 
increased with age ( r = 0.200, p < 0.001 ) but did not differ with 
gender (5.7 _+ 8.9 vs. 5.1 +7.3 weeks ) despite older male age 
( I6.7 _+ 7.7 vs, 14.7 _+ 7.5 yrs, p < 0.001 ). This is the first description 
the epidemiology of type 1 ( insul in- dependent) diabetes in our 
Europid populalion. Aetiology may differ with gender and age. 
Males are older at diagnosis, appear less susceptible than females to 
factors responsible for a pedpubertal rise in incidence of type 1 
( insul in-dependent) diabetes, and may be more susceptible to the 
influence of seasonally active agents. 

Abstrac t  505a see page A 218 
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DIABETES INCIDENCE AMONG ELDERLY FINNISH MEN 
J.H. Steng~.rd 1, J. PekkaneW, J Tuomilehto 1, P. Kivinen 2, E. 
Kaarsalo 3, M. Tamminen I, A. Nissinen 2, M. Karvonen' 
1) National Public Health Institute, Helsinki, 2) University of 
Kuopio, Kuopio, 3) Loimaa District Hospital, Loimaa, Finland, 
and 4) Pioppi, Italy 
We report diabetes incidence and related risk factors among 
elderly men of the Finnish cohorts of Seven Countries 
Study. Oral glucose tolerance tests were performed to all 
responders without anti-diabetic medication in connection 
with 25- and 30-year follow-up surveys. Men with diabetes 
(WHO criteria) at baseline and those with unknown diabetes 
status at the 30-year survey were excluded from analysis. 
The final sample consisted of 395 men aged 65-84 years. 
171 men died during the follow-up. Age-adjusted incodence 
of diabetes was 13/1000 person years. Men who developed 
diabetes had higher baseline fasting (6.5 vs 5.6 mmol/I, 
p<0.05) and 2-h post-challenge (11.5 vs 8.6 mmol/I, 
p<0.001) blood glucose levels, body mass index (26.8 vs 
25.7 kgtm ~, p<0.05) and prevalence of impaired glucose 
tolerance (IGT) (75 % vs 50 %, p<0.05) and obesity (58 % 
vs 36 %, p<0.05) and lower plasma total cholesterol level 
(5.8 vs 6.2 retool/l, p<0.05) compared with those remaining 
non-diabetic. In logistic regression analysis diabetes risk was 
increased in IGT men (odds ratio 2.99, 95 % Cl 1.15-7.78) 
and decreased among those in highest cholesterol tertile 
(odds ratio 0.32, 95 % Cl 0.17-0.58). Other factors had no 
independent predictive value. 
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BIMODALITY OF BLOOD GLUCOSE DISTRIBUTION IS 
GENETICALLY DETERMINED 
J. Tuomilehto, E. Tuomilehto-Wolf, G. Hitman, A. Nissinen, 
J. Steng&rd and J. Pekkanen, National Public Health 
Institute, Helsinki, Finland 
Bimodality of blood gtucose (BG) distribution described for 
some rare populations at high risk for Type 2 diabetes has 
been assumed to have a genetic origin. It has remained 
unclear what these genetic factors are and whether the 
bimodality also exists in European populations. The aim of 
the present study was to examine BG distributions among 
the representative cohort of 172 Finnish elderly men with or 
without a genetic susceptibility to diabetes. The basic 
assumption was that the genetic susceptibility to diabetes in 
elderly is associated with the same high risk HLA 
haplotypes defined through the nationwide study of 
childhood diabetes in Finland. The median of fasting BG 
was 5.2 and 5.6 mmol/I (p<.05) and that of 2-hour post- 
load BG 5.7 and 10.7 mmol/I (p<.001) in men with diabetes 
associated and non-diabetes associated hapIotypes, 
respectively. The 2-hour BG distribution in men with 
diabetes associated haplotypes was normal but drastically 
shifted to the right as compared with fasting BG distribution, 
whereas in men with non-diabetes associated haplotypes the 
distributions for fasting and 2-hour BG were similar. Our 
findings confirm that the bimodality is a genetic trait and 
determined by specific HLA haplotypes. 

508 
THE EFFECT OF AGE ON FASTING PLASMA GLUCOSE. AN 
EPIDEMIOLOGICAL APPROACH. 
B.Karamanos,G.Stergiou,Ch.Tountas and A.Kofinis. Diabetes 
Center, 2nd Medical Department, Athens University, Hippokration 
Hospital, Athens, Greece. 

To evaluate the effect of age on fasting plasma glucose(FPG) we 
studied 612 "normal" subjects representing 5% of the population of 
age 20-79 of a suburb. Fasting blood was taken for the 
measurement of FPG. Subjects with FPG<95 were considered 
normal while 241 with FPG>94 were called for OGTT. 88 refused 
and the remaining 524 formed Group A. From these 13 were 
known diabetics, 52 had diabetic OGTT and 22 had IGT. These 87 
subjects were removed from A and the remaining 437 normals 
formed Group B. The data was analyzed by age, ie. 20-39, 40-59 
and 60-79,  FPG in A i n c r e a s e d  wi th  age,  
4.5+,1vs5.2+.2vs6.0+.3mmol/I p<.01 while in B did not, 
4.4• p>.05. BMI increased with age 
both in A, 25.3+.5vs27.6+.3vs28.1+.4, p<.01 and B, 
25.1 + .5vs27.5 +__.3vs28.2 +_ .4, p< .01. In A, FPG was correlated with 
age, males r= .2130, p< .01, females r =.2570, p<.001, correlation 
which disappeared in B, males r=.0470, females r=.0770, p>.05. 
No correlation of FPG with BMI was found in A or B. Conclusion 
The progressive increase of FPG with age, irrespective of BMI, 
disappears if subjects with abnormal glucose tolerance are 
excluded, suggesting that it is rather due to higher prevalence of 
diabetes in older age than to a direct effect of age on FPG in all 
subjects. 

509 
EPIDEMIC TYPE 2 (NON-INSULIN-DEPENDENT) DIABETES AND BIMOD,~L P1AS MA 
GLUCOSE DISTRIBUTION IN WANIGELA PEOPLE OF PAPUA NEW GUINEA 

G.K. Dowse, R.A. Spark, A.M. Hodge, B. Mayo, R.T. Erasmus, L.T. Knight, 
G. Kold and P.Z. Zimmet. International Diabetes Institute, Melbourne, 
Australia; Faculty of Medicine, Port Moresby, Papua New Guinea; and 
Institute of Medical Research, Goroka, Papua New Guinea. 

The prevalence of type 2 (non-insulin-dependent) diabetes and the 
distribution of fasting and 2-hour (post 75-gram oral glucose load) plasma 
glucose were studied in 750 (response rate 73.7%) Melanesian Wanigela 
adults aged 25 years and above living in Koki, an urban settlement in Port 
Moresby. Plasma glucose was measured on site using a YSI glucose 
analyser. The prevalence of type 2 (non-insulin-dependent diabetes) was 
31.7% in men and 34.2% in women, and an additional 19.5% of men and 
21.7% of women had impaired glucose tolerance. Even in the youngest 
age-group (25-34 years) the overall prevalence of diabetes was 21.9% and 
of impaired glucose tolerance was 15.8%. The age-standardized prevalence 
of diabetes increased dearly across tertiles of both body mass index and 
waist:hip ratio, and was higher in subjects with lower physical activity 
scores. In all age groups (25-34, 35-44, 45-54 and 55+ years) both fasting 
and 2-hour plasma glucose concentrations were bimodal, a mixture of 2 log- 
normal distributions. Unimodal models were rejected in all 8 groupings 
(p<0.001 in 6 and p<0.05 in 2). The urbanized Wanigela people of Koki 
Settlement have one of the world's highest frequencies of glucose 
intolerance. 
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NON-INSULIN DEPENDENT DIABETIC WOMEN HAVE 
MORE CHILDREN THAN NON-DIABETIC. 
E. Vestbo, E.M. Damsgaard and A. Freland. Dept. of Internal 
Medicine, Fredericia Hospital, 7000 Fredericia, Denmark. 
The aim of the study was to compare the number of offspring 
between persons with non-insulin dependent diabetes and non- 
diabetics. In 1981-82 all persons with known diabetes aged 60-74 
years in Fredericia, Denmark, were identified. Of 236 persons 228 
(127 women and 101 men) consented to an extensive examination 
including an interview on the number of children. At the same time 
a control population was collected, consisting of randomly selected 
non-diabetic persons of the same age and sex as the probands. In the 
diabetic persons plasma C-peptide was measured after glucagon 
stimulation. A value _> 0.60 pmol/ml was considered to indicate 
NIDDM, leaving 117 women and 93 men. Complete information on 
the number of childbirths was obtained in 113 NIDDM women who 
had 322 children, mean 2.85. 126 non-diabetic women had 275 
children, mean 2.18 (p<0.00001). 18 of the probands' children died 
before the age of 12 months, 11 of the non-diabetic women's 
(p=0.37). 82 NIDDM men had a total of 166 children, mean 2.02, 84 
non-diabetic men had 192 children, mean 2.29 (p=0.12). The number 
of childbirths may be a risk factor for the development of NIDDM, 
or the NIDDM genotype may offer a selective advantage, thus 
explaining the high prevalence of NIDDM and counterbalancing the 
possible low fertility in NIDDM men. 
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THE PREVALENCE OF DIABETES MELLITUS IN TWO 
SOUTH AFRICAN BLACK POPULATIONS. 
W.F. Mollentze, A. Moore, G.M. 0osthuizen, A.F. 
Steyn, K. Steyn*, G. Joubert, T. Muller and 
D.J.V. Weich. University of the Orange Free 
State, Bloemfontein and NRC*, South Africa. 

An urban (Mangaung) and a partly rural (Qwaqwa) 
black population in the province of the Orange 
Free State was studied to determine the 
prevalence of diabetes. From Mangaung 761 
subjects (284 male and 457 female) and from 
Qwaqwa 853 subjects (279 male and 574 female) 
25 years and older participated in the study. 
After an overnight fast a 75g OGTT was 
performed and the results were interpreted by 
WHO criteria. All results were age and sex 
adjusted. The prevalence of diabetes was 6% 
and 4.8% and the prevalence of IGT was 12.2% 
and 10.7% for Mangaung and Qwagwa respectively. 
A BMI of 25+ was associated with abnormal 
glucose tolerance in the Mangaung sample 
(relative risk 1.9, 95% CI 1.4; 2.5) whereas 
the relationship was not statistically 
significant in the Qwagwa sample (relative risk 
1.3, 95% CI 0.93; 1.7). Upper segment body 
fat distribution was also associated with 
abnormal glucose tolerance (relative risk 2.8 
(95% CI 2.0; 3.8) and 2.3 (95% CI 1.7; 3.2) for 
the Mangaung and Qwaqwa populations 
respectively). In both populations more 
treated than untreated hypertensives were 
diabetic (19% vs 9.4% and 16.8% vs 5% for 
Mangaung and Qwaqwa respectively). These 
results indicate that urban-rural differences 
in the prevalence of diabetes in the 
populations studied are slight. 

512 
DIABETES MELLITUS IN ITALY: A PREVALENCE STUDY IN 
TUSCANY. 
G. Di Cianni, L.Benzi, R.Giannarelli, G. Villani, P. Cecchetti, A.M. 
Ciccarone, L. Volpe and R. Navalesi. 
Chair of Metabolic Disease, Inst. of Second Medical Clinic and CNR 
Institute of Clinical Physiology, PISA. ITALY 

The prevalence of diabetes meltitus (DM) in Pisa (Tuscany-Italy), 
189,085 inhabitants, was evaluated using 4 independent data 
sources.The main source, represented by computerized prescriptions 
for antidiabetic agents collected throughout a 4 mounth period was 
validated using 3 minor sources: a)the list of diabetic patients who 
take material for self-care from the National Health Service; b) 
clinical records of diabetic patients obtained from a random sample of 
family doctors; c) clinical records of diabetic patients attending to 
our out-patient clinic. The principal source provided 3806 patients to 
whom 697 patients were added from the minor sources, thus 
identifying a total number of 4503 diabetics. DM prevalence assessed 
from the main source resulted 2,01%, but when corrected for the 
minor sources resulted 2,4%. Males (m.) (mean age 63_+14 yrs) 
were 43,3% and females (f.) (mean age 66_+13 yrs) 55,7%. The 
prevalence of DM was 2,21% in m. and 2,54% in f.. 141 patients had 
Type 1 Diabetes (3,2% of identified diabetics, prevalence 0,074% 
inhabitants):50% m. and 50% f., age 30_+13 yrs, diagnosis of DM at 
19+7 yrs., duration 16_+14 yrs., BMI 24_+4 Kg/m 2, insulin dose 
45+18 IU/daily. 4362 patients had Type 2 Diabetes (96,8% of the 
total number of diabetics, prevalence 2,36%) m. 47,5% and f. 
52,5% .Their characteristics were: age 66_+8 yrs., diagnosis of DM at 
53,7-+11,5 yrs, DM duration 12,4+9 yrs, BMI 27_+4 Kg/m2; 10,5% 
of type 2 Diabetics were treated with diet,, 65% with oral 
hypoglicemic agents (OHA), 23% with insulin and 1% with insulin 
plus OHA in1%. 

513 
5 YEAR STUDY OF A RURAL MELANESIAN POPULATION 
AND THE EFFECTS OF WESTERNIZATION. 

A M O'Donnell B Slavin N Taub and D L Russell-jones. 
Division of Medicine UMDS St. Thomas' Campus London U.K. 

We previously reported increased diabetes and cardiovascular risk 
factors in an Urban over 40 (yrs) population of Fijian Melanesians 
compared to an isolated traditional living rural population (group 
A). We restudied the rural population at 5 years (group B) during 
which a new road and shop had led to increased westernization. 
Group A 87 male(M),109 female(F) mean age 53.7 .+ 1 (M),52.0 
+ 1 (F) yrs; weight 72.4 .+ 1.1 (M),65.7 + 1.1(F) kg; fasting blood 
glucose (FBG)'3.6 _+0.1 (M),3.9 +0.1 (F) mmol/1; 2Hr post 75g 
GTI? (PBG) 4.3 _+ 0.1 (M),4.7 _+ 0.2 (F) mmol/1; Fasting cholesterol 
3.8 +-0.1 (M),4.0 -+0.1 (F) retool/l; apolipoprotein A1 1.01 -+0.02 
(M),0.93 -+0.02 (F) g/l; apolipoprotein B 0.80 -+0.03 (M),0.90 
+ 0.02 (F) g/l, albumin 33.4 -+ 0.4 (M),33.8 -+ 0.3 (F) g/l; systolic bp 
122 +. 1.2 (M),123 _+ 1.5 (F) mmHg; diastolic bp 80 -+ 0.9 (M),78.7 
+ 1.0 (F) mmHgo 
Group B (* = Significant increase vs group A p<0.01) 68 (M),63 
(F) mean age 53.3 -+ 1.5 (M),55.9 .+ 1.2 (F) yrs; weight 73.9 _+ 1.0 
(M),67.g .+ 1.4 (F) kg; (FBG) 5.4 .+0.2* (M),5.3 .+0.2* (F) retool/l; 
(PBG) 6.5 _+0.4* (M),7.9 +-0.3* mmol/l; Fasting cholesterol 5.2 
+-0.2* (M),5.5 -+0.2* (F) mmol/1; apolipoprotein A1 1.42 +-0.03* 
(M),1.36 _+0.03* (F)g/1; apolipoprutein B 1.14 _+0.03* (M),1.31 
_+0.04* (F) g/l, albumin 37.4 -+0.5* (M),38.6 _+0.5* (F) g/l; 
systolic bp 123 -+ 1.7 (M),124 e 1.9 (F) mmHg; diastolic bp 85.3 
�9 +0.9* (M),86.5 -+0.9* (F)mmHg. 
Westernization and not obesity is the risk factor associated with 
diabetes and cardiovascular disease. 
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CARDIOVASCULAR RISK FACTORS IN TYPE 2 DIABETES 
WITH MICROALBUMINURIA. 
C. Moreno, M.A.Rubio, J.R.Calie and S,Romeo. 
Hospital Universitario San Car~os. Madrid. Spain. 

Microalbuminuria is related to an increased risk 
for cardiovascular complications in type 2 diabe- 
tic patients. To gain insight this relationship 
we evaluated the blood pressure, serum lipids 
and fibrinogen levels in relation to urinary al- 
bumin excretion rate (AER) in 65 non-insulin de- 
pendent diabetes mellitus with normoalbuminuria 
(AER<2Opg/min) and 42 type 2 diabetic patients 
with microalbuminuria (AER 2Q-200 Mg/min) matched 
for age, sex, body mass index and glycohemoglobin 
levels. During two years cardiovascular events 
(sudden death or miocardial infarction (MI) in 
both groups were recorded. A positive linear co- 
rrelation between fibrinogen and AER levels was 
found (r=0.47; p<O.Ol). Microalbuminuric pa~ 
tients had significantly higher plasma fibrinogen 
levels than the normoaJbuminurtc group (5.3+i.02 
vs 3.9+0.7 g/L; p<O.Ol). No signifficant dTffe- 
Fences-in blood pressure, total cholesterol, HDL- 
cholesterol, LDL-cholesterol and triglycerides 
were observed between the two groups. Two years 
later ii (10.3%) of these patients I]ad MI; 7 
(16.6%) from the rnicroalbuminuric cohort and 4 
(6 1%) from the normoalbuminuric group (p<O.05). 
2 deaths after MI happened in microa]buminuric 
group. No patient with AER<20 ug/min died of 
cardiovascular disease. These data suggest that 
the presence of microalbuminuria is an indepen- 
dent cardiovascular risk-factor in type 2 diabe- 
tes. 

515 
MICROALBUMINURIA AND ATHEROSCLEROTIC RISK 
FACTORS IN TYPE 2 (NON-INSULIN-DEPENDENT) DIABETICS. 
G. Penno, M. Nannipieri, L. Rizzo, M. Cecere, A. Rapuano, R. Miccoli, 
R. Navalesi and O. Giampie~ro. Metabolic Unit, 1st. Cr Medica H, lisa, Italy. 

Supranormal urinary albumin excretion (microalbuminuria) predicts development of 
overt nephropathy and is associated with higher cardiovascular mortality in both type 
1 and type 2 diabetes. In a cross-sectional study, we analyzed the relationship between 
microalbuminuria and atheroselerotic risk factors in 304 (160 males, 144 females) 
unselected type 2 (non-insulin dependent) diabetic subjects [age: 63_+10 yrs; known 
duration of diabetes: 10.9i-_8.8 yrs; age at diabetes diagnosis: 52_+11 yrs; BMI 27_+4 
(range 19-39); SBP: 150+-23 mmHg; DBP: 86_+11 mmHg - m_+sd]. In an "early 
morning" urine sample, albumin (nephelometry) and creatinine were assayed. By 
albumin/creatinine ratio (A/C, mg/mmot), we subdivided patients in 
normoalbuminurics (N; A/C <2.0; n. 152, 50%), microalbuminurics (m; A/C 2-20 
mg/mmol; n. 128, 42%) and macroalbuminurics (M; A/C >20 mg/mmol; n. 24, 
8%). Among the three groups there were no differences in mean age, age at diagnosis 
and duration of diabetes, fasting plasma glucose, urinary glucose, serum triglyceride 
and HDL-cholesterol levels. Differences were observed for: 

Nonno- Micro- ~ o -  Anova, p< 
albuminurics albuminurics albuminurics 

SBP (mmHg) 146+_20 !.53+24 (a) 168_+26 (b,c) 0.001 
DBP (mmHg) 84+1.0 88+11 (a) 89_+9 0.005 
HbAlc (%) 6.9+1.4 7.4_+1.5 (d) 7.2+1.4 0.05 
Semmcreatinine(mg/dl) 1.01_+0.21 1.06-+0.95 1.23+0.41 (b,c) 0.005 
Total cholesterol (mg/dl) 198_+43 218-+45 (d) 207_+29 0.005 
LDL-cholesterol (mg/dl) 131_+38 145_+42 (d) 131_+28 0.05 

a - m v s N ,  p<O.01 b - M v s N ,  p<O.01 c - M v s m ,  p<O.01 
d - m vs N, p <0.05 

Further, differences were seen for the occurrence of hypertension, defined as biooci 
pressure _>160/95 mmHg and/or drug treatment (N: 51%, m: 65%, M: 78%; 
p<0.001) and obesity, stated as BMI >30 (N: I5%, m: 26%, M: 32%; p<0.05), not 
for smooking habits. Finally, both ischaemic heart disease (15% vs 30%) and 
claudicatio intermittens (7% vs 18%) were more frequent in "m' than in "N" subjects 
(I)<0.05). In conclusion, microalbuminuria tends to aggregate with risk factors for 
atherosclerotic vascular disease, e.g. increased prevalence of hypertension and obesity, 
elevated total and LDL-cholesterol levels. These abnormalities may in pan to explain 
the excess of cardiovascular morbidity and mortality in type 2 diabetics with 
increased albuminuria. 

516 
EXAGGERATED SERUM INSULIN RESPONSE TO AN ORAL 
GLUCOSE LOAD IN NORMOGLYCAEMIC CHINESE SUBJECTS 
RESIDENT IN THE UNITED KINGDOM 

Harland JO, Motala A, Winocour PH, Ramaiya K, Roberston DA, 
Alberti KGMM. Department of Medicine, University of  Newcastle 
upon Tyne. 

An increased r isk of ischaemic heart  disease (IHD), diabetes and 
hyperinsulinaemia has been reported in Asian India n immigrants in the 
UK, and in Chinese immigrants in Mauritius, but little is known of  
insulin responses and IHD risk in Chinese immigrants to the UK. We 
have therefore examined the serum insulin response to a 75 gram oral 
glucose load in those 534 Europid and 111 Chinese adults screened 
with normal glucose tolerance (fasting and two hour venous plasma 
glucose <7.8 mmol/1) and no symptoms of coronary heart disease. The 
2 e thnic  groups  were of  s imilar  age (range 20-70  years) ,  gender  
distribution, and body mass index, and blood presure was comparable. 
Fasting serum insulin (total immunoreactive insulin) was similar in the 
Chinese and Europid groups (8.3• (mean_-kSE) Vs 7.1+ 0.3 mU/1, 
respectively). In contrast, both I and 2 hour post-glucose load serum 
insulin concentrations were increased in the Chinese subjects (94.95:8.6 
Vs 58.7+1.4 and 51.2+4.5 Vs 27.6i-0.9 muff ,  p <0.0001 and <D.001, 
respect ively) ,  implying  insulin insensitivity.  The contr ibut ion o f  
proinsul in related molecules is presently unknown.  This  type of 
exaggerated pancreatic response to oral glucose has previously been 
reported in Asian Indians where bern cell hypersecretion and peripheral 
insulin insensitivity are characteristic. The previously noted increased 
risk of progression to diabetes mellitus in Asian Indians and in the 
Mauritian Chinese might also extend to the UK Chinese community. 

517 
i0 YEAR MORTALITY IN DIABETICS AGED 40-65 AT 
DIAGNOSIS: INTENSIVE DIETARY MANAGEMENT. 
D.R.Hadden, C.C.Patterson, P.M.BelI, 
A.B.Atkinson and A.L.Kennedy. Sir George E 
Clark Metabolic Unit, Royal victoria Hospital, 
Belfast BTI2 6BA, N.Ireland, U.K. 
The 10-year outcome has been prospectively 
observed in 432 newly-diagnosed symptomatic 
diabetic patients presenting between 1970 and 
1980. All were managed by intensive dietary 
therapy, with 3-monthly medical and dietetic 
assessments. The average diet was energy 
restricted - 1500 cal daily, 50% carbohydrate, 
38% fat, 12% protein. For 158 patients whose 
mean fasting plasma glucose exceeded 12.0 
mmol/1 and whose weight remained above standard, 
an oral hypoglycaemic was given: for 73 
patients whose weight fell below standard, 
insulin was started. The person years at risk 
method showed that the 105 deaths observed 
compared with 82.7 deaths expected from 
Northern Ireland rates, giving a ratio of 
1.3 (95%CI 1.0, 1.5). Cause-specific ratios 
were: ischaemic heart disease 2.1 (1.6, 2.7), 
other circulatory disease 0.8 (0.4, 1.4), 
neoplasms 0.8 (0.5, 1.3) and other causes 0.7 
(0.4, 1.2). All-cause ratios for males I.i 
(0.8, 1.4) and females 1.6 (1.2, 2.2) differed 
significantly (P=0.05). The ratios while 
managed on diet only 1.2 (0.9, 1.5), while on 
oral hypoglycaemics 1.5 (i.0, 2.3) and after 
starting insulin 1.7 (0.9, 2.9) did not differ 
significantly (P=0.30). The excess risk of 
ischaemic heart disease became apparent after 
the first two years of follow-up. In this 
group of patients excess mortality is confined 
to ischaemic heart disease and largely to 
females. 
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HLA-DRB l *0405 HAPLOTYPE IS MOST STRONGLY ASSOCIATED WITH IDDM 
IN ALGERIANS 

Djoulah.S i.2.5, Khallil.15, Beressi.d.p4, Benhamarnouch.S1, Bessaoud K2 

Touhami2.H,Deschamps.I 4 and Hors.J 3. 1 Institut of Biology, molecular 

biolo~ and genetic laboratory, Essenia university 31000 Oran, Algeria. 

2 Amilcar Cabral pediatric clinic, plateau Saint-Michel, 31000 Oran, 

Algeria.3 INSERM unit@ 93, H6pital Saint-Louis, ! avenue claude ve]lefaux 

75010 Paris, France.4 INSERM unit@ 30, H6pital Necker, I42 rue de 

savres, 75007 Paris, France 

In order to determine genetic markers associated with Type I diabetes in the 

Algerian population, we identified HLA-DRB I, DQA 1 and DOB 1 aile!es in the 

families of 50 diabetic probands and in 46 unrelated controls by extensive 

PCR-non radioactive sequence specific oligonucleotide typing. DRB 1*0301- 

DQw2 haplotypes were significantly increased among patients ( 45,% vs 132 

in controls, RR=5.5, p<lO-6). Unlike irl ether Caucasian populations, the 

DRBI*O4OS-DQw8 hapiotype was among six DR4 subtypes the only one 

found at irlcr'eased frequency in the Algerian patients (25% vs 1,% in 

controls, RR=30.3, p<10-3). Of 23 DA3-DQw2/DR4-DQw8 het.ero~gous 

patients, 17 (74,%) pessesed DRB1*0405 compared with 0 of 2 controls 

This genotype, the only one significantly associated with diabetes in Algerians 

(34% in patients vs 0,% in controls, RR=49, p<lO -4) was not previously 

described. It suggests the specific involvement of DRBI*0405 in the 

susceptibility to diabetes in this population, possibly due to Asp S7-negative 

DR~ chain. 
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IS THE HIGH INCIDENCE OF DIABETES IN YOUNG CHILDREN 
IN FINLAND DETERMINED BY GENETIC FACTORS? 
E. Tuomilehto-Wolf, J. Tuomilehto and the DiMe Study 
Group, National Public Health Institute, Helsinki, Finland 
The incidence of diabetes in Finland is already very high 
among 1-4 year old children (31/100,090) while in the age 
group 5-14 years it is 40/100,000. In a population-based 
study 161 children were diagnosed under the age of 4 years 
and 533 between 5 and 14 years. The frequencies of the 
two most common haplotypes which confer susceptibility to 
Type 1 diabetes in middle and northern European 
populations the A2,Cw3,Bw62,DR4,DQw8 and the 
A1,Cw7,BS,DR3,DQw2 haplotype were similar in the two 
age-groups. A2,Cw3,Bw62,DR4,DQw8 was 9.3% in the 0-4 
year age group and 10.5% in the 5-14 year age-group. 
A1,Cw7,B8,DR3,DQw2 was 8.4% and 9.6%, respectively. In 
contrast, the A2,Cwl,Bw56,DR4,DQw8 susceptibility 
haplotype which has so far only been found in Finland was 
more frequent in the younger age group (8.1% versus 4.6%, 
p=0.0104). Also the A3,Cw4,B35,DR4,DQw8 haplotype was 
twice as frequent in the younger age-group (4.3% versus 
1.7%, p=0.0027). None of the other haplotypes differed 
significantly, with age nor did the frequency of DR3,DR4 
heterozygosity. 
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RISK OF TYPE I DIABETES IN SIBLINGS ACCORDING TO GENETIC AND 
IMMUNOLOGICAL MARKERS. A 8-YEAR PROSPECTIVE STUDY. 
I. Deschamps, C. Boitard, J. Hors, A. Marcelli-Barge, and J.J. 
Robert. Unit@ Endocrinologie et Diab~tologie P@diatrique, INSERM 
U.30 and INSERM U.25, H6pital Necker-Enfants Malades ; INSERM 
U.93, H6pital St Louis, Paris, France. 

TO determine the predictive values of genetic markers for 
development of Type I diabetes in relatives of diabetic 
children, 536 siblings aged 2-29 years were consecutively 
recruited since 1983 for prospect ive follow-up. Risk of 
developing diabetes was est imated by actuarial methods 
according to shared HLA-haplotypes, DR antigens, C4 
al lotypes and islet-cell antibodies (ICA). Survival curves 
were compared by Iogrank test. Fifteen siblings developed 
diabetes during the survey (actuarial risk 4% by age 22 
years). Risk was significantly higher for DR3,4 (12%) than 
DR3 or DR4 positive siblings (4% and 3%, respectively, 
p < 1 0 5 ) ,  and for HLA-identical (7%) than hapioidentical 
siblings (4.4%, p<0.01). C4BQ0-positive siblings had higher 
risk (11%) than C4BQ0-negatives (3%, p<0.01). The predic- 
tive value of genetic markers alone was poor (DR3,4 = 12%, 
identical = 7%, C4BQ0 = 9%) compared with ICA > 5 JDFU 
(41%). Combined analysis showed higher predictive values 
for ICA+DR3,4 + siblings (58%: risk after 8 years = 70%,,by 
age 22 years = 84%|,compared with ICA+DR3,4 - siblings 
(20%; risk after 8 years = 37%, by age 22 years = 20%, 
p<0.005).  In conclusion,  HLA markers improve the 
prediction of diabetes among siblings with moderate ICA 
levels by identifying a subgroup with increased risk and 
more rapid progression to diabetes. 
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A GENE IN THE HLA CLASS I REGION CONTRZBUTES TO 
SUSCEPTIBILITY TO TYPE I DIABETES 
M. Fennessy, G.A. Hitman, P. T ienar i ,  A. Biro~ J. 
Tuomilehto and E. Tuom/lehto-Wolf. Departments 
of Medicine and Immunology~ The Royal London Hospital, 
London, UK and National Public Health Institute, 
Helsinki, Finland. 

In Finland the HLA haplotype A2, Bw56, Cwl, OR4~ 
DeAl*0301, DQB1*0302 has the highest absolute r isk  
fo r  type 1 diabetes.  Haplotypes of Bw56, Cw1, DR4 
contain ing HLA-A genes other than A2 are not increased 
in diabetes indicating that HLA-A2 contributes to 
disease susceptibility. To confirm that differences 
exist only at the HLA-A locus, HLA-A, -B, and -C 
genes from the high risk A2 haplotype were sequenced 
and the HLA-DR locus was oligotyped on both the 
high risk A2, and low risk non-A2 haplotypes. HLA 
class I genes were PCR amplified from cDNA and cloned 
into M13. HLA-DR4 genes were PCR amplified and 
hybridised with allele specific oligonucleotides. 
HLA-A and -C were i d e n t i f i e d  as A~0201 and Cw~0101. 
The HLA-B gone was i den t i ca l  to the Bw56 sequence 
from an A1, A3; B8, Bw56; CW1 haplotype (WH Hildebrand, 
personal communication). Fifteen of 16 subjects 
oligotyped were DRBI*0401. Except at HLA-A, the 
A2 and non-A2, Bw56, Cw1, DR4 haplotypes are identical. 
Therefore, HLA-Afr on a gene close to i t ,  may 
contribute to susceptibility of type I diabetes 
on this haplotype. Comparison of HLA-A sequences 
on high r i s k  and low r isk  haplotypes reveals amino 
acid differences at positions involved in peptide 
presentation. 
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HLA-DQA1 AND -DQB1 POLYMORPHISM IN SWEDISH 
CHILDREN WITH TYPE I (INSULIN DEPENDENT) DIABETES 
C.B.Sanjeevi ,  M.Landin-Olsson ,  G.Dahlquis t ,  L.Blom, 
G.Sundkvist and ~.Lernmark. Wallenberg lab, Lund; Dept. of  
Epidemiology, Ume~; Dept. of Medicine, Malm6; all Depts. of 
Paediatrics in Sweden and R.H.Williams lab, Seattle, USA. 
Type I (insulin dependent) diabetes has been shown to be associated 
with the HLA-DQ locus. In the present study the polymorphism of 
HLA DQA1 and DQB1 genes were analysed in 476 consequtively 
diagnosed Type I (insulin dependent) diabetic Swedish children (0- 
I4 years) and in 372 unrelated population based controls. 
Amplification by the polymerase chain reaction and hybridization 
with sequence specific oligonucleofide probes for DQA 1 and DQB 1 
was done in all individuals. The DQAI*01 alleles (DQAI*0101, 
DQAl*0102, DQAI*0103) were reduced (p<0.001) in patients 
(3I%) compared to controls (58%). DQAl*0301 and DQAI*0501 
were more frequent (p<0.001) in patients (80% and 53%) than 
controls (42% and 34%) DQBI*0302 and DQBI*0201 were also 
increased (p<0.001) in patients (75% and 56%) compared to 
controls (30% and 29%). DQAI*0501-DQBI*0201 was present in 
49% of patients and 22% controls (p<0.001) and DQAI*0301- 
DQBI*0302 in 75% patients and 30% controls (p<0.001). It is 
confirmed that DQA I *01 alleles confer protection and DQA 1"0301 
and DQAI*0501 susceptibility but more than one DQA1-DQB1 
combination contributes to disease susceptibility. 
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HLA CLASS II  GENETIC HETEROGENEITY OF TYPE 1 
DIABETES MELL1TUS ACCORDING TO THE AGE OF ONSET 

S. CAILLAT-ZUCMAN*, J. TIMSIT*, P. BOUGNERESt, C. BOITARD*, 
I. DJILALI-SAIAH*w R. ASSANw AND J-F. BACH* 

*INSERM U 25, Hrpital Necker, Paris - tDiabetes Dept., H6pital St 
Vincent de Paul, Paris - w Dept., H6pital bichat, Paris. 

The association of Insulin dependent diabetes mellitus (IDDM) with 
certain alleles at the DRB or DQB locus is well documented in pediatric 
patients. Whether a similar pattern of association applies to adult onset 
IDDM is not clear although the disease occurs after the age of 20 in 50% 
of cases. HLA class I/loci have been studied for 24 DRB1, 8 DQA1 and 
12 DQB1 alleles in 402 type I diabetics and 405 healthy controls (all 
Caucasian) using oligonucleotide typing after gene amplification by the 
polymerase chain reaction. The alleles DR3, DR4, DQB 1'0201, DQB 1" 
0302, DQAl*0301 and DQAl*0501, were indeed enriched in diabetics 
and the highest relative risk was observed in patients carrying both the 
DR3-DQBI*0201 and the DRBI*0402 or DRBI*0405-DQBI*0302 
haplotypes. However none of these alleles, or some specific residues, 
could account by itself for susceptibility to IDDM, suggesting a role for 
cis or trans interactions between the different class II loci. Furthermore, 
major differences in HLA class I2 gene profiles appeared according to the 
age of onset of the disease. Patients with onset after 15 (n=290) showed 
a significantly higher percentage of non DR3/non DR4 genotypes than 
did the childhood onset subjects (n=112) :I8.3 % vs 2.7 %, p<0.001 
and a lower percentage of DR3/4 genotypes :17.9 % vs 37.5 %, 
p<0.001. These non DR3/non DR4 patients, although presenting 
clinically as genuine insulindependent type 1 patients, showed a lower 
frequency of islet cell antibodies at onset : 20% vs 62%, and a 
significantly milder initial insulin deprivation as reflected by differences 
in weight loss before treatment. These subjects probably represent a 
particular subset of IDDM patients in whom frequency is increased with 
age : 2.7 % below 15 years, 13 % between 15 and 30, and 26 % after 
30. These data confirm the genetic heterogeneity of IDDM as previously 
suspected by serologic methods. They prompt for caution in 
extrapolating to adult patients the genetic concepts derived from 
childhood IDDM. 
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MHC FACTORS AT NON DR/DQ LOCI ARE LIKELY TO BE 
INVOLVED IN DR4-ASSOCIATED SUSCEPTIBILITY TO 
TYPE 1 DIABETES IN A CHINESE POPULATION. 

MA Penny, D Jenkins, CH Mijovic, KH Jacobs, D 
Cavan, VTF Yeung z, CS Cockram I, BR Hawkins 2, J 
Fletcher and AH Barnett. Depts. of Medicine, 
University of Birmingham, UK and Dept. of 
Medicine ~ and Pathology 2, Chinese University of 
Rong Kong. 

Approximately 60% of genetic susceptibility to 
Type ! diabetes is HLA encoded. At least two 
distinct genes are involved, one associated 
with DR4 and one with DR3. In contrast with 
other ethnic groups DR4 is not significantly 
associated with Type I diabetes in the Southern 
Chinese. This may be due to differences in the 
DR4 haplotypes in this race. A potential site 
for such a difference is at the DRBI locus. 
This was investigated using an allele specific 
polymerase chain reaction (PCR) to amplify the 
DR4 alleles of i0 DR4-positive Type I diabetic 
subjects and 21DR4-positive control subjects 
of Southern Chinese ethnic origin, and gene 
probing to distinguish the DR4 subtypes. No DR4 
subtype was significantly associated with 
diabetes in this race. The DR4 subtypes, Dw4 
and Dw!0, which are associated with the disease 
in Caucasians were absent from this population. 
A Chinese DR4 haplotype encoding DR4 (DwI5)- 
DQAI*0301-DQBI*0401 was reduced in diabetic 
subjects [2/10 (20%) vs 12/21 (57.1%), not 
significant]. This directly contrasts with 
Japanese subjects where this apparently 
identical haplotype is strongly associated with 
Type 1 diabetes, suggesting that MHC factors at 
non DR/DQ loci are involved in DR4-associated 
disease susceptibility. 
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Polymorphism in non-coding regions of the HLA-DQA genes may 
contribute to DR3 associated susceptibility to Type I (insulin- 
dependent) diabetes. 

MA Kelly, DA Cavan, MA Penny, KH Jacobs, C Mijovic, D Jenkins, 
d Fletcher, AH Barnett 

Departments of Medicine, University of Birmingham and East 
Birmingham Hospital, Birmingham, UK. 

HLA-DR3 is positively associated with type I diabetes in many 
races. It also occurs in over 30% non-diabetic controls and thus 
its disease association must result from linkage with another 
susceptibility gene. The DR3 associated DQA1 and DQB1 alleles 
(DQAI*0501 and DQBI*0201 respectively) are identical in diabetic 
and control subjects and thus are not primary susceptibility 
determinants. It has been reported that a DQA Bglll RFLP pattern 
with a 7.2kb band is present on all DR3 positive diabetic 
haplotypes but in only 50% of DR3 positive controls, suggesting 
that variation in non-coding sequences of the DQA genes may 
determine disease susceptibility. We tested this hypothesis on DNA 
from 42 caucasian DR3 positive diabetic and 28 DR3 positive 
control subjects. Genomic DNA was digested with Bglll and 
probed with a DQA probe. The 7.2kb fragment was present in 
21/42 (50%) diabetic and 7/28 (25%) control subjects (p<0.05), 
Although this difference was not as great as in the smaller 
previous study, we conclude that the 7.2kb fragment differentiates 
between diabetic and control DR3 haplotypes suggesting that 
polymorphism in non-coding or promoter regions of the DQA 
genes may contribute to DR3 associated disease susceptibility. 
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ANALYSIS OF INSULIN GENE REGION-ENCODED SUSCEPTIBILITY 
TO TYPE 1 DIABETES IN AUK DATA SET. 

S.C. Bain, B.R. Rowe, J-B. Prins, C.M. Hearne, A.H Barnett & 
J.A. Todd. Department of Medicine, University of Birmingham 
and Nuffield Department of Surgery, John Radcliffe Hospital, 
Oxford, United Kingdom. 

We examined insulin gene region-encoded (INS) susceptibility to 
type 1 diabetes in multiplex families, sporadic diabetics and 
unaffected controls. A multiplex family is one with at least two 
diabetic siblings (one diagnosed <17 years) and living parents. 
Sporadic diabetics were unrelated, diagnosed <17 years without 
affected siblings. All subjects were caucasian with grandparents 
born within the British Isles. There was an association between 
the common (+) INS allele and disease (P<10"6). The overall 
relative risk for +/+INS homozygosity (RR-INS) was 2.5 
(Confidence Intervals 1.7-3.6, P<10 -6) compared to 8.8 (5.1- 
15.1, P<10 "6) for HLA-DR4/4,4/X versus -DRX/X. When all 
diabetics were classified by I-1LA-DR genotype, there was no 
difference in RR-tNS between HLA-DR3/4 (2.3, 1.4-3.8), 
HLA-DR3/3,-DR3/X (2.9,1.6-5.3) and HLA-DR4/4,-DR4/X 
(2.6,1.5-4.4) individuals. For probands, RR-INS was 3.2 (1.9- 
5.5;P<10 -5) compared with 2.2 (1.5-3.3;P<0.0005) for 
sporadics. Studies in 1973-4 and 1988 show that the incidence 
of type 1 diabetes in the UK has doubled. Taking the mid-point, 
83% of sporadies diagnosed before 1981 were +/+INS 
homozygous compared with 71% diagnosed since then (P<0.05). 
The INS region confers susceptibility to type 1 diabetes 
independent of HLA type. The effect of INS appears to depend upon 
year-of-onset, suggesting an interaction with environmental 
factors. 
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T-CELL RECEPTOR POLYMORPHISMS IN TYPE 1 
DIABETES AND SUSCEPTIBILITY TO COMPLICATIONS. 
M.L. Hibberd, B.A. Millward, F. S. Wong, and A.G. Demaine. 
Department of Medicine, Kings College School of Medicine 
and Dentistry, Denmark Hill, London, England SE5 8RX. 
We and ethers have previously shown that the T-cell 
receptor (TCR) constant-8 (CB) chain locus is associated 
with susceptibility to type I diabetes, although other studies 
have failed to show this. We have extended our study by 
investigating a further 125 individuals with type I diabetes 
and confirmed the increased frequency of the 10;9.2 TCR- 
CT/BgI-II genotype in our patient population (56.0% vs 42.3% 
in 78 normal controls). Combining the two studies gave 199 
patients and 204 controls (heterozygote frequency 56.8% vs 
42.2%, P<0.005). Further analysis of the combined studies 
has shown that this increase in the 10;9.2 kb TCR-CB 
genotype is associated with the absence of any 
microvascular complications after 20 years of diabetes (DC 
group, n=61) compared to those patients with the diabetic 
complications proteinuria, overt neuropathy and moderate or 
severe retinopathy (FH group, n=44), (62.3% vs. 31.8% 
respectively, Pc <0.005). The failure of some investigators to 
confirm the association between TCR-C8 and type I diabetes 
may be due to heterogeneity in the patient populations being 
studied. Finally these results suggest that the TCR B chain 
genes or adjacent loci may be important in susceptibility to 
diabetic complications, rather than the disease itself. 
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DR4 OLIGOSUBTYPES AND INSULIN'DEPENDENT DIABETES 
MELL[TUS (IDDM} HETEROGENEITY. 
G. Semana 1, J.Do Bignon 2, V. Rohmer 2, D. Maugendre 1, S, 
Bardet 2, M. Marre 3, J.M. Limal 3, P. Sai 2, H. Allannie I, pour 
le GOFEDI : 1-Rennes, 2-Nantes, 3-Angers 
The genetic susceptibility to insulin-dependent diabetes mellitus 
(IDDM) is determined, in part by a gene or genes encoded within 
the major histocompatibility complex (MHC)~ The strongest 
associations involve DR3-DQw2 and DR4-DQw3 haplotypes 
in Caucasian populations. However IDDM is a heterogenous 
disease if we consider age at onset on the disease or association 
(type Ib-IDDM) or not (type Ia-IDDM} with other auto-immune 
diseases. We performed a genetic study to define all DR4 subtypes 
associated to IDDM regarding this IDDM heterogeneity. This 
study was performed by Polymerase Chain Reaction (PCR) 
with DR4 specific and DQB specific amplifications and oligotyping 
(PCR-SS0) using different DR4 and DQB oligoprobes. Allelic 
frequencies of DR4 variants were compared within 3 groups 
of DR4 subjects : type la-IDDM (n=112}, type Ib-IDDM (n-24), 
and healthy and ethnically matched controls (n=153)~ The 
comparison between the 2 groups of IDDM clearly showed an 
increased frequency of DwIS-DQw8 subtype in type la vs type 
Ib (21o8 % vs 10.7 % respectively) (controls 6.2 %). Conversely, 
Dw14-DQw8 was largely increased in type Ib-IDDM (35.7%) 
vs type la-IDDM (13.4~) (p < 0~ or controls (20.1%). Taking 
into account the age at onset of the disease, a surprising increase 
of Dw15 (DQw8) subtype (26.4%) was noted in patients aged 
less than 20 years at the onset of the disease (vs 15o4% of patients 
aged more than 20 years). Moreover Dw4 was increased in the 
group of patients with age more than 20 years (62.7%) vs group 
of patients with age less than 20 years (50%). In conclusion, 
through this large genetic study, we demonstrated that different 
DRq subtypes were preferentially associated to some particular 
]DDM forms. Thus, Dw14-DQw8 or Dw15-DQw8 could be 
associated to type Ib-IDDM or to early form of IDDM 
respectively. This unequal distribution of these 2 DR4-DQw8 
haplotypes regarding the genetic susceptibility to 2 types (la 
and lb) of  IDDM, strongly suggests an important role of some 
particular epitopes of DRBI*04 molecules in IDDM susceptibility. 
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THE ROLE OF HLA DQA1 AND DQB1 GENES IN PROTECTION FROM 
TYPE I (INSULIN-DEPENDENT) DIABETES MELLITUS. 

DA Cavan, KH Jacobs, MA Penny, C Mi jov ic ,  D Jenkins, 
J Fletcher and AH Barnett. Department of  Medicine, 
Univers i ty  of  Birmingham and East Birmingham Hospital,UK. 

Protect ion from Type I ( insul in-dependent) diabetes may 
be determined by aspartate at pos i t ion 57 of the HLA- 
DQB molecule. We typed the DRBI, DQA1 and DQB1 genes 
from 156 caucasian d iabet ic  and 119 control subjects 
using RFLP and sequence spec i f ic  o l igonucleot ide analysis 
to i den t i f y  protect ive a l l e l es .  DR2 was protect ive 
(d iabet ic  (D) 0.6% v control (C) 24%, preventat ive 
f rac t ion  (PF) 0.24, Pc<lO -6) but DRw6 conferred stronger 
protect ion (D 2% v C 30%, PF 0.28, Pc <10- ). DR7 was 
also protect ive (D 9% v C 25%, PF 0.18, Pc <0.005)- The 
most protect ive DQA1 a l l e l e  was DQAI*0102 which occurred 
on both DR2 and DRw6 haplotypes (D 2% v C 43%, PF 0.41, 
Pc <10-6), DQAI*0103, which occurred on 35% DRw6 
haplotypes, (D 2% v C 10%, PF 0.08, Pc <0.035) and the 
DR7-associated DQAI*0201 (D 8% v C 25%, PF 0.18, 
Pc <0.004) were also protect ive.  DQBI*0602 and 
DQBI*0603 occurred on DR2 and DRw6 haplotypes 
respect ive ly  and were protect ive (DQBI*0602: D i% v 
C 17%, PF 0.17, Pc <10-5; DQBI*0603: D 0% v C 10%, 
PF 0.10, Pc <I0-3). The DRw6-associated DQBI*06O4, 
which is an Asp-57-negative a l l e l e ,  and the DR7- 
associated DQB1*0303 were also protect ive (DQBI*06O4: 
D 2% v C 16%, PF 0.14, Pc <10-3; DQBI*0303: D 3% v C 
20%, PF 0.17, Pc <5x10-4). We conclude that  DQAI*0102 
is associated with greater protect ion from disease 
than any DQB1 a l l e l e  and that DQB-Asp 57 is not a 
primary pro tec t ive  determinant. 
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TNFB GENE POLYMORPHISMS AS DETECTED BY 
POLYMERASE CHAIN REACTION IN PATIENTS WITH TYPE 
1 DIABETES MELLITUS AND GRAVES' DISEASE 
K. Badenhoop, A. Nicolay, H. Peters, H. Schleusener, and K.H. 
Usadel. Dept. of Endocrinology, Center of Internal Medicine, 
Klinikum, Johann Wolfgang Goethe-University , Frankfurt; Dept. of 
Endocrinology, Klinikum , Free University, Berlin; FRG. 
Organ specific autoimmune diseases display an association with 
factors with the HLA-system encoded by genes on the short arm of 
chromosome 6. Both type 1 diabetes and Graves' disease patients 
show an increase of the specificity HLA DR3 and the extended 
haplotype A1B8DR3. Individuals with this haplotype have a rarer 
polymorphism of the tumor necrosis factor beta (TNFB) gene (5.5kb 
NcoI fragment) as detected by restriction fragment length 
polymorphism (RFLP) analysis. They also produce different levels of 
cytokines such as TNFB upon stimulation compared to individuals 
with other haplotypes. We therefore investigated whether patients 
with type I diabetes and with Graves' disease differ from normals in 
terms of genetic variation at the TNFB locus, which has been shown 
to reside Jn an intron of TNFB. We designed specific flanking 
primers of this region spanning a 740bp exonl/intron3 TNFB 
fragment and performed a polymerase chain reaction on genomic 
DNA of 194 patients with type 1 diabetes, 174 patients with Graves' 
disease and 173 controls. Subsequent NcoI digestion and agarose gel 
electrophoresis revealed the alleles TNFB*I (740bp) and TNFB*2 
(555bp+185bp). Heterozygosity for TNFB*2/*I was significantly 
increased ~oth in 107 of 194 (55%) type 1 diabetes patients 
( p < 6 x l 0 - ) ,  96 of 174 (55%) patients with Graves' disease 
(p<0.02) m comparison with 72 of 173 (42%) controls. 
Homozygosity for TNFB*2 was found to be reduced in patients with 
type 1 diabetes (52, 27%) and with Graves' disease (60, 34%) 
compared with controls (84, 49%), whereas homozygosity for 
TNFB*I was only increased in patients with type 1 diabetes (35, 
18%) compared with Graves'disease patients (10%) and controls 
(10%). These results confirm our earlier data obtained with RFLP 
analysis and endorse the association of TNFB gene variation with 
type 1 diabetes and Graves' disease. This genetic variation could be 
functionalIy relevant via differential production of lymphotoxin 
(TNFB) in activated T-lymphocytes infiltrating the target tissue. 
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BOTH DQAI*0201 AND DQBI*0303 CONTRIBUTE TO DR7 
ASSOCIATED PROTECTION FROM TYPE I (INSULIN-DEPENDENT) 
DIABETES MELLITUS IN BRITISH CAUCASIAN SUBJECTS. 

KH Jacobs, DA Cavan, MA Penny, C Mijovic,D Jenkins, JA Fletcher 
and AH Barnett. Departments of Medicine, University of 
Birmingham and East Birmingham Hospital. 

The aim of this study was to define further DR7 associated 
protection from Type I diabetes in a large British Caucasian 
population. Previous work by this group has shown that DR7 
protects against Type I diabetes in this population. We determined 
the DQA1 and DQB1 alleles in 150 Type 1 diabetic subjects and 
110 controls. The DR7-DQBI*0303 haplotype was found to be 
protective and the DR7-DQBI*0201 haplotype was neutral. Both 
haplotypes carry DQAI*0201 which was negatively associated with 
the disease and occurred only on DR7 haplotypes (Diabetic (D) 
7.6% V Control (C) 24.8%, Po < 0.004). DQBI*0201 was positively 
associated with the disease (D 74.5% V C 39.4%, Pc <lO-e) and 
occurred predominantly on DR3 haplotypes. DQBI*0303 was 
negatively associated with the disease (D 3.37% V C 20.2%, Pc 
<5x10% this allele also occurred on the neutral DR9 haplotype. 
DQAI*0201 occurred on all but three DR7 diabetic haplotypes in 
this population and may explain the protective effect of DR7. The 
neutral disease association of DR7-DQAI*0201-DQBI*0201 may 
result from the opposing effects of the DQA1 and DQB1 alleles on 
this haplotype. In contrast the protective effect of DQBI*0303 on 
DR7-DQAI*0201-DQBI*0303 haptotypes maintains the negative 
disease &ssociation. In conclusion both DQA1*O201 and 
DQBI*0303 contribute to DR7 associated disease protection. 
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COMBINED ANALYSIS OF BOTH DQA1 AND DQB1 GENE 
POLYMORPHISMS IS REQUIRED TO EVALUATE THE RISK FOR TYPE 
1 DIABETES 

R. Buzzetti, L. Nistico, R. Sorrentino*, P. Pozzi[li, C. Giovannini 
and R. Tosi**. 
Istituto Clinica Medica II, *Dep. Biologia Cellulare University of 
Rome "La Sapienza", ** Istituto di Biologia Ce[lulare CNR, Rome. 

Susceptibility to type 1 diabetes has been shown to correlate with 
the absence of aspartic acid in position 57 of the DQ beta chain 
(NONASP57) and with the presence of arginine in position 52 of 
the DQ alfa chain (ARG52). We analysed DQA1 and DQB1 gene 
polymorphisms in a group of patients from Central Italy (n=60) 
and in randomly selected controls (n=93). Analysis was carried 
out by Polymerase Chain Reaction amplification of DNA encoding 
the first polymorphic domain of DQB1 and DQA1 genes. DQB1 gene 
polymorphism was evaluated by Dot Blot analysis. DQA1 typing 
was performed using a procedure based on heteroduplexes 
analysis of DNA molecules formed by annealing of mismatched 
allele strands. 63.3% of patients and 23.7% of controls were 
NONASP/NONASP (RR=5,6), 33.3% of patients were 
NONASP/ASP vs 41.9% of controls (RR=0.7) and 3.3% of 
patients were ASP/ASP vs 34.4% of controls (RR=0.06). For 
DQA1 52.7% of patients and 20.4% of controls were ARG/ARG 
(RR=4.42), 40% of patients vs 6.2% of controls were 
ARG/NONARG (RR=0.4) and 7.3% of patients vs 19.3% of 
controls were NONARG/NONARG (RR=0.33) Individuals 
homozygous for both susceptibility markers showed the highest 
relative risk (RR=57). We conclude that analysis of both genetic 
markers is required to evaluate the risk for type 1 diabetes. 
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OIFFERENT EFFECT OF FASTING ANO HYPOGLYCEMIA ON GLUT-2 

ANO GLUCOKINASE GENES IN LIVER ANO PANCREAS. 

L.I. Kcranyi., Bourey R., Turk J., Permutt NA. 

8alatonfUred, Hungary and St Louis, USA. 

Effect of 3 day fasting (F), 5 day insulin-induced hypo- 

olycemia (H) on the expression GLUT-2 and glucokinase 

(GK) genes in pancreas and liver was tested. The mRNA 

levels of GT2 and GK in pancreas were determined by ribo- 

nuclease protection assay, while in llver by dot blot 

hybridization. The RNA/ONA ratio decreased in (-64%, 

p(o.ool) in F group (n=5), therefore all data were cal- 

culated per ~BONA. There was a decline in plasma glucose 

(-30B, p~o.o5), Proinsulin mRNA (-75%, p~o.ol), Amylin 

mRNA (-80%, p~o.ol), islet GLUT-2 mRNA (-73%, p~o.ol), 

islet-GK mRNA (-44%, p~o,o5) and liver-GK mRNA (-80%, 

p~p.ol) levels. In H.group (n=5) Proinsulin (-71%, 

p~o.o5), Amylin (-7B, p~o.ol), islet-GLUT2 (44%, p~o.95) , 

islei-GK (-50%, p~o.oS) mRNA levels were decreased and 

liver-GK mRNA increased (+61B, p~o.o5). Correlation be• 

ween Proinsulzn and Amylin mRAs (r=o,974, p~o.ool) 

suggests common transcriptional regulation for these 

genes. These data extend the observation that GLUT2 and 

GK genes are regulated in different fashion in islet 

and liver. 
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THE CONTRBUTION OF GLUCOKINASE TO TYPE 2 (NON-INSULIN- 
DEPENDENT) DIABETES - A POPULATION ASSOCIATION STUDY. 

PJ Saker 1, AT Hattersley12, P Pate112, I Strattonl, Y-MD Lo2, C 
Cull1, MA Purmutt3, RC Turner 1, and JS Walnsr Diabetes 
Research Laboratories, Radcliffe Infirmary, OXFORD, U.K. 2Department of 
Haematology. John Radcliffe Hospital. OXFORD. U.K. 3Department of 
Metabolism, Washington University School of Medicine. U.S.A. 

Type 2 (non-insulin-dependent) diabetes is tightly linked to the 
glucok[nase locus in 45-95% of pedigrees with Maturity Onset Diabetes of 
the Young (MODY), suggesting that defects in the glucokinase gene are 
important in MODY. The contribution of the glucokinase gene to Type 2 
(non-insulin-dependent) diabetes (diagnosis >40 years) is uncertain. To 
assess this. we performed a population association study. We studied the 
polymorphic dinucleotide repeat 10 Kb 3' to the glucokinase gene. Five 
alleles were detected by amplification using the polymerase chain reaction 
and resolution by 6% polyacrylamide gels. In 50 unrelated Caucasian 
non-diabetic controls (fasting plasma glucose <5.5 mmol/l, age 55.5 +/- 
11.2 years: mean +/-  s.d.) the allelic frequencies were 0.66, 0.11.0.22, 
0.01, and 0,00 (z, z+2, z+4, z+6, z+8) In 100 unrelated Type 2 (non- 
insulin-dependent) diabetics (age 57.8 +/- 8.7 years; mean +/- s.d.) the 
allelic frequencies were 0.655, 0.075, 0.265, 0.00, and 0.005. There were 
no significant differences in the allelic frequencies between the two 
subject groups (X2=3.985, 4 d,f. p=0.408; Fishers exact test p=0.407). Our 
finding suggests that Type 2 (non-insulin-dependent) diabetes does not 
frequently arise from a common mutatfon in the gtucokinase gene. 
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ALDOSE REDUCTASE (AR2) GENE EXPRESSION IN 
CULTURED HUMAN RETINAL PIGMENT EPITHELIAL 
CELLS (RPE). 
D. N. Henry, M. J. Stevens, P. D. Killen, and D. A. 
Greene. Ann Arbor, Michgian, U.S.A. 

Modulation of AR2 in the kidney is part of adaptation 
to osmotic stress. Expression of AR2 in non-renal  
tissues under hyperosmolar (HO) and hyperglycemic 
(HG) conditions is less well understood. This study 
determined the expression of AR2 in response to HO 
(300 mM glucose = 595 mOsm/kg) and HG stress (20 
mM glucose = 310 mOsm/kg). Four different RPE cells 
were exposed for up to 7 days to isotonic  (5 mM 
glucose = 295 mOsm/kg), HO, and HG media, then AR2 
mRNA, sorbitol and myo-inositol  levels  ( m m o l / m g  
protein) were measured. RPE cell lines 0308,  125, & 
45 had a 33-55 fold induction of AR2 by HO but did 
not  change in HG condit ions.  AR2 mRNA levels  
declined approximately 30% after 7 days exposure to 
HO condit ions.  Production of S (from undetectable to 
164+14.9)  and depletion of  MI (from 32.43+.0.7 to 
8.29+0.45) followed increases in AR2 mRNA. RPE cell 
l ine 91 had a high constitutive expression of AR2 
which precipitated a rapid and profound production 
of S (from undetectable to 468.4_+39.2) and reciprocal 
depletion of MI (from 44.1_+1.7 to 1.67_+0.3). HO but 
not  HG stress increases AR2 expression in most  RPE 
lines.  High const i tut ive express ion of  AR2 m a y  
confer increased susceptibility to AR2-1inked diabetic 
complications. 
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Mutation in mitochondrial tRNA Leu(UURI gene in a kindred of 
maternally transmitted non-irtsulin dependent diabetes mellitus and 
sensorineural hearing loss. 

J .M.W. van den Ouweland 1 , H.H.P,J.  Lemkes 2 and J.A. Maassen 1 
1Department of Medical Biochemistry, Sylvius Laboratories and 
2Department of Endocrinology and Metabolic diseases, University Hospital 
of Leiden, The Netherlands. 

Non-insulin dependent diabetes mellitus (NIDDM) is a heterogeneous 

disorder characterized by impaired glucose homeostasis. N]DDM has clearly 

an inherited component, but the nature of the genetic defects remains 

unknown. We have identified a large pedigree in which NIDDM, in 

combination with a sensorineural hearing loss, is maternally inherited. The 

maternal inheritance and the observed decrease in respiratory chain enzyme 

activities in skeletal muscle indicate a defect in the mitochondrial DNA. We 

analyzed mitochondrial DNA of family members by RFLP and DNA- 

sequence analysis, A heteroplasmic A to G transition mutation at nucleotide 

3,243 was identified, being an evolutionary conserved position in the 

mitochondrial gene coding for tRNA Leu(UUR). This mutation correlated with 

the disease in this family and was absent in a large panel of controls. The 

mutation affects RNA processing and translation efficiency in the 

mitoehondrion. It is expected that an impaired mitochonddal activity leads 

to an increased glycolytic flux and, via the Cori cycle, to enhanced 

giuconeogenesis in the liver. Clinical studies are in progress to elucidate the 

basis of the impaired glucose homeostasis. We conclude that mitochondrial 

defects are responsible for the genesis of some types of diabetes mellitus. 
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CONCORDANCE RATE OF TYPE 2 (NON-INSULIN-DEPENDENT) DIAB- 
TES AMONG MONOZYGOTIC AND DIZYGOTIC TWINS 
A. Matsuda and T. Kuzuya, D iv is ion of  Endocrinology and 
Metabolism, J ich i  Medical School, Tochig i -ken,  Japan 

Concordance ra te  of  Type 2 (non- insul in-dependent)  d iab- 
tes in monozygotic twins (MZT) is reported to be about 
80-90%. However, the blood glucose leve ls  to def ine Type 
2 diabetes are ra ther  a r b i t r a r y .  The concordance ra te  
f o r  diabetes may vary depending upon the d iagnost ic  c r i -  
t e r i a .  We co l lec ted  in format ions on 100 twin pai rs  wi th 
Type 2 diabetes.  Concordance rate by doctors '  repor t  was 
77%(60/78) and 41%(9/22) in MZT and d izygo t i c  twins (DZT). 
The probands of  d iscordant  MZT pairs had greater  body 
mass index (BMI) than probands of  concordant oa i rs  at the 
time of  survey (24.3+3.6 vs 21.3+2.8, p<O.O01), and the 
maximal BMI in the past was 27.3u vs 24.9+3.0 (p<O.01) 
respec t i ve l y .  Type 2 diabetes ~ s  subdivided in to  3 cate-  
gor ies :  (A) those requ i r ing  drug t reatment ,  (B) f as t i ng  
plasma glucose exceeding 7.8 mmol/ l ,  and (C) diabetes 
defined by WHO 75g GTT c r i t e r i a .  According to c r i t e r i a  
A, B and C, the concordance rate among MZT was 61%(34/56), 
66%(45/68) and 85%(66/78), and the concordance among DZT 
was 47%(7/16), 41%(9/22) and 54%(12/22) respec t i ve ly .  
The concordance rate becomes higher when mi lder  diabetes 
is included, p a r t i c u l a r l y  among MZT. These data suggest 
tha t  glucose in to lerance is p r imar i l y  determined by here- 
d i t y ,  but the development of  diabetes may be a f fec ted  by 
environmental fac to rs  such as obes i ty .  



A140 

538 

TYPE 2 (NON-INSULIN-DEPENDENT) DIABETES MELLITUS 
IN SOUTH INDIANS IS A POLYGENIC DISEASE 

M.L McCarthy, G.A. Hitman, N. Morton, D. Shields, V. 
Mohan, C. Snehalatha, A. Ramachandran and M. 
Viswanathan. The Medical Unit, The Royal London Hospital, 
London, UK ; Dept of Community Medicine, University of 
Southampton, Southampton, UK and Diabetes Research 
Centre, Madras, India. 

Though a dominant model of inheritance is probable in 
populations at extreme risk of type 2 (non-insulin-dependent) 
diabetes mellitus, the mode of inheritance in populations at 
lower risk is unclear. Forty-one Dravidian pedigrees (281 
subjects) were ascertained through an affected offspring (blind 
to family history) having both parents and at least one sibling 
available for glucose tolerance testing. A majority of parents 
proved diabetic (58/82): in all but two families, at least one 
parent was diabetic. The number of diabetic parents within a 
family was not associated with earlier age-of-onset amongst 
probands, but was associated with increasing proband obesity 
(BMI mean(SD) 21.6(2.0)kg/m 2, 24.3(3.4), 26.9(4.0) : none, one 
or both parents diabetic, p=0.02). Segregation analysis was 
performed using POINTER : IGT was considered non. 
affected. Best fit for single locus models was obtained for co. 
dominance (d=0.49, gene frequency=0.20) (likelihood ratio vs. 
dominant model 86, vs. recessive, 1.5x104): a closer, more 
parsimonious fit was obtained from a polygenic model 
(heritability(H)=0.97 : likelihood ratio vs. co-dominance 
5.2x103, p<0.001). Attempts to fit a mixed model failed to 
improve the polygenic model. These preliminary results 
suggest that type 2 (non-insulin-dependent) diabetes meilitus 
in Dravidians is a polygenic disease but do not indicate the 
extent of genetic heterogeneity. 
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AN ASSOCIATION EXISTS OF APOD POLYMORPHISM AND TYPE 
21 DIABETES IN SOUTH INDIANS AND NAURUANS 
G.A. Hitman, S.W. Serjeants0n, A. Riikonen, W.A. 
Bake r ,  K. H&wrami,  M . I .  M c C a r t h y ,  V. Mohan, M. 
Viswanathan and J. Tuomilehto. Medical Unit, The 

Royal London Hospital, London, U.K.; National Public 

Health Institute, Helsinki, Finland; Diabetes Research 

Centre, Madras, India and Human Genetics Group, 

The Australian National University, Canberra, Australia. 

The apolipoprotein (ApoD) gene is located to chromosome 

3 near the islet-cell glucose transporter gene. 

Genetic mutations in this chromosomal region could 

link both Type 2 diabetes and ischaemic heart disease. 

The purpose of this study was to look for an association 
between ApoD gene polymorphism and Type 2 diabetes 

i n  t h r e e  e t h n i c  g roups  f r o m  Nauru  ( c o n t r o l s  n=53;  
d i a b e t i c s  n=56) , S o u t h  I n d i a  ( c o n t r o l s  n : 7 9 ;  d i a b e t i c s  
n=77) and F i n l a n d  ( c o n t r o l s  n=31 ; IGT n=26;  d i a b e t i c s  
n : 6 0 )  . DNA was d i g e s t e d  w i t h  Taq 1 and s t u d i e d  
by S o u t h e r n  b l o t  h y b r i d i s a t i o n  t e c h n o l o g y  and an 
ApoD gene probe; two alleles were identified sized 

2.2 and 2.7 kb. No association was found between 

ApoD and Type 2 diabetes in the Finnish population. 

A reduction of the 2.2 homozygotes in diabetics 

was found  i n  bo th  Nauruane (3 .5% compared to  21% 
in  c o n t r o l s ,  p = 0 . 0 1 )  and Sou th  I n d i a n s  (6 .5% compared 
t o  19% in  c o n t r o l s  7 p : 0 . 0 0 2 ) .  S e v e r a l  e x p l a n a t i o n s  
e x i s t  f o p  t h e s e  r e s u l t s .  H e t e r o g e n e i t y  o f  Type 
2 diabetes or within the disease. Alternatively, 
linkage disequilibrium may exist between the ApoD 

RFLP and a diabetogenic locus on chromosome 3, which 

is only maintained in certain ethnic groups. Further 

investigations are required to explore the association 

between ApoD gene polymorphism and Type 2 diabetes. 

540 
DIABETES MELLITUS IN CYSTIC FIBROSIS: GENETIC AND IMMUNO- 
LOGICAL MARKERS 
S. Lanng, B. Thorsteinsson, F. Pociot, M.O. Marshall, H.O. 
Madsen, M. Schwartz, J. Nerup and C. Koch. Department of 
Paediatrics and Tissue Typing Laboratory, Rigshospitalet, 
Copenhagen; Steno Diabetes Center, Gentofte~ Department of 
Medical Endocrinology, Herlev Hospital, Herlev; Diabetes 
Research, Novo Nordisk, Bagsv-~rd, Denmark. 

Genetic and inmmnological markers of Type 1 diabetes mel- 
litus were studied in 34 diabetic and 34 matched non- 
diabetic patients with cystic fibrosis (CF). Frequency 
distributions of HIA-DR3, -DR4, and DR3/4, confering sus- 
ceptibility to Type 1 diabetes, and of HLA-DR2, confering 
resistance to Type 1 diabetes, were normal in diabetic and 
non-diabetic CF patients. Unexpectedly, in diabetic CF 
patients frequencies of tumor necrosis factor beta and 
heat shock protein 70 alleles, located in the HLAregion 
on chromosome 6, were not different from those in Type 1 
diabetic patients, while non-diabetic CF patients and nor- 
mal subjects shared other patterns. Frequencies of inter- 
leukin 1 beta alleles, located on chromosome 2, did not 
differ between non-diabetic and diabetic CF patients, 
Type 1 diabetic patients, and normal subjects. Islet cell 
cytoplasmic antibodies, measured 5 years before, at, and 
1 year after diabetes diagnosis in the index case, were 
detected in 2 of 236 sera (0.8%): once in a prediabetic 
and once in a non-diabetic CF patient. Thus, diabetes in 
CF is without HLA-DR association and serological evidence 
for autoi~une destruction of the pancreatic beta cells. 
The significance of similar frequencies of tumor necrosis 
factor beta and heat shock protein 70 alleles in Type 1 
diabetic patients and diabetic CF patients remains to be 
determined. 
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REGENERATING (REG) GENE EXPRESSION IN THE 
PANCREAS OF THE PREDIABETIC BB/S RAT 
S.L. Zhang, K.A. Webster, S.H. Banister and A.J. Bone. 
Medicine II, Southampton General Hospital, Southampton, UK. 

High levels of Reg gene expression occur in 
hyperplastic rat islets in surgically induced diabetes. We have 
studied Reg gene expression in pancreatic biopsies from 46 
BB/S rats (23 diabetes prone - DP; 23 diabetes resistant - DR) 
in the prediabetic period. Each individual animal was biopsied 
4 times at ages 30/40, 50/60, 70/80 and 90/100 days (biopsies 
B1, B2, B3, B4 respectively). Northern/dot blot analyses were 
used to semiquantify biopsy levels of Reg, preproinsulin and/3- 
actin mRNA. In DR rats levels of Reg mRNA (mean +__ SD 
ratio of Reg/fl-actin) were 1.14 ___ 0.42 (designated 100%) in 
B1 followed by a steady decline (86% - B2; 56% - B3) to 50% 
in B4. DP animals also showed high Reg mRNA levels in B1 
(0.92 ___ 0.37 - NS vs DR values) with a similar decline in B2 
(81%) and B3 (56%) (NS from DR rats). In B4 Reg mRNA 
levels in DP rats increased to B1 values (p<0.001 vs DR rats). 
The mean ratio of preproinsulin/~-actin did not change 
significantly with age in either DP or DR BB/S rats. Findings 
indicate: i) Decrease in islet cell growth with increasing age is 
associated with a reduction in Reg gene expression; ii) 
Increased Reg mRNA levels in DP rats at or around the mean 
age for onset of diabetes (90/100 days) suggests an association 
of the Reg gene with an activation of islet cell adaptive 
repair/regeneration mechanisms in response to autoimmune islet 
cell attack. 
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AGENESIS OF THE DORSAL PANCREAS IN A WOMAN 
WITH DIABETES MELLITUS AND IN BOTH OF HER SONS 

E.C. Reisinger, W. 8chnedl, R. Wildling, 
F. Schreiber, R.W. Lipp, A. Lederer and 
G.J. Krejs. 
Departments of Medicine and Radiology, 
Karl Franzens University, Graz, Austria 

Complete agenesis of the dorsal pancreas has 
rarely been reported. Except for two female 
patients (1923 and 1987), all other reported 
cases were males with insulin-dependent 
diabetes mellitus. We report complete agenesis 
of the dorsal pancreas in a female with normal 
pancreatic function until gestational diabetes 
mellitus developed during the second pregnancy. 
This anomaly of agenesis of the dorsal 
pancreas was suspected by abdominal ultrasound 
and confirmed by CT and endoscopic retrograde 
pancreatography (ERP). The head of the 
pancreas was in normal location and appeared 
to be enlarged, while the body, tail and 
uncinate process were completely absent. 
ERP showed a normal duct in the head of the 
pancreas, but there was nonvisualization or 
absence of a minor papilla and the duct system 
of the corpus and cauda. Dietary restrictions, 
treatment with acarbose, biguanides and 
sulfanyl urea derivatives did not adequately 
correct blood glucose levels. Insulin 
therapy led to satisfactory levels of blood 
glucose and HbAIc. Both of our patient's sons 
also had complete agenesis of the dorsal 
pancreas as shown by CT but signs and symptoms 
of diabetes mellitus where not present. This 
familial occurrence suggests that hereditary 
factors may play a role in the pathogenesis of 
this anomaly. 
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EVIDENCE OF IMPAIRED EXOCRINE PANCREATIC FUNC- 
TION IN TYPE 1 DIABETES. 
M.A. Rubio, M.J.Mufioz-Delgado, V.Granizo, J, Hon 
tor ia ,  J,P~rez-Luis, E,Cost i l la and F.Carb@llo. 
Hospital General de Guadalajara. Spain, 

The aim of this study was to assess the exocrine 
pancreatic function in type 1 diabetes, Thirty 
insulin-dependent diabetic patients (age 38,1• 
17.8 yr, duration of diabetes 14.1+10.3 yr and 
body mass index (BMI) 22.8+6,2 kg/~ 2) were compa 
red to 24 healthy subjects-matched for age, sex 
and BMI, Serum amylase, Lipase, p-isoamylase, 
glycohemoglobin,basal and stimulated C-peptide 
were determined, Exocrine pancreatic function 
was evaluated by non-invasive methods: faecal 
quimiotripsine and urine pancreolauryl test. 
A decrease in urine pancreolauryl test (<30%) 
was found in 16 (53.3%) from diabetic cohortJ s~ 
~gesting an impairment in exocrine pancreatic 
unction. Only two patients showed exocrine pan- 

creatic dysfunction symptoms. Diabetic patients 
compared to controls subjects had lower levels 
in tl]e following parameters:amylase (101.2• 34.5 
vs 136.7+36:2Ul/b p<O.Ol), Lipase (67,4+43.8 vs 
126.9+53-UI/L; p<O.Ol)J p-isoamilase (33.3• 
vs 70T5+22.1 UI/L;p<O.OI), faecal quimiotripsine 
(25.1+15.5 vs 41.6+17,6 U/g ;p<O.Ol) and pancreo- 
lauryT test (31.2• vs 43.5• %;p<O.Ol). 
There was a positive linear correlation between 
debut age and Lipase (r=0,55) and P-isoamy]ase 
(r=0,38); stimulated C-peptide with p-isoamylase 
(r:0.67) and LiPase (0.71). These data suggest 
that a mild exocrine pancreatic hypofunction 
seems to develop in a high percentage of type 1 
diabetes. 
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LONGITUDINAL EVALUATION OF GLUCOSE TOLERANCE AND INSULIN 
SECRETION IN NON DIABETIC CYSTIC FIBROSIS PATIENTS. 
D.Cucinotta,F.De Luca,A.Gigante,T.Arrigo,A.Di Benedetto,S. 
Conti Nibali and G.Squadrito. University of Messina Medical 
School ,Messina, l taly.  
Cystic f ib ros is  (CF) patients have a high prevalence of glu_ 
cose tolerance abnormalities,which have been referred to a 
)rogressive B-cell damage.However no longitudinal data are 
avai lable on glucose tolerance and B-cell function in these 
subjects. We studied 32 CF patients (14 males,mean age 12.8 
+4.6 years,mean body mass index 17.5+_2.2),selected on the 
5-asis of repeatedly normal fast ing blood glucose,who under- 
went both oral (OGTT) and intravenous (IVGTT) glucose to le -  
rance tests at the beginning of the study and 2 years la ter .  
A pathological (impaired) glucose tolerance was observed in 
12/32 subjects at the f i r s t  examination and in 16/32 (14=im 
paired,2=diabetic tolerance) af ter 2 years. Insulin secret]- 
on during OGTT s ign i f i can t l y  decreased during the fol low-up 
( insul in  area=586+224 vs 813+255 pM/L,2p<O.Ol),especially 
in those patients whose glucose tolerance worsened (445+94 
vs 760+1g0 p~I/L,2p<O.OOl).Also f i rst -phase insul in secret i -  
on durTng IVGTT was s ign i f i can t l y  reduced af ter 2 years(328 
+150 vs 498+96 pM/L,2p<Q.Ol). Cl in ical  conditions,assessed 
~y Shwachma~ score,pulmonary function tes ts ,nu t r i t iona l  sta 
tus and body mass index,did not change during the fol low-up 
also in patients with deter iorat ing glucose tolerance.These 
perspective data suggest that a progressive B-cell impairm- 
ent precedes and may affect the onset of glucose tolerance 
abnormalities in CF patients and is not related to a conco- 
mitant worsening of c l in ica l  condit ions. 
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CARBOHYDRATE ANTIGEN CA-50 AS AN INDEX OF LONG-TERM METABO.- 
LIC CONTROL IN TYPE i AND TYPE 2 DIABETIC PATIENTS. 
S 'B 'S~176 and E.Ferrari 
Department of Internal Medicine,University of Pavia,Piazza 
Borromeo 3,27100 Pav ia , l ta ly .  
The ganglioside carbohydrate antigen CA-50 is a glycoprote-- 
in associated with pancreatic carcinoma and other gastroin-- 
test inal  malignant diseases.lncreased levels of carbohydra-- 
te antigens have been demonstrated in poorly control led 
diabet ic patients,suggesting a role for metabolic control 
in the i r  synthesis from exocrine pancreatic cel ls .This stu- 
dy concerns 26 Type 2,39 Type I diabetics and 18 controls. 
Serum CA-50(IFMA-Oelfia,Pharmacia)was measured together wi-- 
th CA-19/9(IEMA,Roche)and CEA(ICMA-Berilux,Behring).Higher 
serum CA-50 levels were found in diabetics(33.7+11U/ml) 
than in controls(5.11+3.7 U/ml,p<.OO1).Type I patients sho.- 
wed the highest values(38.4+13.6)if compared with Type 2 
patients(27.9+9.6 U/ml,p<.Ol).No changes of CEA were obser- 
ved among the-groups,whereas CA-19/9 was s ign i f i can t l y  in- 
creased in diabetics compared to controls(57.3+20 U/ml,vs, 
22.7+9.3 U/ml,p<.OO1).CA-50 s ign i f i can t l y  correlated with 
HbAl~(r=.Bg,p<.OO1),fructosamine(r=.80,p<.OOl),mean 24-h 
blood glucose(r=.57,p<.OO1),fasting blood glucose(r=.51,p<. 
O01)and glicosuria(r=.47,p<.OO1).Moreover higher CA-50 le- 
vels were found in poorly control led patients than in those 
with good metabolic control(49.5+18 U/ml,vs,18+9 U/ml,p<. 
O01).A reduction of GA-50 concentrations was f~und only af- 
ter  60 days(p<.OOl)in para l le l  with the decrease of HbA1c 
levels,and was independent of short-term metabolic changes. 
CA-50 was more increased in patients with retinopathy and 
nephropathy,while no differences were found in neuropathic 
subjects.CA-50 may be suggested as an index of long-term 
metabolic control and might be implicated,as advanced gly-  
cosylated end products,in the development of angiopathy. 
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INCREASED RISK FOR ACTIVE CHLAMYDIA 
INFECTION IN TYPE II DIABETES MELLITUS 
H. Toplak, E.M. Hailer, T. Lauermann, GP. Tilz, K. 
Weber, W. Schnedl, T. Wascher, A. Haas and O. 
Schmut. Depts of Medicine and Ophthalmology, 
University of Graz, Austria. 
Infectious diseases are more frequent in diabetic than 
in control patients, but there is no information about 
active chlamydia infection. A group of 79 consecutive 
diabetics (60_+12 years) with a mean diabetes 
duration of 12+9 years (1-31) and a non-diabetic 
control group of 125 patients (66+9 years) from 
another study (in which preselection was excluded) 
were investigated for serum chlamydia antibodies 
(IgG- and IgA-ChlAB) using an immunoperoxidase 
reaction. HbAlc was determined using HPLC. 46% of 
the diabetics und 55% of the control population were 
IgG-ChlAB positive (ns.). Using IgA-ChlAB to define 
active chlamydia infection 22% of the diabetic and 
14% of the control population were positive 
(historical controls 10%). Thus active chlamydia 
infection of all IgG-ChlAB-positive patients amounted 
to 47% in the diabetic versus 25% in the control 
population respectively (p<0.05). Forming subgroups 
significance was reached only in females (52% 
versus 32%, p<0.05), whereas the trend was less 
pronounced in males (36% versus 21%, ns.). There 
was no correlation of active chlamydia infection with 
HbAlc. Conclusions: The study shows increased risk 
for active chlamydia infection in the type I1 diabetic, 
independent from blood glucose control. Further 
studies will be necessary to define the clinical impact 
of our findings. 
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Retinopathy in children and adolescents with insulin 
dependent diabetes mellitus (IDDM). 
A. Kernell, I. Dedorsson, B. Johansson, C.P. Wickstr6m, J. 
Ludvigsson, and Swedish Juvenile Diabetes Retinopathy Study 
Group. 

In order to assess the prevalence of retinopathy in children and 
adolescents with onset of IDDM before the age of 15.0 years we 
invited all 747 patients born before 1.1 1979 in eight Swedish 
counties with onset of  the disease between 1.7 -77 and 31.12 
-86. 557 (75%) were examined with fundus photography. Their 
age (median ( 95 % confidential interval)) was 15.0 (14.6-15.2) 
years and duration of diabetes 5.5 (5.2-5.9) years. 
Retinopathy was demonstrated in 81 patients (14.5%), age 9,5 - 
24 years. Mild background in 68, IRMA and soft exudates in 11 
and proliferative retinopathy in one patient. Retinopathy was 
significantly correlated to age, duration, pubertal stage, 
glycosylated hemoglobin and systolic blood pressure during the 
last 2 years before examination, but not to insulin IE/kg, e- 
peptide in urine or microalbuminurea. 
Even if the risk of developing retinopathy increases with age and 
pubertal stage, severe retinopathy could be demonstrated in a few 
very young children. Screening for retinopathy seems important 
from the age of 10. 
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PROGNOSTIC FACTORS OF FATAL OUTCOME IN DIABETIC 
PATIENTS WITH BACTERAEMIA. 

W.Ricart, JM.F.Real, P.Sort*, M.Geli*, M.Gonzalez 
and A.Vinyes*. Endocrinology and Internal 
Medicine* Units. Hospital de Girona. Spain 

We have studied 983 consecutive adults suffering 
from bacteraemia to determine the influence of 
specific clinical and laboratory variables on the 
fatal outcome in diabetic patients (11.3%). Age, 
sex, underlying disease, alcoholism and drug 
abuse, hospital and intensive care unit (ICU) 
acquired infection, source of infection, isolated 
microorganism, septic shock, type of diabetes, 
previous antidiabetic treatment, micro and 
macrovascular chronic complications, and acute 
metabolic decompensation (AMD) were collected 
prospectively. Mortality rates were 29% in 
diabetics and 22% in non-diabetic patients 
(p=0.09). Only one death was directly 
attributable to AMD. Variables correlated with a 
fatal outcome in a univariate analysis were 
included in a stepwise logistic regression model. 
Diabetes mellitus was an independent risk factor 
of fatal outcome (Odds ratio=l.8, Confidence 
intervals=l.l-2.9). In diabetic patients age (OR 
9, CI 1.1-75), septic shock (OR 6.6, CI 1-49), 
and AMD on admission (OR 4.4, CI 1.1-17) 
correlated with higher mortality. We conclude 
diabetes mellitus is associated with a poorer 
prognosis in patients suffering from bacteraemia 
and that AMD on admission constitutes an 
additional risk factor despite the improvement of 
metabolic parameters. 
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Predictive value of humoral markers of endotheJiaJ and basement membrane 
metabolism fo r~e  development of retJnopathy in children with diabetes metlitus 

Th. Danne, J. Bathke, Valerie Johnston, I. Enders, and B. Weber 
Kinderklinik der Freien Universit~,t Berlin, Heubnerweg 6, 1000 Bedin 19, FRG 

gO children with type I diabetes (age: 14.8 -+ 3.8 years, diabetes duration: 5.8 -+ 
4.3 years, 2 • SD) without retinopathy at the onset of the study were studied 
whether humoral parameters of matrix metabolism are of predictive value for the 
retinal fndings at least 3 years later (average observation period: 4.5 + 0.9 years). 
Methods: retinal status: fluorescein angiography; serum: laminin P1 (radioimmuno- 
assay, Behring, Germany) and type IV collagen (NCl-fragment, radioimmuno- 
assay, Schuppan, 1986); plasma: fibronectin (nephelometry, Behring) and v. 
Willebrand-factor (EUSA, Boehringer, Germany). Results: Elevated levels (> 2SD 
of normal) were found for laminin in 18%, of NCl in 14%, of flbronectin in 46%, 
and v. Willebrand-Factor in 54% of the patients. Only Laminin and v. Willebrand- 
factor showed an association to HbA1 (microcolumn method, Panchem, 
Germany) (r=0.3O and r=0.33 respectively, both p < 0.01). 

develop "cOn Willebt~nd- t]bronectin (mg/dl) 
merit of f~ lor  (%) 

retin~ levels 1 pathy ~• elevated ~ 1 $ D  elevated 
(n) (n) levels 

(32) 

ground 

type IV collagen laminin (U/ml) 
(ng/ml) 

n levels (n) levels 

8.8• 7% 1.69-+.28 13% 
(~) (68) 

32% 

The endothelial parameters fibronectin and v. Wiflebrand-factor appear to be of 
no predictive value. In contrast, elevated levels of both basement membrane 
parameters, laminin and type IV collagen, show an association to the later 
development of background retinopathy. 
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THE EFFECT OF HYPERGLYCAEMIA ON THE AUTOREGULATION OF THE 
HYPERTENSIVE DIABETIC RETINAL CIRCULATION. V. Patel, S.M. 
B. Rassam, H.C. Chen, and E.M. Kohner. Department of 
Medicine, Royal Postgraduate Medical School, London. 
Hypertension and poor glycaemic control are important risk 
factors for the pathogenesis and progression of diabetic 
retinopathy. The effect of hypertension on retinal 
vascular reactivity to 609 oxygen was studied in 8 
hypertensive controls and 7 hypertensive diabetic subjects 
with background diabetic retinopathy at blood glucose 
<10mmol and>15mmoi. Retinal blood flow was calculated 
from red cell velocity using bidirectional laser Doppler 
velocimetry and vessel diameters determined from 
computerised image analysis of retinal photographs. The 
oxygen reactivity (9 reduction in retinal blood flow, mean 
ISEM) in non-diabetics was 31.30• when hypertensive 
and 29.66+4.72~ when normotensive. As a group the 
hypertensive diabetics reacted less than when normotensive 
(15.47• and 21.91~5.209 respectively, p=0.058). 
Oxygen reactivity was reduced in both diabetic high 
glucose groups; 11.35• (hypertensive, p=0.02)) and 
14.68~3.84% (normotensive, p=0.04). Oxygen reactivity 
was higher in the lower glucose group in both hypertensive 
(19.58+3.349, p=0.03)) and normctensive (29.15+5.159, 
p=0.03) diabetic when compared to the respective high 
glucose group . There was no statistically significant 
difference in reactivity between non-diabetic controls 
and diabetics at the lower glucose level. In conclusion 
hypertension and high glucose levels impair retinal 
vascular autoregulation in diabetic subjects. 
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SERUM SIALIC ACID IN TYPE 2 DIABETES AND ITS 
RELATIONSHIP TO BLOOD PRESSURE AND 
RETINOPATHY 

M. Crook and J. C. Pickup, Division of Chemical Pathology, 
United Medical and Dental Schools, Guy's Hospital, London 
SE1 9RT, U.K. 

As serum sialic acid is thought to be predictive of 
cardiovascular disease in the general population, we 
determined whether total and lipid-associated sialic acid 
(TSA, LASA) are elevated in Type 2 diabetes and whether 
serum levels are related to glycaemic control, 
hyperlipidaemia, body weight or the diabetic complications 
of hypertension and retinopathy. Twenty patients and 20 
age and sex-matched non-diabetic controls were studied. 
Serum TSA was measured with a specific enzymatic 
method. TSA was increased in the diabetic patients (mean 
_+ SEM 0.74 + 0.11 vs. 0.60 + 0.22 g/I, p<0.01), as was LASA 
(0.17 + 0.03 vs. 0.11 +_ 0.04, p<0.001). TSA (but not LASA) 
was correlated with systolic and diastolic blood pressure 
(r=0.58, p<0.01 ; r=0.58, p<0.02). In the 9 patients with back- 
ground retinopathy or maculopathy, TSA (but not LASA) was 
higher than in those without retinopathy (0.81 + 0.09 vs. 
0.69 + 0.10 g/I, p<0.01). TSA and LASA were not 
significantly related to duration of diabetes, body weight, 
blood glucose, serum fructosamine, cholesterol or 
triglyceride. We conclude that serum TSA is elevated in 
Type 2 diabetes and may be associated with raised blood 
pressure and retinopathy. It therefore deserves further study 
as a potential marker or predictor of diabetic complications. 
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RETINAL VESSEL CHANGES IN GALACTOSE-FED 
DOGS: ALDOSE REDUCTASE INHIBITOR EFFECTS 
P.F. KADOR, Y. TAKAHASHI AND M. WYMAN, National 
Inst i tutes  of Health, Bethesda, MD, U.S.A. 

Vascular changes associated with diabetic ret inopathy 
can be experimentally produced in beagles fed a 30% 
galactose diet. Chronologically these changes include the 
appearance of pericyte ghosts, acellular capillaries, 
microaneurysms, in t rare t inal  hemorrhages,  varicose 
enlargements,  occluded vessels and increased areas of 
nonperfusion, IRMA and apparent  new vessel growth. The 
onset and progression of the  formation of peHcyte ghosts, 
acellular capillaries, microaneurysms, and in t rare t ina l  
hemorrhages have been arrested in a dose-dependent 
mmmer  by the administrat ion of aldose reductase inhibitors 
in 36-month prevention studies. To determine if  the 
progression of ret inal  changes can also be arrested through 
reduction of galactitol production at  early stages of ret inal  
lesion development, an intervention study utilizing young 
male beagles has  also been conducted. In this  study dogs 
were switched to normal diet after 24 months  of galactose 
feeding (a period where pericyte ghosts and acellular 
capillaries are present) and after 30 months (a period 
where m/eroaneurysms are present). Investigations of the  
ret inal  vessels, isolated by trypsin digestion, from these 
eyes reveal t ha t  no apparent  reversal  of re t inal  lesions 
occurred. Nevertheless, differences in  the progression of 
ret inal  lesions between the galactose-fed and reversed 
groups became evident 12-18 months  after reversal. 
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THE EFFECT OF ORAL ADMINISTRATION OF VITAMIN C ON THE 
OXIDATIVE MODIPICATION OP DIABETIC LENS ~ CRYSTALLIN 

R.H.V. Jones and J.S. Hothersall. Department of 
Biochemistry and Molecular Biology, University College 
and Middlesex School of medicine, Windeyer Building, 
Cleveland Street, London. WIP 6DE. U.K. 

This study examined the effect of oral administration 
of vitamin C, on the oxidative modification of diabetic 
lens 8 crystallin, when subjected to a oxidative 
insult. 8 crystallin purified by Sephacryl SF300 gel 
chromatography from control, diabetic (3 week, 
streptozocin induced), and vitamin C treated diabetic 
rats were subjected to a graded oxidative insult by 
free-radicals, generated via the H202(O.O-O.5n%M)/Cu2+/ 
ascorbate system. Following this, various oxidative 
modifications were determined. Changes (across the 
range of stress) are expressed as a percentage of the 
control (no added }{202). Diabetes was associated with 
increased levels of oxidized tryptophan (16+70%), 
bityrosine formation (I15~480%), carbonyl formation 
(15~923%), advanced glycation endproducts (296+957%) 
and loss of free sulphydryl groups (15+I00%). Vitamin 
C treatment (200mg/kg/day in drinking water) resulted 
in, prevention and partial restoration to control 
levels of tryptophan oxidation (-13+56%), bityrosine 
formation (ii0e315%), carbonyl formation (-79~201%), 
and advanced glycation endproducts (168+697%) and 
reduced the lose of free sulphydryl groups (20~89%). 
Our findings show that the diabetic lens 8 crystallin 
is more susceptible to oxidative stress, possibly as a 
result of early glycation and that vitamin C treatment 
in vlvo can markedly decreases this susceptibility. 
Vitamin C may therefore play an important role in the 
prevention or arrest of the chronic, debilitating 
complication of diabetic cataract. 
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ESSENTIAL HYPERTENSION AND TYPE 1 DIABETES. 
K.N0rgaard, E.Rasmussen, T.Jensen, J.Giese and B.Feldt-Rasmus- 
sen. Steno Diabetes Center, Medical Department G, Bispebjerg 
Hospital, and Department of Clinical Physiology and Nuclear 
Medicin, Glostrup Hospital, Copenhagen, Denmark. 

This study was undertaken to characterize Type 1 diabetic patients 
with essential hypertension with respect to kidney function, renal 
hormones and endothelial function. After 4 weeks without anti- 
hypertensive treatment a cross-sectional study was carried out in 
the following groups of patients: Group 1- Fourteen healthy 
controls. Group 2- Thirteen non-diabetic patients with essential 
hypertension (blood pressure _> 140/90 mmHg). Groun 3- Eleven 
Type 1 diabetic patients with hypertension but urinary albumin 
excretion persistently normal (UAE: 10 (3-18) rag/24 h) both 
before, during and after discontinuing antihypertensive treatment. 
Group 4- Fifteen Type 1 diabetic patients with clinical nephropathy 
(UAE: 611 (192-3837) mg/24h) and hypertension. Systolic and 
diastolic blood pressure were similar in the three hypertensive 
groups 147/96, 150/94 and 152/92 mmHg (group 2, 3 and 4, 
respectively) but elevated compared to controls (117/74 mmHg, 
p < 0.001). The diabetic patients with essential hypertension were 
hyperfiltering in contrast to patients with nephropathy (glomerular 
filtration rate 114_+23 vs 90-+21 ml/min/1.73 m 2, p<0.05). The 
following parameters were normal in diabetic patients with 
essential hypertension and elevated only in patients with diabetic 
nephropathy as compared to controls: Total body exchangeable 
sodium (2752_+257 vs 3000_+247 meq/1.73 m 2, p < 0.05, group 3 vs 
group 4), extracellular volume (14.6_+ 1.8 vs 14.8_+2.3 1/1.73 m 2, 
NS), angiotensin converting enzyme (28 (14-46) vs 42 (25-60) U/I, 
p<0.01) and inactive renin (105 (35-211) vs 235 (68-1070) mlU/l  
p < 0.05). Our data suggest that two different pathogenetic mecha- 
nisms for hypertension occur in Type 1 diabetic patients with and 
without proteinuria. 
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GLOMERULAR CHARGE SELECTIVITY IN NORMO- 
ALBUMINURIC TYPE 1 DIABETIC PATIENTS 
A. Kofoed-Enevoldsen, K. Jensen and T. Deckert. Steno Diabetes 
Center, DK-2820 Gentofte, Denmark 

Microatbuminuria (>30mg/24h) in type 1 (insulin-dependent) 
diabetes is associated to loss of glomerular charge selectivity. It 
is not known whether loss of charge selectivity precedes or 
follows the onset of microNbuminuria. HYPOTHESIS: Urinary 
albumin excretion (UAE) increases continuously from normo- to 
microalbuminuria, thus if loss of charge selectivity precedes the 
onset of microalbuminuria, then charge selectivity may be 
correlated to UAE in short-term normoalbuminuric IDDM patients. 
DESIGN: Urinary IgG/IgG4 selectivity index (SI), UAE and HbAlo, 
were measured in type 1 diabetic patients (n=224, diabetes 
duration 7(3-10)y, age 25(6-40)y), without known onset of 
microalbuminuria. Mean of 4 consecutive measurements (6 mo 
interval) were used in the analysis. RESULTS: Mean SI was 1.33 
(x/+SD 1.5, Iognormal distribution). In multiple regression 
analysis only gender was correlated to SI (SI males: 1.25 
(x/+1.5), females 1.43 (x/-1.5), p=0.016). Twelve patients in 
whom microalbuminuria were diagnosed at entrance had 
reduced SI (0.90 (x/-1.6), p=0.030 vs. normoalbuminuric). 
Consecutive SI measurements were significantly correlated 
(p<0.0001, r=0.3). CONCLUSION: The hypothesis was not 
sustNned, thus a statement concerning the time course of loss 
of charge selectivity in relation to onset of microalbuminuria must 
anticipate follow up of the cohort. The results confirms the 
reduction in SI in microalbuminuric patients, and indicates sex 
dependent differences in SI. A notable subpopulation (20%) of 
the normoalbuminudc patients had SI below 1, suggesting 
reduced glomerular charge selectivity in these patients. 
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~MPAIRED VASODtLATOR RESPONSE TO ATRIAL NATRIURETIC FACTOR 
IN TYPE 1 DIABETES MELLITUS. 

P. Smits, F. Herschbach, T. Jansen, Th. Thien and J. Lutterman. 
Division of General Internal Medicine, University Hospital Nijmegen, 
PO Box 9101, 6500 HB Nijmegen, The Netherlands. 

Atrial Natriuretic factor (ANF) has well-known natriuretic and 
vasodflator properlies in man. Recent studies have demonstrated an 
attenuated natriuretic response to ANF in diabetes mellitus. We now 
investigated whether the vasodilator effect of ANF is impaired in 
diabetes. Methods: In ten patients with type 1 diabetes (no 
microvascular complications, diabetes duration: 4-12 years, HbAlc: 
8.0-10.6%), and in ten healthy volunteers (matched for age, sex and 
body mass index), the forearm vasodilator response to infusion of ANF 
(six dose steps: 0.001-0.003-0.01-0.03-0.1-0.3 gg/min/100ml) 
into the brachial artery was measured by plethysmography. 
Afterwards the response to intra-arterial infusion of sodium 
nitroprusside (SNP: 10-30-100 ng/min/100ml) was registered 
because ANF and SNP share the same second messenger, cyclic GMP. 
Results: Both ANF and SNP exerted significant decreases in forearm 
vascular resistance (FVR). However, as shown in the table, the mean 
percentage ANF-induced decrease in FVR was significantly attenuated 
in diabetes when compared with controls (*repeated measures ANOVA: 
P<0.001), whereas no differences in groups occurred during SNP 
infusion. 

AFVR (%) ANFI ANF2 ANF3 ANF4 ANF5 ANF6 SNPI SNP2 SNP3 
Control -29i-_5 -43+4-50!-_4-63_.+3-67+4-72_+4 -23-+4-38+3-61+3 
Diabetes -2~_7" -9+_3* -11_+6"-19i-_7" -32~6" .45+4* -13_+8 -27-+9 -52-+9 

Conclusion: the vasodilator response to ANF is specifically impaired in 
uncomplicated type t diabetes mellitus. This observation may be of 
relevance with respect to the regulation of blood pressure in diabetes. 

557 
LOSS OF GLOMERULAR CHARGE SELECTIVITY, NOT SIZE 
SELECTIVITY, ACCOMPANIES ALBUMINURIA IN DIABETIC 
NEPHROPATHY 
P.Vidal, T.Deckert, H.Andreassen, A.Kofoed- 
Enevoldsen, K.Nogaard, and B.Feldt-Rasmussen. 
Steno Diabetes Center, Gentofte, Denmark 
Pharmacosmos A/S, Viby SJ, Denmark; and Dept 
Endocrinology, Hospital Sta Creu S.Pau, UAB, 
Barcelona, Spain 

Aim: To study the cause of albuminuria in diabe- 
tic nephropathy. Desian: A cross sectional study 
of 51 IDDM patients in 5 groups D 1-5 depending 
on urinary albumin excretion (mg/24h): D1 normal 
(n=ll), D2 30-100 (n=8), D3 101-300 (n=13), D4 
>300 (n=ll), D5 >300 + s-creatinin >ii0 #mol/l 
(n=ll). Methods: Glomerular charge selectivity 
index (SI) was measured as the ratio of IgG/IgG4 
clearance. Mean glomerular pore radius and pore 
size distribution was estimated from fractional 
dextran clearances (26-64 A) as measured by HPLC 
Results: SI was decreased from (1.87• mean 
• in C and DI to (0.82• in D2, and 
remained depressed (0.79• in D2-5, p=O.O01. 
No difference in mean pore radius was found 
between the groups (35.4• ~). An increase in 
clearance of dextrans larger than 60 A was seen 
only in patients with reduced GFR (<90ml/min/ 
/1.73m 2) but was otherwise unrelated to 
albuminuria. Conclusion: Loss of glomerular 
charge selectivity, not size selectivity, is 
found during the early stages of diabetic 
nephropathy. Normal size selectivity across the 
glomerular capillary filtration barrier was 
found in patients with markedly increased 
urinary albumin and IgG clearances indicating 
the existance of an alternative macromolecular 
pathway of considerable importance for the 
development of diabetic nephropathy. 
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GLOMERULAR CHARGE SELECTIVITY AND TIlE 
INFLUENCE OF IMPROVED BLOOD GLUCOSE CONTROL 
H.-J. Baugstad, A. Kofned-Enevoldsen*, K. Dahl-J~rgensen, 
K. F. Hanssen. Aker Diabetes Research Centre, Oslo, Norway. 
*Steno Diabetes Centre, Gentofte. Denmark. 

Aims: Compare glomerular charge selectivity-index (SI) in two 
matched groups of type 1 diabetes patients with micro-(MA) 
and normoalbuminuria (NA) respectively, and secondly 
investigate prospectively the influence of metabolic control on 
SI in diabetic patients with MA. Design: Study 1: Cross- 
sectional, matched. Study 2: Prospective, randomized clinical 
trial. Patients: Study 1:27 patients with MA (albumin excretion 
> 15 gg/min in at least 2 out of 3 overnight urin samples) were 
matched with NA (n=24) patients (age, diabetes duration~ mean 
l-yr HbAlc, gender). Measurements: Glomerular charge 
selectivity (SI) by the ratio of IgG/IgG4 clearance. Intervention: 
(Study 2) 27 MA patients randomized to either intensive 
(continuous subcutaneous insulin infusion, CSII) or 
conventional treatment (CT). Results: MA patients had a 
significantly reduced SI (p<0.01), 1.20 (0.92-1.40) vs 1.68 
(1.22-2.21), median and 95% CI compared to the NA patients. 
In study 2 the HbAlc improved in the CSII-group compared to 
the CT-group: at 2, 6 and 12 months the difference in mean 
HbAlc between the groups was 1.1, 1.2 and 1.4 respectively 
(p<0.01). ~SI, expressed as % change from baseline, increased 
in the CSII-group compared to the CT-group at 2 and 6 months 
(p<0.05). Conclusion: Adolescents and young adults in an early 
stage of diabetic nephropathy have reduced glomerular charge 
selectivity, which possibly may be improved by reducing mean 
blood glucose level. 
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Hyperglycaemia affects renal immunoglobulin-G handling and 
selectivity index in Type 1 (insulin-dependent) diabetic patients. 
K. Hoogenberg, R.P.F. Dullaart, J. Marrink, W.J. Sluiter. 
Department of Endocrinology and Laboratory of Immunochemistry, 
University Hospital, Groningen, The Netherlands. 

It has been recently documented that the urinary excretion of IgG 
and, therefore, the selectivity index (IgG/albumin clearance ratio) is 
elevated in normoalbuminuric diabetic patients compared with 
control subjects. In the present study the possible effect of hyper- 
glycaemia on renal IgG handling and selectivity index was investi- 
gated. First, it was observed that the overnight fractional IgG 
clearance and the selectivity index were increased in 15 normoalbu- 
minuric Type 1 diabetic patients (1.18(0.54-1.79) x l0 s (median, 
interquartile ranges) and 0.93(0.78-1.29), respectively) compared 
with control subjects (0.40(0.32-0.60) x 10 -6, p<0.01 and 0.69 
(0.55-0.72), p < 0.05, respectively). Second, the selectivity index 
was measured in these 15 nolwnoalbuminuric patients and in 15 
patients with minor elevations in albuminuria (10-200 #g/rain) 
during a fasting day-time clearance period. The selectivity index was 
higher in 23 patients with glucosuria (1.05(0.67-1.98)) than in 7 
patients without glucosuria (0.37(0.29-0.48)), p < 0.01 and was 
positively correlated with blood glucose (R =0.62, p < 0.001). 
Third, fractional lgG clearance and selectivity index were measured 
during normoglycaemia followed by moderate hyperglycaemia in 7 
of these patients. Hyperglycaemia (blood glucose 13.0(10.6-t5.6) 
mmol/1) increased selectivity index from 0.64(0.30-1.08) to 1.81 
(1.12-2.38)0 p<0.05.  Both fractional IgG clearance (R=0.58, 
p < 0.02) and selectivity index (R=0.54, p < 0.02) were related to 
actual glycaemia (21 observation periods)). The present findings 
necessitate careful consideration of blood glucose when measuring 
the selectivity index and suggest that hyperglycaemia alters renal 
IgG handling in Type 1 diabetic patients. 
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ABNORMAL URINARY KALLIKREIN IN SHORT-TERM TYPE 1 
(INSULIN-OEPENOENT) DIABETES MELLITUS 
T. Pelik@nov~, H. Bultasov@, I. Smr6kov@, J. 
St2~brn~ and P. Pinsker. Institute for Clinical 
and Experimental Medicine, Prague, Czechoslovakia 
Urinary kallikrein excretion after stimulation 
with i.v. furosemide (0.5 mg.kg -l) and during 
glycemic clamp-induced norma- and hyperglycemia 
(5 and 12 mmel/1) was evaluated in 16 short-term 
insulin-dependent diabetics with normal glomeru- 
lar filtration rate and in 20 weight-, age- and 
sex-matched healthy controls. Both basal (6.0 + 
1.2 v.s. 10.9 + 1.7 mEU.min-1; p<O.05) and fur~- 
semid stimulated (12.0 + 1.6 v.s. 21.3 + 2.0 
mEU.min-1; p<O.O1) urinary kallikrein w~re signi- 
ficantly lower in diabetics compared to controls. 
A decreased response to furosemide (p<O.05) was 
found despite the comparable rise of diuresis and 
natriuresis in both groups. Kallikrein excretion 
was i0.9 + 2.03 mEU.min -1 during clamp-induced 
normoglycemia in diabetics (comparable t o  
controls) and it significantly declined during 
intravenous dextrose-induced hyperglycemia to 
5.45 + 0.88 mEU.min-1 (p<O.Ol). We conclude 
shortTterm diabetes mellitus without the renal 
hemodynamic alterations is associated with 
decreased kallikrein excretion and its functional 
reserve. This defect is probably directly related 
to the blood glucose level. 

561 
THE ROLE OF UROKINASE IN THE PATHOGENESIS OF 
DIABETIC NEPHROPATHY 
MH Stickland, HC Rayner, *L Creighton-Kempsford, *PJ 
Gaffney and PJ Grant. Academic Unit of Medicine, 
Leeds, UK and *The National Institute of Biological 
Standards and Control, S. Mimms, UK. 

The pathogenesis of diabetic nephropathy remains 
incompletely understood although fibrin deposition within 
glnmeruli indicates that impaired fibrinolysis may be 
important. Studies in non-diabetic patients indicate that 
deteriorating renal function is associated with reduced 
urinary urokinase (u-PA) excretion. To study the role of 
u-PA in the pathogenesis of diabetic nephropathy, 11 non 
diabetic controls, 20 Type 1 diabetic patients without 
proteinuria and 7 with proteinuria and impaired renal 
function had urine samples collected during the day and 
overnight. U-PA excretion was significantly greater 
during the day than in the night in controls (82.8 v 60.1 
iU/hr, p<0.01) and non proteinuric diabetics (97.7 v 66.3 
iU/hr, P<O.001). Patients with impaired renal function 
had significantly reduced u-PA excretion with Ioss of 
the diurnal variation (46.6 v 47.4 iU/hr, p<0.0001 
compared to controls and diabetes without nephropathy). 
U-PA excretion correlated with creatinine clearance in 
both groups of diabetic patients (no proteinuria, day 
r=0.43, night r=0.6; proteinuria, day r=0.74, night r=0.8). 
No correlations existed between albumin and u-PA 
excretion. The results indicate that loss of renal 
function is associated with reduced urinary u-PA 
excretion. The lack of association with urinary albumin 
excretion indicates that these changes are secondary to 
the underlying disease and not causative. 
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PLASMA PRORENIN AND PROGRESSION OF ALBUMINURIA IN TYPE I 
DIABETIC PATIENTS: A 2 YEARS FOLLOW-UP. 

AAM Franken, RPF Dullaart, FHM Derkx, MADH Schalekamp. 
Department of Internal Medicine I, University Hospital 
Dijkzigt, Rotterdam, Netherlands. 

Prorenin may be a marker of mierovascular complications 
in type I diabetes. 
It is unknown whether plasma prorenin is already elevated 
in patients with minor elevations in albuminuria and 
whether an elevated prorenin can predict progression of 
albuminuria in such patients. We conducted a prospective 
study in a highly selected group of 25 type I normotensive 
diabetics with slightly elevated levels of albuminuria: 
28 (14-75) ug/min (geometric mean, 95% confidence interval). 
During two years of follow-up progression of albuminuria 
was associated with higher baseline blood pressure 
(p< 0.001) and retinopathy (p< 0.01) but not with GFR, 
HbA1c and plasma prorenin at baseline. Both systolic and 
diastolic blood pressure were significantly higher in the 
second year in those subjects in whom albuminuria 
progressed. Plasma prorenin was not different in patients 
with and without progression of albuminuria: 
164 (128-212) mU/l vs. 178 (110-286) mU/l. 
Plasma prorenin did not rise in either group during 
follow-up. Plasma prorenin, however, was strongly 
associated with both the early phase (micraneurysms only) 
(p< 0.001) and the late phase (excudates and/or 
proliferative) (p< 0.001) of retinopathy. 
It appears that elevated plasma prorenin is not a reliable 
marker of early microalbuminuria. Prorenin, however, is 
more closely associated with the presence of retinopathy. 

563 
SE-PRORENIN AND URINARY ALBUMIN EXCRETION RATE IN 
NORMO- AND MICROALBUMINURIC TYPE 2 (NON-INSULIN- 
DEPENDENT) DIABETES. 
A. Schmitz, S. Nielsen, C.E. Mogensen and F.H.M. Derkx. Medical 
Department M (Endocrinology and Diabetes), DK-8000 Aarhus C, 
Denmark and Departments of Internal Medicine I & III, Erasmus 
University Rotterdam, the Netherlands. 

In Type 1 (insulin-dependent) diabetics se-prorenin indicates 
concomitant nephropathy and is a long-term predictor of urinary 
albumin excretion rate (UAE). We investigated se-prorenin and UAE 
in 21 normo and 16 microalbuminuric and, after 40 months, in 26 
non-proteinuric Type 2 (non-insulin-dependent) diabetics. Cross- 
sectional study: No difference in se-prorenin was found between 
normo- and microalbuminurics (geometric meanx/+tolerance factor): 
140x/+ 2.08 and 133x/+ 2.10 pU/ml. Se-prorenin correlated with 
UAE and se-renin in normoalbuminurics (r = 0.43, p = 0.05; r = 0.46, 
p = 0.04). In microalbuminurics se-prorenin correlated with diastolic 
blood pressure and se-renin (r=-0.51, p=0.04 and r=0 .62 ,  
p=0.01) .  Excluding antihypertensive treated patients did not 
change the results between the groups. Follow-up study: Initially 
there was no correlation between se-prorenin and UAE (range: 1.9- 
183.9 pg/min), but se-prorenin correlated to both follow-up UAE 
(r = 0.50, p < 0.01 ) and the relative rise in UAE (r = 0.46, p = 0.02). 
Adjustment for different follow-up duration did not change the latter 
correlation. Excluding antihypertensive treated patients (6 patients) 
eliminated these correlations. Se-prorenin neither indicates 
concomitant nephropathy nor predicts long-term increase in urinary 
albumin excretion rate in normo- and microalbuminuric Type 2 (non- 
insulin-dependent) diabetic patients, when antihypertensive 
treatment is taken into consideration. 

564 
RENAL TUBULAR ELECTROLYTE HANDLING AND ALDOSTERONE BID- 
ACTIVITY IN CHILDREN WITH TYPE i DIABETES 
A. Kdrner, T. Tulassay, L. Maddcsy and M. Milt~nyi 
1st Oepartment of Paediatrics, Budapest, Hungary 

Tubular dysfunction has been suggested as a characteristic 
finding for the renal involvement in type 1 diabetes. To 
evaluate disturbances of renal electrolyte handling 
measurements of potassium and sodium transport as well as 
those of plasma concentrations of aldosterone (Aldo), 
atrial natriuretie peptide (AMP) and urinary excretion of 
catecholamines were carried out in three groups of 
diabetic children (I: newly diagnosed patients < 6 
months, II: patients with diabetes duration > 5 years, 
III: diabetic children in ketoacidosis (OKA). Results were 
expressed as mean ¢ SE and compared to those of healthy 
controls (C). Trans~ubular potassium gradient (TTKG) was 
significantly lower in each group of diabetic children 
compared to controls (I: 3.17 + 0.3, II: 2.75 ± 0.2, III: 
4.9 + 0.5 vs C: 8.2 + 0.7). ~lasma Aldo was elevated in 
diabetic children with Tonger duration (g.5 + 0.09 nmol/L) 
and in OKA (3.2 + 0.3) versus controls (0~] ± 0.04). In 
each group signifTcant positive correlations were found 
between Alde and TTKG. Plasma concentration of AMP was 
high in newly diagnosed diabetic children (25.6 ~ 2.4 
fmol/mL vs 16.6 + 1.6 in controls) but net in the long 
duration group (1~.3 ± 0.8). Our conclusion is that TTKG 
is a valuable measure of mineralocortieoid action on 
distal and collecting tubules also in pathological 
condition. The low TTKG is characteristic for the renal 
involvement in diabetes, which already occurs at a very 
early stage of the disease. 

565 
RELATIONSHIP BETWEEN C-PEPTIDE, RENAL SODIUM AND DOPAMINE 

EXCRETION IN TYPE It (NON-INSULIN-DEPENDENT) DIABETES. 

D.F.Schoors, O.Segers and G.Somers. Department of Internal Medicine, 

Academic Hospital, Vrije Universiteit Brussel, Brussels, Belgium. 

Recent data indicate that C-peptide reduces glomerular filtration rate 

(GFR) in type I (insulin-dependent) diabetic patients. Furthermore, 

hyperinsulinemia has been related to an increased renal sodium 

retention. Moreover it has been evidenced that renal dopamine plays an 

important role in sodium-water homeostasis. However, renal dopamine 

production depends on the amount of filtered L-dopa, and hence on 

GFR. Hyperinsulinemia-induced sodium retention may thus be 

explained at least partially by an impaired renal dopamine production. 

Therefore the relationship between basal plasma C-peptide, 24h urinary 

sodium, dopamine excretion, and creatinine clearance in type II (non- 

insulin-dependent) diabetic patients (n=45) was studied. A significant 

negative correlation was found between basal C-peptide and creatinine 

clearance (r=-0.44;p<0.01), and between basal C-peptide and urinary 

dopamine excretion (r=-0.45;p<0.01). Urinary dopamine appeared to be 

significantly correlated with urinary sodium excretion (r=0.37;p<0.05). 

The correlation between C-peptide and urinary sodium excretion was at 

the limit of significance (r=0.26;ns). These findings suggest that in 

type II (non-insulin-dependent) diabetes hyperinsulinemia/hyper C- 

peptidemia is associated with a decreased GFR, and hence decreased 

formation of renal dopamine. An impairment of the renal dopaminergic 

system may be one of the factors involved in the pathophysiology of 

sodium retention in type II (non-insulin-dependent) patients. 
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IMPAIRED DOPAMINE/SODIUM RELATIONSHIP IN TYPE 1 

(INSULIN-DEPENDENT) DIABETES. 

O.Segers, D.F. Schoors, A.G. Dupont and G. Somers. Department of 

Internal Medicine, Academic Hospital, Vrije Universiteit Brussel, 

Brussels, Belgium. 

Considerable evidence suggests that dopamine (DA) intervenes in the 

sodium (Na) and water homeostasis. To study the role of the renal 

dopaminergic system in the abnormal sodium handling in diabetes we 

measured 24h DA excretion (UDA) by HPLC in 61 normotensive type 

1 diabetic patients without nephropathy (32.6+1.2 years ; duration of 

diabetes : 12.5 + 1.2 years ; mean + SEM) and in 21 age-matched 

healthy controls (C). UDA was signicantly lower in D than in C 

namely 193.3 + 8.9 gg/24h versus 290.9 + 11.6 #g/24h respectively 

(P<0.001). A positive correlation was observed between urinary 

sodium excretion (UNa) and UDA in D (r=0.28 ; P<0.05) and in C 

(r=0.54 ; P<0.05) indicating that a comparable UDA in D is associated 

with a lower UNa. A low-dose DA infusion (3lag/kg/min) for one hour 

induced a significant increase in urinary flow (UV) and UNa (P<0.05) 

in both C (n=21) and D (n=33). This rise in UV and UNa was more 

marked in D with a short duration of disease (<5 years ; n=7). With a 

longer dttration of diabetes the response of UV and UNa decreased 

progressively reaching significant differences after > 10 years of 

disease (n=19 ; P< 0.01). These results suggest that an impaired 

DA/Na relationship could be implicated in the abnormal sodium 

homeostasis in type 1 (insulin-dependent) diabetes. 
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REDUCTION IN ALBUMINURIA PREDICTS A BENEFICIAL EFFECT ON PROGRESSION IN 
DIABETIC NEPHROPATHY DURING ANTIHYPERTENSIVE TREATMENT, 
P. Rossing, E. Hommel, U. M Smidt and H.-H. Parring. Steno Diabetes 
Center, Niels Steensens Vej 2, DK-2820 Gentofte. 

We have evaluated putative predictors of the progression in diabetic 

nephropathy during long-term antihypertensive treatment. Twenty hypertensive 

Type 1 (insulin-dependent) diabetic patients with nephropathy were followed 

for 3 (2-5) years before, and for 3 years during antihypertensive treatment. Fall 

rate in glomerular filtration rate was 9.5 -+ 3.8 ml/min/year (mean • SD) 

before and 3.6 +_ 3.6 during antihypertensive treatment. Aibuminuria was 1442 

(150-7564) t~g/min in the last year before and 880 (96-3310) p.g/min in the 

first year during treatment. Relative change in fractional albumin clearance 

(ratio of values obtained during first year of treatment / and last year before) 

was significantly correlated to fall rate in glomerular filtration rate during the 

3 years of treatment (r=0.41, p<0.05) and to relative change in fall rate in 

glomarular filtration rate (fall rate during and before treatment were com- 

pared) (r=0.42, p<0.05). No significant correlations were found between fall 

rate in glomerular filtration rate during the 3 years of treatment and arterial 

blood pressure, albuminuria or glomerular filtration rate measured the last year 

before, the first year during treatment or the relative changes in these 3 

variables (after-before). In conclusion, a decrease in fractional albumin 

clearance during antihypertensive treatment predicts an attenuated fall rate in 

glomerular filtration rate in diabetic nephropathy. 

568 
THE COURSE OF KIDNEY FUNCTION IN TYPE 2 (NON-INSULIN- 
DEPENDENT) DIABETIC PATIENTS WITH DIABETIC NEPHROPATHY. 
M-A. Gall, F.S. Nielsen, U.M Smidt and H.-H. Parving. Steno Diabetes Center, 
Gentofte, Denmark. 

We evaluated the impact of some putative progression promoters on kidney 
function in albuminuric Type 2 (non-insulin-dependent) diabetic patients with 
biopsy proven diabetic glomerulosclerosis. 26 patients (1 woman), age 52 -+ 
9 (mean + SD) years were followed prospectively for 5.4 (1.0 - 7.0) (median 
(range)) years. 21 patients received antihypertensive treatment. During the 
observation period glomerular filtration rate (~ICr-EDTA) decreased from 82 
(24-146) to 56 (2-145) ml/min/1.73m ~ (p<0.001). Glomerular filtration rate 
declined 5.5 (-3.5 to 22.0) ml/min per year. Albuminuria increased from 1.0 
(0.3-7.2) to 2.2 (0.4-8.0) g/24h (p<0.001). Arterial blood pressure remained 
unchanged: 162/93 -+ 23/14 and 161/89 _+ 20/9 mm Hg. A significant 
correlation was found between the rate of decline in glomerular filtration rate 
and systolic blood pressure (r= 0.71, p <0.001), mean blood pressure (r= 0.56, 
p<0.005), albuminuria (r=0.58, p<0.005) and glomerular filtration rate at 
baseline (r--0.49, p<0.02). The rate of decline in glomerular Ntration rate did 
not correlate significantly with dietary protein intake, total-cholesterol, HDL- 
cholesterol or haemoglobin A~. Seven patients died; 3 from uraemia and 4 
from cardiovascular causes. Two patients required renal replacement therapy 
at the end of the observation period. Our prospective observational study has 
revealed that the decline in glomerular filtration rate varies considerably 
between patients. Increase in arterial blood pressure to a hypertensive level 
is an early feature of diabetic nephropathy. Elevated arterial blood pressure 
accelerates the progression of diabetic nephropathy in Type 2 (non-insulin- 
dependent) diabetic patients. 
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Long-term renal effects of protein-restricted diet in Type 1 (insulin- 
dependent) diabetic patients without clinical nephropathy and hyper- 
tension. 
R.P.F. Dullaart, B.J. Beusekamp, S. Meijer, J.J. van Doormaal. 
Departments of Endocrinology, Nutrition and Nephrology, Universi- 
ty Hospital Groningen, The Netherlands. 

In a two-year prospective randomised study the renal effects of a low 
protein diet (0.6 g/kg/day) were investigated in Type 1 diabetic 
patients with minor elevations on albuminuria (overnight albuminuria 
between 10 and 200 /zg/min) and without hypertension. In the low- 
protein diet group (LPD, n=14),  protein intake, estimated by 
urinary urea excretion, decreased from 1.05_+0.32 to 0.79_+0.16 
g/kg/day (p<0.005) but only seven patients consumed <0.8 g 
protein/kg/day. In the usual-protein diet group (UPD, n=  16) protein 
intake was unaltered (p<0.001 from LPD). Baseline albuminuria 
and renal haemodynamics were similar in the groups. Mean arterial 
pressure (MAP) was slightly higher in the LPD group. After correc- 
tion for MAP and diabetes duration albuminuria decreased by 26 
(95% confidence interval, 13 to 36)% in the LPD group (p<0.001) 
and did not significantly change by 5 (95 % confidence interval, -24 
to 46)% in the UPD group (p<0.005 from LPD group). Multiple 
regression analysis showed that the actual decrease in protein intake 
inhibited (p < 0.005), whereas prevailing MAP accelerated albuminu- 
ria (p<0.001). Low-protein intake independently reduced effective 
renal plasma flow (ERPF) (p<0.01) and glomerular filtration rate 
(indirectly via ERPF, p<0 .00 l )  after one year. Minor changes in 
renal haemodynamics occured between the first and second year of 
study. In conclusion, long-term dietary protein restriction beneficial- 
ly reduces albuminuria and renal haemodynamics in Type 1 diabetic 
patients with early signs of renal involvement, but systemic blood 
pressure counteracts these effects even in the absence of hypertensi- 
on. Suboptimal compliance limits dietary efficacy. 
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ALDOSE REDUCTASE INHIBITOR ZOPOLRESTAT REDUCES 
HYPERFILTRATION AND ALBUMINURIA IN DIABETIC RATS. 
P.J.  Oates, C .A .  Ellery, and S. Goldfarb. Pfizer Inc, 
Groton, CT, and the University of Pennsylvania School of 
Medicine, Philadelphia, PA, USA. 

Elevated glomerular filtration rate (GFR) and urinary 
albumin excretion (UAE) are early markers linked with 
subsequent diabetic nephropathy. We examined the effect 
of a structural ly distinct aldose reductase inhibitor, 
zopolrestat (Z), on GFR and UAE in rats with short-term 
streptozocin(STZ)-induced diabetes. STZ-diabetic rats 
received ei ther no t reatment  (group D), or 100 
mg/kg/day, p.o., Z (group D+Z), for ~1 or ~4 weeks. 
Controls were non-STZ-injected (group N). GFRs were 
measured after ~1 week (3H-inulin clearance, Inactin 
anesthesia). Twenty-four-hour UAE was determined after 
~4 weeks (antibody-based assay). Results are for groups 
D, N, and D+Z, respectively. All STZ-treated rats h a d  
significantly elevated (~3X) plasma glucoses: e.g., at ~1 
week,  318+67(11) vs. 126_+16(12) vs. 346+54(7) 
mg/dl (mean+SD(n)). Hyperfiltration (+46%, P<0.05 D 
vs. N) was reduced 73% by Z (P<0.05, D+Z vs. D): 
16.4+3.0(11)  vs. 11.2+1.7(12)  vs. 12.6+3.2(7)  
ml/min/kg. In separate groups of rats, UAE at ~4 weeks 
was elevated ~5X (P<0.05, D vs. N), and was reduced 
77% by Z (P<0.05, D+Z vs. D): 2.50(1.56-4.01)(4) 
vs. 0.50(0.32-.74)(4)  vs. 0.97(0.67-1.48)(4)  mg/24 
hour (mean(range)(n)). Erythrocyte sorbitol, e levated 
~5X (P<0.05), was normalized by Z: 19.4+6.2(6) vs. 
4.2+2.3(5) vs. 3.4+0.6(4) nmoles/ml. These data 
support the notion that adequate inhibit ion of polyol 
pathway flux substantially reduces elevated GFR and UAE in 
short-term experimental diabetes. 

571 
RENAL PROTECTIVE EFFECTS OF CAPTOPRIL AND 
METOPROLOL IN DIABETIC NEPHROPATHY 
H.-H. Parving, P. Rossing. E. Hommel and U.M. Smidt, Steno 
Diabetes Center, Copenhagen, Denmark. 

We assessed whether long-term (6.6 years) inhibition of angiotensin 
converting enzyme can reduce the rate of decline in kidney function 
more than reducing blood pressure with other antihypertensive 
treatment. We performed a non-randomised before-after trial of 
matched hypertensive Type 1 (insulin-dependent) diabetics (mean age 
33) with nephropathy treated with captopfil (n=18) or metoprolol 
(n=19), usually combined with frusemide. Baseline values were 
identical in captopfil and metoprolol treated groups, respectively: 
mean blood pressure 111 (SE 2) mm Hg v 114 (2) mm Hg, geometric 
mean albuminuria 982 (antilog SE 1.2) ttg/min v 1266 (1.0) ~tg/min; 
and mean glomerular filtration rate (GFR) 98 (SE 5) ml/min/1.73 m 2 
v 88(4) ml/min/1.73 m ~. GFR declined a mean of 4.5 (0.6) ml/min/y- 
ear in the group given captopril and 4.1 (0.7) ml/min/year in the 
metoprolol group. The mean blood pressure during the study was 102 
(2) mm Hg in both groups. Albuminuria decreased to the same extent 
with captopril and metoprolol, respectively: 380 (1.0) p,g/min v 320 
(0.8) ttg/min. Our study suggests that captopril and metoprolol are 
equally effective in reducing albuminuria and the rate of decline in 
GFR in hypertensive patients with diabetic nephropathy and normal 
kidney function. 

572 
PLACEBO CONTROLLED STUDY OF LISINOPRIL IN NORMOTENSIVE 
DIABETIC PATIENTS WITH MICROALBUMINURIA. 

MJ O'Donnell, B Rowe, N Lawson, A Horton , 
OHB Gyde and AH Barnett:. Univers i ty  of Birmingham, UK. 

Normotensive diabet ics with albumin excret ion rate (AER) 
>20gg min -1 but < 200#g min -1 were randomised a f te r  2 
weeks run- in to receive l i s i n o p r i l  (L, n=12) or placebo 
(P1,n=15) for  48 weeks. The groups were well matched 
for age [L,48.3+13.0 yr  and P1,49.1+16.0 y r ] ,  weight 
[L,80.8+16.1 kg-and PI,76.6+17.4 kg~ and height [L,1.64+ 
0.07 m and PI,1.69+0.07 m] . -  Mean changes in AER at 48 - 
weeks were -30.1#g-min -1 (L) and +37.5~g min- l (p1) ,  
[ t reatment di f ference 67.6~g min-1,95% CI-115.0 to -20.2, 
P<O.01]. Glomerular f i l t r a t i o n  rate [GRF,ml min -1] fe l l  
[126.9+46.7 to 100.8+27.4(L), 110.8+34.0 to 103.1+38.3 
(P)] .  -Renal plasma f low [RPF,ml mi~ - I ]  f e l l  323.T+120.4 
to 304.7~IIB.1(L),  and rose 312.8+135.8 to 349.6+189.4 
(P). Renal resistances [RR mmHg ml- lmin ~]]  did not 
a l t e r  [0.34+0.13(L), 0.37+0.18 (P I ) ] .  F i l t r a t i o n  
f ract ions [FF] f e l l  [0.4+0.09 to 0.35+0.10(L), 0.38+ 
0.11 to 0.33+0.11(P1)]. -Plasma creatTnine [~mol l -T ]  
did not a l teT in e i ther  group [94+8 to 100~8.0(L), and 
97+19 to 108_+26(P)]. Treatment dif ferences for GFR, 
RPF, RR, FF, and creat ine were not s ign i f i can t .  Changes 
in random glucose [mmol i - I  ] were [ -3 .3(L) ,  +3.9(P)with 
a treatment di f ference 7.2, 95%CI -13.3 to -1.2, P<O.02]. 
There was no s ign i f i can t  inter-group dif ferences in 
glycated haemoblobin. Mean sys to l ic  blood pressure 
fe l l  13.5 mmHg (L) but only 1.4 mmHg (P), P = 0 . I .  
There was no change in d ias to l i c  blood pressure in 
e i ther  group. In th is study angiotensin convert ing 
enzyme inh ib i t i on  with l i s i n o p r i l  decreased AER in 
inc ip ien t  d iabet ic  nephropathy without an obvious benef i t  
over placebo on renal haemodynamics. 
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COMPARATIVE STUDY ON RENAL EFFECTS OF NITRENDIPINE VS. 
ENALAPRIL IN MICROALBIJMINURIC PATIENTS MITN TYPE I 
DIABETES MELLITUS 
E. Jungmann, T. ~aak, M. Malanyn, N. Mortasawi, J. 
Scherberich, and K. ~. Usadel, Center of Internal 
Medicine, Johann Wolfgang Goethe-University, Theodor- 
Stern-Kai 7, D-6000 Frankfurt am Main 70, FRG 
To compare the effects of nitrendipine and of enalapril 
on variables of glomerular and tubular function in type 
I diabetes mellitus, a randoaised comparative study was 
carried out in 20 microalbuminuric patients (6 females, 
14 males, age, 30 - 58 years, diabetes duration, 3 - 41 
years, Hb~le, 5.5 - 10 %). Patients were treated for 1 
year with 20 mg/day nitrendipine (group 1~ 10 patients) 
or 10 mg/day enalapril (group 2, 10 patients). Median 
urinary albuain excretion decreased maxiaally from 42 ± 
12 to 24 ± 22 ag/24h in grgup 1 and from 51 + 40 to 19 
± 7 mg/24h in group 2 (p < 0.01). 67 Z of the 
measurements in group 1 and 75 % of the measurement in 
group 2 were decreased in comparison to before 
treatment (both p < 0.01). Blood pressure fell from 
132/89 to 112/76 mlHg in group 1 (p < 0.01) and frol 
133/88 to 118/79 mlIlg in group 2 (p < 0.05). Kidney 
size decreased from 184 ± 7 to 146 ± 7 II in group 1 (p 
< 0.01) and from 207 ± 12 to 174 ÷ 12 ml in group 2 (p 
(0.05). Glomerular filtration rate (GFR) rose from 107 
± 15 to 148 ± 19 ml/ain in group 1 but fell from 103 ± 
I0 to 87 ± 10 ll/min in group 2 (p < 0.05 vs. group 1). 
In both groups, the excretion of alpha-l-aieroglobulin 
was decreased (p < 0.05). Thus, there were no 
differences between the beneficial effects of 
nitrendipine and enalapril on aicroalbuminuria and the 
excretion of a renal tubular marker protein. The 
different effects on GFR deserve further long-term 
evaluation. 
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NEUROELEC~OPHYSIOLOGICALALTERATIONS IN EX3PERI- 
Md~NTAJLDIABETESM~.r.7.I~"JS. 
S. Morano, M. Sensi, M.G. De Rossi, F.S. Celi, 
F. Medici, P. Pietravalle, * E. Valle, * A. 
Petrucci, * G. Pozzessere, D. Andreani and ** U. 
Di Mario. 
Endocrinology, * Institute of Neurology, Uni- 
versity La Sapienza, Rome, ** Endocrinology, 
University of Catanzaro (Italy). 
Neuroelectrophysiological studies have demon- 
strated that Central Nervous System (CNS) and 
Peripheral Nervous System (PNS) damage are 
present in diabetes and occur at an early 
stage of the disease. To evaluate the natural 
hystory of diabetic neuropathy using electrophy- 
siological determinations and to compare PNS to 
CNS alterations ,diabetes was induced in 56 male 
Sprague-Dawley rats by a single i.p. streptozo- 
tocin injection (60 mg/Kg b.wt.). Forty normal 
rats made up the control group. VEP-Visual 
Evoked Potentials, BAEP-Brainstem Auditory 
Evoked Potentials, SEP-Somatosensory Evoked 
Potentials were recorded at 1.5, 3, 6, 9, and 12 
months after diabetes induction. VEP-PI wave 
latency was significantly increased in diabetic 
rats at 3 (p<0.05), 6 (p<0.02), 9 and 12 months 
(p<0.01). Wave BAEP latency was significantly 
elevated in diabetic rats as soon as 3 months 
from diabetes induction (p< 0.001 for all the 
waves ). CNS conduction decrease (T6-cortex) was 
demonstrated in SEP recordings of diabetic rats 
at 3 (p<0.02), 6 (p<0.001) and 9-12 months 
(p<0.01). PNS conduction showed similar beha- 
viour with a significant decrease in diabetic 
rats at 3,6,9,12 months (p<0.001). Our results 
document that electrophysiological abnormalities 
appear at an early stage in experimental dia- 
betes mellitus, persist thereafter and may be 
demonstrated at CNS and PNS level. 
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PHOSPHORYLATION OF Na,K-ATPase ~-SUBUN1T IN RAT INTACT 
SCIATIC NERVES: EFFECTS OF PROTEIN KINASE MODULATORS 
LBorghini, A.Ania-Lahuerta, A.Gjinovci, C.B.Wollheim and W.F.Pralong. 
Division de Bioehimie Clinique, Centre M4dical Universitaire, University of 
Geneva, Geneva, Switzerland. 

Na,K-ATPase activity is impaired in diabetic animals. Phorbol ester 
treatment of sciatic nerves acutely restores Na,K-ATPase activity in 
diabetic rats, but has no effect on nerves of controls. The mechanisms by 
which Na,K-ATPase activity is modulated by protein kinases (PK) 
including PKC remain to be elucidated. We have studied the 
phosphorylation state of Na,K-ATPase o~-subunit in sciatic nerves in 
response to PK modulators. Nerves were removed from anaesthesized rats, 
desheathed and labeled with 32po4 (lmCi/ml) for lh in Krebs buffer. The 

nerves were then exposed to phorbol-myristate-acetate (PMA, 10uM), 

staurosporine (100nM), forskolin (10uM) or to changes in ambient [Ca2 +] 
for 15min. Cytosolic and membrane fractions were then prepared. 
Membrane fractions were shown by immunoblotting both to contain 
> 90% of the total nerve Na,K-ATPase O<-subunit and to comprise the site 
of PMA-induced translocation of PKC. This fraction was submitted to 
immunoprecipitation with an anti-alpha antibody and the specific 
phosphorylation of the c~-subunit was revealed by autoradiography after 
SDS-PAGE. The results demonstrate a calcium-dependent basal 
phosphorylation state of the o~-subunit which is increased by PMA and 
decreased by staurosporine and forskolin. This suggests that the Na,K- 
ATPase is tonically phosphorylated in intact nerves, in part due to direct 
phosphorylation by PKC while PKA activation promotes 
dephosphorylation. 
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The role of cAMP in regulation of diabetic nerve 
Na/K-ATPase activity 
K.Maeda,H.Yasuda,R.Kikkawa,Y.Shigeta,The Third 
Department of Medicine,Shiga University of 
Medical Science,Ohtsu,Japan 
We reported that prostaglandin E1 analogue 

OPI206. aCD(OP) increased nerve Na/K- 
ATPase(ATPase) activity without affecting myo- 
inositol content in diabetic rats.ln order to 
clarify the mechanism by which OP increases 
ATPase activity,in vitro studies were 
performed. Endoneurial materials from sciatic 
nerve of Sprague-Dawley rats with 6wk 
streptozocin-induced diabetes were incubated 
with OP.OP increased nerve ATPase activity in a 
dose-dependent manner(basal;l. S9~mol Pi/mg 
protein/hour,OP 10ng/ml;2.11).Sixty-three 
percent of maximal effect appeared after one 
minute. In addition,OP increased nerve cAMP 
content in the same manner and basal cAMP 
content determined with microwave irradiation 
was significantly reduced in diabetic 
rats(l.67pmol/mg wet weight,control;l.99).To 
convince the role of cAMP in increasing ATPase 
activity,endoneurial materials were incubated 
with dibutyryl cAMP or phosphodiesterase 
inhibitor aminophylline. The enzyme activity was 
significantly increased with these 
compounds. Protein kinase inhibitor H8 inhibited 
the effect of OP on ATPase activity 
completely. These results suggest that cAMP 
increases diabetic nerve ATPase activity via 
phosphorylation by cAMP-dependent protein kinase 
rather than new enzyme production and that cAMP 
might be one of the candidates that regulate 
ATPase activity of diabetic nerve. 
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IMPAIRED RESPONSE TO NERVE INJURY IN 
EXPERIMENTAL DIABETES 
N.A. Calcuttl, 2, A.P. Mizisin l ,  C. Hagaman 2 and T.L. Yaksh 2. 
Departments of Pathology 1 and Anesthesiology 2, University of 
California, San Diego, La Jolla, CA 92093, U.S.A. 

This study describes the effect of diabetes on the ability of 
peripheral nerve to respond to injury by increasing vasoactive 
intestinal polypeptide (VIP) levels. Unilateral sciatic nerve 
crush in control and 3 week diabetic (streptozotocin, 50 mg/kg 
i,p.) was followed 1 week later by placement of two ligatures 
around the injured nerve to measure axonal transport. Twelve 
hours later, the L4 and L5 dorsal root ganglia and nerve 
segments were removed for VIP radioimmunoassay. Similar 
pieces were also taken from control and diabetic rats whose 
nerve had been ligated without a preceding crush. VIP was 
significantly (p<0.01) increased in ganglia and nerve from 
crushed controls compared to uncrushed controls (uncrushed 
ganglia = 20.5 _+ 0.9 vs crushed ganglia = 49.0 _+ 6.3 pg/pooled 
L4 and L5: uncrushed nerve = 27.2 + 3.0 vs crushed nerve = 
70.9 + 12.7 pg/5mm: mean + sem). Injury also increased 
ganglion and nerve VIP in diabetic rats (uncrushed ganglia = 
15.2 + 2.2 vs crushed ganglia = 30.9 _+ 3.2 pg/pooled L4 and 
L5,  p<0.05: uncrushed nerve = 21.3 + 3.8 vs crushed nerve = 
38.1 + 6.9 pg/5mm) but to levels lower than crushed controls 
(both p<0.01). Nerve injury increased (p<0.05) the proximal 
accumulation of VIP only in controls (uncrushed = 87.9 +_ 5.4 
vs crushed = 151.2 _+ 26.2 pg/12 hr) wi thout  alter ing 
VIP transport veloci ty or mobile fraction. At tenuated 
responses to injury leading to restricted axonal transport may 
contribute to impaired nerve regeneration in diabetes. 
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ANTIOXIDANT TREATMENT PREVENTS PERIPHERAL 
NERVE DYSFUNCTION IN DIABETIC RATS. 
N.E. Cameron, M.A. Cotter~ and E. Maxfield. Biomedical Sciences, 
Aberdeen University, Seottand UK. 
To test the hypothesis that oxidative stress contributes to the 
aetiology of diabetic neuropathy, streptozotocin-induced (40 mg/kg 
i.p.) diabetic rats were treated with a 2% dietary supplement of 
butylated hydroxytoluene (BHT) for 2 months. Untreated diabetic 
and non-diabetic controls were also employed. Sciatic nerve motor 
conduction velocity (MCV) and saphenous nerve sensory 
conduction velocity (SCV) were determined in vivo. Nerves were 
removed to a chamber, and resistance to hypoxic conduction faihtre 
was determined in vitro while they were gassed with N 2. MCV to 
gastroenemius muscle was 22.5% decreased with diabetes 
(p<0.001). This was 87% prevented by BHT treatment (p<0.001). 
A 26.7% MCV decrease to tibialis anterior was 84% prevented by 
BHT (p<0.001). SCV was reduced by 12% with diabetes 
(p<0.001), but remained within the non-diabetic range (p<0.001) 
with BHT. The duration of hypoxia producing an 80% reduction in 
sciatic compound action potential amplitude (Ts0) was 21.8• min 
(mean-+SEM) in non-diabetic controls. With diabetes, this increased 
to 33.9• min (p<0.001). In the BHT-treated group, Ts0 was 
23.9• min, not significantly different from controls, but 
normalized compared to the diabetic group (p<0.001). We conclude 
that BHT protects against nerve dysfunction in diabetic rats, and 
that oxidative stress could make an important contribution to the 
aetiology of diabetic neuropathy. 
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GLUTATHIONE FOR THE PREVENTION AND TREATMENT OF 
EXPERIMENTAL DIABETIC NEUROPATHY IN RATS. 
A.C.Kappelle, B.Bravenboer, F.P.T.Hamers, T.van 
Buren, D.W.Erkelens and W.H.Gispen. Rudolf 
Magnus Institute, Utrecht, the Netherlands. 
Parameters of oxidative stress are increased in 
experimental diabetic neuropathy (EDN). 
Glutathione (GSH) is an intracellular scavenger 
for free radicals. We studied the effect of GSH 
treatment on EDN in streptozotocin (STZ) rats. 
The study period was i0 weeks. Forty rats were 
divided into four groups: CON(n=10) consisted of 
non-diabetic, age-matched controls; 30 rats were 
made diabetic with STZ 40 mg/kg BW. The diabetic 
rats were divided into: PLA(10) treated with 
placebo, GSHO,(9) with GSH 200 mg/kg bodyweight 
iv. from week 0 and GSH4(II) with GSH from week 
4, when neuropathy had occurred. At week 0, 2, 
4, 6, 8 and 1O sensory and motor nerve conduc- 
tion velocity (SNCV and MNCV) were measured. 
Multivariate analysis of variance with repeated 
measures was used for analysis. Results: CON: 
mean SNCVfSEM increased from 47.5• to 
59.2• m/s and MNCV from 47.8• to 57.1f0.3 
from week 0 to i0; for PLA: 47.5• to 49.6• 
and 47.9f0.4 to 49.7• for GSH0:48.2• to 
52.7• and 47.3• to 52.6f0.4; for GSH4: 
47.8• to 50.4• and 47.1• to 50.5• 
The difference between mean SNCV and MNCV of PLA 
and GSH0 was significant (p<0.001). The 
differences between PLA and GSH4 were not 
significant, apart from mean MNCV from week 4 to 
6(p<0.005). In conclusion GSH partially prevents 
diabetic neuropathy when started at onset, but 
is ineffective in existing EDN. This suggests 
that oxidative stress is noxious at an early 
stage of diabetic neuropathy. 
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EFFECTS OF AMINOGUANDINE ON NERVE FUNCTION 
AND POLYOLS IN STREPTOZOTOCIN-DIABETIC RATS. 
M.A. Cotter, N.E. Cameron, K. Dines and A. Love. Biomedical 
Sciences, Aberdeen University, Scotland UK. 
Advanced glycosylation end-products (AGEs) may cause diabetic 
complications. Recently, beneficial effects of aminoguanidine, 
which prevents AGE formation, have been demonstrated on nerve 
function. However, recent evidence also suggests that 
aminoguanidine may be an aldose reductase inhibitor. Thus, it is 
unclear whether its action depended on AGE or polyol pathway 
inhibition. To test this, streptozotocin-diabetic rats were treated 
with aminoguanidine (1 g/kg in drinking water) for 2 months or 
were untreated. Sciatic motor (MCV) and saphenous sensory (SCV) 
conduction velocity were measured in vivo. Sciatic resistance to 
hypoxic conduction failure was measured in vitro. Sciatic polyols 
were estimated by GLC. Control MCV of 66.9+1.5 m/s 
(mean-+SEM) was reduced to 52.9+_0.9 rrds by diabetes (p<0.001), 
and normalized by aminoguanidine (64.7-+1.8 m/s, p<0.001). SCV 
decreased from 57.5-+0.6 rrds to 52.5-+1.2 m/s with diabetes 
(p<0.05), and was also normalized by treatment (57.9_+1.3 m/s, 
p<0l). Aminoguanidine did not significantly affect the 48% 
increase (p<0.001) in hypoxic resistance with diabetes. Control 
sorbitol and fructose were 27-+3 and 113-+13, ~ag/g wet weight 
respectively. They were elevated by diabetes (sorbitol 324-+36, 
fructose 1030-+68 tlg/g wet weight, p<0.001). This was completely 
unaffected by treatment (sorbitol 316+16, fructose 1044+125 gg/g 
wet weight). We conclude that aminoguanidine prevents diabetic 
MCV and SCV deficits and does not act as an aldose reduetase 
inhibitor in vivo. 
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INNER ESTER DERIVATIVES OF GANGLIOSIDES IMPROVE VESICO- 
VESICAL REFLEX DEFICITS iN EXPERIMENTAL DIABETES 

G. Italiano, G. Vantini. and C. Triban. Fidia Research Laborato- 
ries, Abano Terme, Padua, Italy 

We evaluated diabetic bladder function by "in vivo" cystometry 
in 3 month alloxan (ALX)- and streptozotocin (STZ)-diabetic 
rats. When compared to age-matched controls, ALX- and STZ- 
diabetic animals showed a significantly increased bladder weight 
(+135% in both groups) and urinary output (+860 and 
+915% respectively, p<0.01), associated with enhanced 
threshold volume (TV) for mieludtion (+311 and +343%, 
p<0.01). Furthermore, a reduced rate of isovolumetric 
contractions (RC), evoked by ever-distension of the vesical wall 
during cystometry was detected (-63 and -54%, p<0,05). 
Cystometrogram analysis revealed a significant correlation 
between RC and inter-contraction time interval (r=-0.7976, 
p<0.001) All together these results further support the notion 
that an impaired afferent input underlies the altered vesical 
spinal reflex pathway. We also assessed the effect of AGF1 (inner 
ester derivatives of gangliosides) on diabetic bladder function. 
ALX-diabetic rats were treated for 2 months with 15, 20 and 30 
mg/kg intraperitoneally twice a week, after one month of 
diabetes. Control and ALX-diabetic rats showed the following 
values of RC (expressed as contractions per minute): 0.98 +_. 
0.16 and 0.36 + 0.05 (p<0.01). AGF1 normalize RC deficits in a 
dose-dependent manner. RC was 0.56 + 0.12 (not significant vs. 
diabetics), 0.73 + 0.12 (p<0.05 vs. diabetics) and 0.83 + 0.09 
(p<0.01 vs. diabetics) in the 15, 20 and 30 mg/kg AGF1 treated 
groups respectively. Results suggest the potential therapeutic 
use of AGF1 to treat neurogenic bladder in diabetics. 
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E F F E C T  O F  A N E W  P O T E N T  A L D O S E  
R E D U C T A S E  I N H I B I T O R ,  " T A T "  ON D I A B E T I C  
NEUROPATHY OF RATS 

N.HOTTA, H.KAKUTA, N.KOH, F.SAKAKIBARA, H.KOMORI, 
S.INUKAI, S.NAITO and N.SAKAMOTO The 3rd Department 
of Internal Medicine, Nagoya University School of 
Medicine, Nagoya, Japan 

A new potent  aldose reductase inhibitor,  "TAT" 
(10 or 40 m g . k g - l . d a y  1 ,  p.o.)  was admin i s t e r ed  
for 1 month  to s t reptozocin- induced diabet ic  rats. 

A markedly lower  value of  caudal motor  nerve 
conduc t ion  ve loc i ty  (MNCV)  was de tec ted  in an 
untreated diabetic group ( DC : 25.3 + 2.6 m . s e c  1 )  
as c o m p a r e d  wi th  a non-d iabe t i c  "TAT"- t r ea t ed  
( 4 0 m g .  kg - l . da y  -t) control group ( NCT : 31.7 + 3.3,  
p<0.005 ), but  an "TAT"- t rea ted  d iabe t ic  group 
( DT : 30.3 _+ 3.1, p<0.005 ) had significantly higher  
MNCV.  These  f indings  were  well  corre la ted  with 
the changes of  sciatic nerve blood flow (SNBF) ( DC 
: 4.4 + 0.7 m l . m i n - l . 1 0 0 g  -t, NCT : 18.0 _+ 2.9, DT : 
1.8.5 + 1.8, p<0.001 ). Moreover ,  DT group had 
m ar ke d ly  h ighe r  m y o - i n o s i t o l  and s ign i f i c an t l y  
lower  sorbi tol  and fructose levels in sciatic nerve 
as compared with group DC. 

These f indings suggest  that "TAT" has a clear 
inh ib i to ry  e f fec t  on the d e v e l o p m e n t  of  de layed  
MNCV in the diabetic rats, which may be not only 
due to e i ther  increased sorbitol  or decreased  myo-  
inos i to l  levels  in nerve  but  also r educed  nerve  
blood flow. 
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PREVALENCE OF CARDIAC AUTONOMIC NEUROPATHY IN INSULIN- 
DEPENDENT DIABETES MELLITUS (IDDM). 
A. H. Nuber, E. Gerlaeh and H. U. Janka a, Forschergruppe 
Diabetes and III. Medizinische Abteilung, St&dtisches 
Krankenhaus MQnchen-Schwabing, Zentralkrankenhaus 
Bremen-Nord z 
In a random sample of 143 IDDM patients (male 73, age 
14.9 to 58 years, duration 1.6 to 51.9 years, HbAIc 5 to 
12 %) prevalence of cardiac autonomic neuropathy (CAN) 
was asssessed by heart rate variation at rest, heart 
rate variation with deep breathing, 36:15 ratio, 
valsalva ratio and postural blood pressure drop. CAN was 
defined by abnormality of at least two tests. CAN was 
present in 17%. Patients with CAN differed from non- 
affected by age (37.1 vs 31.4 years, p<@.@5), duration 
(22.1 vs 13.7 years, p<@.@l), BbAlc (8.3 vs 7.5 %, 
p<@.@5), systolic blood pressure (130.9 vs 121.4 mmHg, 
p<@.@@5), body mass index (24.2 vs 22.9 kg/m ~, p<@.81) 
and waist to hip ratio (0.87 vs 0.82, p(@.@@@l). With 
multiple loglinear regression 85.3% of the patients were 
correctly classified by the independent variables waist 
to hip ratio, duration and RbAlc. CAN was positive 
related to peripheral neuropathy, p<@.@l. Using analysis 
of eovariance patients with CAN did not differ from non- 
affected by eleetrodiagnostic testing, but had higher 
vibration perception thresholds, p<@.@l, cooling, 
p<0.@l, and warming detection, p<O.@l, thresholds. CAN 
parallels peripheral neuropathy, but in addition shows 
more severe involvement of small fiber function. 
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ASSESSI~ OF CARDIOVASCULAR AUTON(]M, IC FUNCTION BY STAI~ING TO LYVING 
DE~-BR~AIHING TESTS IN DIABETIC PATIENTS 

M.BO~I,M.BADIALI,F.R~C~IOLI,R.GIANSANTI and P . ~ I -  DIVISION OF 
DIABETOLOGY- I.N.R.C.A. -Ancona, ITALY. 

Aim of the study was to evaluate the ef fec t iv~ess  of a simplified 
method for  detecting cardiovascular autoncmic neuropathy (CAN) in 
diabetic patients.A gro~ of 160 (56 females, 104 males, 102 Type I, 
58 Type 2)unselected diabetic patients ranging in age frcm 20 to 69 
years (43.8+/-13.9ys)was studied.Patients under~ent a preliminary four 
classical tests:lying to standing, cough test, Valsalva manoeuvre and 
postural hypotension.Can was detected in 45 patients and 195 subjects 
were classified as hemal.Thus a second examination was carried out 
using the standing to lying (SL2) as sympathetic and Deep-Breathing 
(DB) as parasympathetic test.Results were ex~ined by means of the 
Bayes thenrema: 

SENSIBILITY 44.4 86.7 95.6 
SPECIFICIIY 93.3 96.2 89.5 
ACCURACY 78.7 93.3 91.3 
PO6ITIVE PREDICTIVE VALUE 74.1 90.7 79.6 
NEGATIVE PREDICTIVE VALUE 79.7 94.9 97.9 
EFFICIENCY 72.9 92.9 90.5 
POST IEST ODDS 2.9 9.8 3.9 
LIKELIHOOD RATIO 6.7 22.8 9.1 
Even i f  diagnosis of CP9 can not be established using only two tests,SL 
and DB can be applied to screen the diabetic population in routine 
surveillance. 
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QT-INTERVAL PROLONGATION REFLECTS THE SEVERITY OF AUTONOMIC 
NEUROPATHY IN OIABETICS AND IN DIABETIC ALCOHOLICS 
P.Kempler,E.K@d~r,A.V @radi ,J .Petr ik ,K.Keresztes,Zs.Nerm~nyi  
and Gy. Tamfis I.Oept.of Medicine Semmelweis University, Bu- 
dapest Hungary 

Aim of our study was to evaluate the relationship between 
autonomic neuropathy /AN/ and correctsd OT-interval /QTLI/. 
162 Type 1 diabetics /mean age: 33,2 range:14-57 yrs/, ~4 
Type 2 diabetics /mean age: 52 range:27-69 yrs/, lo alcoho- 
lic diabaties without liver disease /mean age:39,9 range: 
25-49 yrs/ and 22 diabetics with alcoholic cirrhosis /mean 
age: 47,1 range: 33-66 yrs/ were studied.We evaluated heart 
rate responses to deep breathing~ Valsalva-manoeuvre and 
stading and blood pressore responses to standing and susta- 
ined handgrip.QT I was dmtecmined with Bazett's formula. 
76/162 patients ~ith Type i, 51/94 with Type 2 diabetes, 
7/io alcoholic diabetics without hepatopathy and 19/22 with 
cirrhosis had at least two abnormal reflex-tests.Abnormal 
OI_I /> 44o msec/ was found significantly more often in pa- 
tients with AN compared to patients without AN in all 
groups. Significant linear regression was found between QTcI 
prolongation and severity of AN /p< 0,02 in oirrhotics, 
p< o,ool in the three other groups/.Analysing the relation- 
ship between QT I and the five cardiovascular parameters 
separately, theCmost strong correlation was found between 
QT I and heart-rate response to deep breathing /p< o,ool in 
ale groups/, indicating that beside the established role 
of sympathetic imbalance even parasympathetic damage con- 
tributes to development of Of-lengthening. Evaluation of 
the QT I could provide a simple additional diagnostic tool 
to identify diabetics with increased cardiovascular risk. 
Our datas suggest that alcoholic diabetics are more endan- 
gered even in this respect. 
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BAR@REFLEX SENSITMTY INDEXES IN DIFFERENT 
DEGREES OF DIABETIC AUTONOMIC NEUROPATHY: A 
NEW NON-INVASIVE ASSESSMENT 

BellavereF., CarraroM., DeMaslG., Balzanil., ThomasethK.**, Lavagnlnl 
MT. *, Guameri G.*, Carenza P. 

Autonimlc Neurosystem Physlopathology Unit, 1 st Dept. of Medicine; * Diabetic 
Outpatients Dept. - University Hospital; ** LADSEB CNR Padua Italy. 

Failure of blood pressure regulation is the major effect of Diabetic Autonomic 
Neuropathy (DAN). It varies with autonomic involvement but its degree is not 
detectable by the traditional cardiovascular tests. We constructed a new non-invasive 
computerlsed system to measure Bar@reflex Sensitivity Indexes (BSI) based on 
integrated measurements of ECGraphic R-R intervals and their related Pulse Blood 
Pressure (PBP) variations during standardised Valsalva Maneuver (VM). We used 
a Photopletismograph, Telecardiograph, PC signal interface, and our specially 
designed Software. The angular coefficients of R-R/PBP ratio vs time on phase-2 
(b2) and on phase-4 (b4) of VM were used for BSI as expressions of peripheral 
sympathetic and parasympathetic activity respectively. We compared 50 controls and 
50 diabetics: 30 without DAN, 8 with mild DAN, 12 with DAN. b2 and b4 did not 
differ between controls and patients without DAN. 
b2 differed greatlyin controls (-20.9(2.5); M(SEM)) and patients without DAN (-23.7 
(4.3)) vs patients with DAN (22.3(6); p < 0.001, p < 0.005 respectively), but not vs 
patients with mild DAN (-15.4(6)). 
t)4 differredin controls (67.6(6.7)) and patients without DAN (42.4(5.4)) vs patients 
with DAN (-42.1(15.2); p < 0.001, p < 0.005) and vs patients with mild DAN 
(128(2.8); p < 0.005, p < 0.05). 
b2 and 1)4, despite widely ranging values, showed high individual correlation 
coefficients, always above 0.90 (p < 0.01). 
We conclude that oar system can reliably detect hnpairments in blood pressure 
regulation and in peripheral vascular motility resulting from autonomic dysfunction. 
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CLINICAL EVALUATION OF A COMPUTERIZED SYSTEM FOR THE 
DIAGNOSIS OF CARDIOVASCULAR AUTONOMIC NEUROPATHY 
P. Tatti, L. Bova, P. Di Mauro, R. Guarisco, D. Neve and 
G. Stornelli - Centre Antidiabetico Ospedale S. Giuseppe, 
Marine - Italy 
We evaluated the performance of a computer working with a 
software prepared by the RR Medical Electronics 
(Sheffield) for the diagnosis of Cardiovascular Autonomic 
Neuropathy (CVAN) in Diabetes Mellitus (CVAFT.C), vs the 
usual EKG battery (CVAFT.E). We used the O'Brian battery 
of tests because the reference values are age- 
stratified. We accepted as evidence of CVAN the presence 
of at minimum one test definitely abnormal. We studied 38 
type II diabetic patients (20 F, 18 M), age 59 ± I0 
years, disease duration 18 ± 2 years, BMI 29.5 ± 4.8 who 
underwent at the same time both sets of tests, in 2 
separate occasions, at an interval of 30 ± 15 days. We 
obtained 42% positive diagnoses with the EEG, vs 
16% with the CVAFT.C. There was a high discordance rate 
within all the EKG tests (mean 75%), with a mean 30% 
having influence on diagnosis. Contrariwise the CVAFT.C 
had only a 10% variation on repeated tests, with only 4% 
of the Deep Breathing discordances having influence on 
the final diagnosis. All the patients positive for 
CVAFT.C were also positive for CVAFT.E. Time required for 
the CVAFT.E was 15 ± 3' (excluded time for calculations 
and reporting) vs I0 i 2' for CVAFT.C. The system works 
effectively, reducing the need for repeated tests. 
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CARDIOVASCULAR REFLEX TESTS AND POWER 
SPECTRAL ANALYSIS OF HEART RATE VARIATIONS 
IN THE DIAGNOSIS OF AUTONOMIC NEUROPATHY: 
A COMPARISON 

De Masi G.; Thomaseth K.*, Cobelli C.**, Carraro M., Balzani I., Carenza P., 
Bellavere F. 

Autonomic Nervous System Physiopathology Unit - 1st Dept. of Medicine - 
University Hosiptal - CNR Institute of System Dynamics and Bioengineering 
(LADSEB)*; University Dept. of Electronics and Informatics **; PADOVA - ITALY 

20 controls and 53 diabetics suffering different degrees of Autonomic Neuropathy 
(AN) were studied by Power Spectral Analysis (PSA) of heart rate variations on 
resting and by traditional parameters obtained from a battery of Cardiovascular 
Reflex Tests (CRT): Valsalva Manoeuvre (VM), Deep Breathing (DB), 
Lying-to-Standing (LS), Sustained-Handgrip (SHG), Postural-Blood-Pressure-Fall 
-on-Standing (PBPS). 
PSA was calculated by autoregressive modeling which gives good quantification of 
two main bands, which correspond to sympathetic and parasympathetic activity 
respectively. CRT were automatically calculated with currently used indexes. PSA 
showed a good level of agreement (p < 0.01) with most CRT (DB, LS, VM) but 
proved better able than CRT to quantify sympathetic impairments betwee~ diabetics 
with severe and mild AN ( p < 0.02 for PSA vs p = ns for CRT) and between those 
without AN and with mild AN (p < 0.01 vs p = ns). Furthermore PSA showed a 
good relationship (p < 0.001) between high frequency and low frequency band in 
normal but not in diabetics with AN suggesting a sympathetic-parasympathetic 
imbalance in these latter. On the other hand, in 5 control subjects studied three time 
a day for three days, CRT showed lower individual and interindividual variation 
coefficients in DB (18%), VM (9%), LS (5%) than PSA (mean total 22%, mean 
hourly 16%). We conclude that PSA is better tools for the detection of sympathetic 
activity and for the determination of parasympathetic-sympathetic balance, while 
most CRT have less variability. Hence the integrated measurements of PSA and CRT 
are the most useful tool in the diagnosis of Cardiovascular AN in diabetics. 
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SCINTIGRAPHIC ASSESSMENT OF CARDIAC 
AUTONOMIC NEUROPATHY - RELATIONSHIP TO 
CARDIAC FUNCTION 
G.Kreiner, M.Wolzt, P.Fasching, T.Leitha, W.Waldhfiusl and 
R.Dudczak. Dept. of Med. III, Div. of Endocrinology and 
Metabolism; Dept. of Nuclear Med.; University of Vienna, 
Austria. 
This study determines the interdependence between subclinical 
diabetic cardiomyopathy (DCMP) and cardiac autonomic 
neuropathy (CAN), as assessed by both, myocardial meta-iodo- 
benzylguanidine (mIBG) scintigraphy and conventional cardio- 
vascular reflex tests (RT). Methods: In 17 patients (pts.) with 
type 1 diabetes (age 444-10 yrs.) without overt cardiac disease 
left ventricular (LV) function was evaluated by Tc99m-ery 
radionuclide ventriculography (RNV) at rest and during bicycle 
exercise. Silent ischemia was excluded by T1-201 myocardial 
perfusion scintigraphy. Adrenergic cardiac innervation was 
scintigraphically evaluated by planar and tomographic imaging 
at 10 min., 2, 4, and 24 hrs, after i.v. 350 MBq 1-123 mIBG 
(non-metabolized norepinephrin analogue). Homogeneity of 
mIBG uptake and washout was determined. CAN was also 
assessed by RT (heart rate variability at rest and with deep 
breathing, Ewing, Valsalva). Results: 11 pts. showed evidence 
of DCMP as reflected by an abnormal systolic or/and diastolic 
response to exercise (group A). LV function was normal in 6 
pts. (group B), Non-homogeneous (abnormal) mIBG uptake 
and/or washout was observed in 11/11 pts. of group A but in 
only 2/6 pts. of group B (p<0.01). Overall, mIBG scintigraphy 
indicated CAN in 13/17 pts., whereas RT were abnormal in 
only 3/17 pts. (p<0.01). Conclusion: Subclinical diabetic cardio- 
myopathy is related to derangements of adrenergic cardiac 
innervation as assessed by mIBG scintigraphy, which is a more 
sensitive indicator for cardiac autonomic neuropathy than 
conventional cardiovascular reflex tests. 
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DIABETES, NEUROLEPTIC DRUG THERAPY AND 
MYOCARDIAL ELECTRICAL ACTIVITY CHANGES. 
F. Cirelli, V. Precacci, D. Chicco, A. 
Cascella, R. Liso and E. Altomare. 
Institute of Clinica Medica I, University of 
Bari, Italy. 
Sudden death has been reported in diabetics 
with Cardiac Autonomic Neuropathy (CAN) and in 
patients undergoing neuroleptic drug therapy, 
perhaps as a result of QT prolongation and 
ventricular arrhythmias. The effect of CAN and 
phenothiazine therapy on ventricular electric 
activity in diabetic patients was investigated 
by the evaluation of QT interval (corrected for 
the heart rate, QTc) and TmTo interval in the 
following groups: i) 12 diabetic patients with 
CAN; 2) 13 diabetics undergoing standard 
phenothiazine therapy; 3) 14 non diabetic 
subjects with the same neuroleptic treatment; 
4) i0 healthy controls. CAN was diagnosed by 
positive response to at least two 
cardiovascular tests (Deep Breathing, Cough, 
Standing, Valsalva Manoeuvre, Postural 
Hypotension). Both QTc and TmTo intervals were 
prolonged in group 1 (p<0.005 and p<0.05, 
respectively), group 2 (p<0.o01) and group 3 
(p<0.025 and p<O.001) compared to controls. QTc 
and TmTo were increased in group 2 (p<0.001 and 
p<O.02, respectively) compared to group 1 and 
3, without any significant difference between 
the latter two groups. These data suggest a 
cumulative effect of diabetes and phenothiazine 
therapy in inducing changes of ventricular 
electric activity, that mainly consist in 
desynchronized myocardial repolarization. This 
could result in an increased risk for fatal 
ventricular arrhythmias. 
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SIL]~T MYOCARDIAL I S C ~ A  IN DIABETIC PATI]~]TS WITH 
AUTONOMIC NEUROPATHY. 

E.M.Pangalos, J.E.Avramidis, P.S.Aspiotis, B.K.Burganu, 
G. S. Germanidis, S. Hatzistilldis and G.A. Katsaris and 
A.G.Milionis. Department of Medicine, "G.Papanikolaou" 
Hospital, Thessaloniki Greece. 

It is generally accepted that the incidence of both sympto 
matic and asymptomatic coronary artery disease is increase 
sed in diabetic patients. Autonomic neuropathy is associa- 
ted with an increased incidence of silent myocardial in- 
farction and sudden death. In this study we investigated 
the prevalence of the silent myocardial ischaemia in pa- 
fiients with and without autonomic neuropathy. 54 patients 
with type 2 (non-insulin-dependet) diabetes mellitus un- 
derwent a) four cardiovascular reflex tests (heart rate 
responseto Valsalva's manoeuvre, heart rate response to 
change in posture, heart rate response to deep breathing, 
and blood pressure response to change in posture) and 
b) exersise tests on atreadmill using the Bruce protocol 
with continuous EGG monitoring. Student's t test was used 
to assess difference between means and x" test with Tates 
correction to assess difference between proportions. 14 
patients were excluded because of they didn't achieve the 
target of the work load. 19 patients had a mild or a seve- 
re autonomic dysfunction and 21 hadn't any autonomic neu- 
ropathy. There weren't any statistical significant diffe- 
rence in age, duration of diabetes and HbAI between the 
two groups. 12 of 19 patients (63%) with autonomic neuro- 
pathy had painless ST depression compared with 4 of 21 pa- 
tients (19Z) without neuropathy (p(O.05). We conclude that 
silent myocardial ischaemia on exersise is significantly 
more common in diabetic patients with autonomic neuropathy 
than in those without. 
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POSTPRANbIAL HYPOTENSION IN DIABETIC PATIENTS: A MARKER OF INITIAL AUTONOMIC 
DAMAGE? 
g.Germano', M.Cassone-Faldetta, A.Caparra, g .Valent ino,  O. Laurent i ,  U.Germano*, 
G. De Hat t ia ,  *A.Santucci ,  F.Balsano. 
I C l in ica Hedica, Un ivers i ta '  "La gapienza-, Roma; *Patologia Medica, Un ivers i ta '  
de L'AquiLa; ITALY 

In a previous research we observed that  the absolute sys to l i c  and d i a s t o l i c  
blood pressure (BP) nocturnal minima were reached very rap id ly  and the increase 

to the morning maxima occurred slower in normo- and hypertensive d iabet ics  wi th 
abnormal responses to cardiovascular tests  than in the pat ients  wi thout  

dysautonomia. We focused subsequently on the r e l a t i v e  BP m i n i ~ ,  between the 
morning and afternoon peaks, probably due to the postprandial  hypotension, a 
phenomenon provoked by a Large increase in  splanchnic blood f low and by a f a l l  of 
the systemic vascular resistances. The range of hemodynamic, hormonal, and neural 
responses to feed ingest ion are medifted in autonomic f a i l u r e .  We studied 44 
d iabet ics (14 insul in*dependent ,  30 non-insulin-dependent; mean durat ion disease 
6.5 + 1.8 years) in good metabol ic contro l  ( f as t i ng  gtycaemia < 140 mg/dl ,  
postprandial  glycaemia < 180 mgld l ,  fructosamine < 285 mg/d l ) ,  d iv ided in to  two 
subgroups, 21 normotensives (aged 28-72 years) and 23 hypertensives ( aged 32-70 
years) respect ive ly .  At [  pa t ien ts  showed abnormal responses to at least two of 

these tes ts :  deep breath ing,  Lying to standing, Valsatva manoeuvre and postural  
hypotemaion. Two sex and age-matched control groups were recruited [20 

normotensive (aged 26-66 years) and 20 hypertensive (aged 27-68 years) diabetics 

without dysautonomia]. Each patient underwent ambulatory BP monitoring for at 

least 24 h, using an auscultatory automatic device (Pressurometer IV, gel Mar 

Avionics). Data concerning biological rhythms were analysed by means of periodic 

functions, limiting the Fourier partial sums to the first three harmonics, 

considering postprandial gP decrease as a .speed- (mmHg/hour). In diabetic 

normotemaives with autonomic neuropathy we observed that the postprandial 

systolic and diastolic BP minima occurred more rapidly than in controls 

(postprandial systolic BP decrease -2.8 versus -2.2 mmHg/h, diastolic -3.1 

versus -2.4 mmHg/h). The same behaviour was observed in both hypertensive groups 

but the difference was more marked (systolic -3.3 versus -2.5 mmHg/h, diastolic 

-3.3 versus -2.3 mmHg/h). Our approach confirms that postprandial hypetension is 

more evident in neqropathic diabetics, first of at[ for the autonomic system 

alterations, involved in the BP control. In addition this method could give us 

further informations to evaluate the extent of the initial autonomic damage. 

594 
ALTERED CIRCADIAN RHYTHM OF SYMPATHOVAGAL BALANCE IS 
RELATED TO ABNORMAL 24H BLOOD PRESSURE PROFILE IN DIABETES 
V. Spallone, L. Bernardi, L. Ricordi, M.R. Maiello, A. Calciati, S. 
Gambardella, P. Fratino and G. Menzinger. Metabolic Diseases, Tor 
Vergata Univ., Rome; Dept. Internal Medicine, Univ. of Pavia, Italy 

Circadian rhythm of sympathovagal balance (SVB) has been involved 

in the diurnal variation of cardiovascular accidents. In diabetic 

autonomic neuropathy abnormal circadian pattern of blood pressure 

(BP) and SVB with reduced fall of BP and prevalence of sympathetic 

activity during the night, has been described. To correlate the 

abnormalities of BP to those of SVB, we performed simultaneous 24h 

noninvasive monitoring of BP and ECG in 25 diabetic subjects (age 

45.6_+13.6, diabetes duration 17.6_+9.1 yrs) with various degree of 

cardiovascular reflexes impairment. Autoregressive power spectrum 

analysis of RR interval was applied to 24h ECG recording to obtain for 

day and night period mean power of low- (0.03-0.15 Hz, LF) and 

high-frequency (0.16-0.35 Hz, HF) components, markers of 

sympathetic and vagal activity respectively, and their ratio (LF/HF), 

assumed as index of SVB. Percent day-night change in LF/HF 

correlated to % day-night change in systolic BP (r=0.52, p<0.01), 

and diastolic BP (r=0.48, p<0.015). Percent day-night change in 

diastolic BP was also related to night LF (r=-0.49, p<0.01), night 

HF (r=0.47, p<0.01) and night LF/HF (r=-0.51, p<0.01). Thus, the 

loss in day-night rhythm of BP is related to that of SVB. The 

association of decreased BP fall with sympathetic predominance 

during the night, might account for enhanced risk of cardiovascular 

accidents in diabetes. 
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PROFILE OF UNMYELINATED NERVE FIBRE 
DYSFUNCTION IN DIABETIC POLYNEUROPATHY 
E. Lang, A. Spitzer, D. Claus, B. Neund6rfer, 
H.O. Haudwerker 
Neurologische Klinik und Institut fiir Physiologie und 
Biokybernetik, Universit~it Erlangen, Schwabachanlage 6, 
8520 Erlangen, Germany. 

Dysfunction of the nocieeptive and autonomous peripheral 
nerve fibres in diabetic polyneuropathy (PNP) is 
considered to cause trophic lesions. Because of this clinical 
relevance we assessed the functional deficit of the nocicep- 
tive affereuts and of vasoconstrictor and sudomotor effe- 
rent nerve fibres. 
Results of 29 patients suffering from a distal, symmetric 
PNP are compared with those 0f24 age matched controls 
(Mann-Whitney U-Test). Nociceptive (C-)fibre function 
was assessed by recording of neurogenic vasodilation fol- 
lowing histamine-iontophoresis and ischemia with Laser- 
Doppler-Flowmetrie and following standardized painful 
pinching with infrared-thermography. Compared to con- 
trols histamine induced vasodilation was reduced to 44 %, 
postischemic vasodilation and local warming of the 
pinched skin area to 42 %, on average. Sympathetic vaso- 
constrictor reflex function was evaluated following stan- 
dardized painful pinching by means of photoplethysmo- 
graphy. Vasoconstriction was reduced to 31%. Sudomotor 
efferents were tested by hygrometrical evaluation of the 
axon reflex mediated sweat response following carbachol- 
iontophoresis. Evaporation rate was reduced to 91%. All 
differences were statistically significant, except those of the 
sudomotor fibres. 
This battery of objective tests establishs a profile of 
unmyelinated nerve fibres involved in PNP, which may be 
used for quantification of progression and regression of 
unmyelinated nerve fibre dysfunction with time and 
therapy. (BMFT grant 0701502 3). 
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VENTIIATORY RESPONSE TO PROGRESSIVE HYPERCAPNIA . 
ABSENCE OF INCREASE AFTER NALOXONE IN TYPE 1 DIABETIC 
PATIENTS 
H.Abrahamian, T.Wanke, H.Lahrmann, D.Formanek, M.Merkle, 
M.Auinger, H.Zwick and K.Irsigler. Lung- and Metabolic-Unit and 
L.Boltzmann Institute, Hospital La inz ,  A-1130 Vienna, 
Wolkersbergenstral~e 1. 

Ventilatory response to progressive hypercapma is reduced in diabetic 
patients with autonomic neuropathy (ANP) compared to healthy 
controls and diabetic patients without ANP. Naloxone, an antagonist of 
endogenous opiods improves the ventilator'/response to hypercapnia 
in healthy probands. The aim of this study was to evaluate the 
influence of intravenously administered naloxone (0,1mg/kg) in 
healthy controls (n =8), diabetic patients with ANP (n = 7) and diabetic 
patients without ANP (n=8). Cardiovascular tests for the assessment 
of autonomic neuropathy:Beat to beat variation during rest, deep 
breathing and a valsalva manoever, performed with the Pro-Sci-Card 
analyzer, orthostatic blood pressure reaction and the measurement of 
the QT-interval (ECG).Lung function:Spirometry, plethysmographie and 
specific lung compliance. The hypercapnic ventilatory responses were 
recorded at 30 sec intervals, following Read's method. 
As a result the ventilator/response to hypercapnia (slope) increased in 
the controls (2,78 +- 0,55 without naloxone and 3,94 +-0,73 
t/min/mmHg with nalexone), but there was no effect in the diabetic 
patients with or without ANP (2,12+-0,60 and 2,55+-0,47 without 
naloxone and 2,05+-0,65 and 2,65+-0,76 L/min/mmHg with 
naloxone).lmpaired control of ventilation by peripheral factors 
(respiratory muscle dysfunction, pathologically altered mechanical 
impedance) were excluded by lung function analysis and 
electromyography of the diaphragm.From these data we can conclude, 
that endogenous opioids do not have any effect on ventilatory 
hypercapnic response in diabetic patients with or without ANP, as 
opposed to healthy subjects. 
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PERIPHERAL AND AUTONOMIC NEUROPATHY IN DIABETIC 
PATIENTS WITH ERECTILE DYSFUNCTION 
M.Ravnik-Oblak. O.8. Vodu{ek, T. Kiauta, S. 
~ega, and C. Oblak, University Medical Centre 
tjubljana. Slovenia 

Neuropathy is a frequent cause of impotence in 
diabetics. The aim of the study was to evaluate 
different neurophysiological methods in diabet- 
ics with erectile dysfunction. 
In 23 patients with clinically suspect periph- 
eral polyneuropathy we measured conduction 
velocity in limb nerves, bulbocavernosus reflex 
latencies (BCR), and cerebral somatosensory 
evoked potentials on stimulation of pudendal 
nerves (SEP). In patients with pathological 
values (n=20) we also tested the function o f  
the autonomic nervous system. Control group 
consisted o f  healthy, age-matched men. Average 
age of patients: 49,4 years, average duration 
of diabetes: 10,7 years, average duration of 
impotence: 3 , 8  years. Motor conduction veloci- 
ties of medial] and peroneal nerves were slower 
in diabetics (49,Sm/s and 42,0m/s vs 53,2m/s 
and 44m/s), as well as sensory conduction 
v e l o c i t y  of median and sural  nerves (41,5m/s 
and 39,1m/s vs 45,am/s and 47,7 m/s). Latency 
o f  pudenda l  SEP and BCR were p r o l o n g e d  i n  
diabetics (41,1 ms and 45,ams vs 41,Oms and 
34,6ms) respectively. 13 patients had patholog- 
ic conduction parameters in limbs, 7 in the 
sacral nervous system, 5 in both. Classic tests 
for evaluation of autonomic function (Valsava 
manoeuvre, handgrip test, orthostatic test, 
deep breathing test, face immersion test) 
significantly differed in patients from those 
in control g r o u p .  D i f f e r e n c e  in  spectral analy- 
sis of heart rate was also significant. 
We conclude that application of several methods 
i n c r e a s e s  the yield o f  p r o p e r l y  d i a g n o s e d  
n e u r o p a t h y  i n  i m p o t e n t  d i a b e t i c s ,  and t h a t  the  
major i ty  of pat ients  with per ipheral  neuropathy 
also have demonstrable autonomic nervous system 
involvement. 
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IMPOTENCE IN DIABETIC MEN 
C. Oblak and M. Ravnik-Oblak, University 
cal Centre Ljubljana, Slovenia 

Medi- 

T h e  p r e v a l e n c e  o f  i m p o t e n c e  i s  60% i n  o u r  
d i a b e t i c s .  T h e  m e a n  a g e  o f  p a t i e n t s  i s  5 0 . 4  
years, the mean duration of diabetes 11.6 
years, and the mean duration of erectile dys- 
function 3.9 years. 
The aim of our study was to estimate the cause 
of impotence and to find the appropriate mode 
of treatment. 100 diabetics were included, 
After the diagnostic algorithm (history, physi- 
cal examination~ hormonal studies, neurophysio- 
logical tests, intracavernous application of a 
vasoactive substance, duplex ultrasound of 
cavernosal bodies~ cavernosometry/cavernosogra- 
phy, arteriography, psychogenic evaluation) it 
was estimated that in 5% of patients the cause 
was psychogenic and in 7% it was the conse- 
quence of taking drugs. In 28% the cause was 
vascular (arterial insufficiency: 9%, venous 
leak: 19%), in 36% neurogenic, and in 24% 
combined: vascular/neurogenic. An intracavern- 
ous injection of prostaglandin E1 was success- 
ful in 52% of cases (46 patients). The majority 
of these patients were selected for autoinjec- 
tions. Other patients were treated according to 
the cause of impotence: balloon embolization of 
deep dorsal penile veins (16 patients), implan- 
tation of penile prostheses (3 patients), ii 
patients use vacuum devices. 
We conclude that the prevailing cause of impo- 
tence in diabetics was organic, and that with 
different mode of treatment this disturbance 
could be successfullymanaged in the majority 
of patients, 
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Diabetic impotence - aetiological assessment and 
outcomes of treatment. 
R.E.J. Ryder, A. Robinson, L. Parnell, K.T. Moriarty, 
C.F. Close, C.A. Hardisty, J. Peters and J.D. Ward. 
Northern General and Royal Hallamshire Hospitals, 
Sheff ield, Universi ty Hospital o f  Wales, Card i f f  
and Dudley Road Hospital, Birmingham, U.K. 
We aimed to study the causes and treatment of  
d iabet ic  impotence. To assess aet io logy we used 
autonomic neuropathy tes ts  (acety lcho l ine sweatspot 
tes t ;  pupil t es t ;  f i v e  cardiovascular tes ts ) ,  
vascular tes ts  (response to in t racorporeal  papaverine 
(ICP), radio isotope phallography, peni le brachial 
index) as well as nocturnal peni le  r i g i d i t y ,  
psych ia t r ic  assessment and deta i led in terv iew. We 
studied 71 d iabet ic  men complaining of  impotence, 
median age 54 (range 26-70) years. Although 38% had 
a psychogenic component, and 19% predominantly 
psychogenic impotence, there was evidence of an 
organic component in 93% (vascular only, 24%; 
neuropathy only,  31%; vascular plus neuropathy, 38%). 
For therapy we compared the constr ic t ion-band type o f  
vacuum device (Erecaid) with the "super-condom" type 
(Synergist)  in 10 randomly-chosen pat ients by 
providing them in random order f o r  5 months each. 
Five couples achieved a sa t i s fac to ry  therapeut ic  
outcome, tn a l l  f i ve ,  pat ient  and partner were 
unanimous in p re fe r r ing  Erecaid (p<0.001). We then 
used a s im i la r  protocol to compare Erecaid with I0P 
by o f f e r i ng  them in random order to 15 pat ients .  Al l  
15 who t r i e d  the therapies experienced a degree of 
success (very successful 11/15(73%)). 11/I5(73%) 
preferred Erecaid and rejected ICP; 2/15(13%) 
preferred ICP and rejected Erecaid; only 2/5(13%) 
l iked both therapies one pre fer r ing  Erecaid, the 
other ICP. The preference f o r  Erecaid was s i g n i f i c a n t  
(p<0.05). Organic impotence is common in d iabet ic  
pat ients who complain of  impotence and vacuum 
cons t r i c t ion  therapy is most commonly preferred.  
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PATHOGENESIS OF SEXUAL IMPOTENCE IN DIABETIC 
PATIENTS 

F. Jacoangeli, V. Spallone, F. Pesce*, F. Russo, M.R. Maiello, S. Gambardella, G. 
Menzinger. 
Department of Internal Medicine and Department of Surgery, University of Rome - 
Tor Vergata. Service of Neurotmumathology*, University of Rome - La Sapienza. 
Impotence is a major clinical problem of adult diabetic patient, with a high 
prevalence (between 35% and 80%). The aim of this study is to assess the causes of 
impotence in 14 diabetic impotent patients (15 NIDDM, 1 IDDM), mean age 
54,1years (42-62), mean diabetes duration 16,5 years (5-26), mean duration of 
impotence 2,2 +-0,919 years. 
The patients were evaluated with a nocturnal penile tumescence test (NIT), the 
measurement of peno-brachial index (PBI) before and after intracavernosal 10 mcg 
PGElinjection, the assessment of cardiovascular reflexes and measurement of the 
bulbocavernosus reflex latency. 
NPT test results suggested that 12 (87,7%) patients were affected by an organic 
impotence. From these, 4 (28%) had a normal PBI (0,84+-0,07) and a prolonged 
bulbocavernosus reflex latency (44reset +-2,17), 2 patients (14,2 % ) had a reduced 
PBI (0,62 +-0,04) and a normal bulbocavernosus reflex latency (35,5 +-4,1), and 6 
(42,8%) had an abnormal PBI (0,6+-0,9) and a prolonged bulbocavemosus reflex 
latency (44,5+-6,8). After 10 mcg of intracavernosal PGE1 patients with a normal 
PBI had a better response of penile rigidity than those with low PBI (86,75%+- 
3,86 vs 16%) (P=0,002). 
We can confirm that diabetic impotence have an organic pathogenesis, that 
neuropathy and vasculopathy are frequently involved in the same patient and that a 
test of intracavernosal PGEI injection is very useful in the assessment of the 
pathogenesis of the impotence. 
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ANTIBODIES TO AUTONOMIC NERVOUS TISSUES IN 
DIABETIC NEUROPATHY. 
M.M. Zanone, M. Peakman, P.J. Watkins and D. 
Vergani. Departments of Diabetes and 
Immunology, King's College Hospital, London. 
We investigated the presence of 
autoantibodies to sympathetic and 
parasympathetic nervous structures in: 32 
patients with long-standing Type I diabetes 
(mean age 43.5 • 11.6 years, mean duration of 
diabetes 29.8 • 11.1 years) with abnormal 
autonomic function tests, of whom 26 had 
severe symptomatic autonomic and peripheral 
neuropathy and 6 had no autonomic symptoms; 
22 patients with Type I diabetes, matched for 
age (41.6 • 12.1 years) and duration of 
diabetes (23.1 • 12.1 years) without any 
complications; 27 age and sex-matched healthy 
subjects. An indirect immunofluorescent 
complement-fixation technique was used, with 
monkey adrenal gland, rabbit cervical ganglia 
and vagus nerve as substrates. 3 of the 26 
patients with symptomatic neuropathy (11%) 
showed positive staining of cell bodies in 
cervical ganglia and 2 (8%) showed positive 
staining along vagus nerve fibres. All other 
patients and controls were negative. Anti- 
adrenal medulla antibodies were detected in 3 
other patients with symptomatic neuropathy 
(11%), in 2 patients without any 
complications (9%) and in I control (3%). Our 
data indicate that autoantibodies to 
autonomic nervous structures are present in 
symptomatic neuropathy. Anti-sympathetic 
ganglia and anti-vagus nerve antibodies seem 
to be more disease-specific. The low 
percentage of positivity may be explained by 
the disappearance of these antibodies after 
years of disease. 

602 
A FIVE-YEAR FOLLOW-UP STUDY OF ELECTRIC TASTE 
THRESHOLD IN DIABETIC PATIENTS. 

J.P. Le Floch, G. Le Li~vre, M. Labroue, R. Peyn~gre and L. 
Perlemuter. Departments of Diabetology and OtoRhinoLaryngology, 
C.H.U. Henri Mondor, Cr6teil, France. 

603 
SMELL IMPAIRMENT AND RELATED FACTORS IN DIABETIC 
PATIENTS. 

L. Perlemuter,  J.P. Le Floch, G. Le Li tvre ,  M. Labroue and R. 
Peyntgre.  Departments of Diabetology and OtoRhinoLaryngology, 
C.H.U. Henri Mondor, Crtteil,  France. 

In order to specify the changes in taste function throughout the course 
of diabetes, 30 diabetic patients without any other cause of taste 
impairment  were screened for taste disorders initially and after 5 
years. Their age was 50.4 + 5.2 yr and duration of diabetes 12.3 +_ 
3.1 yr; 16 patients were treated with insulin, including t0  type 1 
( insul in-dependent)  diabet ic  patients.  Elec t rogus tometry  was  
performed using a 3 mm diameter anode placed 15 mm from the 
anterior extremity of the tongue. Current stimuli began at t00 gA and 
went on using a dichotomic algorithm (range 5 - 500 BA; steps 5 
gA).  Results of 2 procedures were averaged and expressed as an 
electrogustometric threshold (EGT). Elevated EGT related to poor 
taste function. Results (m + SE) were compared with paired t-test 
(logarithmic transformation of EGT) and X 2. Throughout the study, 
EGT increased (53 + 11 vs 110 + 22 ~tA; p<0.01). Electr ic  
hypogeusia  (EGT _> 100 BA) was found among  3 (10%) patients 
initially and 10 (33 %) at follow-up (p<0.05). Individual EGT values 
increased (> 10 gA) in 13 (43%) subjects, whereas it did not vary (_+ 
10 p.A) in 16 (53%) and improved in 1 (3%). Taste impairment was 
associated with increased incidence of of degenerative complications, 
especially peripheral neuropathy (p<0.01). These results suggest that 
taste is impaired throughout the course of diabetes. A degenerative 
mechanism could be involved. 

In order to study smell function, 30 diabetic patients (duration: 12.3 + 
3.1 yr) and 25 healthy control subjects were screened for smell  
disorders. None had disease or treatment susceptible to impair smell. 
A score (SINS), ranging from 0 (no recognition) to 20 (perfect 
recognit ions) ,  was defined, based on the abil i ty of subjects to 
recognize  20 different flavors from a standardized kit, using a 
randomized procedure. Results were analysed using ehi-square, t-test 
and l inear regression. Multivariate analysis was stepwise mult iple 
regression. Diabetic and control subjects did not differ for age (50.4 
+ 5.2 vs 50.2 -+ 6.3 yr; NS), gender,  tobacco and alcool  
consumption, whereas systolic blood pressure was higher in diabetic 
patients (134 + 4 vs 123 + 3 mm Hg; p<0.05). On average, SmS was 
higher  in control subjects (14.1 + 1.3 vs 11.4 _+ 1.2; p<0.01). In 
diabetic patients,  it was signif icantly associated with peripheral  
neuropathy (10.3 +- 1.1 vs 12.7 + 0.6; p<0.05) and microalbuminuria 
(11.7 _+ 0.6 vs 13.3 + 0.6; p<0.05), but neither with HbAlc (r=0.11; 
NS) nor with blood glucose (r=0.13; NS). It correlated with age 
(r=-0.29; p<0.05), but did not with duration of diabetes (1=-0.09; 
NS), b lood pressure,  tobacco and alcool consumption.  Using 
mul t ivar ia te  analysis,  the strongest association was found with 
peripheral  neuropathy (R2=0.09). These results support previous 
f indings suggesting that smell  is impaired in diabetic patients. A 
degenerative mechanism can be involved. 
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AUTONOMIC NERVE FUNCTION AFTER 8 YEARS OF IMPROVED BLOOD 
GLUCOSE CONTROL. 

T.J.Berg, K.F.Amthor, M.Skard-Heier, L.Sandvik, @.Aagenms 
K.F.Hanssen and K.Dahl-J@rgensen. Aker Diabetes Research 
Centre and Neurology Dep., Ullev~l Hosp., Oslo, NORWAY. 

We aimed to study the autonomic neural function in type I 
(insulin dependent) diabetic patients after 8 years with 
different levels of metabolic control. The 44 patients 
were followed prospectively for 8 years. At baseline; 
mean age was 26 years (range 18-42), mean duration 13 
years (range 7-23) and mean HbAI 11.2 +2.2%. During 8 
years mean HbA1 was 9.5 +1.5% , p<0.00T vs. baseline 
(normal <7.6%). Heart rate (RR-interval) variation during 
deep breathing, lying/standing (15:0 and 30:15 ratio) and 
Valsalva manouvre were performed after 8 years. 

Heart rate variation during deep breathing was signifi- 
cantly decreased in patients with mean HbAI >10% (n=12) 
compared to the patients with a mean HbAI <10% (n=32) , 
19.4 +10.7 vs. 27.6 +11.9 beats/min, p<0.04. The same was 
true for the 15:0 ratio; 0.78 ~0.ii vs. 0.73 !0.05,p<0.005 
and the 30:0 ratio; i.ii +0.12 vs. 1.20 +0.14 , p<0.01. 
Multiple regression analysis showed that mean HbAI during 
the last 8 years was an independent variable for the 
outcome of heart rate variation during deep breathing, 
regression e0effieient(RC) -9.5, p<0.02, 15:0 ratio; RC 
0.07, p<0.003 and the 30:15 ratio; RC -0.ii, p<0.02. 

Conclusion: Improved blood glucose control during 8 years 
retards the progression of autonomic neural dysfunction. 
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Single fiber electromyography as a useful method 
to detect and evaluate diabetic neuropathy 
M.Terada, H.Yasuda, R.Kikkawa and Y.Shigeta. 
Third Department of Medicine, Shiga University 
of Medical Science, Otsu, Shiga, Japan 
To examine the usefulness of single fiber 
EMG(SFEMG) in evaluating diabetic neuropathy(DN) 
SFEMG, conventional EMG and nerve conduction 
study were performed in 23 diabetic subjects 
without clinical evidence of DN(group i) and 20 
diabetic subjects with clinical features of 
DN(group 2). Jitter(MCD) and fiber density(FD) 
were measured at tibialis anticus(TA) muscle by 
SFEMG using the method of Stalberg. The nerve 
conduction studies included amplitudes of the 
sensory evoked potentials(NAP) and conduction 
velocities of sural nerve(SNCV) and amplitudes 
of motor evoked potentials(MAP) and motor 
conduction velocities of deep peroneal 
nerve(MNCV). Ceventional EMG was examined at TA 
muscle. Patients in group 2 had significantly 
increased MCD and FD (69.3• 2.79• 
in comparison with patients in group 
i(45.5• 1.88• p~0.01, 
respectively). Furthermore, percentages of the 
abnormal values in MCD and FD were greater than 
those in other neurophysiological parameters in 
both groups(group I:FD 22%,MCD 22%,MAP 9%,MNCV 
13%,SNCV 17%,NAP 17% and EMG 9%, group 2:FD 
90%,MCD 65%,MAP 60%,MNCV 55%, SNCV 55%, NAP 25% 
and EMG 20%). These data show that specifically 
MCD and FD are increased in diabetic patients 
indicating that axonal degeneration with 
reinnervation is the principal pathological 
finding in DN and that SFEMG is a more sensitive 
method to detect an early DN. 
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NERVE FIBER LOSS IN DIABETIC NEUROPATHY CORRELATES 
WITH IMPAIRED EVOKED POTENTIAL AMPLITUDES AND 
NERVE CONDUCTION VELOCITY 
A.A.F. Sima, V. Cherian, J.W. Albers, D.A. Greene and The 
Tol res ta t  Study Group*.  Univers i ty  of Mich igan ,  Ann 
Arbor,  MI, USA and Wyeth-Ayers t  Research,  Radnor ,  PA, 
USA* 

Diabetic neuropathy was in a recent  consensus conference 
defined as a disease of progressive nerve fiber damage and 
loss. In the present study, morphometr ic  analysis  of sural 
nerve biopsies obtained from 53 diabetic subjects with mild 
to m o d e r a t e l y  severe c l in ica l  d iabe t ic  neu ropa thy  was 
cor re la ted  with nerve  conduc t ion  veloci t ies  and evoked 
potent ia l  ampl i tudes  of  the sural ,  sensory  median  and 
peronea l  nerves .  H igh ly  s ign i f i can t  co r re la t ions  were  
demons t ra ted  be tween sural  nerve f iber  densi ty  and its 
ne rve  conduc t ion  (p<0 .0003)  and ampl i tude  of  evoked  
response (p<0.008).  Fur thermore sural nerve fiber density 
c o r r e l a t e d  wi th  p e r o n e a l  n e r v e  c o n d u c t i o n  v e l o c i t y  
(p<0.0436) and ampli tude (p<0.0220) as well as with the 
e l ec t rophys io log ica l  pa ramete r s  of  sensory  median  nerve  
conduct ion (p<0.0009).  These data suggest  that in clinical 
d i a b e t i c  n e u r o p a t h y  the r e l en t l e s s  n e r v e  f ibe r  loss  
under l i e s  the p r o g r e s s i v e  impa i rmen t s  in sura l  ne rve  
conduc t ion  ve loc i ty  and ampl i tude ,  and that  a s imple  
morphometr ic  measure such as sural nerve fiber density is 
a good indicator  of nerve dysfunct ion in nerves other than 
the sural  nerve.  These  f ind ings  s t rong ly  sugges t  that 
nerve f iber  damage  in var ious  per ipheral  nerves  occurs  
paru passu, al though the rate of  progressive damage may 
vary from one nerve to the other. 

607 
DO NEUROPHYSIOLOGICAL AND PATHOLOGICAL ABNORMALITIES 
DISCRIMINATE PAINFUL FROM PAINLESS HUMAN DIABETIC 
NEUROPATHY? 
C.A. Townsend, R.A. Malik, S. Thompson, S. Tesfaye, A. 
Hunter, A. Veves, A.K. Sharma, A.J.M. Boulton and J.D. 
Ward. Dept. Anatomy and Surgery, Univ. Aberdeen, Dept. 
Medicine, Manchester Royal Infirmary, Diabetes Unit, 
Royal Hallamshire Hospital, U.K. 
Peripheral nerve function and structure was related to 
symptoms in human diabetic neuropathy. Peroneal nerve 
conduction (PMNCV), vibration (VPT) and thermal (TDT) 
perception and myelinated and unmyelinated fibre 
pathology was assessed in diabetic patients with painful 
(n=10) and painless (n=10) neuropathy and control 
subjects (n=8). PMNCV (P<0.01) was reduced and VPT 
(P<0.02) and TDT (P<0.01) were increased in diabetic 
patients when compared with control subjects. 0nly TDT 
was significantly greater in painless vs painful 
neuropathy (P<0.02). Myelinated fibre density was 
significantly reduced in painful (P<0.01) and painless 
(P<0.03) neuropathy vs controls but was no different in 
painful vs painless groups. Similarly unmyelinated fibre 
degeneration (percentage of unassociated Schwann cell 
profiles) was significantly greater in painful 
(P<0.0005) and painless (P<0.009) neuropathy when 
compared with controls, but was no different in painful 
vs painless groups. Unmyelinated fibre density did not 
differ amongst control and diabetic groups. However 
unmyelinated axon diameter was significantly reduced in 
painful (P<0.001) and painless (P<0.003) neuropathy vs 
controls but was no different between painful vs 
painless neuropathy. Diabetic patients exhibit reduced 
PMNCV and elevated VPT and TDT along with myelinated and 
uumyelinated fibre degeneration and axonal atrophy. 
However no functional or structural abnormalities 
distinguish painful from painless diabetic neuropathy. 



A158 

608 
ENDONEURIAL LOCALIZATION OF MICROVASCULAR DAMAGE IN 
PATIENTS WITH HUMAN DIABETIC NEUROPATHY: RELEVANCE TO 
AETIOLOGY AND TREATMENT. 
S. Thompson, R.A. Malik, C.A. Townsend, A. Hunter, S. 
Tesfaye and J.D. Ward. Dept. Anatomy and Surgery, Univ. 
Aberdeen, Diabetes Unit, Royal Hallamshire Hospital, 
U.K. 
Detailed ultrastructural, electronmicroscopic studies 
were conducted in each of three (endoneurial, peri- 
neurial, epineurial) capillary beds in the sural nerve 
of 20 diabetic patients with neuropathy and i0 age- 
matched control subject. Amongst control subjects, 
basement membrane area, endothelial cell area, luminal 
area and endothelial cell profile number were not 
significantly different between endoneurial, 
perineurial and epineurial capillaries. However amongst 
diabetic patients a number of differences were 
observed. Basement membrane area was significantly 
greater in endoneurial (directly in contact with nerve 
fibres) when compared with perineurial (P<0.06) and 
epineurial (P<0.004) capillaries. Endothelial cell size 
was significantly greater in endoneurial vs perineurial 
(P<0.06)'and epineurial (P<0.004) capillaries. Luminal 
area was significantly less in endoneurial when 
compared with spineurial (P<0.001) but not perineurial 
(ns) capillaries. In contrast endothelial cell profile 
number was significantly greater in diabetic 
endoneurial (P<0.0002), perineurial (P<0.003) and 
epineurial (P<0.001) capillaries when compared with 
control capillaries, but did not differ between each 
other in diabetic patients. This study localizes 
basement membrane thickening, endothelial cell 
hypertrophy and reduction of luminal size of diabetic 
capillaries to the endoneurium. Accelerated damage of 
the microvasculature has been localized to the 
endoneurium of peripheral nerve and future studies on 
aetiology and prevention should be localized to this 
area. 

609 

NERVE FIBRE AND CAPILLARY PATHOLOGY IN ASYMPTOMATIC 
DIABETIC PATIENTS WITHOUT NEUROPATHY. 
R.A. Malik, W. Aziz, S. Tesfaye, A.K. Sharma and J.D. 
Ward. Dept. Anatomy and Surgery, Aberdeen Royal 
Infirmary. Diabetes Unit, Royal Hallamshire Hospital, 
Sheffield, U.K. 
In order to evaluate early nerve fibre and 
microvascular change, diabetic patients (n=9) without 
clinical or neurophysiological evidence of neuropathy 
and normal age-matched control subjects (n=10) were 
studied. Diabetic patients had no symptoms and entirely 
normal peroneal nerve conduction and vibration and 
thermal perception. Myelinated fibre density, normally 
a very sensitive indicator of neuropathy, was no 
different in diabetic patients vs controls (ns). 
However both myelinated fibre (P<0.02) and axOn 
(P<0.01) area were significantly reduced in diabetic 
patients. Teased fibre studies demonstrated an 
increased incidence of paranodal abnormalities 
(P<0.001) and a slight increase in segmental 
demyelination/remyelination (P<0.06) without axonal 
degeneration/regeneration (ns). The percentage of 
unassociated Schwann cell profiles (sensitive 
indication of unmyelinated fibre degeneration) was 
significantly increased in diabetic patients vs 
controls (P<0.01). Unmyelinated fibre density (P<0.01) 
was increased and axon diameter (P<0.05) was reduced in 
diabetic patients. Endoneurial capillary pathology was 
present in the form of increased basement membrane 
thickening (P<0.02) and endothelial cell profile number 
(P<0.01). Diabetic patients Without neuropathy 
demonstrate early myelinated fibre demyelination with 
axonal atrophy, unmyelinated fibre degeneration with 
regeneration, and microvascular pathology. The presence 
of microvessel disease provides further support for the 
role of microangiopathy in the aetiology of neuropathy. 

610 
Epineurlal new vessel formation following institution of 
insulln therapy. 

S Tesfaye, R Malik, N Harris, J Jakubowski, R M Wllson and 
J D Ward. Diabetes Research Unit, Floor P, Royal 
Hallamshire Hospital, Sheffield SI0 2JF, UK. 

Neuropathy following rapid improvemovement in glycaemlc 
control with the institution of insulin therapy (insulin 
neuritis - IN) is well recognised but its aetiology is 
unclear. We have identified 6 such subjects and compared 
electrophysiological parameters, sural nerve epineurial 
vessel anatomy, fluorescein angiography and detailed 
ultrastructural pathology of nerve fibres, to that of 13 
subjects with chronic sensory motor neuropathy (CSMN) and 
5 non-neuropathic diabetic (NND) subjects. There was a 
marked reduction in the electrophysiological parameters 
and myelinated fibre density in the CSMN group compared to 
the NND and IN groups. Epineurial new vessel formation 
was observed in all IN subjects who have undergone sural 
nerve photography but these changes ware not present in 
the NND group. This contrasted with the CSMN group in 
which severe epineurial vessel abnormalities wlth 
widespread arterial attenuation and venous distension were 
observed in all patients. The nerve intensity of 
fluorescein and the fluorescein appearance time (FAT) 
which are measures of nerve blood flow were within normal 
range in both the IN (n=3, mean FAT 35.3 sec) and NND 
(n=5, mean FAT 33.4 sec) groups, but was markedly delayed 
in the CSMN group (n=13, mean FAT 55.4 sec). These 
findings show that epineurial new vessel formation similar 
to that found in the retina, may be a feature of IN. 
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HIGH PREVALENCE OF RISK FACTORS FOR FOOT ULCERATION IN 
TYPE 2 DIABETIC PATIENTS: A POPULATION-BASED STUDY 
AJM Boulton, S Kumar, H Ashe, L Parnell, C Tsigos, DJS 
Fernando, RJ Young and JD Ward. Department of Medicine, 
Manchester Royal Infirmary, Manchester, OK 

Hospital based studies may not reflect the true 
prevalence of lower-extremity complications in Type 2 
diabetic subjects in the community. We therefore studied 
811 subjects with Type 2 diabetes from 3 UK cities using 
standardised methods of assessment. Mean age of the 
subjects was 65.4 ~ Ii years and mean known duration of 
diabetes was 7.4 • 7.7 years. 404 subjects were male. 
Clinical neuropathy wasdiagnosed if the subject had 
moderate to severe neurological impairment eharacterised 
by a neuropathy disability score of > 6. Those with at 
least 2 absent foot pulses were diagnosed to have 
peripheral vascular disease. The prevalence of neuropathy 
was 41.~ (95~confidence limits 38.5-45.~) and that of 
peripheral vascular disease was 24% (21.i-27~). 43 
subjects (5.3 (3.8-6.8~) had foot ulcers (Ii active). Of 
these, 16 subjects had purely neuropathic ulcers, 13 had 
mixed vascular/neuropathic ulcers, 8 had pure vascular 
disease and 6 were due to other factors. Subjects with 
ulcers had higher vibration perception thresholds (33 ~ i~ 
compared to others (22 ~ 11.2, p < 0.05). Foot ulceration 
affects 1 in 20 subjects with Type 2 diabetes; a large 
proportion of Type 2 diabetic subjects in the community 
are at risk of foot ulceration and would require 
preventative footcare and education. 
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A MODEL FOR THE PREDICTION OF FOOT ULCERATION DATA 
ON A DIABETIC CLINICAL INFORMATION SYSTEM 
R. Gregory, D. M. T i t t e r i ng ton ,  R. B. Jones and 
S. P. A l l i son.  Diabetes Unit,  Un ivers i ty  Hospi tal ,  
Nottingham, and Department of Public Health and 
S ta t i s t i c s ,  Univers i ty  of Glasgow. 
Annually or b ienn ia l l y  col lected neurological  and 
vascular examination data stored on computer (va l idated 
in a previous study - in press) was used to devise 
optimal screening fo r  r isk  of foot  damage, to focus 
scarce foot  care resources. We analysed data fo r  5347 
pat ients ,  1979-1991, with 354 foot  problems (u lcera t ion ,  
gangrene, amputation). 325 had complete pulse and 
neuropathy data. We constructed 2 scores fo r  each 
pat ient :  Pulse Score [0-16] (1 fo r  impaired and 2 fo r  
each impalpable lower limb pulse); Neuropathy Score 
[0-12] ( I  f o r  impaired, 2 fo r  absent l i gh t  touch and 
pinpr ick sensation, i f o r  each absent r e f l e x ) .  In 
pred ic t ing foo t  problems, Pulse Score ~ 1 was 73.7% 
spec i f i c  and 71.8% sens i t i ve  and Neuropathy Score b/3 was 
75.2% spec i f i c  and 70.9% sens i t ive .  Sacr i f i c ing  some 
s p e c i f i c i t y  (61.8%) an improved s e n s i t i v i t y  (87.5%) was 
obtained by regarding a Pulse Score~ l  but a Neuropathy 
Score93 as conferr ing r i sk .  In th is  way, only 42 out 
of 325 ( i . e .  13%) would not have been predicted. 
Stepwise l i near  regression analysis showed pred ic t i ve  
value of Pulse Score confined to p a l p a b i l i t y  of  dorsa l is  
pedis and pos te r io r  t i b i a l  pulses. There is a high 
cor re la t ion  between the sensory components of the 
Neuropathy Score. The ankle re f lexes  were also 
cont r ibu tors .  We conclude that  a l imi ted examination of 
foo t  pulses, one sensory parameter and the ankle re f l ex  
predicts foot  u lcerat ion with 79.4% s p e c i f i c i t y  and 
71.2% s e n s i t i v i t y ,  al lowing target ing of prevent ive 
chiropody resources in hospi ta l  c l i n i cs  or in general 
pract ice.  

613 

LASER DOPPLER FLOWMETRY EVALUATION IN DIABETIC FOOT: 
RELATION WITH AUTONOMIC NEUROPATHY. 

K. Van Acker, L. Simoens, E. Rillaerts, I. De Leeuw 
Dept. Endocrinology, Metabolism and Clinical Nutrition, 
University of Antwerp (UIA), Antwerp, Belgium 

To evaluate the microcirculation of the skin -especial- 
ly the foot- we performed Laser Doppler flowmetry in 90 
type I diabetes mellitus patients and in 29 age and sex 
matched control persons. We measured basal Flow, post- 
ischaemic hyperaemia (independent of neural mechanisms) 
and the hyperthermy reaction test (mediated by sympa- 
thet ic axon ref lex) .  These results were correlated 
with the standard tests of autonomic function (valsalva 
rat io, postural change in blood pressure, heart rate 
variation with deep breathing). 
Results: 

D~abetics Controls 

(n = 90) (n = 29) p 

basis (mvolt) 106 ~ 43 74 ~ 32 0.001 

hyperthermy (mvolt) 305 ~ 172 467 ~ 233 0.007 

Ratio therm/basis ~ 3.25 ~ 2.30 6.77~ 3.13 0.000 

Difference therm/basis ~ 0.199+ 0.165 0.394 ~ D,216 0.001 

For the diabetics the basal microcirculation-flow is 
significantly increased, while the hyperthermy reaction 
is significantly lower comparing to the controls, even 
when the values are corrected for the basal flow (~ 
I t  was not possible to find a correlation between the 
Laser Doppler results and the absolute values of the 
standard tests of autonomic function. Conclusion: i t  
seems that disturbed microcirculation in diabetics with 
loss of peripheral sympathetic function may occur in 
the absence of c l in ica l l y  detectable abnormalities of 
central autonomic nerve function. 

614 
EVALUATION OF INFECTIOUS DIABETIC FOOT CoMPLI-  
CATIONS WITH INDIUM-111 LABELED HUMAN NONSPECIFIC 
IMMUNOGLOBULIN G. 
PM Netten, WJG Oyen', JAM Lemmens ~ RAMJ Claessens , JA Lutter- 
man, JA van der Vliet I, RJA Goris #, J W M  van der Meer, FHM Cor- 
stens ~ Dept of Medicine, Division of General Internal Medicine; 
Dept of Nuclear Medicine; 0 Radiology and n Surgery, University 
Hospital Nijmegen, The Netherlands. 

Osteomyelitis in the diabetic foot is a major diagnostic and therapeu- 
tic problem. Recent reports suggested high accuracy of indium-I l l  
labeled human nonspecific immunoglobulin G ( In- l l l - IgG)  scinti- 
graphy in infectious bone and joint disease. A major advantage of In- 
l l l - I g G  is the relatively easy and quick preparation of the radiophar- 
maeeutieal. In this study, the validity of In- l l l - IgG scintigraphy was 
studied in 16 diabetic patients with foot ulcers, gangrene or painful 
Charcot joints. In all patients plain radiographs and a bone scan 
seintigraphy (dynamic images after administration of 600 MBq Tc- 
99m-MDP, early images 5 min. p.i., delayed images 3 and 24 hours 
p.i.) were performed. The next day, 4, 24 and 48 hours after i.v. 
administration of 75 MBq In - I l l - IgG  images of the feet were obtai- 
ned from four different angles. The results were verified by histologic 
examination of surgical specimens (10 lesions) or long-term clinical 
follow-up (16 lesions). On the bone scan all 7 osteomyelitic foci were 
detected. However, 19 additional loci, not due to osteomyelitis were 
seen. On the plain radiographs 4 of 7 osteomyelitic foci were detected, 
on the I n - l l l - I g G  seintigraphy 6 of 7 (sensitivity 57% and 86% 
respeetivily). Plain radiographs correctly ruled out osteomyelitis in 15 
of 19 lesions, I n - l l l - I g G  scintigraphy in 16 of 19 (specificity 79% and 
84%, respectivily). Penetrating ulcers and recent fractures in a 
Charcot joint gave false-positive results. A false-negative I n - l l l - l g G  
study was observed in a patient with severe arterial angiopathy. 
Conclusion: I n - l l l - I g G  scintigraphy can contribute to adequate 
evaluation of osteomyelitis in diabetic foot complications, as it impro- 
ves specificity and sensitivity. 

615 
A COST EFFECTIVENESS STUDY OF TWO APPROACHES 
OF HEALING DIABETIC FOOT ULCERS. 
C.P. Fylling and P.C. McKeown. Curative 
Technologies, Inc., Minneapolis, MN, USA 

The aim of the study was to evaluate the 
healing and cost efficacy as well as limb 
salvage over a 4 1/2 years of two approaches 
to the treatment of diabetic foot ulcers. 
Patient's treatment in the conventional (C) 
approach (n=28) included predominantly total 
contact cast, debridement, antibiotics, split 
thickness skin grafts, irrigation, and 
orthotic shoes. The wound care center 
program treatment (WCC) (n=79 patients), 
included vascular surgery (if needed), 
debridement, and topical growth factor 
therapy. Outpatient, ambulatory surgery, and 
inpatient charges were added together. The 
charge for the growth factors was included in 
the WCC tabulation. It was found that the 
average grand total charge per patient was 
$19,431 for conventional treatment versus 
$14,024 at the wound care center (p=0.05). 
Only 24% of the conventional patients were 
healed whereas 79% of the wound care center 
patients were healed (p<0.0001). More con- 
ventional patients needed amputation (60%) 
versus WCC patients (19%) (p<0.001). The 
wound care center amputations tended to be 
toes versus BKA and AKA amputations in the 
conventional program. This study documented 
that the comprehensive wound care center 
protocol including growth factors was less 
expensive, had increased healing efficacy, 
and fewer amputations. 



A160 

PS 26 
Smoking 
616 
INDICATORS OF POOR METABOLIC CONTROL AMONG 
NEWLY DIAGNOSED TYPE I DIABETIC PATIENTS AFTER 2 
TO 3 YEARS OF DIABETES 

M. Seid, U. Bott, I. MLihlhauser, M. Berger. Dep. of 
Metabolic Diseases a. Nutrition, D(isseldorf, Germany. 

After participation in an intensive treatment and teaching 
programme (ITTP) not all type I diabetic patients have good 
metabolic control. In order to identify indicators of poor 
control in newly diagnosed type I diabetic patients we 
reevaluated 165 subjects (age 22_+7 years; mean _+ SD) 2 
to 3 years after diagnosis and participation in a 5-day- 
inpatient ITTP. At follow-up, HbAlc  of the whole patient 
group was 7.3_+2.1% (normal ___5.5%) and the incidence 
of severe hypogiycaemia was 0.05 cases/patient/year. 
Stepwise multiple regression analysis revealed that a high 
HbA lc  is associated with the fol lowing indicators in 
descending order: low school education, young age, 
smoking and duration of diabetes. Patients with low level of 
education (n=57)  had a mean HbA lc  of 8.2%, those with 
an intermediate level (n =54) of 7.1% and those with a high 
level {n=54)  of 6.5% (ANOVA, p<O.O01). Smokers (46%) 
had significantly higher HbA lc  levels than non-smokers 
(7.9% versus 6.8%; p<O.002).  This study shows that 
among newly diagnosed type I diabetic patients with overall 
satisfactory quality of diabetes care, a low level of school 
education and smoking are strong indicators of a less 
favourable degree of metabolic control after 2 to 3 years of 
diabetes duration. It has to be shown whether patients wi th 
low school education and smokers will achieve better 
metabolic control by interventions in addition to the ITTP. 

617 
SMOKING iNDUCES INSULIN RESISTANCE 

S. Attvail, J. Fowelin, I. Lager and UIf Smith. Institution of 
Medicine, Sahlgrenska Hospital, GOteborg, Sweden. 
The risk for cardiovascular complications is increased by 
smoking. It is not fully evaluated if smoking reduces the 
sensitivity of insulin. 

7 healthy habitual smokers, age 31+2 yrs, BMI 21+0.7 
kg/m 2, participated in a study of insulin sensitivity. After one 
night's fasting short acting insulin Actrapid 0.15 IU/kg was 
given subcutaneous in the region of abdomen. Every subject 
was investigated 3 times, randomized to smoking 1 cigarett/h, 1 
amount of port ion-bag-packed snuff/h or abstinence. The 
metabol ic effect of insulin was evaluated during 6 hrs 
euglycaemic clamp. Glucose-turnover was studied by 3-3H - 
glucose. 

B-glucose and P-insulin were similar before and during 6 hrs 
clamp. B-nicotine levels were comparable during smoking as 
well as during snuffing, during nicotine abstinence there was 
undetectable levels. A reduced glucose need of 12% was found 
during smoking; GIR (glucose infusion rate) during smoking 
was 5.9+0.4 versus nicotine abstinence 6.6_+0.4 mg/kg x rain 
(p<0.05). During snuffing GIR was 6.6_+0.4 mg/kg x min (versus 
nicotine abstinence, n.s.). Plasma-free fatty acids were similar 
in the three groups. Insulin-antagonistic hormone GH was 
increased during smoking (7.33_+2.89 versus abstinence 2.41 
+1.02 nmol/I, p<0.01). We conclude that smoking induces a 
significant insulin resistance. Insulin-antagonistic hormone 
seems to be of importance. 

618 
THE ASSESS~NT OF TOBACCO INTAKE IN YOUNG ADULTS 
WITH DIABETES 

M. W a l l ~ a h m e d ,  C. McAndrew, A. P a t r i c k  and 
I .A .  M a c F a r l a n e ,  The D i a b e t e s  C e n t r e ,  Wal ton  H o s p i t a l ,  
L i v e r p o o l .  L9 IAE, UK 

Smoking i s  an  i n d e p e n d e n t  r i s k  f a c t o r  f o r  c a r d i o v a s c u l a r  
d i s e a s e  and n e p h r o p a t h y  in  d i a b e t e s  and an o b j e c t i v e  
smoking m a r k e r  i s  i m p o r t a n t .  Smokers v a r y  w i d e l y  
in  t o b a c c o  i n t a k e .  N i c o t i n e  measurement  in  b l o o d  
o r  u r i n e  r e f l e c t s  t he  d e g r e e  o f  a d d i c t i o n  and  smoking 
l o a d  o v e r  24 h o u r s ,  We m e a s u r e d  u r i n e  c o t i n i n e /  
creatinine (COT/Cr) ratios (a metabolite of nicotine) 
in 141 young adult smokers with diabetes [85 male, 
mean age 30.2 yrs. ,  17-45 yrs.,  79~ insulin dependent) 
and  a s s e s s e d  the  v a l u e  o f  the  smoking  b i s t o r y  
[ c i g a r e t t e s / 2 4  h r s . )  and b r e a t h  c a r b o n  monoxide 
measurement  (C .O. )  35 p a t i e n t s  were 'mild' smokers  
(COT/Cr ~ 3  ug /mg) ;  58 ' m o d e r a t e '  smokers  [COT/Cr 
3-7  ug/mg)  and  48 ' h e a v y '  smokers  (COT/Cr > ? ug /mg) .  
Smoking h i s t o r y  and  b r e a t h  C.O. were  poo r  i n d i c a t o r s  
of  u r i n e  COT/Cr s t a t u s :  m i l d  smoke r s ,  mean 14.  7 
( 9 . 5 ,  S .D . )  c i g a r e t t e s / 2 4  h r s ;  m o d e r a t e ,  mean 18 .5  
( 9 . 5 ]  c i g a r e t t e s / 2 4  h r s ;  h e a v y ,  mean 1 8 . 3  ( 8 . 1 )  
c i g a r e t t e s / 2 4  h r s ;  m i l d  s m o k e r s ,  mean C.O. 1 1 . 8  (6~  
p . p . m . ;  m o d e r a t e ,  mean C.O. 21 .6  ( 9 . 4 )  p . p . m . ;  h e a v y ,  
mean C.O. 23 .7  ( 1 1 . 9 )  p . p . m .  45 p a t i e n t s  were  
r e a s s e s s e d  a f t e r  12 months  and  COT/Cr was s i m i l a r ;  
mean 5 .7  ug/mg ( 3 . 5  S .D . )  v 7 . 5  ug/mg ( 6 . 4 ] .  T h e r e f o r e  
24 h o u r  smoking h i s t o r y  and  c l i n i c  b r e a t h  c a r b o n  
monoxide do ne t  d e t e c t  h e a r  T t o b a c c o  i n t a k e .  Numbers 
o f  c i g a r e t t e s  smoked does  no t  r e f l e c t  i n d i v i d u a l  
d i f f e r e n c e s  in t h e  i n h a l a t i o n  o f  n i c o t i n e .  B r e a t h  
c a r b o n  monoxide  o n l y  i n d i c a t e s  c i g a r e t t e s  smoked in  
the  p r e c e e d i n g  4 h o u r s .  Measurement  o f  n i c o t i n e  ( o r  
m e t a b o l i t e s )  i n  b l o o d  o r  u r i n e  i s  m a n d a t o r y  to 
s t u d y  the i n f l u e n c e  o f  smoking on d i a b e t i c  c o m p l i c a t i o n s .  

619 
SMOKING AND PROGRESSION OF DIABETIC NEPHROPATHY 
P.T.Sawicki, U,Didjurgeit, L.Heinemann, I. M[Jhlhauser and 
M. Berger. Department of Metabolism and Nutrition. 
Heinrich-Heine University; Moorenstr. 5; W-4000 DLisseldorf 
1 ; Germany. 
We have carried out a prospective, controlled, follow-up 
study over 1 year to investigate whether smoking is an 
additional risk factor for progression of nephropathy in Type 
1 diabetes. 96 consecutive hypertensive Type 1 diabetic 
patients (62% smokers) with incipient or overt diabetic 
nephropathy were enrolled into the study after participation 
in a hypertension teaching and treatment programme to 
assure continuous intensified antihypertensive treatment. 
Two patients died during the study period. All remaining 94 
patients, 36 non-smokers, 34  smokers and 24 ex-smokers 
were re-investigated after 12 months. Blood pressure was 
measured with a random-zero-sphygmomanometer in supine, 
sitting and standing position, metabolic control was 
assessed by HbAlc  measurements and protein intake was 
calculated from 24 hour BUN urine excretion. In patients 
with incipient nephropathy (n = 37) progression of 
nephropathy was defined as an increase of 24-hour- 
proteinuria of more than 20% of the initial value or in 
patients with overt nephropathy (n = 57) as increase of more 
than 20% in serum creatinine and/or decrease of more than 
20% in glomerular filtration rate. Progression of nephropathy 
was less common in non-smokers (n=4;  11%) than in 
smokers (n= 18; 53%) and ex-smokers (n=8;  33%) ,  
p < 0.002. The odds ratio for progression of nephropathy 
calculated for patients with and without a history of 
smoking and was 6.5 (95% CI 2.0-21.0). Age, gender, 
diabetes duration, blood pressure control, sort of 
antihypertensive drug treatment, protein intake and 
metabolic control were not different between the groups. 
In conclusion, in Type 1 diabetic patients with well 
controlled blood pressure and good metabolic control 
smoking represents an additional risk factor for progression 
of diabetic nephropathy. 
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PROSPECTIVE CONTROLLED RANDOMISED TRIAL 
ON SMOKING CESSATION IN DIABETIC PATIENTS 
U.Didjurgeit, I.Miihlhauser and P.T.Sawieki. 
Department of Metabolism and Nutrition. Heinrieh-Heine 
University; Moorenstr. 5; W-4000 D0sseldorf 1; Germany. 
Smoking represents an additional risk factor for cardiovascular 
and renal complications in diabetes mellitus. We have 
investigated the efficacy of a smoking cessation programme 
based on behaviour therapy in diabetic patients. Between 1986 
and 1990 2674 consecutive insulin treated diabetic patients 
completed a questionare about their smoking habits. 13% of 
Type 2 diabetic patients and 29% of Type 1 diabetic patients 
reported regular smoking of more than 5 cigarettes per day. 
794 smoking patients (Type 1 diabetes: 79%; males: 60%) were 
invited to participate in a smoking cessation programmme. 89 
patients (11%) (Type 1 diabetes: 84%; males: 61%) agreed to 
participate. These 89 patients were randomised in two groups: 
44 patients took part in  a behaviour therapy anti-smoking 
intervention consisting of 10 weekly sessions ~i 90 minutes 
supervised by a psychotherapist. 45 patients were randamised 
to a control group and recieved a single unstructured 15 
minutes anti-smoking advise given by a physician. In this group 
nicotine replacement was offered to patients who reported 
severe nicotine addiction. Both groups were comparable with 
regard to age, sex, type of diabetes, diabetes duration and 
presence of diabetic complications. All patients were followed 
for 6 months. Confirmed nonsmoking was considered when a 
patient stated not to smoke any more and urine cotinine 
concentration was below 20 ng/ml. 57% of patients participated 
in all sessions at the behaviour therapy intervention and 70% 
participated in the short physician's advise. After 6 months 9 
patients (9%) did not smoke, 2 (5%) from the behaviour 
therapy intervention group and 7 (16%) from the control group 
(difference statistically not significant). 
In diabetic patients an extensive behaviour therapeutic 
intervention in smoking cessation is no more successful than an 
unstructured short physician's advise. In diabetic patients 
effective interventions in smoking cessation are lacking. 

PS 27 
Hypertension 
621 
HYPERTI~SION IN HI~d~DITARY HYPI~TRIGLYCEP, I-DI~4IA AND 
SODIUM TRANSPORT ABNORMALITIES * 
Z. Dobe~ov~, H.K. Bin Tal~b, A. Vrlna and J. Kune{, 
Institute of Physiology, Institute of Clinical and 
Experimental Medicine, Prague, Czechoslovakia 
Diabetes ar~ hypertension are cor~non chronic diseases 
that frequently coexist and are significant risk factors 
of cardiovascular morbidity and mortality. Both diabetes 
and hypertension are characterized by multiple metabolic 
abnormalities and the alterations of ion transport are 
one from those. Hereditary hypertriglyceridemic (HTG) 
rats were used to characterize them as a new model of 
hypertension. Principal Na + transport pathways in 
erythrocytes and intracellular Na + content were also 
measured. Direct mean arterial pressure (MAP) 
measurement revealed that HTG rats are hypertensive in 
comparison with Wistar control rats (MAP 132+2 vs 1 06+2 
mm Hg, pr ). In additien the high-carbohydrate diet 
increased MAP in both HI~ males and females about 8 mm 
Hg. There was a significant correlation between MAP and 
plasma triglyceride concentration (r = 0.523, n = 40, p( 
0.001 ). The intracellular sodium content was 
significantly increased in erythrocytes of HTG rats 
ccmpare to controls (3.65+0.11 vs 2.95+0.05 nlnol/l 
cells, p~0.01 ). All principal pathways for Na transport 
were significantly increased in erythrocytes of HTG 
rats. We ooncluded that this new genetic model could be 
used for hypertensive research and the alterations of 
ion transport may play a role in blood pressure rise. 
The relation between hypertension and diabetes and 
analysis of disturbances in glucose and lipid metabolism 
in this rats are in progress in our laboratory. 
Supported by grant 71109 of the Czechoslovak Academy of 
Sciences. 
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BRADYKININ-STIMULATED INTRACELLULAR CYTOSOLIC FREE 
CALCIUM IS HIGHER IN CULTURED FIBROBLASTS FROM NON 
INSULIN-DEPENDENT DIABETICS WITH HYPERTENSION AND 
INSULIN RESISTANCE. 
E. Duner, F. Di Virgilio, R. Trevisan, M.R. Cipollina, A. Solini, E. Brocco, 
A. Carraro, M. Sambataro and R. Nosadini. University of Padova and 
Ferrara, Italy. 
Intracellular cytosolic free-Ca 2+ [Cai 2+] in large populations is positively 
correlated with blood pressure. Increased [Cai 2+] my also cause insulin 
resistance. It has been postulated that hyperinsulinemia (e.g. insulin 
resistance) leads to hypertension. Conversely altered [Cai 2+] rather than 
hyperinsulinemia may underlie the association between hypertension and 
insulin resistance. We investigated the baseline and bradykinin- 
stimulated (a growth factor which stimulates [Cai 2+] via protein-kinase 
C) [Cai 2+] in cultured fibroblasts after 5-7 passages from skin biopsies in 5 
controls (C), 5 non-insulin-dependent diabetics without hypertension and 
with normal whole body glucose uptake (Rd) during euglycemic 
hyperinsulinemJc (100 p.U/ml) clamp (D1) and 5 non-insulin-dependent 
diabetics with hypertension (>145/90 mmHg) and with impaired RD (D2) 
(Rd: Cvs D1 vs D2:7.9+_1.1 vs 7.8_+0.8 vs 5.1-+0.55, p<0.05 and p<0.05, Mean 
+ SD). [Cai 2+] was measured with the fluorescent indicator fura-2 using a 
Perkin-Elmer LS5 spectrofluorimeter equipped with a thermostatically 
controlled cuvette holder. Baseline [Cai ] was similar in C, D1 and D2 
(108+-16 vs 88+-22 vs 130+32 nM, Mean + SD). Bradyki~,stimulated [Cai 2+] 
was lower in C and D 1 than in D 2 (327+_58 vs 252~130 vs 406+-89, p<0.05 and 
p<0.05, respectively). Conclusions: Our results demonstrate that [Cai 2+] is 
higher in cultured fibroblasts from non-insulin-dependent diabetics with 
hypertension and insulin resistance after bradj,,ls stimulation. 
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RELATIONSHIPS AMONG RENAL FUNCTION, HYPERTENSION 
AND SODIUM HOMEOSTASIS IN NON-INSULIN-DEPENDENT 
DIABETES. 
M. Sambataro, K. Thomaseth, G Pacini, A. Solini, A. Carraro, E. Brocco, 
M.R. Cipollina, B. Muollo, M. Velussi, F. Frigato, G. Crepaldi and R. 
Nosadini. University of Padova, Italy. LADSEB, CNR, Padova, Italy. 
CAD di Este, Monfalcone, Mestre. 
Little in fo rmat ion  is avai lable on the re la t ionships  a m o n g  
microalbuminuria, hypertension, insulin-resistance (e.g.hyperinsulinemia) 
and  sodium homeostasis in non-insul in-dependent  diabetes. We 
investigated glomerular  filtration (GFR); extracellular fluid volume 
(EFV), using mu]tiexponential analysis of 51Cr-EDTA plasma decay after 
intravenous injection and sodium excretion rate (SER). 52 patients on 
an t id iabe t ic  oral  agents ,  13 normotens ives  (-<140-<85 mmHg) ,  
normoalbuminurics (<15 mg/min)(D), 17 hypertensives (_>145_>90 mmHg), 
normoalbuminurics (DH); 13 microalbuminuric (>20 Ilg/min)(DM) with 
normal serum creatinine (-<1.4 mg/dl)  and 9 microa|buminurics (DN), with 
altered serum creatinJne >1.6 mg/dl); 13 healthy subjects served as controls 
(C). GFR was higher in DM and lower in DN but not in D and DH patients 
than in C (DN vs DM vs DH vs D vs C: 58 + 7, p<0.01, 123+8, p<0.05, vs 
107+_10, n.s., vs 108+_7, n.s., vs 109+5 m1.I,73 m-2). EFV was larger in DN, 
DM and DH but not in D patients than in C (DN vs DM vs DH vs D vs C: 
14.4_+0.8, p<0.05, vs 15.9+_0.6, p<0.01, vs 15.2_+0.6, p<0.01, vs 13.6-+0.3, n.s., 
vs 12.6-+0.911'1,73 m -2) (Mean +_ SEX On the contrary SER was lower in DN, 
DM and DH but not in D patients than in C (DN vs DM vs DH vs D vs C: 
100s p<0.05, vs 101_+11, p<0.05, vs 90+-8, p<0.05, vs 123+_11, n.s., vs 
119+_10 mmol.day-l . l ,73 m'2). Glucose filtered load was increased in all 
patients, whereas baseline insulin levels were higher in DN, DM and DH 
but not in D than in C. SER was negatively related to glucose filtered load 
and to insulin levels. Conclusion: 1) Hyperglycemia, via high glucose 
filtered load, leading to sodium reabsorption, causes sodium retention in 
all patients. 2) Impaired natriuresis, higher EFV and GFR, hypertension 
and  mic roa lbuminur i a  were observed only in pat ients  with 
hyper insul inemia .  Thus hyperinsul inemia (e.g. insulin-resistance) 
determines sodium retention in a cohort of patients, further deteriorating 
the ant inatr iuret ic  effect of hyperglycemia,  which operates in all 
diabetics. 
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INCREASED VENOUS WALL STIFFNESS IN TYPE I DIA- 
BETES WITH AND WITHOUT MICROALBUMINURIA. 
NC Schaper, AJHM Houben, Y Schoon and AC Nieu- 
wenhuijzen Kruseman. Dept. of Int. Med., Univer- 
sity Hospital of Maastricht, The Netherlands. 

The venous system plays an important role in 
volume and blood pressure homeostasis. In essen- 
tial hypertension reduced venous compliance may 
be an initiating factor in the development of 
hypertension. We studied venous distensibility 
(VDIST) and the effect of nitroglycerin (NTG,0.4 
mg sl.) on resting venous tone in normotensive 
type I patients with and without microalbumi- 
nuria. Patients: 6 females/9 males; mean age: 
34.3• (SEM), duration of diabetes: 18.2• 
yrs.; fasting blood glucose: 13.1• mmol/l; 
HbAlc: 8.3• %. Seven patients had microalbu- 
minuria. Healthy controls: 5 females/9 males; 
mean age: 35.9• yrs. Methods: forearm volume 
(strain gauge plethysmography) and i.v. pressure 
changes were determined during externally ap- 
plied pressure (25, 30, 35, 40, 50 mmHg). The 
slope of the delta-pressure/delta-volume curve 
is a measure for forearm VDIST. Results: VDIST 
was lower in patients vs controls (slope: 0.049 
• vs 0.059• P=0.02). VDIST was simi- 
lar in patients with and without microalbuminu- 
ria. No differences were found in the effects of 
NTG. Conclusions: VDIST is decreased in long- 
term normotensive type I diabetic patients. As 
the effect of NTG on venous tone was similar in 
patients and controls the decreased VDIST is 
probably due to increased vascular stiffness. 
VDIST was similarly decreased in normo- and 
microalbuminuric patients, therefore, changes in 
venous stiffness do not play an important role 
in the development of hypertension in patients 
with microalbuminuria. 

625 
METABOLIC RESPONSE ~ro INTRAVENOUS GLUCOSE IN 
ESSENTIAL HYPERTENSION 

A. Pezzarossa, V. BaBgl, D. Dazzi, A. Gnudi, *A. Biggi, "R. Cerati 
and *P. Coruzzi 
Chair of Endocrinology & Institute of Semeiotica Medic& 
University of Parma, Parma, Italy 

Abnormalities of CHO metabolism frequently occur in 
hypertensive patients. Aim of this study was to evaluate the 
metabolic response to intravenous glucose (glucose 33%, 0.33 
g/kg), in healthy and hypertensive subjects. 12 young, nonobese, 
patients with essential hypertension and 7 normal subjects 
entered the study. In hypertensive ~ control subjects we 
obsewed: (1)a lower k of glucose utilization (1.24+_0.87 vs 
L51+__0.13, p<0.05); (2)higher plasma glucose (PG) values at 30 
(10.7+_0.4 vs 8.5+_0.6, p<0.01); 40 (9.1+_0.4 vs 7.2+_0.8, p<0.04) and 50 
rain times (7.8+_0.4 vs 6.9+_0.8 mM, p< 0.05); (3)lower plasma 
values of insulin (IRI) at 3 (266+_44 vs 398+__60, p< 0.02) and 8 min. 
(211+_50 vs 501 +_42 pM, p< 0.04); (4) lower C-peptide (CPR) plasma 
values at 3 rain. (1.5+_0.1 vs 23+_0.1 nM, p< 0.05); (S} higher PG 
incremental areas (321+_20 vs 286+_1.6 mM x min.-1 x 60 min); 
lower IRI areas by considering the first phase of insulin release (0- 
I0:~435+216 ~ 2382+_402 pM x min. 4x 60 rain, p<0.04) and 
unmodified by considering the whole curve; lower CPR areas by 
considering both the first phase and whole curve (0-1E 8.4+_09 vs 
12.8+_I, p< 0.01 and 0-60:43.5+__4 vs 61+__7, nM x min.d x 60 rain, 
p<0.05); (6) the presence in hypertensive subjects of higher glucose 
and lower plasma insulin values resulted in an higher 
glucose/insulin ratio at 20, 30 and 40 min. times; (7) the CPR to 
insulin molar ratio was unmodified. Thus, in hypertensive 
subjects we studied both glucose tolerance and insulin release 
were impaired. Furthermore, the impairment of insulin release 
was more evident during the first phase of insulin release. 

626 
THE R E L A T  i ON 8 E T ~ E E N  C A R D  Z 0 ,.,ASCL..LAR R Z S'::: 
FACTORS AND THE EVOLUTION OF GLUCOSE TOLERANCE 
ioana 8Puckner~ Doina Stefanescu arid 
C= Dumitr~escu Hc, sp~ Malaxa. 8uchaPest; Romania 

The _~im o ~  this study is to analyze t~e 
Peiati:mm between hypertension~ obesity and tTe 
evolution c,< impaired ::31ticese tolerance~ The 
data of 2C,9 sub)ecte with er, i~itia_ impaiPed 
~iucese tolera~-.,ce were use:. ~. The toiePance test 
~=~as repeated at 5 years and the patiei~t~ 
~ ~OLipeo a(::coP,3 i Fi~ t,J ite evo:i u t ~ or, in the 
f-_--i i e, wing !D P.,:!up e ~ } normai ization ~ <2} 
maintenance of the impa:r, ed tolePance ano (3> 
diabetes meiii~ue. We csmpare~ the ir!cidence oq 
hyper te~sioq arid Jbesity in eaci~ 9reua~ 
~-yee~t--n~" nm wRs c,~.eser, t "in 25~ 27% of S-e 
eLie3ec~]s in 9~o_i~, ~ - ?2.97% ~n r ' ~ - ; I P . 3  E7 ~) ~n5 

53= i-3-7 in 9r~oup (3). Grea~ obesit.-, ~F,~rdePa~ 
index >35 kg/m2> ~aae foL(nd -~R 5.-~=',,= of ~= .... 
:_~b.-eets in ~'o!.i!s <~:=~ i3.63% in 9-OLp (2} and 
~t-,... = ~s~, .... in =n P~-,~ ~ r_ ~'?'.~, ~ Of the su.b ] eets ~-~i t h 
r~ype~-temsio~ w.-5c:~ evolved te'w.:~r-d d-~etes i-~7c.% 
...... ~,~-+-=n+ ~H~t~ NhePaas of t~ose mho had 
a noPaal cr ~ im~pai~eJ ~_:.ucose to!afar, ca at 5 
yeaPs eniy 5=88 h.~ ari in~f, ca.tant ,~bEsity= i~ 
~ppear~ the:: hy~,ertensien -s t~,ce as frequent 
iF, the sub~e~ ~e ~ e v e i e c  ng ;n the shor-t time {5 
year-'a) :;i.aLetes s,a ~omp~-red :-~-~ith thase ;~ho~e 
~ iLiCOse ~:0 ] e~'eq~:~ n oPir~a :i izee er" remains 
is, pal red ~ Cbe~i ty is more frequent in the 
_=.ub jeers who d e - ~ e l  oR  diabete~ or" have 
cor, st~F~:iy a~ im~aiPed glucose tolera.r~ceo Tris 
3 factoPs m a v  dave a c{]mmen pathogenic 
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CONTROL OF BLOOD PRESSURE IN PERSONS WITH DIABETES: 

A POPULATION BASED STUDY IN A RURAL AREA OF AUSTRIA. 

I. Miihlhauser, M. Sulzer, D. Hemmann and M. Berger. Department of 

Metabolic Diseases and Nutrition, University of Diisseldorf, Germany, 

and Ludwig-Boltzmann-Institute, Pinkafeld, Austria. 

Control of hypertension is particularly important in diabetes. However, 

data on the quality of hypertenison care in diabetes are lacking. Objective: 

audit of detection, treatment, and control of hypertension in diabetes in a 

geographically defined rural area with 7871 inhabitants. Methods: Using a 

mobile ambulance 95% of all known diabetic patients (age 66• years, 

diabetes duration 8+7 years) were examined, and blood pressure (BP) 

was measured twice in the sitting position by a nurse; the mean of the two 

measurements was used for analysis. Results: 51% of patients had 

hypertensive BP (:=160 and/or~95 mmHg); prevalence of known 

hypertension was 54%; a further 15% with previously unknown 

hypertension had hypertensive BP; 10% had a BP of 

->200 and/or_~ 115 mmHg. Of the 202 patients with known hypertension 

22% were not treated with antihypertensive drugs, 46% were on drug 

treatment, but their BP was uncontrolled, 32% had their BP controlled. 

Use of ACE-inhibitors was associated with worse BP control 

(182+25/91• mmHg, n=30, versus 167--+24/89__+13 mrnHg, n=127, 

p 40.01). Conclusions: In this survey only a low percentage of diabetic 

patients had their blood pressure controlled despite high degrees of 

hypertension detection and treatment. There appears an urgent need for 

the implementation of programmes to improve patient compliance to 

recommended antihypertensive treatment. 

628 

AMBULATORY BLOOD PRESSURE IN TYPE 1, INSULIN- 
D E P E N D E N T  D I A B E T I C  S U B J E C T S  W I T H  
MICROALBUMINURIA. 
G. Berrut, M. Hallab, M. Marre and Ph. Fressinaud. Medecine B - CHU 
- ANGERS - FRANCE. 

To evaluate the interest of Ambulatory Blood Pressure (ABP) in incipent 
diabetic nephropathy, we compared ABP measurements of 10 type 1, 
insulin-dependent diabetic subjects with microalbuminuria (30-300 
mg/24h, group A), to those of 29 normoalbuminuric ones (group B). 
Blood pressure was measured every 15 rain from 7:00 a.m. to 10:00 
p.m. (diurnal) and every 30 min from 10:00 p.m. to 7:00 a.m. 
(nocturnal) (Spacelabs 90202| Groups were comparable for age 
(36+17 vs 42+15 years), sex (4F/6M vs 7F/22M), HbAlc (8.4+0.1 vs 
8.1-+0.3%), and diabetes duration (16+5 vs 12+8 years). No subject had 
orthostatic bypotension, or took anti-hypertensive drug. Diurnal 
pressures (Systolic/Mean/Diastolic Blood Pressure : SBP/MBP/DBP) 
were not different between the 2 groups (131+-12 / 96+-11 / 84+_10 vs 
124_+10 / 90+-8 / 79_+7 mmHg ; ns), while nocturnal pressures were 
higher in group A (125+13 / 87_+11 / 74+-10 vs 112_+12 / 78+9 ] 67+-8 
mmHg ; p = 0.008 / p = 0.01 / p = 0.03). The nocturnal declines of MBP 
(-9+--9 vs -12_+5 mmHg) and DBP (-10+-7 vs -12+5 mmHg) were similar, 
but SBP declined less in group A (-6+11 mmHg), than in group B (- 
12+_6 mmHg ; p<0.03). Diurnal pulse rate was comparable between 
groups (84+11 vs 79_+12 beats/min), and it declined similarly during 
night (-11+_4 vs -13+_6 beats/min). In conclusion, the reduced decline of 
SBP seems the most discriminant parameter of ABP between type 1, 
insulin-dependent diabetic subjects with, or without incipient 
nephropathy. 

629 
DIABETIC RENAL AND RETINAL MICROVASCULAR 
DISEASE: ARE ALL ANTIHYPERTENSWE AGENTS EQUAL? 
M Cooper, T Gin, T Lim-Joon, S Panagiotopoulos, J Rumble, N 
Carroll, R Buttery, H Taylor and G Jerums. Departments of Medicine 
[Austin Hospital] and Ophthalmology, University of Melbourne, 
Melbourne, Australia. 

The effects of antihypertensive agents on retinal albumin permeability 

and albuminuria were assessed in an experimental model combining 

diabetes with genetic hypertension. Streptozotocin diabetes was 

induced in spontaneously hypertensive rats (SHR) aged 8 weeks. 

Rats were randomised to receive no treatment, the ACE inhibitor, 

perindopdl [PER], triple therapy [TT: hydralazine, reserpine and 

hydrochlorothiazide] or the calcium antagonist, lacidipine [LAC]. 

After 16 weeks, retinal albumin permeation [double isotope 

technique], blood pressure, glyeated haemoglobin and albuminuria 

[radioimmunoassay] were measured in the 4 groups [n=8-12/group]. 

All treatments reduced blood pressure to an equal degree [untreated, 

176+_5; PER, 129_+3; TT, 126_+4; LAC, 130+-3mmHg], did not 

influence glycated haemoglobin and reduced retinal albumin 

permeation to a similar extent [untreated, 184+31; PER, 110-2_6; TT, 

88+_25; LAC, 61+_6% control non-diabetic SHR]. In contrast, 

pedndopril and triple therapy were more effective than lacidipine in 

retarding albuminuria in diabetic SHR [untreated, 28.8x/+1.2; PER, 

5.3x/+l.2*t; TT, 6.9x/+1.2"~'; LAC, 17.8x/+1.2mg/24hrs; *p<0.01 

vs untreated, tp<0.01 vs LAC]. It is concluded that the protective 

effect of these agents may be both drug and organ specific. 
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NUTRITIONAL INTAKE IN IDDM PATIENTS. FIRST RE- 
SULTS FROM THE EURODIAB IDDM COMPLICATIONS STUDY. 
M.Toeller, A.Klischan, G.Heitkamp, W.Sehumacher 
and the EURODIAB IDDM Complications Study Group. 
Diabetes Research Institute, University of 
D~sseldorf, Germany, and 31 Centres in Europe. 

One goal of the EURODIAB IDDM Complications Stu- 
dy is to define regional variations in the envi- 
ronmental and personal risk factors for diabetic 
complications. Different patterns of nutritional 
intake could help to explain regional variations 
in the prevalence of diabetic complications. 
Therefore nutritional intake was analyzed cen- 
trally using 3 day dietary records in the IDDM 
population samples of 31 participating centres. 
The following results were obtained from Athens, 
Bukarest, Cork, D~sseldorf, Gent, Helsinki, 
Leiden, Lisbon, Luxemburg, Milan, Paris/Valen- 
ciennes, Pisa, Vienna and Zagreb who completed a 
sample size of i00 IDDM patients/centre in 1991: 
(intake x/14 centres) 2346+602 kcal (18% protein, 
39% fat, 42% carbohydrate, 1% alcohol), 18~7g 
fibre, 16% of total energy as saturated fat, 70% 
of total protein as animal protein. Marked dif- 
ferences were seen between centres: (intake 
X/centre) mean protein intake ranged from 94+31 
to I18• fat from 86+28 to 121• carbohy- 
drate from 198+65 to 309~i02g, fibre from 13+3 
to 22~8g, saturated fat from 13 to 21% of total 
energy and animal protein from 62 to 75% of to- 
tal protein. In many aspects the nutritional in- 
take of IDDM patients in the European centres 
does not meet the recommendations~ however, it 
could be shown that regional variations exist 
which can now be related to regional variations 
in the prevalence of diabetic complications e.g. 
nephropathy or macroangiopathy. 
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COMPUTER SIMULATION OF GLUCOSE LEVELS 
FOLLOWING EXERCISE AND CHANGES IN DIET. 
T. Hauser, L.V. Campbell, E.W. Kraegen and D.J. 
Chisholm. Garvan Institute of Medical Research, St 
Vincent's Hospital Sydney, NSW 2010, Australia 

We previously reported a computer simulator which 
allows diabetic patients to practice adjusting insulin 
doses, and predicts resulting blood glucose (BG) 
changes. Our aim was to extend the program to 
incorporate BG changes following exercise alone, or 
with compensatory adjustments in diet and insulin 
dosage. The program's parameters were adjusted to 
match 5 specialists' BG predictions following exercise 
+ dietary or insulin dose adjustments in 7 hypothetical 
patient cases. The program's responses were then tested 
against 18 other specialists in Australia using 7 
different cases, In the developed program, mild or 
moderate exercise can be simulated starting 2 hours 
after meals. Multiple insulin regimens are possible and 
diet can be altered in 15g carbohydrate portions at 7 
different times of day. Following adjustment, the 
program's predicted change in 54 BG levels (7 cases) 
correlated well with the corresponding mean 
predictions of the 5 specialists (r=0.98; slope=0.86; 
p=0.0001). The analogous correlation for the 18 other 
specialists was r=0.97; slope=l.17; p=0.0001. All but 
one of the program's BG predictions were within one 
standard deviation of the corresponding mean of the 18 
specialists. We conclude that it is possible to 
successfully simulate specialists' predictions of BG 
levels following exercise and dietary changes. 

632 
POCKET COMPUTER SYSTEM FOR DIETARY PLANNING 
AND GUIDANCE FOR DIABETICS AND OBESE. 
E.I. SOquilJqeiS-~fflb J. ,~OT(?Z6"FI?jF, A. Bollmann, M. Schneider, 

i.. Beyer and G. HommeL 3rd Medical Clinic and Institute of 
Medical Statistics and Documentation, Mainz, Germany. 
For a patient-oriented 14,9 x 9,4 x 2,6 cm pocket computer system 
(Diacomp) with a working memory of 314 kB, CPU-intern real 
time clock and 4 lines display a program for dietary planning and 
guidance for diabetics and obese was developed in Turbo Pascal 
6.0. For different caloric categories 30 breakfasts, 60 lunches and 
30 dinners may be chosen. By modular structure of day-sections 
the meals of different sections may be freely combined resulting in 
54000 day combinations with identical carbohydrate and energy 
distribution during the day. To motivate the patient for optimal 
nutrition the computer memorizes which dishes were selected and 
balances the intake of following nutrients: cholesterol, total fat, 
portion of saturated, mono- and polyunsaturated fatty acids, 
protein, fibre, iodine, iron, vitamin E. These targets are optimized 
by a guidance system. It counterregulates deficiences and 
overloads weighing the targets and ranking all dishes of the next 
meal section according to their priority. The efficiency of this 
guidance system was tested by simulation studies. If dishes of first 
choice were eaten (e.g. jelly + joghurt, pork + beans, corned beef 
meal) the priority is changed after 6 days to dishes with higher 
iodine content. In conclusion an optimal nutrition of diabetics may 
be achieved at broad variability and easy use. 

633 
ASSESSMENT OF PHYSICAL ACTIVITY IN TYPE II 
DIABETIC PATIENTS: A COMPARISON OF METHODS. 
O. Maurer, U. Gudat, and M. Berger, Dept. of Nutrition & 
Metabolic Diseases, Heinrich-Heine University, DfJsseldorf, 
Germany 
A sedentary life style is thought to represent a risk factor 
for type II Diabetes and cardiovascular disease. Reliable 
techniques for measuring everday physical activity are 
necessary prerequisites for patient counselling and 
research. We compared a questionnaire (q), a 7 day activity 
protocol (ap) and wearing a motion recorder (mr; Kenz 
Calorie Counter, Suzuken Co, Japan) in 39 type II diabetic 
patients (20 females & 19 males, age 58 (9) years (mean 
(SD)), diabetes duration 14 (10) years, HbAlc  9.3 (2.3) %, 
BMI 27.9 (4,6) kg/m2). Initial testing of the motionrecorders 
demonstrated a 4 % variance between instruments. 
Patients filled out the activity questionnaire, then after a 
one day run-in period they wore the motion recorder and 
filled out the activity protocol for 7 consecutive days in 
their everday environment. Daily physical activity as 
assessed by questionnaire was 5 (3-6) hrs/day (median 
(interquartile range)). Activity as noted in the activity 
protocol summed to 16.2 (11.9-20.4) kcal/kg body 
weight/day. Activity as measured by the motionrecorder 
was 4.4 (2.2-9.1) arbitrary units/day. Spearman rank 
correlation coefficient between q vs. ap was 0.34 
(p<0.05),  between q vs. mr 0.45 (p<O.005), and between 
ap vs. mr 0.59 (p<0.001).  We recommend motion 
recorders as reliable and easy to use instruments for 
measuring physical activity. Questionnaires are a cheap and 
simple alternative. In contrast, activity protocols are 
cumbersome and often difficult to interpret. 
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DEVELOPMENT OF A BARCODE SYSTEM FOR NUTRIENT ANALYSIS 
IIN THE U.K. 
A S Anderson,iM E J Lean.2G Vespasiani,2M Bruni. 
i Department of Human Nutrition, University of Glasgow, 
2 MediMatica, Via Bartolomeo Colleoni 59, San Benedetto 
del Tronto, Italy. 
Dietitians need to assess the diets of newly-diagnosed 
patients and to monitor the affect of dietary education. 
The aim of the current study is to develop a reliable 
time-saving accurate tool for dietary assessment. A new 
approach to dietary assessment is the Food Meter System 
originally developed in Italy. This system comprises a 
credit card sized bareode reader (with memory for 28 days 
food records) and a booklet of barcodes for the most 
commonly consumed foods and for the weights eaten. Food 
intake data are recorded by scanning the appropriate 
barcodes and downloaded directly to a computer analysis 
programme. In order to develop a British barcode booklet 
280 of the most commonly eaten British foods were 
identified from a study of British adults in which 24[ 
foods accounted for 84% of foods consumed by 112 subjects 
over q days. A further 34 foods were identified as 
frequently eaten following discussions with local 
dietitians. Six foods were unnamed to allow extra 
entries to be made. The nutrient analyses were derived 
from The Composition of Foods. Food portion weights 
("average", "small", "medium", "large") were also 
incorporated into the Booklet. It is concluded that the 
studies currently being undertaken to assess accuracy, 
time-saving aspects and reliability of the U.K. Food 
Meter System will provide data on its feasibility for 
use in the U.K. 

This study is funded by a grant from the British Diabetic 
Association. 
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Dielary Evaluation in Type II Diabetic Subjeds Randonfly Allocated 

to Insulin, Sulphonylurea or Diet Therapy 

E Eeley, IM Stratton, R James and RR Holman. Diabetes Research 

Laboratories, Radcliffe Infirmary, Oxford. OX2 6HE. 

132 patients (120 Caucasian, 12 Asian) from the UK Prospective 

Diabetes Study (UKPDS) with Type II diabetes of 3 to 6 years 

duration, stratified for gender, obesity and allocated therapy, were 

selected at random from five of the 23 participating centres. Each 

subject was asked to complete a three day food diary which was 

then checked at their subsequent clinic visit by a UKPDS 

dietitian. Completed diaries were analysed using a computer based 

version of McCance & Widdowson's tables (NIBBLES). 83% (111 

)of the diaries were returned of which 97% (108) were satisfactorily 

completed.Mean values for these 508 patients were age: 55.1 y (SD 

7.7), HbAlc: 7.1% (SD 1.5), total cholesterol: 5.7 mmol/l (SD 

1.1) and BMI: 27.9 kg m -2 (SD 4.3). Dietary analysis gave a mean 

admitted energy intake of 1650 kcal (SD 424) with protein 21% 

(SD 4), carbohydrate 43 % (SD 7), fat 37 % (SD 7), fibre 22 g 

(SD 9) and p/s ratio 0.62 (SD 0.49). No therapy related or regional 

differences were observed in admitted macronutrient intakes. Asian 

subjects derived fewer calories from protein (13.7 v 21.3 %, 

p<0.0001) and more from fat (46.4v 37.2 %, p<0.01). Patients 

receiving structured dietary advice in UKPDS clinics have similar 

dietary intakes despite different therapeutic allocations and regional 

locations. The average admitted dietary intake is closer to the current 

BDA recommendations than the usual UK diet. 
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NUTR~T!ON~LSTATUSAND LIPlD, APOL[POPROTEINA}JD Lp(~) LIPOPROTEIN 
PROFILES IN DIABETICS ON CHRONIC HAEMODIALYSIS (HD). 
P.Kontessis, M.Panayotou, P=Rappini, D.Roussi,. l .Bossina- 
kou, A.Melpidou, R.Teevisan* and N.Zerefos. Renal Unit A- 
lexandra Hospital, Athens, Greece, *Division Malatt ie del 
Ricambio, Padova, I t a l y .  

Nutr i t ional  assessment has not been c lear ly  defined in 
diabet ic (D) pat ients on HD. Nutr i t ional  statue and l ip id  
p ro f i l e  of 14 D patients (10 males, 4 females) on HD were 
compared to a group of L7 non-diabetic (ND) patients (11 
males, 6 females) well matched for  age and duration of HD. 
Protein intake was higher in D than in NO patients on HD 
(1.16• vs 0.87• g/kg/d; p<O.O1)while ca lor ic  in ta-  
ke was not d i f f e ren t .  Vitamin B12 was lower (824• vs 
1636• pg/ml; p<O.05) and plasma carni t ine (PC) higher 
(71.2• vs 62.1• mmol/L; p<O.05) in D patients. PC was 
correlated with BMI (p<O.01) and arm circumference(p<O.05). 
Folic acid, t rans fe r r in ,  C3,  C4 were simi lar  in both 
groups. The val ine/glyc ine ra t io  (0.95• vs 0.65• 
p<O.01) and plasma levels of isoleucine, prol ine were 
higher in D pat ients.  Tr iglycer ide levels were higher 
(p<O.05) and apolipoprotein Az lower (p<O.05) in D pa- 
t ien ts .  Lp(a) concentration was s imi lar  in both groups. 
In conclusion diabetics on HD are in better nu t r i t iona l  
status but present more l ipoproteins abnormalities compa- 
red to the non diabet ics. Plasma carni t ine and t ransfer -  
r in are good predictors of nu t r i t iona l  status in diabe- 
t i cs  on HD. 
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DIETARY FIBRE PREVENTS THE UNTOWARD EFFECTS OF 
A HIGH CARBOHYDRATE DIET ON GLUCOSE METABOLISM 
AND ON PERIPHERAL INSULIN SENSITIVITY. 
M.Parillo, A.V.Ciardullo,B.Capaldo, A.A. Rivel- 
lese and G.Riccardi, Inst. Int.Medicine and 
Metabolic Dis. 2nd Medical School,Naples, Italy 

A high carbohydrate-low fibre diet increases 
plasma glucose, insulin, triglycerides and 
insulin resistance in type 2 diabetic patients. 
However, these deleterious effects might be re- 
versed if dietary fibre is also increased. To 
test this hypothesis 8 type 2 diabetic patients 
(7M/IF) (age 56.1• yrs, BMI 25.2• 3.Ikg/m2, 
M• treated with diet alone or diet + gliben- 
clamide, were randomly assigned for 15 days to 
either a high carbohydrate-high fibre (carbohy- 
drate 60%, fat 20%, fibre 54g/d) or a low car- 
bohydrate-low fibre diet (carbohydrate 40%, fat 
40%, fibre 16g/d) and then were crossed-over to 
the other diet for 15 more days. Diets were 
similar for all other components. The dosage of 
hypoglycemic drugs was mantained constant 
throughout the study, performed in a metabolic 
ward. The high carbohydrate-high fibre diet 
significantly decreased postprandial plasma 
glucose (209• vs 242• mg/dl,p<0.05) while 
no difference between the diets was observed in 
postprandial insulin (25• vs 41• mU/L) and 
insulin mediated glucose disposal (4.72• vs 
4.22• mg/kg/min). However the high carbohy- 
drate-high fibre diet significantly increased 
plasma triglycerides (178• vs 120• 56 mg/dl 
p<O.03) and significantly decreased HDL-cho- 
lesterol (31.2• vs 34.6• mg/dl, p<0.04) 
while plasma total cholesterol remained un- 
changed (181• vs 180• mg/dl). In conclusion 
dietary fibre can prevent the untoward effects 
of a high carbohydrate diet on glucose metabol- 
ism but not on plasma triglycerides and HDL. 
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EFFECTS OF DIFFERENT MEAL FREQUENCIES ON GLUCOSE AND 
INSULIN RESPONSE IN NON-INSULIN-DEPENDENT DIABETICS. 

C.Thomsen ~, C.Christiansen 2, O.Rasmussen 1, K.Hermansen 2. Medical 
department M (Diabetes & Endocrinology), Aarhus Kommunehospital ~, 
Medical department C (Endocrinology), Aarhus Amtssygehus 2, Den- 
mark. 

To study the effects of different meal frequencies on glucose, 
insulin and free-fatty-acids (FFA) responses, 12 non- insul in 
dependent diabetics took two isocaloric diets, with the same 
composition on two separate days. The patients were randomized 
to study A (two identical, large meals in eight hours) or study B 
(six identical, smaller meals over eight hours) first. During the first 
four hours the blood glucose response areas (A: 475.5 + 70.2 vs 
B: 327.8 • 67.9 mmol/I x 240 minutes; 2p< 0.02) and the serum 
insulin response areas (A: 36062 • 5943 vs B: 23290 • 4442 pmol/I 
x 240 minutes; 2p< 0.02) were significantly lower in study B than 
in study A. No difference was found between blood glucose 
response a r e a s  during the entire eight hour observation period, 
whereas the insulin response areas were still signif icantly lower 
in study B as compared with study A (53321 + 9702 vs 85595 + 
19833 pmo]/I x 480 minutes; 2p<0.03). Mean FFA for the entire 
eight hour observation period was lower in study B than in study 
A (2p< 0.02). The present results demonstrate that a higher 
mealfrequency decreases glucose and subdues blood glucose 
excursions in the morning, and reduces insulin levels throughout 
the day in NIDDM. 

639 
Effects of di f ferent  hypocalor ic  diets on insulin 
sens i t iv i ty  and ox idat ive  g lucose  d isposa l  in 
obes i ty .  
G. Santambrogio,  P.M. Piatti, M.C. Librenti, , A. Saibene, 
A. Merigo, R. Nasser, I. Fermo, F. Magni, A.E. Pontiroli 
and G. Pozza. Istituto Scientifico S. Raffaele, Milano, Italy. 

The aim of the study was to investigate the effects of two 
hypocalor ic  (800 cal) diets on body weight reduct ion, 
insulin sensit iv i ty and proteolysis in 11 normal-g lucose 
to lerant  obese  women.  The diets had the fo l lowing 
composi t ion:  (A;6 subjects) 60% complex carbohydrate  
(C-CHO) and 20% protein, (B;5 subjects) 45% protein (P) 
and 35% CHO. Before and af ter  21 days of diet, an 
euglycaemic hyperinsul inaemic (25 mU/kg/h) c lamp and 
indirect calorimetry lasting 150 min were performed. Both 
diets induced similar decrease in body weight and FFM 
and an increase in fasting Fat Oxidat ion (FO). Blood 
glucose and insulin levels remained unchanged in both 
diets, whi le FFA levels increased by 18% only in A 
(p<0.05). During clamp period, both M-value (3.9+0.2 vs 
2.5_+0.2 mg/kg.FFM/min, p<0.05) and Glucose Oxidat ion 
(GO: 2.2_+0.1 vs  1.7_+0.2 mg/kg .FFM/min ,  p<0.05)  
decreased by 20% in A , whi le M-va lue  remained 
unchanged and GO increased by 10% in B. FO was less 
inhibited in A (p<0.05 vs B). 3-Methi l- ist idine excretion 
was decreased by 10% in A and 45% in B (p<0.05). 
Conclusions:  1) hypocalor ic C-CHO diet induces a state 
of insulin resistance decreasing the GO disposal, while P 
diet seems to show the opposite results. 2) Proteolysis is 
decreased more during P diet. 

640 
VITAMIN E SUPPLEMENTATION IMPROVES THE VITAMIN 
E STATUS IN NON-INSULIN-DEPENDENT DIABETICS AND 
REDUCES IN VIVO LIPID OXIDATION 

BRITTON ME, LEWIS G, CHIN L, WICKENS D AND 
YUDKIN JS 
Academic Unit of Diabetes and Endocrinology, 
Whittington Hospital, Archway Road, London N19 5NF 

Free radical (FR) oxidation of LDL may increase its atherogenicity. 
Vitamins C (Vit C) and E (Vit E), are FR scavenging antioxidants. 
As the major lipid soluble antioxidant, Vit E status is better 
assessed by Vit E: lipid concentration ratio (Vit E : cholesterol (Ch) 
+ Triglyceride (TG)) than absolute concentrations. We investigated 
the effect of Vit E and Vit C supplementation on LDL oxidation. 
Vit C (lg) and Vit E (300mg) were taken for three weeks (with an 
intervening 3 week washout) by nine Type II diabetics and ten 
healthy controls. In-vivo oxidation was assessed by Thiobarbituric 
Acid Reactive Substances (TBARS), susceptibility to oxidation by 
the time lag (LAG) before development of di-ene conjugated 
species during copper stimulated LDL oxidation in-vitro. Vit E : 
(Ch + TG) was significantly lower in diabetics than non-diabetics 
at baseline [Mean (SD) 2.1 (0.4) vs 2.5 (0.4); p=0.03]. Vit C 
supplementation was without effect. With Vit E supplementation Vit 
E : (Ch + TG) rose significantly in diabetics [Mean rise (SD): 0.8 
(0.5); p=0.01] and non-diabetics [0.9 (0.6); p=0.03] TBARS fell 
significantly in the group as a whole [2.1 (0.3) #mol.1-1 vs 2.3 
(0.5); p=0.05]. Similar non-significant changes oecured within the 
sub-groups. [Diabetics: Mean fall (SD) 0.2 (0.5) p.mol.l-1; p=0.3. 
Non-diabetics: 0.2 (0.4) p.mol.l-1; p=0.11] LAG was not significantly 
altered. No correlation between Vit E: (Ch+TG) and TBARS or 
LAG at baseline nor between changes in these factors existed. 
Vit E status is impaired in diabetes exposing lipids to greater risk 
3f oxidation. Vit E status can be improved by supplementation. 
Vit E not Vit C supplementation reduces in-vivo oxidation. 
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FISH INTAKE AND DEATH OF CORONARY HEART DISEASE IN 
NORMOGLYCEMIC AND GLUCOSE INTOLERANT SUBJECTS 

E.J.M. Feskens, C.H. Bowles, and D. Kromhout. Dept. of Epidemiology, 
National Institute of Public Health and Environmental Protection, Bilthoven, 
The Netherlands 

The association between habitual fish intake and 17-year mortality of 
coronary heart disease was compared between normoglycemic and glucose 
intolerant elderly subjects. In 1971, 272 men and women aged 64-87 yr were 
examined in a general practice in the town of Rotterdam, The Netherlands. 
Glucose intolerance (impaired glucose tolerance or diabetes mellitus 
diagnosed from a 50 g glucose tolerance test) was observed in 83 subjects, 
and 189 subjects were found to be normoglycemic and free of clinically 
diagnosed diabetes mellitus. Information on usual dietary intake was obtained 
using the cross-check dietary history method. The vital status of the subjects 
was verified in 1988. Habitual fish use was found in 58.7% of the 
normoglycemic subjects, and among 62.4% of the glucose intolerant subjects. 
Among normoglycemic subjects, the age and sex adjusted 17-year mortality 
of coronary heart disease amounted to 10.9/1000 person-years for fish users, 
and to 25.1/1000 person-years for non-fish users. Adjusted for differences in 
age and sex by survival analysis, the Risk Ratio (RR) was 0.44 (p=0.017). 
For the glucose intolerant population the coronary heart disease death rates 
rates amounted to 20.6/1000 and to 31.2/1000 respectively. Adjusted for age 
and sex a RR of 0.78 (p=0.57) was observed. After adjustments for other 
confounders such as body mass index, smoking, alcohol use, and intake of 
energy, poly-unsaturated fat and carbohydrates, the RR for normoglycemic 
subjects was 0.34 (95%-confidence interval (CI): 0.16-0.72). For glucose 
intolerant subjects an adjusted RR of 0.80 (95%-CI:0.31-2.05) was observed. 
Although the difference in RR's  between the two sub-populations was not 
statistically significant (p=0.19), these results suggest that fish intake is 
inversely associated with coronary heart disease death in a normoglycemic 
population, but not in a population of glucose intolerant subjects. 
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EFFECT OF VITAMIN C ON THE ALTERED FREE RADICAL DEFENCE 
MECHANISM IN LIVER AND KIDNEY OF DIABETIC RATS. 

M.Sochor x, J.Hilgertova 2, S.Kunjara I and T.Shahbazi I. 
IDept. Biochemistry and Molecular Biology, University 
College and Middlesex School of Medicine, Cleveland 
Street, London WIP 6DB, UK and 2Laboratory for 
Endocrinology and Metabolism, Faculty of Medicine, 
Charles University, 128 21 Prague, Czechoslovakia. 

In the present study we have examined the effect of 
vitamin C (ascorbic acid) on the altered oxygen-radical 
related processes seen in short-term (4 week) diabetes 
induced in rats by streptozocin. The activities of 
superoxlde dismutase (SOD), catalase (CAT), glutathlone 
perodidase (GSH-PX) and glutathlone reduetase (GSSG-RD) 
were assayed in liver and kidney of control, diabetic 
and vitamin C treated diabetic rats, together with 
measurements of levels of key enzymes and metabolites 
of glucose utilization involved in NADP+/NADH redox 
mechanisms. Diabetes was associated with decreased 
activities of SOD(-20%), CAT(-55%), GSH-PX(-36%), malic 
enzyme (-61%) and the levels of glutathlone (-30%) and 
glucose 6-phosphate (-26%) in liver. Vitamin C 
treatment, in the dose of 200 mg/kg/day in drinking 
water, for 4 weeks, resulted in the full recovery of 
SOD activity (to 95% of control value) and in the 
significant increase in the activities of CAT and mallc 
enzyme (by 60% and 37%, respectively). In kidney, -32% 
decrease in SOD and -48% decrease in CAT activities 
were observed in diabetes. These changes were not 
effected by vitamin C treatment. Our results support 
the previous findings of increased oxidative stress in 
uncontrolled diabetes shown by marked alterations in 
tissue antioxidant enzyme activities, and they show 
that vitamin C treatment could be beneficial to the 
delay or the prevention of chronic complications 
occurrzng in diabetes. 
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IINCREASED POST-PRANDIAL CHOLESTEROL SYNTHESIS IN 
DIABETIC PATIENTS WITH CORONARY ARTERY DISEASE. 

P. Kelleher, S. Gilligan, D. Owens, A. Johnson, P. Collins and G.H 
Tomkin, Department ofd Metabolic Medicine, The Adelaide Hospital 
Dublin and Department of Biochemistry, The Royal College of 
Surgeons in Ireland, Dublin, Ireland 

Vascular disease is a common complication of diabetes. This study 
examines the relationship between endogenous cholesterol synthesis, 
lipoprotein (a) [Lp(a)] levels and atherosclerotic coronary artery disease 
(CAD). Five Type 2 diabetic patients with angiographically normal 
coronary arteries and ten with atheromatous vessels were examined 
fasting and 4 hours after a 1300 k.cal, high fat meal. They were 
matched 1:2 for age, sex and BMI. Cholesterol synthesis was 
measured by [14C]-acetate incorporation into mononuclear leucocyte 
cholesterol and Lp(a) by an Elisa method. There was no significant 
difference in serum cholesterol (Mean + SE 5.4_+0.54 retool/1 in 
patients without CAD and 6.5+1.1mmol/1 in CAD patients 
p>0.05)High density lipoprotein, triglycerides and haemoglobin At 
were also similar in both groups. Cholesterol synthesis increased post- 
prandially in both groups but diabetic patients with CAD had a 
significantly greater increase compared to those with no CAD (48% vs 
28%) (p<0.05 using paired t Test). Median fasting Lp(a) values of 
6.0mg/dl, range 0.4-91.5 mg/d for diabetics with no CAD 
1(40% > 30mg/dl) and 38.35 mg/dl, range 0.2-67.6 mg/di in CAD 
(60%>30mg/dl) did not change post-prandially. The study 
demonstrates a decreased ability of diabetic patients with CAD to down- 
regulate cellular cholesterol synthesis after a meal. This abnormality 
may contribute to the development of CAD in diabetic parents. 
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NUTRITIONAL REGULATION OF PYRUVATE DEHYDROGENASE 
EXPRESSION IN RAT ADIPOSE TISSUE AT WEANING. 
J. Maury, A.L. Kerbey**, J. Girard and P. FerrY*. CEREMOD, 
UPR 1511, CNRS Meudon, France. *lnserm U342, Paris, 
France. **J. Radcliffe Hosp. Headington, Oxford, U.K. 

We have shown that pyruvate dehydrogenase (PDH) activity 
in rat adipocytes is low during the suckling period and 
increases after weaning onto a high-carbohydrate diet. In the 
present study, we have quantified, in rat white adipose tissue 
during the suckling-weaning transition, the PDH complex 
concentration in isolated mitochondria, using a rabbit 
polyclonal antiserum raised against the 4 subunits of pig 
heart PDH complex. We have compared 15 day-old suckling 
rats and 30 day-old rats weaned at day 19. Weaning onto a 
high-carbohydrate diet induced a 18-fold increase in the E la  
subunit concentration (the target of regulatory 
phosphorylation) of the PDH complex, whereas the 
concentration of other subunits was less significantly 
affected. A significant increase of Ela  subunit was already 
seen after 48h of weaning. This increase was precluded by 
weaning onto a high-fat diet. Weaning on a high- 
carbohydrate diet induces a 11-fold increase in the mRNA 
concentration of the Elct subunit as analysed by Northern- 
blot hybridized with a 1.6 kb cDNA of human E la  subunit 
(B.H. Robinson, Toronto). It is concluded that in rat adipose 
tissue, the expression of the El~z subunit of PDH complex is 
under nutritional control and that this involves a 
pretranslational mechanism. 

645 
CHOLESTEROL METABOLISM IN TYPE 1 DIABETIC 
WOMEN; THE INFLUENCE OF THE MENSTRUAL CYCLE 
D. Owens, M Cox, J. Caird, S.McBrinn, P.Collins, A. Johnson 
and G.Tomkin. The Adelaide Hospital Dublin 8 and The Royal 
College of Surgeons in Ireland, Dublin 2 Ireland 

Oestrogen may be the protective against atherosclerosis in the 
pre-menopausal, non-diabetic woman. This protection is lost in 
diabetes. Ore- aim was to examine the effect of the menstrual 
cycle on cholesterol metabolism in Type 1 diabetic patients. Nine 
female, non-diabetic and 9 age-matched Type 1 diabetic, pre- 
menopausal women, with regular cycles were compared. Fasting 
blood samples were taken weekly for 4 consecutive weeks. 
Cellular cholesterol synthesis measured in peripheral blood 
mononuclear leucocytes (PBMC) by [14C]acetate incorporation 
into cholesterol, and cellular cholesterol content by an enzymatic 
fluorometric assay. Low density lipoprotein (LDL) and high 
density lipoprotein (HDL) were isolated by ultracentrifugation, 
cholesteryl ester transfer protein (CETP) measured by transfer of 
[14C]cholesteryl oleate from LDL to HDL and lipoprotein (a) 
[Lp(a)] measured by an Elisa method. Serum lipoproteins, 
oestrogen, progesterone, cell cholesterol and Lp(a) were normal 
for both groups and there was no cyclical variation. Cholesterol 
synthesis was increased in diabetic patients at week 3 (220+18 vs 
144+_14 cpm/min/mg protein, p<0.05). Oestrogen (r=-.36, 
p<0.05,n=36) and progesterone (r=-.33, p<0.05, n=36) both 
correlated negatively with cholesterol synthesis in control 
subjects but not diabetic patients. CETP activity was significantly 
higher in diabetic patients (mean 184+-11 vs 143:t:7nmol/ml/h, 
p<0.05, n=36) reflecting an altered cyclical LDL esterified/free 
cholesterol ratio.These findings may help to explain the loss of 
protection against atheroma in the pre-menopausal diabetic 
patient. 



A168 

646 
Postprandial tipoprotein metabolism in type 2 diabetes mellitus 

K.C.B. Tan, M.B. Cooper, K.L.E. Ling, B. Griffin*, J. Shepherd*, 
C. Packard*, D.J. Betteridge 
Dept. of Medicine, University College and Middlesex School of 
Medicine. *Institute of Biochemistry, Glasgow Royal Infirmary. 

To investigate relationships between hypertriglyceridaemia and 
lipoprotein metabolism, we performed postprandial studies on patients 
with type 2 diabetes mellitus with or without hypertriglyceridaemia 
(HTG and NTG) and controls. Diabetic subjects were matched for 
age, gender, body mass index and glycaemic control. Lipoproteins 
were separated by ultracentrifugation and subfractionated by gradient 
gel electrophoresis. Intestinal-derived lipoproteins were identified by 
adding retinyl palmitate to a standard test meal. The extent of 
postprandial lipaemia measured by the area under the triglyceride 
curve over 12 hours was inversely correlated with lipoprotein lipase 
activities (r=-0.57) and was higher in the HTG group 
(56.88+ 10.61(SD) mmol/1.12 hours vs 30.78+6.87, p <0.05). This 
was mainly due to an increase in chylomicron remnants as shown by 
the elevation of retinyl palmitate in the non-chylomicron fraction 
(52.17+20.24 rag/1.12 hours vs 31.36+ 12.07). Small dense LDL-III 
concentrations correlated with fasting triglyceride and the extent of 
postprandial lipaemia, r=0.74 and 0.73 respectively. LDL-III 
concentrations were higher in HTG group (202 +76 mg/dl vs 
114+62, p<0.05). The activities of the enzyme lecithin:cholesterol 
acyltransferase and cholesteryl ester transfer protein both increased 
significantly after meal. These various changes associated with 
postprandial lipaemia may partly explain why hypertriglyceridaemia 
is a risk predictor for coronary heart disease in type 2 diabetes 
mellitus. 

647 
LIPOPROTEIN(a),ACUTE-PHASE PROTEIN REACTANTS AND ENDOTHELI- 
AL FUNCTION IN MICROANGIOPATHIC TYPE I DIABETIC PATIENTS. 
F.Magri ,S.B.Solerte,M.Fioravant i , ,M.Perego and E.Ferrar i  
Department of Internal  Medicine,Universi ty of Pavia, 
Piazza Borromeo 3,27100 Pav ia , l t a l y .  
L ipoprotein(a) is an independent r i sk - fac to r  for  cardiovas- 
cular complications in diabetes mel l i tus.The aim of the 
study was to evaluate Lp(a) , together with acute-phase pro- 
te in  pa t te rn ( f ib r inogen,~ l  acid glycoprotein,ceruloplasmin,  
haptoglobin,<l  ant i  t ryps in ) , f ib ronect in ,Von Willebrand fa- 
ctor  antigen(Vll l-RAG)and the other l i p i d  features in 107 
long-term Type 1 d iabet ic  pat ients.  Higher plasma Lp(a)(IE- 
MA assay)was demonstrated in d iabet ic  pat ients than in hea- 
l thy  controls(35.3+9.2 mg/dl,vs,9.73+4.3 mg/dl,p<.OOl).The 
highest values of Lp(a)were found in-pat ients  with micro- 
angiopathic and neurological complications,compared to un- 
complicated patients(52.1+15.3 mg/d l ,vs ,16.9+ l l .4  mg/dl, 
p<.OO1).The increase of Lp(a) plasma concentration was in- 
dependent of serum apol ipoprote in A1 and B and HDL-choles- 
tero l  changes and of the occurrence of blood l i p i d  a l te ra -  
tions;whereas changes of Lp(a) were associated with incre- 
ased serum concentrations of acute-phase proteins and with 
plasma f ib ronect in  and VIII-RAG leve ls . l n  e f fec t ,a  pos i t i -  
ve cor re la t ion  between Lp(a), f ibr inogen(r=.41,p<.O01) and 
f ibronectin(r=.55,p<.OOl)was observed in microangiopathic 
patients.Moreover Lp(a) correlated with ur inary albumin 
excret ion in d iabet ic  pat ients with inc ip ient ( r=.47,p<.01)  
and overt  nephropathy(r=.51,p<.Ol).Lp(a) and hyper f ibr ino-  
genemia were s i gn i f i can t l y  associated with the occurrence 
of a r t e r i a l  hypertension in our study. Lp(a)was suggested 
to be a r i s k - f a c t o r , i n  addi t ion to f ib r inogen, f ib ronec t in  
and VIII-RAG,for the development of microvascular complica- 
t ions in Type l ( insu l in -dependent )d iabet ic  pat ients, indepe- 
ndently of blood l i p i d  changes. 

548 
APOLIPOPROTEIN A-IV LEVELS AND ISOFORMS IN 
TYPE 2 DIABETES. 
B.VERGES, G.VAILLANT, A.GOUX, L.LAGROST, Ph. 
GAMBERT and J.M.BRUN. University hospital, Dijon, France. 

Apolipoprotein (apo) A-IV is a 46 kd apolipoprotein found 
associated with HDL and triglyceride rich lipoproteins. Different 
apoA-IV isoforms have been described. Since apoA-IV is 
supposed to play a role in the reverse cholesterol pathway, its 
study is of interest in type 2 diabetes. Apo A-IV levels have been 
measured by competitive enzyme immunoassay, and their 
isoforms have been determined by isoelectric focusing followed by 
immunoblotting in 46 type 2 diabetic patients (24 males[M] and 
22 females[F]), as in 80 controls (40 M,40 F). In both sexes, apoA- 
IV levels were found to be significantly elevated in type 2 diabetic 
patients compared with controls (M: 194 _+ 83 vs 131 _+ 31 mg/dl, 
p<0.01; F: 214 _+ 105 vs 138 + 21 mg/dl, p<0.01). ApoA-IV level 
was not significantly different between males and females in 
diabetics as in controls. ApoA-IV levels were not correlated with 
fasting glycemia, mean glycemia or HbAlc. Among the diabetic 
population, apoA-IV levels were significantly higher in patients 
with triglyceride(TG) levels _>200 mg/dl than in those with TG 
levels <200 mg/dl (241 --!- 97 vs 181 _+ 85 mg/dl;p=0.03) and in 
patients with HDL-cholesterol levels >60 mg/dl than in those with 
HDL-chol. levels <60 mg/dl (238 -+ 36 vs 196 -+ 80 mg/dl, 
p=0.04). On the other hand, diabetic patients with TG levels less 
than 200 mg/dl and HDL-chol. levels less than 60 mg/dl did not 
have significantly different levels of apoA-IV than controls. 
ApoA-IV isoform repartition was not significantly different 
between type 2 diabetics and controls: isoform 1-1 in 85% of 
diabetics and 88% of controls, isoform 1-2 in 15% of diabetics and 
12% of controls. In conclusion: 1) Apo-A-IV levels are 
significantly increased in type 2 diabetic patients. 2) ApoA-IV 
isoform repartition is not different in diabetics than in controls. 3) 
High apoA-IV levels are found in diabetic patients with either 
high HDL-chol. or high TG levels. Further studies are needed to 
know whether high apoA-IV levels associated with high HDL 
levels have the same meanings and metabolic consequences than 
high apoA-IV levels associated with high TG levels. 

649 
GEMFIBROZlL INDUCED CHANGES OF LDL PARTICLES IN 
TYPE 2 DIABETIC PATIENTS 
S. Lahdenper&, M. Tilly-Kiesi, H. Vuorinen-Markkola and M.-R. 
Taskinen, Third and Second Departments of Medicine, University 
of Helsinki, Finland 

LDL particles vary in their size, composition and in their 
atherogeneity. To study the effects of gemfibrozil therapy on the 
properties of LDL 16 type 2 (non-insulin-dependent) diabetic 
patients were randomized into two groups, matched for age, BMI, 
HbAlc and serum triglyceddes, receiving either placebo or 
gemfibrozil 600 mg twice daily for three months. Gradient gel 
electrophoresis was used to determine particle size of the major 
LDL peak. LDL density distribution and composition were 
determined by density gradient ultracentrifugation. During 
gemfibrozil treatment serum triglycerides decreased from 
2.93+1.11 to 1.81+0.50 mmoi/I, (mean+SD, p<0.05) and HDL and 
LDL cholesterol concentrations increased from 1.16+0.21 to 
1.28+0.23 (p<0.05) and from 3.44• to 4.03+0.83 mmol/I 
(p<0.05), respectively. Diameter of major LDL peak increased 
from 244_+7 to 251+5 A (p<0.05) and the increase was inversely 
correlated with the change of serum triglycerides (p<0.01). The 
mean peak density of LDL decreased from 1.0371 to 1.0345 g/ml 
and the mass concentration of light LDL (d=1.0232-1.0352 g/ml) 
increased from 141• to 183_+_44 mg/dl, (p<0.05), in the 
gemfibrozil group. The cholesteryl-ester-to-tr iglycedde-ratio 
weight ratio in LDL increased by 27% (p<0.05) consistently with 
an increase in LDL particle size and lowered LDL density. In 
conclusion, the gemfibrozil induced increase of LDL cholesterol 
and mass occurred in the light LDL which is considered to be the 
least atherogenic LDL particle. 
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INFLUENCE OF SIMVASTATIN ON INSULIN SENSITIVITY IN TYPE 2 {NON- 
INSULIN-DEPENDENT) DIABETES MELLITUS (NIDDM). 

S. Nielsen, N.Porksen, N. Moiler, O.Schmitz and C. E. Mogensen. 
Medical Department M (Endocrinology and Diabetes), DK- 
8000 Aarhus C, Denmark. 

NIDDM is often characterized by both insulin resistance and 
dyslipidemia. To test wether lipid lowering therapy with a 
HMG-CoA-reductase-inhibitor (Simvastatin) improves insulin 
sensitivity 16 mildly hypercholesterolemic NIDDM subjects 
(aged 66 _+ 4 (4-SD) years, BMI 28 + 4 kg/m 2) were, in a 
double-blind design, randomized to either placebo or Sim- 
vastatin (10-20 mg/day) for 18 weeks. A euglycemic glucose 
clamp (insulin infusion rate 1.0 rnU/kg/min) was performed 
twice in all subjects. Following Simvastatin therapy total- 
cholesterol and LDL-cholesterol were significantly reduced 
from 6.7 4 -0 .6 to  5.2 4- 0.6 mmol/I and 4.5 4- 0.7 to 2.9 _+ 
0.7 mmol/I respectively (both p < 0.01). Serum NEFA and 
triglycerides were unaltered. No lipid changes were observed 
in the placebo group. The glycemic level and HbA1 c were 
similar in the two groups. Isotopically determined insulin- 
stimulated glucose disposal was similar before and during 
therapy in the placebo (4.1 4- 1.9 and 3.8 4- 0.7 mg/kg/min) 
and the Simvastatin group (3.0 + 1.6 and 3.1 4- 1.8 
mg/kg/rnin). Equivalently no differences were found in glucose 
and lipid oxidation. Furthermore, the suppressive action of 
insulin on hepatic glucose production was not influenced by 
Simvastatin (-0.7 + 0.8 vs -0.7 4- 0.5 mg/kg/min). In 
conclusion, despite marked improvement of the dyslipidemia 
in NIDDM subjects Simvastatin failed to reduce insulin 
resistance. 
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PRONOUNCED BLOOD GLUCOSE LOWERING EFFECT OF 
THE ANTILIPOLYTIC DRUG ACIPIMOX. 
I.E. Henriksen, D. Worm, A. Vaag, P. Thye-R/~nn and H. Beck- 
Nielsen. Odense University Hospital, Department of Endocrinology 
M, DK-5000 Odense C, Denmark. 

Acute administration of the antilipolytic nicotinic acid analogue 
Acipimox to Type II diabetic patients is associated with increased 
peripheral and hepatic insulin sensitivity. However, long term 
Acipirflox treatment (250 mg x 3) to Type II diabetic patients does 
not improve blood glucose control, possibly due to a rebound 
phenomenon of lipolysis. The aim of this study was to assess 
influence of intensive frequent Acipimox administration (125 mg x 
12) on diurnal profiles of plasma glucose, insulin, non-esterified free 
fatty acid (NEFA) and triglyceride (TG) during a 3 days study 
period. Eight Type II diabetic patients (age 58.9__+7.9 years, BMI 
31.4+4.5 kg/m 2) were included in a randomized, double-blinded, 
placebo controlled, cross-over study. Blood samples were collected 
every second hour during 3 days of Acipimox and placebo treatment. 
The treatments were separated by a two weeks washout period. 
Acipimox treatment was associated with reduced diurnal profiles of 
NEFA (0.26+0.03 vs 0.63+0.06 retool/l, p<0.001) ,  triglyceride 
(1.74+0.21 vs 2.10+__0.18 mmot/1, p < 0.03), glucose (12.7+ 1.0 vs 
15.8+1.2 retool/l, p=0.002) and insulin (21.9+2.9 vs 28.8+__3.7 
mU/L, p<0.05) .  During Acipimox treatment NEFA increased from 
day 1 to day 3 (0.18+0.03 vs 0.34+0.04 mmol/l, p=0.001).  
However, from day 1 to day 3 during Acipimox treatment plasma 
glucose (13.4+1.2 vs 12.3___0.9 retool/l, p<0 .03)  and insulin 
(23.4+3.2 vs 20.6+__2.4 mU/1, p < 0.04) were reduced. In conclusion 
we have showed a pronounced blood glucose lowering effect as well 
as a lowered plasma insulin profile in response to treatment with the 
antilipolytic drug Acipimox. 

652 
EFFECT OF ACIPIMOX AND BEZAFIBRATE ON LIPOLYSIS 

IN VITRO IN RAT EPIDIDYMAL ADIPOCYTES. 

A.W. Christie, N. Emmison and S.J. Yeaman. University of Newcastle 

upon Tyne, Newcastle upon Tyne, UK. 

Hypertriglyceridanmia is common in non-insulin-dependent diabetes 

and is a significant cardiovascular disease risk factor. Nicotinic acid, its 

analogue acipimox and fibrates such as bezafibrate are commonly used 

to treat diabetic hypertriglyceridaemia, but the precise mechanism of 

action remains elusive. We have therefore examined their effects on 

lipolysis in epididymal adipocytes isolated from Wistar rats (170-190g) 

by collagenase digestion. Lipolytic rate was monitored as glycerol 

release following a 20rain incubation. Under conditions of maximal 

stimulation (100nM isoproterenol, 96 _+ 6 (SEM) nmol glycerol/ml 

medium/20min (n= 10)) the rate of lipolysis was decreased by 12 + 

4% (n=4), 21 + 6% (n=7) and 35 + 8% (n=4) by lmM nicotinic 

acid, acipimox and bezafibrate, respectively. However, at 10raM, 

nicotinic acid decreased lipolysis to 34 + 5% (n=4), while acipimox 

and bezafibrate suppressed lipolysis to basal levels. A time course study 

showed that the isoproterenol-stimulated glycerol release was totally 

inhibited within 5min by both acipimox and bezafibrate at 10mM. The 

release of lactate dehydrogenase into the incubation medium was used 

as an indicator of cellular integrity and remained at basal levels during 

the incubation. These findings indicate that acipimox and bezafibrate 

are acute inhibitors of lipolysis in adipose tissue, although the 

molecular mechanisms remain to be established. 
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IMPROVEMENT OF LIPOPROTEIN LIPID COMPOSITION IN 
HYPERLIPIDEMIC TYPE II DIABETICS BY ACIPIMOX 
(OLBETAM) TREATMENT: RESULTS OF A MULTICENTER 
TRIAL 

Central - Eastern Europe Metabolic Diseases Study Group 
(presenting author J. Rybka), Zlfn, Czechoslovakia. 
To study the effect of acipimox (ACI) on hyperlipoproteinemia, 
diabetes compensation and insulin action in Type II diabetes under 
conditions of a routine clinical practice, 121 patients were recruited 
in 10 participating centers, randomly divided into two groups, and 
treated for 3 months  either with ACI or placebo (PLAt) (open study 
design). ACI administrat ion (250 mg t.i.d.) led to a decrease (by 31 
%) of fasting serum total triglyeerides level (3.30+0.20 vs 2.27-+0.11 
mmol.l ' l;  p<  0.01) already after I month of treatment, prevailing up 
to the end of the study (2.26_+0.12). Serum total cholesterol levels 
declined (by 12 %) (7.15-+ 0.15 vs 6.29-+0.13 mmol. i t ;  p<0.01), and 
those of HDL-Ch increased (by 18 %) (1.11-+0.04 vs 1.31-+0.04, 

p<0.01). Changes in serum lipids were accompanied by improve- 
ments  of  glucose metabolism: a decrease of fasting glyeemia 
(8.30-+0.3 vs 7.33-+0.2 mmol.l 't; p<0.05) and an increase (p<0.05) 
in insulin sensitivity (euglycemic clamp) after 3 months  of 
treatment.  Moderate adverse events of transient character (skin 
reactions, gastric disturbances) were reported in 3 cases (out of 81) 
treated with ACL Thus, a 3 months treatment of hyperlipidemic 
Type II diabetics with ACI was associated with significant 
improvement  of lipoprotein lipid composition accompanied also by 
a beneficial action on carbohydrate metabolism. Moreover, ACI was 
well tolerated by the patients who remained free of serious side 
effects. 
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HAEMOSTATIC ABNORMALITIES PERSIST DESPITE 
GLYCAEMIC IMPROVEMENT IN TYPE 2 D I A B E T E S .  
G . S c h e r n t h a n e r ,  P . K n S b l ,  P . P i e t s c h m a n n ,  C . S c h n a c k ,  
S. P r o i d l ,  R.  P r a g e r  a n d  T .  V u k o v i c h .  D e p t . M e d .  I I ,  
Univ.Vienna and Dept.Med.l, Rudolfsstffung Hosp., 
Vienna, AUSTRIA 

P a t i e n t s  w i t h  p o o r l y  c o n t r o l l e d  t y p e  2 d i a b e t e s  a r e  a t  
an  i n c r e a s e d  r i s k  fo r  c a r d i o v a s c u l a r  e v e n t s ,  w h i c h  i s  
a s s o c i a t e d  w i t h  d i s t u r b a n c e s  of me tabo l i c ,  l i p id  a n d  
h a e m o s t a t i e  s y s t e m s .  In  o r d e r  to i n v e s t i g a t e  t he  i n -  
f l u e n c e  of g l y c a e m i c  o p t i m i s a t i o n ,  we s t u d i e d  in  62 d i a -  
b e t i c  p a t i e n t s  w i t h  s e c o n d a r y  s u l f o n y l u r e a  f a i l u r e  p r i o r  
a n d  6 m o n t h s  a f t e r  i n d u c t i o n  of sc .  i n s u l i n  t h e r a p y  a n d  
45 c o n t r o l  s u b j e c t s  t he  fo l lowing  p a r a m e t e r s :  H b A l c  
[HPLC] ,  f r u c t o s a m i n e  (FA) [ c o l o r i m e t r y ] ,  l i p id  p a r a -  
m e t e r s ,  a p o l i p o p r o t e i n s  [ s t a n d a r d  me thods  ] ,  p l a s m a  
f i b r i n o g e n  (F IB)  [ C l a u s s ] ,  c o a g u l a t i o n  f a c t o r  V I I : C  
( F V I I : C )  [ e o a g u l o m e t r y ] ,  p r o t e i n s  C (PC)  a n d  S ( P S ) :  
A g ,  v o n W i l l e b r a n d  f a c t o r : A g  (vWF) ,  D - d i m e r  (DD) 
[ELISA] .  P r i o r  to i n s u l i n  t h e r a p y  metabo l i c  p a r a m e t e r s  
w e r e  e l e v a t e d  c o m p a r e d  w i t h  c o n t r o l s  ( H b A l c  10 .120 .2  
(mean+SEM) v s  4 . 5 2 0 . 1 % ,  p<.0001;  FA 403211 v s  2702 
9 mmol /L ,  p < . 0 0 0 1 ) ,  as  wel l  as  FIB (346+16 v s  287212 
m g / d l ,  p < . 0 0 0 1 ) ,  F V I I : C  ( 1 . 1 1 i 0 . 0 5  v s  0 .9320.04  U / L ,  
p < . 0 1 ) ,  vWF (1 .85+0.12  vs  1 .32+0.07 U / L ,  p < . 0 0 0 1 ) ,  PC 
( 1 . 2 6 f 0 . 0 4  vs  0 .942 0 .03  U / L ,  p< .0001) ,  PS ( 1 . 1 6 f 0 . 0 4  
v s  0 . 9 1 f 0 . 0 3  U / L ,  p < . 0 0 0 1 ) ,  a n d  DD (162224 v s  109211 
p g / L ,  p < . 0 5 ) .  A f t e r  6 mon ths  of i n s u l i n  t h e r a p y  
me tabo l i c  p a r a m e t e r s  w e r e  s i g n i f i c a n t l y  d e c r e a s e d  
( H b A l c  7 . 5 ! 0 . 2  &, p<0 .1 ;  FA 294217 retool/L, p ( . 0 1 ) ,  
b u t  no t  h a e m o s t a t i c  p a r a m e t e r s  (FIB 320+14 m g / d l ,  n s ;  
F V I h C  1 . 1 3 f 0 . 0 6  U / L ,  n s ;  vWF 1.74+0.15 U / L ,  n s ;  PC 
1 . 3 9 ! 0 . 0 6  U / L ,  n s ;  PS 1 .23+0.06 U / L ,  n s ;  DD 160+30 
/1g/L,  n s ) .  O u r  d a t a  p r e s e n t  a n  i n c r e a s e d  a t h e r o g e n i c  
a n d  p r o t h r o m b o t i c  r i s k  in  p o o r l y  c o n t r o l l e d  t y p e  2 
d i a b e t i c  p a t i e n t s .  I n d u c t i o n  of i n s u l i n  t h e r a p y  r e d u c e s  
me tabo l i c  a n d  l i p id  p a r a m e t e r s ,  b u t  c o a g u l a t i o n  
a b n o r m a l i t i e s  r e m a i n .  T h e r e f o r e ,  me tabo l i c  o p t i m i s a t i o n  
does  no t  n e c e s s a r i l y  r e s u l t  in  a r e d u c t i o n  of 
h a e m o s t a t i e  d i s t u r b a n c e s  a n d  c a r d i o v a s c u l a r  r i s k .  

656 
Urinary albumin excre t ion ,  cardiovascular  disease  and endothel ia l  
dysfunct ion  in non- insul in-dependent  d iabetes  mel l i tus .  
C .D.A.Stehouwer ,  J .J .P .Nauta ,  G.C.ZelderLrast, W.H.L.Hackeng,  
A .J .M.Donker  and G.J.H.dan Ottolander.  Depts .  o f  Internal  
Medicine,  Bergweg  Municipal  Hospital ,  Rot t erdam and Free  
Univers i ty  Hospital ,  A m s t e r d a m ,  The Nether lands  

An e l e v a t e d  urinary albumin e x c r e t i o n  (UAE) indicates  an 
increased r isk  of  cardiovascular  d isease  (CVD) in non- iasul in-  
dependent  diabetes .  To e x a m i n e  the  ro le  of  endothel ia l  
dysfunct ion,  w e  fo l lowed a cohort  of  94 pat ients  (median,  3 yr) 
and inves t igated  the  relat ionships  among UAE, new CVD and yon 
Willebrand f a c t o r  p lasma leve l  (vWf; an indicator  of  endothel ia l  
dysfunction) .  A t  basel ine,  66 pat ients  had normal  UAE ( , 1 5  
p.g/min), which  remained  normal  in 33 (Group 1) and increased  in 
33 (to (median) 55 I~g/min; Group 2). In 28 pat ients ,  base l ine  UAE 
was  abnormal  (56 I~g/min; Group 3). vWf (% normal)  did not  
change  in Group 1 (129% at  base l ine  and 127% at  fol low-up),  but  
increased  in Group 2 (from 121 to 212%, P~0.0001) and Group 3 
(from 157 to 203%; P=0.0005).  Basel ine  l eve l  o f  and c h a n g e  in 
vWf w e r e  r e l a t e d  to the  deve lopment  of  microalbuminurin  
(R2=0.69; P<0.0001),  but  c lass ica l  CVD risk factors  w e r e  not  
(R2=0.14, P=0.87).  An e l e v a t e d  base l ine  UAE was  assoc ia ted  wi th  
an increased risk of  new  CVD only in pat ients  wi th  vWf above  the  
median  ( re la t ive  risk [95% c o n f i d e n c e  interval] ,  3.7 [1.3, 11.9]). In 
addition, the  CVD risk assoc ia ted  with an e l e v a t e d  UAE was  
modif ied by  the  HDL-choles tero l  leve l ,  the  r e l a t i v e  r isk  being 2.9 
{1.03, 8.5) when HDL-cho les tero l  was  be low the  median.  
Conclusion: Dysfunct ion  of  vascu lar  endothe l ium m a y  be a 
pathophysio logical  l ink b e t w e e n  albuminuria and a therosc l ero t i c  
cardiovascular  d isease  in non-insul in-dependent  diabetes .  

655 
HAEMOSTATIC FACTORS IN TYPE I DIABETES WITH 
MICROALBUMINURIA:EFFECTS OF GLUCOSE CON?ROL 

MF.Casta~er, C.Ligorria, F.~a:tinez-Brotons, 
P.Domenech, M;Sahun and J.Soler. Endocrine and 
Haemostasy Units. Bellvitge Hospital. Barcelo- 
na. Spain. 

The aim of this study was to investigate if the 
~resence of microalbuminuria (MCA) is associa- 
ted with coagulation and fibrinolytic abnorma- 
lities. We studiea Type 1 diabetics patients,16 
with MCA (u<inary albumin excretion 20-200 ug/ 
min) before and after six months of optimised 
metabolic control (intensive conventional treat- 
ment) and 13 without MCA. Both groups were simi- 
lar in a@e, sex distribution, diabetes duration, 
body mass index, HbAI and retinopathyo Statis- 
tical evaluation was performed with non-parame- 
tric test, correlation with multiple regression. 
Patients with MCA were found to have a higher 
post stasis tissue-type plasminogen activator 
(s t-PA, 8.4994.72 vs 5.30• ug/L,p=0.02) 
and Fibrinopeptid A (FBA, 5.43• vs 2.80m 
3.71,p=0.04). No significant differences were 
found in fibrinogen,aniithrombin III,protein C, 
protein S,basal t-PA,plasminogen activator in- 
hibitor l,thromboxane B2 and olateiet factor 6. 
In group with MCA the basal value of thromboxa- 
no was correlated with MCA (r=0.70,p=O.00). Af- 
re:= six months, 12 patients showed improvement 
of blood @lucose control (HbAI: basal: 11.57 + 
0.71, six months: 9.45 io18%,p=0.00). Desaite 
metabolic control improvement, s t-PA and FBA 
values remazned higher. In conclusion: our re- 
sults suggest disturbances Jn fibrinelytic ca- 
pacity in Type 1 patients with MCA compared with 
diabetics with normal urinary albumin excretion. 
improvement of metabolic control was not able 
to correct them. 

657 
ELEVATED PLASMA ENDOTHELIN IN NON-INSULIN-DEPENDENT 
DIABETIC SUBJECTS WITH MICROALBUMINUR/A 

A. (~urak~l, E. Boin, M. ~zata, O. Azal, Z. Beyhan, C. Ozdemir and M.A. 
Giindu~an. Giilhane Military Medical Academy, Ankara, Turkey. 

It has been suggested that increased immuuoreaetive endothelin (ET) in 
haman plasma, presumably derived from damaged endothelial cells may be 
related to the complications of diabetes. We measured the ET in 16 normo- 
tensive, mlcrualbuminuric type 2, non-insulin dependent diabetic subjects 
(8 males, 8 females, age 55.9 ~ 6.4 years) and in 14 normutensive, nurmoal- 
buminurie type 2 diabetic subjects (7 males, 7 females, age 56.9 u 10.2 years) 
and compared with the plasma ETin 20 control subjects (10 males, 10 females, 
age 57.6 7 4.3 years). ET was measured in plasma by radiuimmunoassay, 
using Endothelin-l.2 RIA kit (Amersham, London) after prior extraction by 
sep-pack cartridges. Plasma ET level was significantly higher in non-insulin 
dependent diabetic subjects with microalbuminuda than in those with normo- 
albuminuria (17.28 �9 7.86 vs. 12.50 ~ 1.63 fmol/ml, P < 0.05), or in controls 
(10.73 = 0.97 fmol/ml, P < 0.01). Normoalbuminuric diabetic subjects also 
had higher ET levels than controls (P < 0.05). Plasma ET was not related to 
age, duration of diabetes and HhA1 (P > 0.05). In conclusion, our results 
indicate that endothelin is highly elevated in type-2, non-insulin dependent 
diabetic subjects, especially in those with microalbuminurla. The elevated 
plasma ET may be a marker of vascular complications of diabetes. 



658 
PLATELET AGGREGATION IN NON-INSULIN DEPENDENT 
DIABETES CORRELATES WITH PLASMA LIPIDS NOT 
GLYCAEMIC CONTROL, 
DB Peterson, Carter RD, Fisher K and Mann JI. 
St Helier Hospital, Surrey, and Diabetes Research 
Laboratories, Radcliffe Infirmary, Oxford, UK. 

The abnormal  platelet  agg rega t ion  found  in d iabetes  is 
not  r e s t o r ed  to normal  by improving  glycaemie control  
and  may be due  to o ther  fac to rs .  We inves t i ga t ed  
re la t ionsh ips  be tween in v i t r o  platelet  agg rega t ion  and  
blood l ipids and  glyeaemic eontrol  in n o n - i n s u l i n -  
d e p e n d e n t  diabetic pa t i en t s  - 16 men and  4 women, 
mean (+ SEM) age  59 +_ 8 yea rs ,  du ra t ion  of d iabetes  
7 +__ 4 yea rs ,  Body Mass Index 27.0 + 4.2 Kg.m "2, HbAlc 
9.1 +_ 0.4%, f ree  of s ign i f i can t  complications. Seven 
were t r e a t ed  by diet alone, 8 s u l p h o n y l u r e a  alone and  
5 s u l p h o n y l u r e a  p lus  b iguanide .  Platelet  agg rega t ion  
was measu red  u s i ng  a modified Born photometr ic  
t echn ique ,  a f t e r  the  addi t ion to platelet  r ich plasma of 
collagen, 1.0 ug /ml  h igh  dose (ColH), 0.15 ug /ml  low 
dose (COIL) and  ADP, 10.0 umol/1 h igh  dose (ADPH), 0.5 
umol/1 low dose (ADPL). Using simple l inear  
r e g r e s s i o n  s ign i f i can t  corre la t ions  were found  between 
LDL-cholesterol  and  Col}{ (r = 0.50, p<0.05), CoIL (r = 
0.73, p<0.001) and  ADPL (r = 0.56, p<0.01); the  
correla t ion between LDL-eholesterol  and  ADPH was 
non - s ign i f i can t  (r = 0.23). Similar corre la t ions  were 
found  be tween total  choles tero l  and  platelet  ac t iv i ty .  
There  were no s ign i f i can t  cor re la t ions  between platelet  
ac t iv i ty  and  f a s t i ng  blood glucose,  HbA1 c or plasma 
t r ig lyee r ides .  These  posi t ive associa t ions  between 
platelet  agg rega t i on  and  choles tero l  s u g g e s t  t ha t  
r educ ing  lipid levels  is as impor tan t  as glyeaemic 
control  in a t t empts  to reduce  ca rd iovascu la r  d isease .  
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PLATELET LEVELS OF ANTIOXIDANT GLUTATHIONE- 
UTILIZING ENZYMES IN TYPE 1 (INSULIN-DEPENDENT) 
DIABETES. 
G. Seghieri, P. Di Simplicio, R~ Vignani, R. 
An•177 L. Alviggi, M. Mian, M. Ciuti, F. 
Franconi, and G.C. Bartolomei. Diabetes Unit, 
Spedali Riuniti, Pistoia and Dpts of 
Biology,Univ. of Siena, and of Biochemistry, 
Univ. of Sassari, Italy 
Tissue levels of ant• enzymes which uti- 
lize glutathione as substrate are altered in 
both experimental and clinical diabetes. Whether 
platelet content of such enzymes are modified in 
Type 1 (insulin-dependent) diabetes mellitus is 
however unknown. Aim of this study was to assay 
spectrophotometrically the platelet content of 
glutathione transferase (GST), glutathione re- 
ductase (GSSG RD) and glutathione peroxidase 
(GSSG-Px) in a group of 13 Type 1 (insulin- 
dependent) diabetic patients in good metabolic 
control (plasma glucose < 9.74 mM/L and HbAlc < 
8%), as compared with 8 age and sex-matched 
healthy controls. Mean(• GST was similar in 
both diabetcs and controls (224.17• vs. 
207.04• nM/min/109 platelets), GSSG RD was 
higher in diabetics (130.76• vs 76.90• 
nM/min/10s platelets; p-0.01) and GSSG-Px was 
significantly lower in diabetics (41.34• vs. 
137.68• nM/min/10 ~ platelets; p-0.0001). 
Each enzymatic activity was unrelated with 
age,duration of diabetes or body weight, being 
correlated with HbAlc (r=0.58; p=0.03 for GSSG- 
RD, r=0.56; p:0.04 for GSSG-Px and r=0.65; 
p:0.01 for GST). In conclusion platelet contents 
of ant• glutathione-utilizing enzymes are 
deeply altered in Type 1 (insulin-dependent) 
diabetes, all of them being significantly indu- 
ced by long-term metabolic control. 

660 
INSULIN INCREASES CYCLIC-GMP IN PLATELETS 
INDEPENDENTLY OF NITRIC OXIDE. 
P. Massucco, G. Anfossi, L. Mattiello, E. Mularoni, F. Cavalot 
and M. Trovati. Department of Clinical and Biological Sciences, 
University of Turin, Italy. 
Insulin exerts its anti-aggregating effect on human platelets 
increas ing 3 ' ,5 ' - cyc l ic  guanosine monophosphate  (cGMP) 
concentrations. Since an enhancement of intraplatelet cGMP levels 
is induced also by nitric oxide (NO) and platelets contain a 
constitutive L-arginine-dependent NO synthase, we aimed at 
investigating whether insulin increases intraplatelet cGMP by 
influencing NO synthesis. Platelet-rich plasma (PRP) samples, 
obtained from 7 male healthy volunteers (mean age: 30.4+1.8 
years, BMI: 24.2+0.59), were incubated for 3 min with increasing 
insulin concentrations (0, 40, 80, 120, 160 and 320 gU/ml) both in 
the presence and in the absence of the NO synthase inhibitor N o- 
monomethyl L-arginine (LNMMA) at a final concentration of 30 
.aM. PRP responses were stopped with ice cold 30% Irichloracetic 
acid; samples were submitted to 10 ether extractions and cGMP 
was determined by RIA. cGMP levels (pmol/109 platelets, 
m+SEM) at the different insulin concentrations were: with insulin 
alone 18.3+5.3, 25.8+6.4, 25.9+7.2, 36.7+7.6, 37.7+8.8 and 
39.6+8.0, respectively (ANOVA: p=0.000); with insulin + 
LNMMA: 11.3+2.1, 18.6+4.2, 18.0+3.9, 22.9+4.0, 31.4+6.2 
and 33.8+9.9, respectively (ANOVA:p=0.009). In conclusion, we 
demonslxated that the insulin-induced increase of cGMP in human 
platelets is not mediated by an insulin effect on nitric oxide 
synthesis. 

661 
ACTIVATION OF MONOCYTES AND R H E O L O G I C A L  
E R Y T H R O C Y T E  ABNORMALITIES IN DIABETIC 
PATIENTS. J.R Attali, P. Valensi, J. Pari~s, H. Komarover and 
C. Lenoble. H6pital Jean Verdier, Bondy. CDTS, Bobigny. 
Hoechst  Lab., Paris La Drfense - France. 

Activated monocytes (AM) may be involved in arterial disease 
in diabetic patients. The aim was to test the link between 
activation of monoeytes and rheologieal erythrocyte 
abnormalities. 60 patients, 18 type 1 (insulin-dependent) and 42 
type 2 (non-insulin dependent)  diabetics were compared with 
27 healthy controls. Monoeytes were separated and surface 
antigens were tested by eytofluorometry. The very high 
proportion of My4 positive cells (90.3 + 0.7% (sere) in 
diabetics, 91.8 +- 0.5% in controls), shows this separation is 
very effective. The proportion of AM bearing CD 25 
(interleukin 2-receptor) was highly increased in diabetics (42.6 
_+ 1.4% vs 0.3 _+ 0.1%, p < 0.001), type 1 and type 2 patients, 
but higher in the 18 hypertensive patients (49.2 +_ 2.5%) and in 
the 7 with macroangiopathy (46.3 -+ 3.4%) than in the 14 
normotensive patients free of any vascular complication (39.6 
+_ 1.8%, p < 0.01 and p = 0.07). The rigidity index (RI) of 
erythrocytes (hemorheometer)  was higher in the diabetics (13.7 
+ 0.4 vs 12.1 _+ 0.4, p < 0.025), as well as the erythrocyte 
aggregation (Myrenne aggregameter) (6.83 +- 0.32 vs 4.36 -+ 
0.27, p < 0.001). The mean  cell transit time (cTF) through a 
micropore filter was not different in diabetics and controls. The 
proportion of AM correlated with RI (r = 0.45, p < 0.001) and 
with cTl" (r = 0.37, p < 0.01). These results demonstrate 1) the 
high proportion of AM in diabetics, particularly in those with 
hypertension or macroangiopathy, correlating with theological 
erythrocyte abnormalities, and 2) the possible involvement of 
monokines in these abnormalities. 



A172 

662 

ABNORMAL GRANULOCYTE DEFORMABILITY IN TYPE 2 
(NON-INSULIN-DEPENDENT) DIABETES MELLITUS. 
Z. P~csv~rady, T.C. Fisher, C. Darwin, A. Fabdk, 
T. Maqueda, M.F. Saad and H.J. Meiselman, Department of 
Physiology and Biophysics and Department of Medicine, 
USC School of Medicine, Los Angeles, CA, USA. 

Previous rheologic studies in diabetes have focused on 
blood and red ceils. Granulocytes, however, are larger and 
less deformable than erythrocytes, and when activated 
become more rigid and prone to capillary entrapment leading 
to tissue damage. We have thus studied the deformability of 
granulocytes from three groups of Hispanic subjects: Type 2 
(non-insulin-dependent) diabetes (n =38); impaired glucose 
tolerance (IGT, n =9}; normal controls of comparable age 
and sex (n = 14). Granulocyte deformability was tested 
using the Cell Transit Analyzer (8 pm pores) under three 
separate conditions: 1) resting state; 2) following activation 
with lnM fMLP; 3) after incubation with 20pM Cytochalasin 
B (CB) to dissociate F-actin from the cytoskeleton. 
Compared to controls, granulocytes from diabetics exhibited 
greater rigidity at rest (+ 22%, p <0.001) and after CB 
treatment ( + 16%, p < 0.001 ) but not following fMLP; IGT 
values were between those for controls and diabetics. No 
differences in granulocyte count or volume existed among 
the three groups. Analyses of pooled data indicated that 
resting granulocyte rigidity increased with HbA~c (r =0.34, 
p < 0.02), cholesterol (r = 0.58, p < 0.001 ), and triglycerides 
(r=0.36, p<O.05) but not with fasting glucose. These 
results demonstrate lower granulocyte deformability in 
diabetes mellitus which may contribute to the development 
of microcirculatory disturbances and vasculopathy. 
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DYNAMICS OF ATP RELEASE FROM DIABETIC RED BLOOD 
CELLS (RBC) AND ITS CORRELATION WITH HbAlc. 

E.Petruzzi*, P. Pinzani, C. Orlando, R. Sestini, A. Del Rosso*, 
G. Dini**, E. Tanganelli** and M. Pazzagli. Depts. of 
Gerontology*, Clin. Pathophysiology, General Pathology**, 
University of Florence, ITALY. 

Aim of this study was to investigate if modifications of diabetic 
RBC membrane may influence ATP release following osmotic 
shock. Venipuncture-collected RBC were submitted to osmotic 
shock by NaCI solutions (0.9-0.63-0.49-0.36-0.18-0.045%) and 
ATP release values, determined by bioluminescent method, 
were expressed as percentage of maximum ATP release. 20 
Type t-(Insulin-Dependent) (IDDM) (mean age 34.2+8.6 yr) 
and t8 Type 2-(Non-lnsulin-Dependent)(NIDDM)(mean age 
61.7+11.4 yr) diabetic subjects and two control groups (Ct -C2, 
5 subjects each, age comparable) were investigated. The % 
ATP release at 0.49% NaCI (%R) was significantly lower in 
both diabetic groups (IDDM = 31.18+17.54 ; C1=58.12+14.08 
%R; p<0.05; NIDDM =34.22+21.20 ; C2 = 50.64+_11.07 %R; 
p<0.05). These data demonstrate an increased resistance of 
ATP release to the osmotic shock in diabetic RBC. In the 
same subjects HbAlc has been found inversely correlated with 
ATP %R (r=.3316; p<0.05), suggesting a possible relationship 
between Hb glycation, ATP release and RBC membrane 
protein skeleton glycation. In a preliminary study we 
investigated membrane protein skeleton in 6 diabetics (2 IDDM 
+ 4 NIDDM) with increasing HbAlc values (from 7.7 up to 
15.3%) and 3 controls, by negative-stained electron 
micrograph (1.15x10^5 magnification). A mantained spectrin 
hexagonal lattice of RBC membrane skeleton in diabetics was 
observed in spite of its progressive glycation and no 
morphological alterations were there evidentiated. 

664 
THE ROLE OF PLASMA, ERYTHROCYTE, AND PLATELET 

MYO-INOSITOL LEVELS IN THE DEVELOPMENT OF DIABETIC 

MICROANGIOPATHY. 

HACIBEK[RO~LU,M., AKGAY,T. 
Cerrahpa~a Medical School 

In this study the plasma, erythrocyte, and platelet myo-inosltol levels in 24 

type I, 24 type II diabetics, and in 15 healthy controls were determined. The 

diabetics were derided into two groups with microangiopathy (n:26) and 

without microangiopathy (n:22). The plasma, erythracyte, and platelet 

myoinositol levels in the whole diabetic group and control subjects were as 

follows. Diabetic group: 46.5--.38.9 ~mol.m1-1, 23.3-+19.8 nmol.m1-1, 

2.6_+2.8 nmol.ml -~ (105 cells) -1. Control group: 17.4-+57 /tmal.m1-1 

12.2+5.2 nmol.m1-1, 1.5-+0.9 nmol.ml -I  (105 cells) -1. The values of the 

diabetic group were significantly higher than the values of the control group 

(p<(I.01). In patients with HbAlc levels more than 9% plasma, erythrocyte, 

and platelet myo-inositol v~ilues were significantly higher than the values of 

the group with HbAlc levels less than 9% (p<0.05, p<0.05 and p<0.01). In 

diabetics without complications plasma and erythrocyte myo-inositol levels 

were higher than the values of the control group (p<0.01), whereas there 

was no significant difference between the platelet myo-inosital values. In 

diabetics without complication all these three values were higher than those 

of the control group (p<0.01, p<0.01, p<0.01). The most profound increase 

in the plasma, erythrocyte, and platelet myo-inosital levels were seen in 

complicated diabetics with a diabetes duration of 6-10 years (p<0.01). After 

10 years duration the values declined. In the group without complication 

there was no difference according to the duration of diabetes. 

665 
ALTERED MEMBRANE FLUIDITY AT DIFFERENTDEPTHS OF 
LIPID DILAYER IN PLATELET MEMBRANES FROM DIABETIC 
JUVENILE ~UBJE~TS 
E. Czernlawska=,C. Watal~-~ T.. Pietruoha 1, E. 
~ k ~ , ~  C.S. CxerniewsRi = 
"Department of Biophysics and 2Institute os 
Pae~iatrlcs. Medical School os Poland 

Previous studies showed that the lowered 
platelet membrane lipid fluidity in diabetic sub- 
jects, attributed to the enhanced glyoation of 
membrane ~rotelns, was associated with platelet 
hypersensztivity to thrombin. As the modulation 
in membrane lipid fluldity may determine the 
degree of accessibilit~ of membrane receptors and 
their response to fluzdity changes, we examined 
the ~radient in membrane lipid fluidity and the 
posslble association of lipid bilayer dynamics 
with the amount of platelet membrane 
glycoproteins GPIIb and GPIIIa. We compared 12 
diabetic juvenile subjects with 12 a~e- and sex- 
matched controls. To monitor the posszble changes 
in fluidity at different depths of lipid bilayer 
we employed two fluorescent labels anchoring in 
different regions of lipid bilayer: 1,6-diphenyl- 
1,3,5-hexatriene (DPH) located in lipid hydrocar- 
bon core, and 1-anilino-S-naphthaleneeulphonate 
(ANS), located at membrane surface. The mean 
steady-state fluorescence polarization (p} values 
of both DPH and ANS in membranes from diabetic 
subjects were significantly greater than from 
control subjects, thus indicating for the reduced 
membrane lipld fluidity in diabetic elatelets in 
both membrane regions; the alteratzons of p_~_ 
significantly exceeded those of Pa.~- Furthermor~y 
the amounts of these glycoprotei'H~- were signlfi- 
cantly reduced in diabetic subjects and corre- 
lated inversely with PnD. and Pa.~- We concluded 
that the total chan~es~h~n membra'-'~e fluidity and 
the greater rigidiflcation of diabetic platelet 
membranes in their deeper regions might be res- 
ponsible for the altered dynamics of membrane 
proteins, and hence might underlie the hypersen- 
sitivity of diabetic platelets. 
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PERIPHERAL AUTONOMIC NEUROPATHY (PAN) DOES NOT INFLUENCE FOOT 

TRANSCUTANEOUS OXYGEN TENSION (TcPO2) 

L. Uccioli,  G. Monticone, F. Russo, *F. Mormile, *G. Mennuni, V. Spallone, G. 

Menzinger .  Univ.  Tor  Vergata  and *Univ.  Cattolica, Complesso  Integrato 

Columbus,  via della Pineta Sacchetti, 506 00168 Roma 

Recurrent foot ulceration is a frequent f inding in diabetics with peripheral  

neuropathy. The influence of  PAN on TcPO2 and on difference of  Arterial  

and Venous  Oxygen  content ( A - V ~ O 2 )  of the foot was studied in patients 

wi thout  per ipheral  vascular  disease (ankle/brakial  index 0.9-1.1) ,  The  

presence of PAN was identified by the absence of  Galvanic Skin Response 

(GSR).  The fol lowing age matched patients were selected and evaluated in 

both legs: controls (C=7), NIDDM (D=19) and NIDDM with recurrent foot 

ulceration ( F = l l ) ,  (duration of disease D=11.8+7, F=19.2_+7yrs; p<0.01). 

The results are expressed in Tab. 1 and Tab. 2. 

TcO2 A-VAO2 I GALVANIC-SKIN RESPONSE 

C (n=14) 62 .8 •176  6.2• == ~ . ~ . ~ ,  TC02 A-VA02 

(n=38} 46.55:16 5.1• present (11=36) 62,4,+20 15-+4 * 
t 

F (n=22t 49.5• 2.26-+2 I absent (n=14) 151 .6 •  11.7-+3 
Tab 1 C ~ D *<001; C vs F "<005, ~'<001; w Tab 2: present vs absent "<0.05 

a) the TcPO2 is decreased in D and P and apparently is not  influenced by 

the presence or absence of PAN. 

b) the A-VAO2 is reduced in F and in diabetic patients with absent GSR. 

PAN does not affect the TcPO2 and appears to be associated with low values 

of  A - V A O 2 .  Therefore the reduced TePO2 values found in D cannot be 

explained by the presence of  PAN, but probably are related to a reduced 

oxygen diffusion through the tissues. 

667 

PRECLINICAL ALTERATIONS OF MICROCIRCULATION IN 
TYPE 1 (INSULIN-DEPENDENT) DIABETES MELLITUS 
U. Fischer, T. Volgmann, E. Zander, P. Heinke 
and H. Kl6ckner. Institute of Diabetes 
"Gerhardt Katsch" of the University of 
Greifswald, Karlsburg, Germany 
To verify early functional microangiopathic 
alterations, transcutaneous (tc) PO 2 and 
cutaneous blood flow (Laser Doppler) were 
monitored in the submalleolar area of male 
patients (n=10 ea., aged <35y., no neuropathy), 
diabetes duration (I) 2• and (2) 14• 
without or (3) 19• with pre-proliferative 
retinopathy • microalbuminuria, or (4) 19• 
and treated for various angiopathic 
complications. - Protocol: run-in, 8 min basal 
monitoring, 8 min 02-breathing , 3 min 
ischaemia, 3 min reactive hyperaemia. Results: 
tcPO 2 in groups (i) - (4) without/with 02 - 
breathing was 38•177 39•177 
34•177 30•177 mm Hg vs 35•177 mm 
Hg in controls (intraindividual SD's <1.0 mm 
Hg at 0.25 s intervals), tcPO 2 recovery from 
ischaemia was delayed, flow (without/with 02 - 
breathing) was reduced, and hyperaemia was 
smoothed in (2), (3) and (4). Power spectral 
analysis of flow in controls showed averages of 
1.2 and 0.6 significant oscillations per 
patient, related to arteriolar (5 to 15 s 
periods) and to arterial (periods >50 s) 
function, respectively. Oscillations decreased 
during 02-breathing but were not altered in 
hyperaemla. In diabetics (3) and (4), rhythms 
were generally reduced under basal conditions 
and during hyperaemia but were paradoxically 
elevated during 02-breathing in (2) and (3). - 
Conclusion: Early circulatory hyperfunction is 
confirmed; oscillation analysis contributes to 
diagnosis of functional microangiopathy. 

668 
REGIONAL CEREBRAL BLOOD FLOW IN PATIENTS WITH 
INSULIN-DEPENDENT DIABETES ~LLITUS. 
B.Mankovsky 
Institute of Endocrinology & Metabolism~ Kiev. 
High occurrence and worse outcome of strokes in 
patients with diabetes mellitus are well known. 
The aim of this investigation was to study the 
regional cerebral blood flow rate in patients 
with insulin-dependent diabetes mellitus. Study 
included g0 patients aged 18-39 yrs. Blood flow 
was examined in occipital,parietal and temporal 
regions,its rate being determined from the rate 
of i.v.administered radioactive 133Xe clearance. 
The level of glycemia did not exceed I0 mmol/l 
during a day. Indices of I0 healthy persons of 
analogous age served as control. Deceleration 
of blood flow rate was found in all study regi- 
ons of the cerebrum. Thus,in occipital region 
the blood flo~ rate was 56.4+1.35 vs 59.9~I.I0 
ml/lO0 g.min- (p<O.05) of control level in left 
hemisphere and 52.6+1.73 vs 58.9ti.53 ml/lOOg. 
min- (13<0.05) in th~ right~ in f~on~al regions: 
52.8~2.3 vs 65.1~1.28 ml/lO0 g.min- (p<O.Ol) 
from the ~eft and 52.2+2.19 vs 6~.8+I.05 ml/ 
lO0~.min- (p<O.01) from the right~ Tn tempora$ 
regions: 5~.2+1.92 vs 60.?+1.10 ml/lO0 g.min -~ 
(p~O.Ol) from--the ~eft and--5&.~+l.~2 vs 59.6+ 
1.18 ml/lO0 g.min- (p<O.Ol) from the right. ~o 
differences in the blood flow rate were found 
in patients with a varying disease duration. In 
additions patients were divided into 2 groups 
in relation to the presence of diabetic retino- 
pathy and nephropathy. There were no signifi- 
cant differences in study parameters between 
these groups. Revealed was also the interregio- 
nal asymmetry of cerebral blood flow in pati- 
ents under study. In conclusion, patients with 
diabetes mellitus showed a decrease in the rate 
of regional cerebral blood flow that may be a 
link of pathogenesis of central neuropathy. 
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REGIONAL COURSE ON DIABETES FOR PATIENTS AND THEIR 

RELATIVES: ONE &'~AR'S RESULTS. 
M.Ceci, A.Maldonato, D.Bloise, E.Fraticelli, A.M.Gargano, 

IC.A.Cicconetti, 2G.Marozzi, ~V.Spallone, 4G.Careddu and 

F.Fallucca. Diabetes Unit, Inst.Cl. Medica 2, La Sapienza 

University; tAddolorata Hosp.; 2S.Spirito Hosp.; 3Tor 

Vergata University; cUCSC. Roma, Italy. 

After having educated 1230 patients and relatives in 12 

years with 90 systematic courses on diabetes, we started 

two new courses sponsored by Public Assistance: for insu- 

lin-treated patients (INS, 21h) and for non-insulin trea- 
ted patients (OHA, 14h). In 1991, 103 patients, 45 rela- 

tives and 6 student nurses took part in 16 courses. Know- 

ledge was evaluated with two similar questionnaires of 75 
items each, before and after the course. Answers (true/ 

false/unknown) were scored 0-2 and analyzed with parame- 

tric and nonparametric statistics. Global score (shown in 

tenths) rose from 5.8• to 6.7 • 0.04, p<0.001. Per- 
centages of right/unknown/wrong answers changed respec- 

tively from 37.8 • 1.7% to 58.2• p<0.001; from 39.9• 

1.5% to 18.3• p< 0.001; from 22.3• to 23.5• 

ns. Individually, 26/69 INS, 33/79 OHA and 1 student 

nurse improved significantly. Younger people, INS and 

those with higher schooling got better scores. There was 

no difference between patients and relatives. The topics 

with best results were; foot care (score from 5.5• to 
8.2• percent R/?/W answers from 43.3/41.0/24.6 to 

77.3/10.0/12.7) and insulin treatment (from 5.9• to 

7.1• percent R/?/W answers from 40.5/37.6/21.9 to 

64.7/13.1/22.2). Questionnaires allowed to measure 

patients' learning and to concentrate teaching efforts on 

harder topics. 

670 
DIABETES CARE AND GLYCEMIC CONTROL OF DIABETIC 
PATIENTS IN FINLAND. 
T. Kangas, S. Aro, V.A. Koivisto, M. Laakso, A. Reunanen and 
M. Salinto, National Public Health Institute, Second Depart- 
ment of Medicine, Helsinki University Hospital, Helsinki, and 
Department of Medicine, University of Kuopio, Finland. 
The present study examined glycemic control in diabetic 
patients in three hospital districts in Finland. In disticts A and 
B regional planning of diabetes care had been going on for 
several years. District A was characterized by mainly spe- 
cialist care and district B by mainly primary care. District C 
has so far no regional planning of diabetes care. From the 
three areas patients, aged 15-64 years, were randomly sam- 
pled frbm the drug reimbursement registry (n=896). HbAlc 
(reference range 4.0-6.0%) was determined for the patients 
in dislricts A-C. The average HbAlc was 8.9+0.1% with only 
slight differences between the areas. 13.4 % of patients were 
in good control (HbAlc <7.0%) and 45.0% in poor conlrol 
(HbAlc >9.0%), ( district A 43.5 %, B 39.7 %, C 53,3 %; A vs 
C p<0.05, B vs C p<0.001).The respective proportions for pa- 
tients whose onset of diabetes was before the age of 30, 
were: A 42.9%, B 34.2%, C 52.0% (A vs C n.s., B vs C 
p<0.01). The risk of poor con~ol was assessed by a logistic 
regression among patients using insulin injections (n=579). 
The following variables were entered into the model: age, 
sex, age at onset of diabetes, years since the onset of dia- 
betes, the average insulin dose (U/day), specialist vs. primary 
care, and number of daily insulin injections. In this model 
only the dose of insulin was a significant (p=0.001) predictor 
of poor glycemic control: the higher the dose the lower the 
risk of poor conlrol. Conclusions: these analyses suggest that 
good planning and organization of diabetes care and the 
quantity of the insulin dose are related to better glycemic 
conlrol. 

671 
DELAY OF PROGRESSION OF DIABETIC LATE COMPLI- 
CATIONS IN TYPE 1 DIABETES BY 6 YEARS IMPRO- 
VEMENT OF METABOLIC CONTROL IN GENERAL 
PRATICE. 
P.Fasching, Th.Maca, K.Derfler, M.Zirm and W.Waldhgusl. 
Medical Dptmt. III, Division of Endocrinology and Metabolism, 
University of Vienna, and Dptmt. of Ophthalmology, University 
of Innsbruck, AUSTRIA. 
This study was designed to evaluate the impact of functional 
insulin therapy (FIT; Group 1; N = 55), a form of intensified 
insulin treatment, versus conventional insulin treatment (CIT; 
Group 2; N = 55) in type 1 diabetic patients. Patients were 
matched for age (35 __ 13 vs 36 -+ 15 yrs; n.s.) and duration of 
diabetes (14 -+ 9.7 vs 13.8 __ 9.7 yrs; n.s.) and observed during a 
6 year follow - up period. All patients were on CIT when 
entering the study. 55 patients were introduced to FIT six years 
prior to evaluation but received their further outpatient care by 
general practitioners. Metabolic state and distribution of 
diabetic late complications was similar betweeen bottl groups 
before entering the study protocol (Group 1/Group 2: Mean 
blood glucose (MBG, mmol/1) 11.6 -+ 3.8 / 11.8 -- 4.2; HbAlc 
(%) 8.3 -+ 1.9 / 8.0 __ 1.7; retinopathy (% of total) 32 / 43 %; 
nephropathy 5 / 8 %; peripheral angiopathy 0 / 14 %, p < 
0.001). After 6 yrs patients on FIT presented with improved 
metabolic state (MBG 8.5 _+ 5.0 vs 12.5 -+ 5.7 mmol/1, p < 
0,001; HbAlc 6.9 -- 1.4 vs 8.4 -+ 2.0, p < 0.001) and reduced 
progression of late complications (retinopathy 38 vs 64 %, p < 
0.005; nephropathy 27 / 44 %, p< 0.01; peripheral angiopathy 2 
/ 37 %, p < 0.001) as compared to patients on CIT . It is 
concluded that long term improvement of metabolic control (1) 
is achievable in general practice and (2) delays progression of 
late diabetic complications. 

672 
IMPLEMENTATION OF THE ST. VINCENT DECLARATION 
IN AN URBAN INTER-HOSPITAL QUALITY NETWORK. 

R. Biegert, K. Piwernetz, E. Biermann, E. Matthaeus, R. H6rmann, 
R. Landgraf 

The DIABCARE Monitoring Group of the St. Vincent Declaration 
has developed a Basic Information Sheet (BIS) for Europe in 1991. 
It is the aim of this study to implement an urban quality network 
using this BIS for feedback communication in order to improve 
health care for people with diabetes: 
For this purpose 18 hospitals founded the 'Speciality Commission 
of Diabetes in Munich'. 
The international BIS, however, allows the assessment of own 
process quality (monitoring, metabolism, complications) only when 
the patient is under continuous care in one service. Therefore, this 
BIS was adapted to local requirements of monitoring discontinuous 
care (ambulatory, hospital). As the result of a feasibility phase 
seven percent of datafields were added. The duration of data 
collection for one sheet was 15-30 minutes. The anonymized data 
were collected and analyzed with an adapted computer program. 
Each service gets back its own results as histograms and percentile- 
plots and cross sectional data for external comparision. There is no 
comparision between the institutions from outside. The 
implementation process is finished; data collection and aggregation 
have been started. 
The internal evaluation and implementation of changes remains 
under the resposibility of the institutions themselves. 

Members of the SCDM: hLtern. Dept.: 3. Med. Abt. KH Neuperlaeb, 3. Med. 
Abt. KH Schwablng, 3. Med. Abt. KH Bogenbausen, Med. Klinik Innenstadt, 2, 
Med. Abt. Klinikum GroBhadem, 2. Meal. Abt. Klinikum rechts der Isar, 1. und 
2. Med. Abt. KH driner Orden, Scbreiber Klinik,; Nidiatr. Dept.: KI-I 
Haflaebiz~g, KI-I Schwabing, v. Haunersebes Kinderspital,; Gyn. Dept.: KH 
Schwabing, KH Neupedach, 1. Univ. Frauenklinik; Opbthalm. Dept.: KH 
Harlaching; Nephrolog. Dept.: KJ-I Harlaching, KH Schwabing 
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International Diabetes Programme - New Model of 
Health Care Delivery for Diabetic Patients in 
Newly Independent States of Former Soviet 
Union. A.ANETOV. CIANS, Moscow, Russia. 

Our present siSuation is characterized by a 
certain la~ between the scientific advances in 
the treatment of diabetes and their practical 
implementation. In this respect:situation with 
developing and implementation of national stan- 
dards of diabetes care delivery is a very dif- 
ficult task especially in a multinational coun- 
try, with variable levels and standards of dif- 
ferent living traditions and national nutriti- 
onal habits, climatic conditions and the level 
of education. We seriously think that diabetes 
could be used as a good model indicating the 
necessity to reach a consensus in political, 
economical, medical and social matters. 

Last year we established international non- 
governmental (partially) intersectoral effort 
with activities-education, diagnostic, patients 
consultation and implementation of special 
training programmes for health professionals. 
We have created a network of%ducational-Diag- 
nostic-Consulting Centers in 17 diverse cities 
of the former USSR. All these centers will be 
connected using telecommunication network for 
operative management and for data collection 
and subsequent analysis. We think that the ma- 
gazine "Diabetes and Life Style", which we have 
issued in cooperation with scientists from more 
than 26 countries as well as a package of edu- 
cational materials, including lectures, video- 
tapes, etc., will be very useful instrument of 
information distribution and what is more im- 
portant for international exchange of informa- 
tion. 

674 

STAGED DIABETES MANAGEMENT (SDM): A 
TECHNOLOGY-BASED APPROACH 
R.S. Mazze, E. Strock, D. Etzwiler and B, Ginsberg*, 
Minneapolis, MN and *Franklin Lakes, NJ 

A systematic approach to clinical decision-making for 
primary care physicians was developed. Data from 3000 
patients were reviewed to determine key decision 
parameters used to achieve optimum metabolic control. 
Three phases were identified: baseline--establishing 
diagnostic criteria; therapeutics-- identifying conditions for 
selecting a treatment modality; stabilization-- achievement 
of the therapeutic goal. Specific stages of therapy were 
defined: 2 stages of meal planning; 3 stages of diet and oral 
agent therapy; 5 stages of increasing insulin therapeutic 
intensity. The phases and stages produce a roadmap of 
therapies reflecting the community's standards of 
care.Twelve prototype medical sites ranging from 
community-based to private practice tested the efficacy of 
SDM. Comparison of pre to post SDM intervention 
revealed that: irratic and inconsistent standards were 
replaced by national standards for the screening and 
diagnosis; undocumented and discrepent practice was 
replaced by a systematic SDM approach; and ad hoc 
reliance on expert consultation was replaced by co- 
management between primary care physicians and 
specialists. These steps will result in more subjects 
achieving optimized glycemic control as primary care 
physicians adopt consistent patterns of diabetes 
management. 

675 
VARIATIONS IN DIABETES PREVALENCE 
AND TREATMENT, AND COSTS OF 
PRODUCTION LOSSES. 

J Olsson, C Tollin, U Persson, S Nilsson and A 
Melander, National Corporation of Pharmacies; Board 
of Health and Welfare; Institute of Health Economics; 
Department of Medicine, J6nk6ping County Hospital; 
Department of Clinical Pharmacology, Lund University; 
J6nk6ping and Lund, Sweden 

Antidiabetic drug consumption (ADC) in Swedish 
counties and communities was estimated by drug sales 
statistics, and diabetic prevalence (DP) figures in some 
of these communities were studied, or collected from 
existing sources. Costs of production losses due to 
sickness benefit days and/or to premature retirement (< 
65 years) were assessed after analyses of medical and 
social insurance records. There were large geographic 
differences in overall ADC but a close correlation (r = 
0.87; p.< 0.01) between DP and overall ADC, 
suggesting large geographic variations in DP within 
Sweden. However, there was no correlation between 
DP and ADC divided in oral agents and insulin, 
suggesting variations in therapeutic attitudes. Non- 
insulin-treated diabetics did not have more sickness days 
than the average population, but they were prematurely 
retired twice as often. Insulin-treated diabetics had more 
than twice as many sickness benefit days and were 
prematurely retired more than twice as often as average. 
The costs of these production losses were about USD 
6,000 higher than average per individual and year. This 
was 20 times the difference in antidiabetic drug costs per 
individual and year for insulin vs. oral agents. 

676 
ECONOMICAL DIABETIC CARE 
C.M. KESSON and A.P, GALLAGHER, VICTORIA INFIRMARY, 
GLASGOW G42. 
Health economics is of growing importance as the 
insatiable demand for optimal care must be curtailed 
bV limited available resources. Accordingly a 
cost effective system to supply the necessary long- 
term care for the increasing diabetic population 
should be established. This we have done analysing 
that of a hospital based urban diabetic out-patlent 
service. In one year 1,198 patients attended with 
2,232 consultations. The costing methadology 
assessed the following resources used. Salaries 
for the consultant diabetologist, junior medical 
staff, specialist diabetic nurses, dieticians, 
chiropodist, general nurses, clerical, technical and 
secretarial staff amounted to s (ECU 69,969.2). 
Additional costs were : laboratory investigations 
(patients having urinalysis and blood testing for 
urea, electrolytes, lipids, glucose and haemoglobin 
A1c at eech consultation) s (ECU 15,370.6), 
stationerv and oostage s (ECU 747.6) heating, 
cleaning and rates for ~cco~'~odstion s 
(ECU 246~). The total cost a~ounted to s 
(ECU 88,551.4} giving an average cost for out-patient 
diabetic care of s (ECU 73.9). The service 
provides three specialist clinics per week, out- 
patient education facilities and an additional 5�89 
days open access and out of hours telephone answering 
system for diabetic specialist nurse consultations. 
This system allows patients access to expert advice 
at all times and is extremely economical. 
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SHORT- OR LONG-TERM INITIAL HOSPITALIZATION OF 
CHILDREN WITH IDDM: COST-EFFECTIVENESS ANALYSIS 
T. Simell, O. Simell and H. Sintonen. Children's Hospital, 
Cardiorespiratory Research Unit and Department of Social 
Policy, University of Turku, Turku; Children's Hospital and 
Department of Public Health, University of Helsinki, Helsinki; 
Finland 

We carried out a randomized prospective study where we 
shortened the length of initial hospitalization from 23_+4 to 9_+3 
days in half of 61 consecutive chitdren with newly-diagnosed 
IDDM. Metabolic control, psychosocial adjustment, and costs of 
care were compared during 24-month follow-up. After having 
confirmed similar medical and psychosocial effectiveness of the 
hospitalizations, we now compare the costs of the treatment 
modes. - Total costs during the first month were on average 2.3 
times higher in the long- than short-term treatment (FIM 
74859+15074 and 32062_+8778, p<0.001, one-way ANOVA) 
mostly due to the costs of hospital days (FIM 54593_+17026 and 
22633-+9041, p<0.001). Travelling costs were 1.8 and parents' 
opportunity costs of work time lost 1.7 times higher in the tong- 
term treatment (FIM 1881-+955 and 1067_+698, p=0.003; 
9393_+4221 and 5373_+1976, p<0.001). Mean costs of ambulatory 
visits were FIM 30_+164 in the long-term but FIM 2492_+1509 in 
the short-term treatment. No significant differences were found 
between the groups during the following 23-months (total FIM 
16712_+7278 and 15664-+11466). - We show for the first time 
that shortening of initial hospitalization of children with newly- 
diagnosed IDDM on average by 61% leads to a 48% decrease 
in the total costs during the first 2 years of the disease without 
influencing metabolic or psychosocial outcome of care. 

678 
S T R E S S  A N D  H O R M O N E  S E C R E T I O N  IN  T Y P E  
1 D I A B E T E S  : R E L A T I O N  T O  U N S T A B I L I T Y  ? 
V . B o i t e a u ,  A .Du tou r ,  B . L e r i q u e ,  C .At lan ,  C .Ge lee ,  A. 
F e i s s e l  and  C .Ol ive r .  E n d o c r i n o l o g y  Hosp .  Concep t ion ,  
I n s e r m  U 297,  M a r s e i l l e  ; Ir is ,  Par i s ,  F rance .  
The  ro l e  of  acu te  p s y c h o l o g i c a l  s t ress  in  the m e t a b o l i c  
uns t ab i l i t y  in d iabe tes  is s t i l l  con t rove r s i a l .To  inves t iga t e  
t he  e f f e c t  o f  a p s y c h o l o g i c a l  s t r e s s  on  t he  
c o u n t e r r e g u l a t o r y  h o r m o n e  s e c r e t i o n ,  w e  s tud ied  the  
e f f ec t  o f  a pubI ic  s p e a k i n g  v i d e o r e c o r d e d  in  20  type  1 
d i abe t i c  pa t i en t s  and in 8 ma t ched  con t ro l s .The  d iabe t i c s  
pa t i en t s  w e r e  s u b d i v i s e d  in s tab le  and uns t ab l e  (>3 hypo  
or h y p e r g l y c e m i a  / w e e k  in  s p i t e  of  r e g u l a r  g l u c o s e  
m o n i t o r i n g  and adap ta t ion  of  i n s u l i n  t he r apy  ). D u r i n g  
t he  t e s t  and  on  a d a y  c o n t r o l  b l o o d  p r e s s u r e ,  
c a t e c h o l a m i n e s ,  cor t i so l ,  A C T H  and G H  w e r e  r eco rded  
.In the d iabe t i c  and  t h e  cont ro l  g roup ,  the ho rmones  rose 
s i g n i f i c a t i v e l y  ( c o r t i s o l : t 4 3 + 2 1 % ,  A C T H : I 5 6 +  2 0 % ,  
ep inephr ine :250_+52%) .The  d i f f e r ence  b e t w e e n  con t ro l s  
and d iabe t i c s  was  not  s ta t i s t ica l ly  s igni f icant .  The  increase  
of  h o r m o n e  l e v e l s  was  s i g n i f i c a n t l y  ( anova ,  p<0 .01 )  
h i g h e r  in  u n s t a b l e  vs  s t a b l e  d i a b e t i c s  : i n c r e a s e  of  
I95-+15% for  cor t i sol  and of  2 0 5 + 2 0 %  for  A C T H  .Eight  
of  the 10 uns tab le  d iabe t i c s  had 3 t ime  more  A C T H  and 
2.6 m o r e  co r t i so l  du r ing  s t ress ;  this  d e g r e e  of  r eac t ion  
occurs  on ly  in 2 /10  s table  d iabe t ics .  F i f ty  % of  the bri t t le  
pa t i en t s  repor t  co r re la t ion  b e t w e e n  the i r  acu te  m e t a b o l i c  
u n s t a b i l i t y  and  p e r s o n n a l  p s y c h o l o g i c a l  s t r e s se s .  In  
c o n c l u s i o n  h o r m o n a l  r e s p o n s e  to p s y c h o l o g i c a l  s t ress  
s eems  more  impor t an t  and f requen t  in br i t t le  d iabe tes  and 
cou ld  be one of i ts  n u m e r o u s  p a t h o g e n i c  factors  
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Anxiety disorders in type 1 and 2 diabetes. Influence 
of degenerative complications.  
I. JALENQUES, I. TAUVERON, E. ALBUISSON, D. LONJARET, A.J. 
COUDERT and Ph. THIEBLOT. Service de Diab6tologie, 
Psychologic Mfidicale et Biostatistiques, CHRU, BP 69, 63003 
CLERMONT-FERRAND CEDEX FRANCE. 
Our purpose is to evaluate in 34 type 1 (insulin-dependent) and 
27 type 2 (non-insulin-dependent) diabetic patients the 
different features of anxiety disorders by comparison with 25 
patients suffering from hypertension. Analysis was performed 
following clinical diagnosis (according to DSM III-R criteria), 
Hamilton Anxiety Inventory, HSCL 58 and Beck Anxiety 
Inventory. The three groups were homogeneous, except for age 
(but not duration of disease) and body mass index. HbAlc was 
higher in type 2 patients (8.5 vs 10.1%, p < 0.001). In all groups 
the two major psychiatric clinical diagnoses were anxiety 
disorders (respectively 53, 59 and 60%, NS) and depressive 
disorders (respectively 21, 22 and 20%, NS). These disorders 
were more common in women in the three groups (p < 0.05). Self 
evaluation by HSCL 58 pointed out high scores in the three 
groups and a trend to higher anxiety scores in type 2 diabetics 
(mean 33.1) when compared to type l (mean 19.0) as well as in 
women . With Hamilton and BAt (which we recently validated in 
French) scales, somatic signs of anxiety (palpitation, nausea,...) 
were significantly more frequent and severe in type 2 than in 
type 1 diabetics when compared to psychological signs of anxiety 
(fear, apprehension,...). The influence of degenerative 
complications was also studied. Self rated or medically assessed 
complications were correlated, except for nephropathy. Type 1 
diabetics with objective nephropathy had a significantly higher 
anxiety score. In type 2 diabetics, microangiopathy, diabetic foot 
and poor control (HbAlc > 10%) were also associated with high 
anxiety scores. 
We conclude that type 1 and type 2 diabetics present with a high 
prevalence of anxiety (around 50%), associated with depressive 
disorders in 20%. The severity of anxiety disorders is 
s ignif icant ly  linked to the prevalence of diabetic 
microangiopathy. 

680 
WAR-INDUCED PROLONGED STRESS AND METABOLIC; 
CONTROL IN TYPE 2 DIABETIC PATIENTS 

M.Pibernik, Z.Metelko, G.Rogli6 and M.Prag~ek 
Vuk Vrhovac Institute for Diabetes, Dugi Dol 4a, Zagreb, Croatia 

The effects of war as a psychological stress on glycemia 
control have not been assessed yet. A randomly selected 
sample of displaced Type 2 diabetic persons (N = 50) was 
compared to a sex-age-weight-duration of diabetes-type of 
treatment-matched group of diabetic patients that had not left 
their home (N = 50). The self-reported stress (SRS), 
depression level, fasting blood glucose, postprandial blood 
glucose,, lipids, cortisol, HbAlc and treatment were compared. 
Using the Mann-Whitney U test the two groups were found to 
be significantly different in scores for SRS symptoms, 
percieved stress intensity and depression level (p < 0.001). 
The proportion of examinees belonging to the category of 
clinically significant depression was larger in the group of 
displaced persons (44% vs. 10%, p < 0.001). This group also 
had a higher proportion of extreme SRS scores (69% vs. 
29%, p < 0.001). The variables measuring metabolic control 
were log-transformed where appropriate and tested for 
difference. No significant difference between the groups was 
found for these variables. These results are not in accordance 
with anecdotal evidence on the effect of protracted stress on 
glycemia control. 
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GLUCOSE TURNOVER DURING PARTURITION IN NORMAL PREGNANCY. 
J.L. Chiasson*, P. Maheux, B. Bonin, and A. Dizazo~ and 
P. Guimond . IRCM and Maisonneuve-Rosemont Hospital, 
Montreal, Canada. 

In six normal pregnant women undergoing spontaneous 
labor, glucose utilisation and the pancreatic hormones 
were measured during the latent (AI) and active (A2) 
phase of cervical dilatation(A), during fetal expulsion 
(B) and during placental expulsion (C). Plasma glucose 
increased throughout labor from 4.0 • 0.2 mmol/L (AI) to 
4.7 • 0.2 (A2), 5.4 • 0.3 (B) and 5.5 • 0.4 (C) compared 
to 4,9 • 0.4 in control women. Glucose utilisation vas 
markedly increased at 32.2 • 7.2 #mol/kg.min during stage 
AI, A 2 and B, decreased to 21.3 • 5.2 during stage C, 
still much higher than post-partum women (8.1 • 1.8). 
Glucose metabolic clearance was also increased to 8.0 • 
1.9 ml/kg,min during stage A I and decreased gradually to 
6.9 • 1.2 (stage A2) , 5.8 • 1.i (stage B) and 4.7 • 0.6 
(stage C), still higher than non-pregnant women (1.8 • 
0.8). Plasma insulin remained stable at 9.4 • 1.4 ~U/ml 
during stages AI, A2 and B, but increased to 20.3 • 3.7 
during stage C. Plasma glueagon was slightly increased 
throughout labor at 124 z 13.2 pg/ml compared to non- 
pregnant women (89.9 • 8.6). In conclusion these data 
indicate that during labor in normal pregnancy, glucose 
utilisation is markedly increased despite no change in 
insulin. It is suggested that muscle contraction 
(uterine and skeletal muscle) per se is a major regulator 
of glucose utilisation during labor. 
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ROLE OF INSULIN ON LIPOPROTEIN LIPASE ACTIVITY IN 
MAMMARY GLAND DURING GESTATION IN THE RAT 
P. Ramos, A. Martin and E. Herrera, Departmento de 
Investigacidn, Hospital Ramdn y Cajal, Universidad 
de Alcal~, Madrid (spain). 

Lipoprotein lipase (LPL) activity in adipose 
tissue is stimulated by insulin and the decrease 
in its activity that normally appears during late 
gestation has been associated to the insulin 
resistance occurring in this situation. As 
opposite to adipose tissue, LPL activity increases 
in mammary gland (MG) during late gestation but it 
is not clear whether insulin modulate (or is 
responsible for) this change. To study this point 
we used rats at day 12, 15, 19 and 21 days of 
gestation that were compared to virgin controls. 
LPL activity in MG increased already at day 12 of 
gestation and remained so until day 21. After 24 
h starvation LPL activity decreased in all the 
groups, and these changes were paralleled by 
similar ones in plasma RIA-insulin levels. To 
produce a prolonged hyperinsulinemic condition 
without causing hypoglycemia virgin and pregnants 
rats were infused with either 30 or 50% glucose 
(35 ml/day) from days 17 until 20, at which time 
they were killed. LPL activity in MG enhanced in 
all the groups infused with glucose and the 
greatest effect was found in pregnant rats 
receiving the 50% dose that had the highest plasma 
insulin levels. When using all the rats studied, 
the regression between LPL activity in ma~ary 
gland versus plasma insulin showed a lineal and 
highly significant correlation (r=0.668). Present 
results show that insulin enhances LPL activity in 
MG, and this effect is clearly seen during 
gestation in spite of the well known insulin 
resistance occurring in other tissues. 

683 
LEUCINE FLUX IS INCREASED WHILST GLUCOSE 

TURNOVER IS NORMAL, IN PREGNANCY COMPLICATED BY 
GESTATIONAL DIABETES MELLITUS. 

S. Robinson, N. Coldham, S.V. Gelding, C. Murphy, R.W. Beard q , 
D. Halliday .2 and D.G..Johnston. Unit of Metabolic Medicine and 
.i Department of Obstetrics and Gynaecology, St Mary's Hospital 
Medical School, Norfolk Place, Paddington W2 1PG. *2 Clinical 
Research Centre, Watford Road, Harrow, UK. 

In gestational diabetes mellitus (GDM), increased maternal 
glucose and amino acid supply have been postulated to be 
responsible for the fetal hyperinsulinaemia and macrosomia. We 
have therefore determined glucose and leucine flux in normal 
pregnancy and GDM. Eight GDM subjects were compared with 7 
normal pregnancies, both in the second trimester. Eight non- 
pregnant controls were also studied. Leucine kinetics were studied 
using 1-[1A3C]-leucine with measurement of keto-isocaproate 
isotopic enrichment and glucose kinetics were assessed using 
6,6,2H-glucose. Proteolysis (teucine appearance in the circulation) 
was increased in GDM, whether expressed in relation to total body 
weight (mean+SEM, non-preg 141.6+7.0, pregnant 90.4+6.7, GDM 
109.5+5.1 umol/kg/hr, all p<0.05) or to lean body mass (169.3+6.2, 
134.8+12.0, 154.9_+11.5 umol/kgLBM/hr respectively, p<0.05 
lor3v2). Leucine incorporation into protein was also decreased 
(119.4+6.2, 74.2+4.8, 93.0+4.9 umol/kg/hr respectively, all 
p<0.05). Glucose production was similar in the three groups 
(135+4, 130+5, 129+1l mg/min). These results confirm the 
reduced leucine flux of normal pregnancy; in GDM leucine flux is 
higher than non-diabetic pregnancy at a time when glucose 
turnover is normal suggesting that leucine may be more important 
than glucose as a fetal insulin secretagogue, or fuel source, 
necessary for the development of macrosomia. 

684 
WHOLE BODY PROTEIN METABOLISM IN LATE 
PREGNANCY AND THE EFFECTS OF INSULIN. 
B.G.Cooper 1, M.Walker I , S.E.Daley l, O.S.Olufemi 1, K.Bartlett I , 
D.Halliday 2, T.Lind 1 & R.Taylor].Human Metabolism Group 1, 
University of Newcastle upon Tyne, Newcastle upon Tyne, and 
Nutrition Research Group 2, CRC, Harrow, UK. 

We measured protein breakdown, synthesis and oxidation during 
f a s t i ng ,  in late p r e g n a n c y  both  basa l ly  and du r ing  a 
hyperinsulinaemic-euglycaemic clamp. 6 non-pregnant controls 
and 6 healthy women in late pregnancy underwent a six hour 
p r imed ,  c o n t i n u o u s  i n fu s ion  o f  L-13C leuc ine  and 2H 5 
phenylalanine (Phe) (0.5 mg/kg/hr) with a 40 mUIkg/hr insulin 
clamp for the final 3 hours. Indirect calorimetry,13CO2 collection 
and blood sampling for plasma KIC, phenylalanine, and tyrosine 
enrichment (GC/MS) were performed. There were no differences 
in basal protein breakdown or synthesis by either method and no 
d i f ferences  were seen dur ing the clamp. Glucose  disposal  
[MII(mg/kg/hr/mU/l) was significantly lower for the same blood 
g lucose  level : in the p regnan t  group ; 0.08 (0.04) vs O. 11 
(0.03)@<0.05] Protein oxidation was similar in the control group 
both basally and during the clamp by either method but was 
lower in the pregnant group when measured by the phenylalanine 
m e t h o d  [ B a s a l - P h e : P r e g n a n t  0 .17 (0 .12) ,Cont ro l ;  0 .77 
(0.40),g/kg/d Clamp-Phe:Pregnant; 0.11 (0.1) Control; 0.63 (0.1), 
g/kg/d p<0.01] . We conclude (i) that pregnant women show 
insulin insensitivity for carbohydrate but not protein metabolism 
in the third trimester, and (ii) the phenylalanine model produces 
different results for measuring protein oxidation in pregnancy. 
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INSULIN-LIKE GROWTH FACTORS AND NEONATAL 
WEIGHT 
O. Huter +, H. Drexel*, E. Futo*, E. S61der + and J. Zapf*. 
+Department of Gynecology, University of Innsbruck, 
A, and *Department of Medicine, University of 
Zuerich, CH. 
To elucidate the possible contribution of insulin-like 
growth factors (IGF) to neonatal weight, IGF I and IGF 
II were measured by specific radioimmunoassays in 4 
macrosomic, 5 normal, 4 dystrophic, and 5 premature 
offsprings of non-diabetic mothers. Blood was drawn 
immediately post partum from the umbilical artery. 
Results (mean_+SD): 
Category (n) IGF I (ng.m1-1) IGF II (ng.m1-1) 
Macrosomia (4) 87_+25# 352_+52 
Normal (5) 40_+15" 294_+5 9 
Dystrophy (4) 32_+1 1" 327_+1 6 
Prematurity (5) 16_+14" 264_+40*�82 
Significant differences (Mann Whitney U-Test): 
# p<0.025 vs. normal; * p<0.025 vs. macrosomia; �82 
p<0.025 vs. dystrophy. 
IGF I levels are significantly correlated with birth 
weight (r=0.8, p<0.001). Accelerated fetal growth is 
associated with increased IGF I levels whereas 
retarded growth and prematurity are associated with 
decreased IGF I levels. In contrast, IGF II levels are 
not correlated with birth weight of infants delivered 
at term. Thus, in contrast to the commonly held view 
that IGF II is a fetal growth factor, IGF I appears to be 
more important for fetal growth in the human. 

686 
Screening for gestational diabet~ in different ethnic groups 
S. L. Hyer, A. Walton and N.W.Oakley 
Wandsworth Diabetes Unit, St George's Hospital, London SWl 7 

In order to compare the incidence of gestational diabetes and 
pregnancy outcome in different ethnic groups and to evaluate 
different screening strategies, we screened all women attending 
the antenatal clinic over a 12 month period at 28 weeks gestation 
with a 2hr post-prandial blood glucose; 207 Caucasian women, 91 
Asian women and 61 Afro-Caribbean women had values > 6.0 
retool/1. These women subsequently underwent either oral glucose 
tolerance testing (75G OGTI) or performed home glucose 
monitoring (HGM) pre-breakfast, pre-lunch and 2h after the 
evening meal for 7 days. The results of  OGTI' were classified by 
WHO criteria as normal, impaired glucose tolerance (IGT) or 
diabetic. The incidence of  gestafional diabetes was 1.8% 
(Canea.~ian), 3.8% (Afro-Caribbean) and 4.4% (Asian) whilst 
IGT was found in 6.4~ 7.7% and 15.5% respectively. The 
incidence of large-for gestatiounl age babies was 5.8%, 6.5% and 
9.9% resp. Afro-Caribbean mothers bad greater body mass indices 
and heavier babies than other ethnic groups. No perinatal deaths 

or episodes of severe neonatal hypoglyeaemia occured during the 
study. The mean blood glucose obtained by HGM proved as 
effective as OGTF in identifying at risk pregnancies and HGM 
was popular with patients from all three ethnic groups. 

687 
INSULIN SECRETION IN GESTATIONAL DIABETES 
MELLITUS. 

J.Olszewski,M.Kowalczyk., M.Leoh, Cz.W~jcik0wski. 
Department of Endocrinology, Institute of 
Obstetrics and Gynecology, Medical Academy of 
Gda~sk, Poland. 

The aim of the study was to investigate endocrine 
function of pancreas in pregnancy complicated by 
gestational diabetes (GDM). The studies were per- 
formed on a group of 12 women with GDM and 6 in 
normal pregnancy (control group) . DuriDg the 
study the hemoglobin Alc and fructosamine con- 
centrations were within normal range. Fasting and 
after intravenous glucagon (I mg) plasma glucose, 
insulin and C-peptide as well as 24 hrs urinary 
excretion of C-peptide were determined in the 
28th, 36th week of pregnancy, and in 7 days fol- 
lowing delivery. In the 36th week of pregnancy 
glucagon induced the increase of plasma C-peptide 
levels from 1.47"0.16 to 4.209=1.07 ng/ml in nor- 
mal pregnancy and from 1.629=0.57 to 2.509=0.93 
ng/ml in GDM. After delivery plasma C-peptide 
concentrations were 1.40"0.23; 2.8620.74; 
1.37"0.21; 2.45* 0.51 ng/ml, respectively. 24 hrs 
urinary C-peptide excretion in the 36th week of 
pregnancy in normal and in GDM were 159"21.9; 
87~15.6 ug (p < 0.01) and following delivery 
48-10.8; 60-15.8 (n.s), respectively. 24 hrs in- 
sulin secretion was calculated as 469 and 256 
nmol in the 36th week of normal and GDM pregnancy 
and 141, 177 nmol after delivery, respectively. 
The experiment revealed the correlation between a 
maximal increase of plasma C-peptide concentra- 
tion after glucagon and C-peptide urinary ~ excre - 
tion and the dose of exogenous insulin in GDM. 
The results indicate a decrease in a capacity of 
pancreas to secrete insulin in GDM. 

688 
MICROALBUMINURIA IN GESTATIONAL DIABETES 
R. Corcoy, M. Balsells, A. Garcia-Patterson, 
X. Ampudia, J. Cort4s, J. Ordd~ez, J.M. Pou 
and A. de Leiva. Hospital de la Santa Creu i 
Sant Pau, Barcelona, Spain 

It has been suggested that microalbuminuria 
(MA) identifies a subset of pregnant diabetic 
women more prone to develop gestosis. We 
aimed to assess the usefulness of MA to 
identify gestational diabetic women who will 
develop pregnancy-induced hypertension (PIH) 
later in pregnancy. We studied 150 pregnant 
women with gestational diabetes (GD) 
according to NDDG criteria. In the second and 
third trimestres, nocturnal urine samples (6 
h) were collected. Samples with a positive 
urine culture were discarded. A nefelometric 
assay with a detection limit of 6 mg/l was 
used for measuring MA. Two hundred and 
twenty-four samples were assayed, with MA 
being detectable in 31 samples (13.8%) of 28 
GD women (18.7 %). Albumin excretion rate was 
14.35 + 14 mcg/min. GD women with or without 
MA did not differ in age, body mass index, 
weight gain or gestational age at GD 
diagnosis. Five women developed PIH (3.3 %) 
and only one of them (20%) had measurable MA 
four weeks before. In conclusion, i) MA is a 
frequent finding in GD pregnancies and 2) In 
this series, MA haves a low yield to identify 
women who will later develop PIH. 

(Acknowledgment to FIS grant No 90/0181),' 
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GESTATIONAL DIABETES MELLITUS: A METABOLIC, I~HUNOLOGIC 
AND GENETIC S~_%]DY. 

A. Lapolla, C. Betterle, M. Ssnzapi,A. Giacomini, R. Zanchetta, 
B.Pedini,G.Burattin, A.Businaro, P.Rizzotti,and D.Fedele. 
Institute of Internal Medicine- Padua University 
Few, contrasting data were available on HLA-linked 
genotypieal characteristics, frequency of islet-cell- 
antibodies (ICA) and of other immunologic markers in 
Gestational-Diabetes-patients (GDM). So we studied 65 
patients : Group i= 40 patients ( 3rd trimester of 
pregnaney, 12 insulin-treated, 28 on a diet), age $3+0.78 
yrs, fast ing-glycaemia 88+2.9 mg/dl, post-prandial- 
glyeaemia 119+--4.5 nlg/dl, HbAIc 5.0+_0.1%; Group 2: 25 
patients 6-12 months after delivery, age $3+I.0 yrs. 0GTT 
revealed: Normal-Glucose-Tolerance in 21, Impaired- 
Glucose-Tolerance in S patients. 1 patient developed 
Type-l-diabetes. 10S women with NGT were controls. In all 
patients we evaluated: i) ICA, CF-ICA, other antibodies, 
(Standard-Indirect-InTminofluorescent- Technique) ; 2) IAA 
(RIA) ; 3) circulating CD4+, CD8+, CD3+, DR+, CD57 
lymphoeytes, CD4/CD8 ratio (MoAbs, cytofluorimetry); 4) 

HLA-typing (A-B-C-D-DR-DP-DQ) (microlymphocytotoxic ity 
test).We found: -Group != ICA-IgG, CF-ICA and IAA in 2 
patients (5%); -Group 2= IAA in S patients (12%), ICA in 
none; -no correlation between ICA and IAA, between IAA 
and insulin treatment; -in all patients= thyroid- 
autoantibodies in 6, adrenal-antibodies in i, parietal- 
cell-antibodies in 2; -significant increase in CD3+ end 
CD57 as against controls; -CD4/CD8 ratio within normal 
ranges; -frequency of histocompatibility antigen: 
DR3=19%, DR4=2.3%, DRw8=2.S%, B8=6.9%, B15=2.3%, not 
different from controls. Thus, few GDM patients showed 
the i~munologic markers of Type-l-diabetes, and their 
genetic situation was not different from controls. 
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GLUCOSE STIMULATED ISLET AMYLOID POLYPEPTIDE 
AND GESTATIONAL DIABETES MELLITUS. 
E.J.K. Zweers'L B. Bravenboer ~, K,L. van Hutsf C.J,M. Lips ~, 
G.C.M.L. Christiaens z, W.H.L. Hackeng 2 and D.W. Erkelens ~. 
~University Hospital Utrecht and 2IJsselland Hospital Rotterdam, 
the Netherlands. 

Islet amyloid polypeptide (IAPP) is a 37 amino acid 
polypeptide with a possible early or late pathogenetic role in 
Type 2 diabetes. Gestational diabetes mellitus (GDM) is 
considered to be a variant of type 2 diabetes, propably an 
early stage of permanent diabetes. We studied wether glucose 
stimulated lAPP is higher in GDM patients than in healthy 
pregnant women. We studied 5 women with normal glucose 
tolerance (CON) and 5 women with GDM. A 75 g oral 
glucose tolerance test (OGTT) was performed measuring 
glucose, IAPP, insulin and c-pepfide at 0, 30, 60, 120 and 
180 minutes. IAPP was measured by radioimmunoassay after 
extraction. In CON glucose increased from 4.78 • 0.15 to 
5.48 _+ 0.66 retool/1 (mean • SEM) at 120 min., IAPP 
12.86 • 2.15 to 23.46 • 2.26 pmol/1, insulin 9.80 • 1.58 
to 79.2 • 13.45 mE/1 and c-peptide 0.81 • 0.14 to 3.24 +__ 
0.62 nmol/l. In CON age is 30.4 • 2.4 years. In GDM 
glucose rose from 6.44 • 0.72 to 9.80 +_ 0.24 mmol/1 at 
120 min., IAPP 21.22 • 3.84 to 56.44 • 17.01 pmol/l, 
insulin 35.00 • 11.58 to 143.40 • 31.43 mE/l and c-peptide 
1.15 • 0.12 to 5.78 • 1.25 nmol/l. In GDM age is 31.6 • 
2.6 years. It is concluded that glucose stimulated IAPP 
concentrations during OGTT are higher in GDM patients than 
nondiabetic pregnant women. This high IAPP level may add to 
pathogenesis of type 2 diabetes by providing proteinfibrosis for 
amyloidformation around beta cells. 

691 
POST-PARitY4 GLUCOSE INTOLERANCE IN GESTATIONAL DIABETES. 
LF. Pallardo, C. Grande*, P. Martin-Vaquero, A. Megia, 
P. Iglesias, M. Ja~ez**. 
Divisions of Endocrinology, Biochemistry* and Obstetrics 
and Gynecology**. Hospital La Paz. Madrid. Spain. 

Factors which influence the frequency of post-partum 
glucose intolerance in gestational diabetes are subject 
to discussion. We studied 130 women diagnosed of 
gestational diabetes with a 100g oral glucose tolerance 
test (OGTT)(NDDG, 1979). At two-three months post-part~n 
(without lactation) an OGTT (75g) was done and 
classified as (WHO, 1985): diabetes mellitus (~M), 
impaired glucose tolerance (IGT) and normal (N). We 
con~pared the post-pattern glucose tolerance with the 100g 
OGTT (fasting, lh., 2h., 3h. glucose (FG, GI, G2, G3), 
glycaemic area (GA)), clinical risk factors and diabetes 
treatment. We found 19.2% with IGT and 4.6% with DM. The 
presence of IGT+IIM was significantly higher (p<0.01) in 
relation to FG when subdivided into three groups: <5.8 
nTnol/L (15.5%), 5.8--7.2 n~I/L (38.2%), >7.2 mmol/L 
(66.6%). There were differences between IGT and N in FG, 
G2, GA (p<0.01) and G3 (p<0.05). Between DM and N in FG, 
G3 (p<0.001) and GA (p<0.01) and between I~4 and IGT in 
G3 (p<0.05). Patients with previous fetal mortality, 
gestatienal diabetes (p<0.05), and insulin therapy 
(p<0.01) had a higher frequency of glucose intolerance. 
In s~rmry, factors which most influence incidence of 
post-part~rn glucose intolerance are antecedents of 
gestational diabetes, fetal mortality and insulin 
treatment together with FG, G3 and GA values d1~ing 
pregnancy. 

692 
LOWER DIABETES INCIDENCE AFTER IMPAIRED GLUCOSE 
TOLERANCE IN PREGNANT THAN IN NONPREGNANT WOMEN. 
D.J. Pettitt, W.C. Knowler, L.T.H. Jacobsson, 
D.R. McCance, R.L. Hanson, M.A. Charles, 
R.G. Nelson, Q.Z. Liu, and P.H. Bennett. NIDDK, 
NIAMS, & The Cleveland Clinic, Phoenix AZ U.S.A. 

Impaired glucose tolerance (IGT) is a risk factor 
for type 2 (non-insulin-dependent) diabetes, but 
as the glucose load and criteria for IGT in 
pregnant and nonpregnant women often differ, the 
relative risk of subsequent diabetes is unclear. 
This risk was evaluated in 15-40 year old Pima 
Indian women in Arizona, U.S.A., who develop type 
2 (non-insulin-dependent) diabetes at young ages 
and in whom a 75 g glucose tolerance test is used 
in both pregnant and nonpregnant women. IGT 
(World Health Organization criteria) was first 
recognized in 229 nonpregnant women with at least 
one previous pregnancy and in 63 pregnant women. 
After follow-up (mean=6 years) diabetes developed 
in 49% of nonpregnant women but in only 17% of 
wo~en with IGT identified during pregnancy 
(Z'=19.3, df=l, p<0.001). Controlled for age, 
degree of glucose intolerance, and number of 
pregnancies by proportional hazards analysis, the 
risk of diabetes was less than half (rate 
ratio=0.45) when IGT was first detected during 
pregnancy (p=0.015). Number of pregnancies and 
degree of IGT were also significant risk factors 
for diabetes. Women who develop IGT in the 
absence of pregnancy are at greater risk of 
subsequent diabetes than those who have IGT under 
the stress of pregnancy. 
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OOPPLER UMBILICAL ARTERY VELOCIMETRY 

IN PREGNANCY COMPLICATED BY DIABETES MELLITUS 
O.Kouri-Kallergi*, E.Anastasiou, P.Konaxi,K.Katsouyianni, 
G.Pbilippou, M.Alevizaki, A.Antsaklis* and Souvatzoglou 
Ist Endocrine Section, * ist  Dept OB/GVN Athens Universi- 
ty, Alexandra Hospital, Athens, Greece. 

To determine the relationship between the peak systolic 
to diastolic umbilical artery ratio (S/D) and (a) White's 
classification, (b) glycemic control in diabetic pregnan- 
cies. S/D was measured in 631 Doppler studies performed 
during third trimester in 115 diabetics (Al=39, A2=&6, 
B=12, C=5, D=9, R=3, F=I). Mean S/D were in groups A:2.6 
• B-C (pregestational diabetics without vasculopathy) 
2.7• D-R-F (pregestational diabetics with vasculopa- 
thy) 3.2• These values were significant (p<lO -~) with 
linear increase related to the severity of disease. The 
percentages of abnormal S/D (~3} in the above groups were 
7.1%, 17.7%, 53.9% respectively (linear trend x2 =19, 
p<10-5). Mean HbAic were 4.8• 6.3• 6.0• respe- 
ctively. Subdivision of diabetics into well-controlled 
(n=87, HbAic=4.6• and poor-controlled (~=23, HbAic 
=6.9• revealed significant difference in S/D values 
(2.6• v.s. 2.9• p<O.002). A s i g n i f i c a n t  pos i t i ve  
cor re la t ion  between S/D and HbAic was found (r=0.30, 
p<O.OO1).Using mul t ip le  regression analysis a s i gn i f i can t  
pos i t i ve  cor re la t ion  (p<10-4) between S/D and White's 
c l ass i f i ca t i on  adjusted fo r  maternal age and par i t y  was 
found. (a) Normal S/D can be expected in gestat ional  well 
-cont ro l led  d iabet ics.  (b) Increased r i sk  of  abnormal fe -  
toplacental  resistance is associated with the sever i t y  o f  
diabetes mel l i tus ,  espec ia l ly  in combination with poor 
cont ro l .  

694 
D I ~  IN MATERNAL AND N~ONATAL I~n3LIN-GLUCOSE AXIS 
IN ETI'~IZC GROUPS AT DIFFERENT RI, SKS OF TYPE 2 DIABETES 
D. Simmons. Academic Teaching Unit, Middlemore Hospital, 
Auckland, New Zealand 

Maori (M) and Pacific Islanders (PI) have 4 times more 
diabetes than Eurpeans (E). This study compared the 
glucose-insulin axis in non-diabetic expectant mothers and 
their neonates from these ethnic groups. Consecutive.~ 
had a 3 hour 100g glucose tolerance test (32 weeks 
gestation) and fasting venesection (36 weeks gestation) 
and neonates had umbilical cord samples and anthropometric 
measurements taken. Mothers with any medical condition, 
who smoked heavily or had a 'difficult' delivery were 
excluded from the study. 31E, 31M and 32PI completed the 
study. M were younger (23 v 27 years, p<0.01) and PI 
fatter (BMI(m~an• 25.2• 27.7• 
30.3• kg/m p<0.001). PI mothers had the highest 
1 hour glucose (6.8• 6.9• 7.5• ramol/l; p~0.05), 
insulin concentrations (median (interquartile range): 
19.5(13.0-22.5); 20.0(15.0-29.0); 25.5(18.0-37.5) mU/l, 
p<0.01) and insulin:c-peptide ratios (45.7(39.8-56.9), 
57.8(43.2-82.8), 67.5(48.9-101.5), p~0.01).Other measures 
were similar. Among neonates, birthweights (3.5-3.6kg), 
cord fructosamine (203-209 umol/l), cord insulin (12- 
14mU./l) and cord glucose (5.2-5.5 nmol/l)concentrations 
were similar. However, E had smaller triceps skin• 
(36• 42• 42• mm, p<0.05) and PI higher cord 
insulin:c-peptide ratio (41.9(35.1-56.3), 48.4 
(40.6-52.6), 56.4(45.8-65.0) p<0.05). These results 
suggest that insulin handling in PI neonates is 
abnormal at birth. Whether this is due to exposure to 
minor hyperglycaemia while in utero or a genetic 
predisposition is unclear. 
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Medical care of pregnant women in Bialystok. 
I. Kinalska, W. Zarzycki, B. Zarzycka, M. Kinalski~ J. To- 
polska, Department of Endocrinology and Obstetrics Medical 
School Bialystok, POLAND. 

To assess indices for diabetic control and pregnancy 
outcome all diabetic pregnancies from Jan'B6 ts March'92 
were reviewed. We treated i16 patients aged 29-7,5 : with 
IDDM, 5 with NIDDM and 34 gestaticnal diabetes. According 
to White classification the group consisted of i patient 
with A, 49 with B, 34 with G, 18 with C and 12 with O. 
All patients had participated in the educational progra- 
mme. Intensified care was begun in Bt5 weeks of pregnancy 
and 22 patients planning pregnancies intensified care was 
begun earlier. Patients were treated with intensive insu- 
lin therapy and continued selfmonitoring. Patients perfor- 
med 4 point home reflectometr profile aiming at pre and 
postprandial glycemia 90mg% and 140mg% respectively. The 
mean value of fructosamine significanty decreased during 
pregnancy. Algorithm of insulin therapy in all groups va- 
ried significantly during pregnancy. There were no s~on- 
tanious abortions. Mean gestation of delivery was 38= 1 
weeks. Ceasarean section rate was 60%Per• mortality 
decreased from 16% in 1986 to 2,87% in the following years. 
Congenital malformation rate was ~,7% in 1986 and 7,2% 

in 1991. Mean birth weight was 3526-788 g, 86~ ne~borns 
had 10 points on theAbgar scale. 
The majority of diabetics (82%) would accept the whole 
management programme again, and 96% could advise other 

pregnant diabetic women. 82% of patients are eontinueing 
intensive insulin therapy after delivery. 
The precision of care and current management stratigies 
for diabetic pregnancy were assessed by patients qu- 
estionnaires which were sent to lO0 patients, The re- 
sponse rate was 90 %. 
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COMPUTER ASSISTED ANALYSIS OF INSULIN REQUI- 
REMENT IN DIABETIC PREGNANCY. 
S.Kurzemann, P.Fasching, T.Maca, M.Rohae and W.Waldh/iusL 
Medical Dptmt. III, Division of Endocrinology & Metabolism, 
University of Vienna, Austria. 
Insulin requirement was monitored by computer assistance in 
pregnant type 1 diabetic patients (N = 40) employing functional 
insulin therapy, i.e. the basis-bolus principle with multiple insu- 
lin injections and blood glucose self control (N > 6/d). Thereby 
near normoglycemia was maintained throughout pregnancy as 
judged by HbAlc  < 6 %. Self-monitored BGwalues, daily car- 
bohydrate intake as well as daily insulin requirement were 
monitored. Constancy of daily insulin close at constant glycemia 
was seen throughout the first five months of pregnancy (1 st 
month: 40.7 _+ 13.6 U/d, 5 th month: 45.8 -+ 14.6 U/d. N.S.) 
increasing thereafter to 72 - 29.1 U/d (p < 0.01). Daily insulin 
need did not decline until 8 days before delivery (day -8:69 
33 U/d, day -3:56.8 +- 20.6 U/d). However, a subgroup of 8 
patients with suspected placental dysfnnction showed a 
"premature" linear decrease in daily insulin requirement from 
day -28 (80 +- 27 U/d) to day -3 (58.3 _+ 13.9 U/d; p < 0.01). 
Mean daily intake of carbohydrates (144 _+ 36 g) and mean daily 
blood glucose (101 + 22.8 mg/dl) did not change significantly 
during the last four weeks of pregnancy. Since a premature 
decrease in insulin need 4 weeks before delivery could indicate 
placental dysfunction with the danger of fetal asphyxia, compu- 
ter assisted ar.alysis of metabolic parameters seems to be a 
valuable tool in the management of pregnant type 1 diabetic 
women. 
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MICROALBUMINURIA IN TYPE 1 DIABETIC WOMEN BEFORE 
CONCEPTION, DURING THE COURSE OF PREGNANCY AND 
AFTER DELIVERY. 
R.M Botta, S.Cocila ,L. Traina,S. Coppola ,M.L. 
Bucalo, V. Russo,U. Piovana,A. Marco. Clinica 
Medica B-University of Palermo 

The aim of present study was to evaluate the 
influence of pregnancy on renal function in a 
group of type 1 diabetic women without vascular 
complications. Twenty-four type 1 
insulin-dependent diabetic (mean age 27.13+5.38 
years;duration of diabetes I0.36+7.93 
years)(DM1) and 7 normal women (30.33+4.33 
years)(NGT) were examined during pregnancy. 
Before conception, at 12th, 20%h and 34th week 
of gestation and 2 months after delivery, 
glycosilated haemoglobin levels (HbA1c), day and 
night urinary albumin excretion (RIA 
method)(dUAE and uUAE), and creatinina clearance 
(CrCl) was determined. The CrCl is increased 
respect to pre-pregnancy values from 12th week 
until 34th week and decreased 2 months after 
delivery in both groups. The dUAE and nUAEa is 
higher at pre-pregnancy control and at 12th week 
and 2 months after delivery respect to 20th and 
34th weeks in DMI group and there is no 
difference between the two groups examined. 
Glycosilated haemoglobin is higher at 
pre-pregnancy control and 12th week and 2 months 
after delivery in DMI group (p<0.05,36th vs 
2mpp). In conclusion, the pregnancy does not 
determine a worsening of microalbuminuria in 
diabetic pregnant women, if the glycaemic 
control is optimized. Before conception and 
after delivery, when the glycaemic control is 
not optimized, microalbuminuria > 20 mcg/min may 
appear. 
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HDTABOLIC AND CLINICAL CORRELATIONS WITH CORD- 
BLOOD C PEPTIDE IN TERH AND PRETERH NEWBORN IN- 
FANTS OF DIABETIC HOTHERS. 
A.Napoli, M.Cilli, A.Haldonato, E.Sciullo, S. 
Grasso and *A.Pachi and F.Fallucca. Diabetes 
Unit, Clin.Hed.2, and *Obst. Clin.4, Policlinico 
Umberto I, 00161-Roma, Italy. 

We have previously reported higher cord-blood C 

peptide levels (CPR) associated ~ith higher fe- 

tal morbidity in IDHs. In this study we inves- 

tigated CPR and glucagon (IRG) plasma levels in 

a large population of preterm and term infants 

of diabetic (IDMs) and non-diabetic (C) preg- 

nant women to see their correlations with fetal 

morbidity. CPR values (pmol/l) and CPR/IRG mo- 

lar ratios in 57 term IDHs vs 72 C were respec- 

tively 329• vs 233-+17 and 7.7• vs 3.7-+1; 
CPR values and CPR/IRG molar ratios in 71 pre- 
term IDMs vs 77 C were respectively 616• vs 

260-+100 and 22.2• vs 3.7-+1.0. The differ- 

ences were statistically significant at all 

times. Among IDHs, the CPR values were higher 

ii] 34/36-week titan in s~/3~-week ~em~tule [n-  
rants: 868+135 vs 523-+76. Preterm IDHs showed a 

higher prevalence of foetal morbidity and, 
among them, higher CPR values {>616 vs <616) 

were associated with higher prevalence of hypo- 

calcaemia ( 36% vs 8.9% ) , hypoglycemia ( 56% vs 

29%) and RDS (40% vs 9%). Ordering all CPR val- 

ues of IDHs in three groups: <233 (mean of con- 
trols) , 233-932 and >932 (mean +2SD ) , }{e found 

a progressive and significant increase of Jaun- 

dice, hypocalcaemia, hypoglycemia, RDS, mal- 

formations. This increase was significantly 
higher in preterm vs term IDMs. 
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PANCREATIC ISLET FUNCTION IN INFANTS OF DIA- 

BETIC HOTHERS AND INFANTS WITH RHESUS HEHOLYTIC 
DISEASE. 

G.Cardellini, A.Napoli, N.Di Blase, A.Haldonato 

E.Sciullo and F.Fallucca. Diabetes Unit, Clin. 

Hed. 2~ Policlinico Umberto I, 0016!-Roma, 
Italy. 

The feature of neonatal hypoglycemia assimi- 

lates the infants of diabetic mothers (IDMs) 

and those ~Jith Rhesus Hemolytic Disease of the 

he,Thorn (HDN}. To investigate the A- and D-cell 

functions of these infants during foetal life, 

we collected the amniotic fluid (AF) from 92 

diabetic (34-36 uk), 73 Rh (25-39 ~k) and 48 

control (C) pregnant women in basal conditions 

(AF-BAS) and two hours after an intravenous 

arginine test (AE-ATT). We assumed that AF in- 
sulin (IRI) and glueagon (IRG) were of foetal 

origin and that the ATT could influence them. 

In AF-DAS, IRI (uU/ml), IRG (pg/ml) and their 
molar ratios (I/G) were respectively: 6.2• 
66i9.6, 4.8• (C); 11• 24• 21• {IDMs); 
7.7• 66• 3.4• (HDN). In AF-ATT, IRI, 

IRG and I/G ~:ere: 7• 66• 3.4• (C); 28• 

30• 68• (IDMs); 18• 19• 30• (HDN). In 
AE-BAS, the differences between ID~s and the 

other t~;o groups ~/ere statistically signifi- 

cant. In AF-ATT the IRI, IRG and I/G values 

were unchanged in C, whereas in both IDMs and 
HDN they were significantly changed. These re- 
sults indicate that a derangement of A- and B- 

cell function is demonstrable already during 

foetal life in both IDMs (more evidently) and 

HDN (after ATT amplification) in whom B-cell 
hypertrophy is present despite the absence of 
hyperglycemia. 
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LOW SERUM GLUCOSE CONCENTRATIONS INDUCES 
GLUCAGON COUNTERREGULATION IN HEALTHY NEWBORNS. 
Ingemar Swenne, Uwe Ewald, Jan Gustafsson and Claes-G6ran 
Ostensson*. Depts of Paediatrics, Uppsala University, Uppsala and 
Endocrinology*, Karolinska Hospital, Stockholm, Sweden. 

Before feeding regulatory mechanisms maintain blood glucose 
concentrations of the newborn to meet the demands of the central 
nervous system. The role of glucagon in this process has been 
investigated. Healthy, term babies without clinical signs of 
hypoglycemia were studied. A capillary blood sample was obtained at 
3-15 hours (median 6 hours) of age, a second sample 24 hours later and 
serum concentrations of glucose, insulin and glucagon were measured. 
Glucose concentrations at the first sampling averaged 2.1 + 0.5 mM 
(mean _+ SD; n=51) and were positively correlated with postnatal age. 
At the second sampling glucose concentrations had increased to 3.0 + 
0.5 raM. Glucagon concentrations were 541 + 219 pg/ml at the first 
sampling and inversely correlated with glucose concentrations. At the 
second sampling glucagon concentrations had decreased to 406 + 163 
pg/ml. Insulin concentrations were 12.1 + 2.4 and 10.6 + 2.1 pU/ml, 
respectively, and did not correlate with glucose concentrations. In a 
multiple regression analysis glucose concentrations were inversely 
correlated with glucagon concentrations and positively correlated with 
birth weights but not correlated with insulin concentrations or other 
neonatal and maternal characteristics. The results suggest that glucagon 
is part of normal counterregulation against hypoglycemia and that 
neonatal energy stores, as indicated by birth weight, influence the ability 
to maintain normoglycemia. 
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CHANGES IN INSULIN-LIKE GROWTH FACTOR BINDING 
PROTEINS IN DIABETIC PREGNANCY. 

SVM Hordern, CR Thomas and KD Hopkins. Department of 
Endocrinology and Chemical Pathology, UMDS, St. Thomas' 
Campus, London SE1 7EH, U.K. 

Intrauterine growth retardation has been related to changes in 
circulating insulin-like growth factor binding proteins (IGFBP's). 
To investigate whether the changes in fetal development found in 
diabetes could be related to IGFBP's we have examined the 
plasma profiles of IGFBP-1 and 3 in rats. Normal (N) (blood 
glucose 6.3 retool/l) and streptozotocin diabetic (D) (blood glucose 
18.7 mmol/1) rats and their fetuses were bled on day 19 of 
gestation. Samples were incubated with lzsI-IGF-I and subjected 
to high performance size-exclusion chromatography. The profiles 
obtained were related to molecular weight standards and expressed 
as % total label applied. Diabetes resulted in a significant decrease 
in IGFBP-3 peak (N = 13.3 _+ 2.2 (SD)%, D = 8.2 -+ 1.9%, p < 0.03) 
in the mothers. In the fetuses IGFBP-3 accounted for 
approximately i% and was not different between D and N, but 
was significantly different from the mother in both groups (N 
p<0.02, D p<0.01). Diabetes significantly increased the IGFBP-1 
peak in the mother (N=48.5 -+ 7.7%, D=63.1 • 4.4%, p<0.05). 
This peak accounted for 44.6 +_ 10.5% in N and 57.2 • 4.2% in D 
(p=NS) in the fetuses and were not different from maternal 
values. These changes in the profiles of IGFBP's could reflect 
alterations in the bioavailability of IGF's in diabetic pregnancy. 
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Muscle insulin sensitivity is drastically 
impaired during insulin-induced hypoglycemia 
Capaldo B, Napoli R, Albano G, Di Bonito P, 
Guida R and SaccA L 
Internal Medicine, Naples, Italy 
The metabolic events occurring in skeletal 
muscle during insulin-induced hypoglycemia 
have not been directly explored. In the 
present study, the metabolic response of 
muscle tissue to mild hypoglycemia has been 
examined in ii normal subjects by using the 
forearm perfusion technique. Insulin was 
infused i.v. at a rate of 0.5 mU/Kg/min for 4 
hours. In 5 subjects blood glucose was 
maintained constant at its basal level (E) 
while in 6 subjects it was clamped at 50 mg/dl 
(H). Forearm glucose uptake (FGU) increased 8- 
9 fold from baseline (0.75• mg/I/min) 
during euglycemia, whereas it remained very 
clnse to the basal value (0.92• mg/l/min) 
throughout the hypoglycemic study. The 
difference in FGU between E and H was 
statistically significant at all time points 
(p<0.05-0.001) and remained significant even 
when normalized by the glucose concentration 
(clearence) (p<0.05-0.001). Arterial lactate 
concentrations remained substantially 
unchanged in both studies. Forearm lactate 
balance was similar in the basal state in E 
and H and increased during insulin infusion in 
both groups. However, by the 3rd hour of the 
study, the release of lactate in H was 
significantly h~gher as compared with E 
(9.0• and 3.6_1.1 gmol/I/min, p<0.05). The 
ratio of lactate release to glucose uptake 
was 7• in E and 64• in H (p<0.02). 
Forearm blood flow remained unchanged during 
E whereas it increased by 40 % durin9 H. These 
results indicate that during insulln-induced 
hypoglycemia a state of insulin resistance 
develops in muscle tissue and that the intra- 
cellular glucose metabolism is directed 
preferentially towards non-oxidative pathway 
with increased lactate formation. 
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EFFECTS OF EXPOSURE TO MATERNAL TYPE I DIABETES IN UTERO 
ON GLUCOSE DISPOSAL AND INSULIN SECRETION IN THE CHILDREN. 
B.C. Martin, J.H. Warram, R.N. Bergman, J.S. Soeldner and A.S. 
Krolewsld. Institut for Social and Preventive Medicine, Medical 
School, University of Zuerich, Switzerland; Research division, Joslin 
Diabetes Center and Department of Medicine, Harvard Medical 
School, Boston, U.S.A. 
Exposure to maternal hyperglycemia during fetal development has 
been reported to impair insulin secretion and glucose disposal in the 
offspring and may predispose them to NIDDM. To investigate this 
hypothesis, l l normoglycemic children of IDDM mothers were 
compared with 25 normoglycemic children of IDDM fathers. While 
both have an IDDM parent, only offspring of IDDM mothers have 
been exposed to hyperglycemia in utero. The groups were equal with 
regard to age (mean 23 years, range: 12-39), percent ideal body weight 
(110%), fasting glucose (4.2 raM) and glucose disposal rate (Kg -2.1). 
Fasting insulin was slightly lower in the offspring of IDDM mothers 
(76 as compared to 95 pM, p--0.20), but insulin response to glucose 
were similar. 
Bergman's minimal model of glucose disposal and insulin secretion 
was fitted to glucose and insulin values from a 3-hour intravenous 
glucose tolerance test clone in each individuals. Means for indices of 
insulin sensitivity (SI), insulin independent glucose disposal (SG) and 

first and second phase insulin secretion were: 

Parent with IDDM S I S G Phi I Phi 2 

Mother 8.0 2.1 0.3 2.5 
Father 7.4 2.6 0.5 2.6 
t-tests, p value: 0.71 0.23 0.25 0.52 

Conclusion: Exposure during gestation to the maternal hyperglycemia 
of type [ diabetic mothers does not appear to have a lasting effect on 
the ability of the exposed offspring to dispose of intravenous glucose 
or on its beta cell secretion capacity (Phi2). 
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DECREASE IN REGIONAL CEREBRAL BLOOD FLOW 
IN TYPE 1 ( INSUL IN -DEPENDENT)  DIABETES:  
RELATION TO HYPOGLYCEMIC EVENTS ? 
B. Keymeulen, *A. Jacobs, *A. Bossuyt and G. Somers. Depts. 
of Internal Medicine and *Nuclear Medicine, Academic 
Hospital, Vrije Universiteit Brussel, Belgium. 

Regional cerebral blood flow (rCBF) was studied in Type 1 
( insul in-dependent) diabet ic patients and related to 
prevalence and severity of their former hypoglycemic 
episodes; rCBF was determined semiquantitat ively by 
brain-SPECT after IV-injection of 99mTc-hexamethyl-  
propyleneamine-oxime (HMPAO). Diabetic patients on 
intensified insulin treatment were subdivided in three groups 
(A,B,C). Group A comprised patients (age 34+_10yrs; HbA1c 
7.8+1.1% - N 4.0-7.5% - mean_+SD; n=6) with diabetes 
duration of <2yrs and without history of hypcglycemic coma 
but with impending hypoglycemia (_> 2/week to daily). B 
differed from A by duration of disease (17+10yrs; age 39+9yrs; 
HbAlc 8.7+1.3%; n=12). C-patients had experienced at least 
one hypoglycemic coma within the last five years (diabetes 
duration 24+7yrs; age 43+10yrs; HbAlc 8.1+1.5%; n=10). 
rCBF of normal volunteers (age 31_+5yrs; n=12) provided 
reference. All patients in C showed a significant decrease in 
rCBF, defined as count values lower than mean+2SD in 
controls, in at least one cerebral zone. In A no abnormalities 
were encountered. In B regional hypoperfusion was 
demonstrated in 9/12 patients; particularly among these 9, 4 
patients had rather short duration of disease (i.e. 3-8yrs). 
Conclusion: decreased rCBF can be evidenced by HMPAO- 
SPECT in Type 1 (insulin-dependent) diabetes even early in 
its course. Its prevalence in patients on intensified insulin 
treatment with impending hypoglycemia urges further 
evaluation. 
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ACUTE COMPLICATIONS IN INSULIN DEPENDENT (TYPE 
1) DIABETES: THE EURODIAB COMPLICATIONS STUDY. 
Zs. Kerenyi, J.Nunes-Correa, F.Santeusanio and the EURODIAB 
Complications Study Group. University College London and 31 
Centres in Europe. 

The frequency of keto-acidosis and severe hypoglycaemia has been 
assessed in 3296 insulin-dependent (Type 1) diabetic patients 
attending 31 diabetes centres in 16 European countries. Patients 
were in the age range 15-59 years (mean ___ sd; 32.3 ___ 10.2) and 
had an average duration of diabetes of  14.2 __+ 9.5 years. At least 
one episode of keto-acidosis requiring hospital admission in the 
previous year had occurred in 8.5 % of subjects. The between-centre 
frequency of keto-acidosis varied considerably from 0% to 50%. 
One or more episodes in the previous year of severe 
hypoglycaemia, requiring the assistance of another person, were 
reported by 32% of patients, with a between-centre variation of 
12% to 50%. Risk of severe hypoglyeaemia was higher in patients 
with good control; adjusted odds ratio 2.1 (95% CI 1.5-3.0) for 
patients with mean HbA1 (Ale) < 8% (6%), compared to patients 
with HbAlc (Ale) > 12% (9%). Compared to patients with normal 
autonomic function tests (lying-to-standing heart rate and systolic 
blood pressure changes), patients in whom both tests were abnormal 
had a higher risk of severe hypoglycaemia (adjusted odds ratio 1.7, 
1.2-2.4). These potentially avoidable acute complications of Type 
1 diabetes remain a serious problem in some parts of Europe and 
efforts should be directed towards their prevention. 
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SEVERE HYPOGLYCAEMIA IN TYPE-1 DIABETES IS RELATED TO 
HbA1C , DIABETES DURATION AND INSULIN THERAPY STRATEGY 
I.Bauer, A.D'Assie, P.Donath, S.Bruck and G.Schernthaner 
Vienna, Austria 

In the Dccr  feasibility study (Diabetes Care 10:1,1987) the 
occurenee of severe hypoglyeaemia (SHG) was 3 times higher in 
the  experimental group than in the  standard group suggesting 
tha t  improvement of diabetes control increases the risk for SHG 
Thus, it  was of interest  to reanalyze, whether the degree of 
diabetes control (HbAle), strategy, of insulin t reatment ,  and 
duration of diabetes influence the  risk for development of SHG. 
In total  178 type-1 diabetic patients (mean age: 34+13 yrs; 
mean HbAlc: 8.0%+1.8; mean duration of diabetes: 1~+12 yrs) 
were evaluated c6-neerning the oocurence of SHG durTng an 
observation period of 18 months. We compared 159 pat ients-  
years under basal-bolus-insul in-treatment  (BBIT) with 170 
pat ients-years  under conventional-insulin-treatment (CIT). 
In the total group frequency of SHG (per patient-year),  was 
significantly (p<O,05) related to ..the degree of diabetes' control 
(HbAlc <6.5%: 0.44; HbAlc 6.5-8%: 0.32; HbAle 8-10%:' 0.24; 
HbAlc>10%:0.17. In the higher HbAle-range (6.5-1'0%) frequency 
of SHG was significantly lower in the  BBIT group than in 
patients  with CIT (p<0.05), whereas a t  low HbA]c values(<6.5%) 
frequency of SHG (per pat ient-year)  was very similar (p:NS) in 
the  BBIT-(0.46) and in the  CIT-group (0.42). The frequency of 
patients presenting with SHG was significantly higher in 
patients with longlasting diabetes (>10 yrs: mean duration of 
diabetes: 22.3+9.7 yrs; n=90) than in patients  with short 
duration (<10-.Vrs: mean duration: 3.7+2.7 yrs;  n=88). During 
the  obser:ca~ion period 25 out  of 90 ~27.7%) patients  in the 
former group, but 'only 9 Out of 88 (10.2%) 'in the  lat ter  group 
experienced a SHG (p<0.O003). Our data indicate tha t  (1) the 
frequency of severe hypoglycaemia in type-1 diabetic patients 
is rather high despite the  use of intensified education 
programs. (2) Patients with low HbAle values and longlasting 
diabetes have  the highest risk. (3) Basis-bolus-insulin 
therapy strategy~can lower the SHG risk in patients  with 
HhAle values, ab6ve 6.5%, .whereas (4) in patients  wi th  near-  
normoglycaemia the SHG=risk i~ not different  from patients  
with conventional insulin treatment.  
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EXERCISE AND ALCOHOL - INDUCING NOCTURNAL HYPOGLY- 
CEMIA ? 
G.Schnauder, M.Pfohl, P.Laukenmann, C.H~bener, C.- 
Hepp, M. Eggstein and R.M.Schm~lling. Medizinische 
Klinik, Abteilung IV, Eberhard-Karls-Universit&t 
T~bingen, Germany 

Exercise of long duration may be expected to in- 
duce hypoglycemia, but possibly post-exercise 
consumption of alcohol contributes to hypoglycemic 
episodes by inhibition of hepatic gluconeogenesis. 
Therefore we monitored blood glucose levels of 
eight Type 1 diabetic patients during a night at 
resZ and a night after 3 hours bicycle ergometry 
(19.00 - 22.00 hours) at a work load of 30% maxi- 
mum. Fluid and carbohydrate intake were standard- 
ized, regular insulin was reduced according to 
exercise, whereas basal NPH insulin and the usual 
evening snack remained unaltered. For comparision 
the same measurements were performed on the same 
individuals under equal conditions with the addi- 
tional ingestion of alcohol (0,Tg/kg body weight, 
22.00 - 23.30 hours). Blood glucose results are 
presented as means • SEM [mmol/l], statistics by 
multiple analysis of variance MANOVA. During the 
exercise nights (with/without alcohol) glucose 
levels declined from 9,2•177 at 19.00 
hours to 4,7•177 at 22.00 hours. Later on 
they increased to 8,0•177 at 2.00 hours 
and 9,3•177 in the following morning. 
During the nights at rest blood glucose levels 
were 9,9• (19.00 hours), 8,7• 
• (22.00 hours), 5,8•177 (2.00 hours) 
and 8,3• 8,4• (6.00 hours). Blood glucose 
levels remained higher after exercise compared to 
the resting nights (p<0,05). Alcohol up to 0,Tg/kg 
body weight does not affect the blood glucose 
levels. 
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COGNITIVE FUNCTION IN TYPE 1 DIABETIC PATIENTS IS 

U N C H A N G E D  AFTER N O C T U R N A L  HYPOGLYCAEMIA 

I. Bendtson, J. Gade 1, A. Theilgaard 2 and C. Binder. Steno 

Diabetes Center, Gentofte, 1Aalborg University Center, 2Copen- 

hagen State University Hospital, Denmark. 

Eight Type 1 (insulin-dependent) diabetic patients without any 

diabetic complications were studied thrice. The aim was to evaluate 

the influence of nocturnal hypoglycaemia on neuropsychological and 

reaction time tests the following morning. Hypoglycaemia was 

induced by iv-insulin infusion, blood glucose nadir was 1.5 (1.1-2.5) 

retool/1. Duration of hypoglycaemia (blood glucose < 3 retool/l) 

was 101 (45-180) rain. Whole night sleep statistics for all patients 

showed no statistical differences between normoglycaemic and 

hypoglycaemic nights. Each patient was then used as his own control 

and periods with blood glucose concentration < 3 retool/1 were 

compared to exactly the same periods from nights where the blood 

glucose level was > 5 retool/1. The amount  of deep sleep was 

reduced and replaced by superficial sleep and arousals of short 

duration during hypoglycaemia. Further, the reduction in deep sleep 

was replaced later at night. Neuropsychological test scores and 

visual reaction time measurements  in the morning showed no 

differences between the normoglycaemic and hypoglycaemie nights. 

In conclusion: Nocturnal hypoglycaemia led to sleep disturbances 

but did not have measurable impact on cognitive function the 

following morning in Type 1 (insulin-dependent) diabetic patients. 
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INTRANASAL GLUCAGON TREATMENT OF HYPOGLYCAEHIA IN 
INSULIN-DEPENDENT DIABETIC CHILDREN 
Stenninger E and Aman J. Dept of Pediatrics, Orebro 
Medical Center Hospital, Sweden 

The aim of the study was to compare the hyperglycaemic 
effect of intranaaal-administered glucagon with subcu- 
taneously-injected glucagon in Type I (insulin-depen- 
dent) diabetic children with insulin-induced hypoglyc- 
aemia. In eleven children, aged 7-12 years, hypoglye- 
aemia (blood glucose concentration 2 mmol/l), was in- 
duced twice with an interval of one week. An insulin 
clamp was used and bhe children were randomized to be 
given either I mg of intranasal (i.n.) or 0.5 mg of sub- 
cutaneous (s.c.) glueagon on the first occasion. The in- 
duction of hypoglycaemia was almost identical on bhe bwo 
occasions. Equal blood glueose and plasma insulin con- 
centrations were achieved before the glucagon breatment 
was given. A significant rise of the blood glucose con- 
centration was obtained in both groups 15 min after 
glucagon was given, 1.3 • 0.3 mmol/l (i.n.) v.s. 1.4 • 
+ 0.3 mmol/1 (s.c.). There was no significant difference 
between the rise of blood glucose concentrabion in the 
two groups unbil 45 min after glucagon treabment. Nausea 
was observed in 10/11 children given s.c. glucagon com- 
pared to 1/11 given i.n. glucagon. Minor nasal irriLa- 
Lion was observed after i.n. glucagon treatment. 
It is concluded thab intranasal glueagon is an efficient 
treabmen[ of insulin-induced hypoglycaemia in diabetic 
children. 
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SUSTAINED EFFECT OF INTRANASAL GLUCAGON ON 
GLUCOSE RECOVERY AFTER HYPOGLYCAEMIA. 
J. Hilsted, A. I-Ividberg and R. Djurup. Dept. of Endocrinology, 
Hvidovre University Hospital and Novo-Nordisk, Copenhagen, 
Denmark. 
To investigate the effect of intranasal glucagon on glucose recovery 
after insulin induced hypoglycaemia twelve healthy subjects were 

studied. The subjects received apart from an insulin bolus: 
Somatostatin and propranolol to eliminate counterregulation and 

3-3H-glucose to estimate glucose turnover. When hypoglycaemic 

the subjects received either A: Intramuscular glucagon from 
pancreatic extraction, I m g  or B: Intranasal genetically engineered 
glucagon, 2 rag. 
Five min after treatment, A showed a 0.3 mmol/1 increase in 
p-glucose, whereas p-glucose decreased 0.1 mmol/1 after B, 
p=0.001. P-glucagon and glucose appearance rate (Ra) measured 

at the same time were lower after B than after A, p=0.04 and 

p=0.003. Incremental AUC for p-glucose and Ra for the whole 

study period after treatment (90 rain) did not differ for the 

preparations. AUC for p-glucagon was significantly larger after B 
than after A, p=0.009. Both preparations had a sustained effect on 
p-glucose with end values of p-glucose of 7.7 retool/1 for B and 9.7 

mmol/1 for A, (ns). 
In conclusion: (1) Glucose recovery started within 5 rain after A 
and within 10 rain after B. (2) Apart from the slightly later start of 

glucose recovery after B, the preparations were equally potent in 
augmenting p-glucose as well as Ra (3) Both preparations proved a 

sustained effect on p-glucose. 
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THEOPHYLLINE ENHANCES GLUCOSE RECOVERY 
AFTER HYPOGLYCAEMIA. 
A. Hvidberg, M.H. Rasmussen and J. Hilsted. Dept. of 
Endocrinology, Hvidovre University Hospital, Copenhagen, 
Denmark. 
The principal mediators of glucose counterregulation (glucagon and 
adrenaline) utilize intracellular cyclic AMP to mediate glucose 
release. Since theophytline increases cyclic AMP (by inhibiting its 
decomposition) we investigated the effect of theophylline on 

glucose recovery after hypoglycaemia. 11 healthy subjects (A) and 
8 type 1 insulin-dependent patients (B) participated in two blinded 
experiments in randomized order receiving on both days an insulin 

bolus of 0.15 IU Actrapid Human and 3-3H-glucose to estimate 

glucose turnover. One day theophylline (i.v. bolus 220 mg 
followed by i.v. infusion 1 mg/kg/h) was administered from 1 h 
before induction of hypoglycaemia till the end of the study period, 
on the other day NaC1. 
P-glucose before hypoglycaemia was equal on the two study days. 
P-glucose area under the curve (AUC) was larger with theophylline 
than with NaC1, p=0.04 (B), p=0.003 (A). Glucose appearance 
rate was greater 15-60 min after insulin with theophylline for B, 
p=0.02. AUC for cyclic AMP was larger with theophylline for B, 

p=0.01. For A cyclic AMP was augmented with theophylline 30 
rain after insulin, p=0.04. 
In conclusion: Glucose recovery after hypoglycaemia is 
significantly increased when theophylline is administered in asthma 
dosage before hypoglycaemia is induced. This may be due to a 
significant enhancement of cyclic AMP response. 
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SYMPTOMATIC AUTONOMIC RESPONSES TO ACUTE 
HYPOGLYCAEMIA ARE P R E S E R V E D  IN DIAB ETIC  
PATIENTS WITH AUTONOMIC NEUROPATHY 

DA Hepburn, KM MacLeod and BM Frier. Department of Diabetes, 
Royal Infirmary, 1 Lauriston Place, Edinburgh, Scotland. 

Hypoglycaemia unawareness has often been attributed to autonomic 
neuropathy in diabetic patients. To determine whether autonomic 
neuropathy modifies the symptomatic response to hypoglycaemia, an 

1 [ infusion of soluble insulin (2.5 mUkg- min- ) was used to induce 
hypoglycaemia in two age and sex-matched groups each of 8 insulin- 
dependent diabetic patients : Group A had symptomatic autonomic 
neuropathy while Group B had normal cardiovascular autonomic 
function. Co-incidental increments in sweating and heart rate were 
used to identify the onset of the autonomic reaction (R). Serial 
measurements of plasma glucose and counterregulatory hormones 
were made and questionnaires administered to characterise the 
symptomatic response. Mean plasma glucose was similar at R in 
both groups (Group A: 1.7 _+ 0.2 v Group B: 1.6 +_ 2 mmol/I, 
p=ns). The mean intensity of autonomic symptoms (Group A: 12_+ 1 
v Group B: 16.2_2, p=ns) and neuroglycopenic symptoms (Group 
A: 11.7_+2.2 v Group B: 12.0_+1.6, p=ns)  was also similar at R. 
Haemodynamic and sweating responses did not differ. The magnitude 
of the adrenaline response was significantly lower in the neuropathic 
patients (Group A) from R to R+60 minutes (MANOVA F=  19.4, 
p < 0.001). Despite subnormal secretion of adrenaline secretion 
patients with diabetic autonomic neuropathy had preservation of the 
symptomatic and physiological responses to hypoglycaemia, 
suggest ing that hypoglycaemia  unawareness  and autonomic 
neuropathy are not causally related. 
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HYPOGLYCEMIA REDUCES LIVER INSULIN SENSITIVITY. 
A. Giaccari, L. Morviducci, w Zorretta, w Buongiorno, :I:L. 
Rossetti and G. Tamburrano. Div. of Endocrinology 1, Univ. "La 
Sapienza", Rome, Italy; w of tmmunometrics, Istituto 
Superiore di Sanit&, Rome, Italy; :l:Div. of Endocrinology, A. 
Einstein College of Medicine, Bronx NY, U.S.A. 
The effect of insulin concentration on whole body glucose 
uptake (GU), glycolysis, overall hepatic glucose production 
(HGP) hepatic glycogenolysis and gluconeogenesis was 
examined, under identical conditions of hypoglycemia, in three 
groups of rats. 6h fasted conscious rats were infused with 
Phloridzin (PHLOR: 3.0 mg/kg.min), or low insulin (LOW: 4.0 
mU/kg.min) or high insulin (HIGH: 20 mU/kg.min) + octreotide 
(100 ng/kg.min), [3-Sill-glucose and [U-~4C]-Iactate. Hypo- 
glycemia (3.3 mmol/L) was reached in 20 min and clamped for 
40 min with variable glucose infusion. The ratio between I"C- 
UDPG (reflecting 14C-G6P) and 2x~4C-PEP (both purified by 
HPLC from liver samples) measured the contribution of 
gluconeogenesis. Both GU and glycolysis signif icantly 
increased with the augmenting insulin dose (GU PHLOR: 
34.6_+3.0 ~mol/kg.min; LOW: 58.2_+3.7 ~mol/kg.min, p<0.01; 
HIGH: 116.1_+8.8 ~mol/kg'min, p<0.01). HGP was unaffected by 
low insulin (PHLOR: 58.7_+1.3 ~mol/kg.min; LOW: 56.3+3.7 
~mol/kg.min) but was markedly reduced by high insulin (HIGH: 
28.9_+5.4 ~mol/kg.min, p<0.01). Liver glycogenolysis was 
gradually but significantly reduced by insulin (PHLOR: 46.7+1.4 
~mol/kg-min; LOW: 36.2+3.1 l imol/kg'min, p<0.01; HIGH: 
14.3_+4.8 Mmol/kg.min, p<0.01). On the contrary, gluconeo- 
genesis significantly increased with low insulin (PHLOR: 
10.8_+2.2 p.mol/kg.min; LOW: 26.8+4.5 ~mol/kg.min, p<0.01) but 
was suppressed again by high insulin (HIGH: 16.3-+2.0 
limol/kg.min). These data indicate that, in presence of identical 
hypoglycemia: 1) insulin concentration has a major effect on 
relative gluconeogenesis and glycogenolysis; however 2) the 
sensitivity of overall HGP to insulin is reduced. 
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G ~ o n m ~ s  ~s t ~  Ma~n ~ of HepaUc ~ w : o s e  
P m d u c U o n  dur ing  the  ~ R e s p o n s e  t o  H y p o s l y c e m i a  in 

L. ROSSETTI*, A. Einstein College of Medicine, Bronx, NY. 
The t i m e - c o u r s e  of g l u c o n e o g e n e s i s  (GNG) and  
g lycogenolys is  (GLG) was  examined  during insulin (8 

mU/kg .min) - induced  hypoglycemia (HYPO) in control (C) 
and diabetic rats (D). Two groups of conscious 6 h fasted rats  
w e r e  s tudied:  1) C (PG=7.2+0.1 mM); 2) D (90% 
pancreatectomy;PG=15.6_+l.1 raM). All rats received a n  
infusion of [3-3H] - or [2-3H]-glucose and [U-14C]-lactate;  

hepat ic  glycogen concentration, 14C-PEP and 1 4 C - U D P G  
specific activities (SA) were measbred at baseline and at 40, 60 
and 90 minutes of HYPO. The ratio between 14C-UDPG SA 

and 2x14C-PEP SA (the former reflecting G6P SA) measured  
the per  cent of glucose output derived from PEP-GNG. Basal 
hepat ic  glucose produc t ion  (HGP) was  62% higher in D 

compared to C (107.8_+7.4 vs 67.2+2.9 ].tmol/kg.min; p<0.01). 
In response to HYPO, HGP in C was significantly increased at 

40 (79.7_+4.2 limol/kg.min) and 60 rain (80.7_+5.4 

limol/kg.min). In D, HGP decreased at 40 (63.4+8.3 

l.tmol/kg.min) and 60 min (68.7+8.4 ~mol/kg.min) and 

returned to basal by 90 rain (99.7_+7.1~mol/kg.min). In C GLG 
was dramatically enhanced at 40 and 60 rain and represented 
100% and 68%, respectively, of HGP. In D, GLG failed to 
increase at 40 rain and GNG represented 84% and 65% of 
HGP at 40 and 60 rain. Glucose cycling was 2-3 fold increased 
in D compared to C at all time points. 

These data indicate that the glycogenolytic response to 
HYPO is severely blunted and delayed in this diabetic model 
and gluconeogenesis represents the only early response to 
severe hypoglycemia. 
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AUTONOMIC MEDIATION OF PANCREATIC POLYPEPTIDE AND 
GLUCAGON RESPONSES TO 2-DEOXY-D-GLUCOSE AND 
HYPOGLYCEMIA IN THE MOUSE. Peter J. Havel, Jones O. Akpan, 
Donald L. Curry, Ronald L. Gingerich, and Bo Ahren, School of 
Veterinary Medicine and Dept. of Nutrition, University of California, 
Davis, CA, Dept. of Pediatrics, Washington University School of 
Medicine, St. Louis, MO, USA, and Depts. of Pharmacology and 
Surgery, University of Lund, Sweden. 

Neural control of pancreatic polypeptide (PP) release has not been 
previously investigated in the mouse. PP was measured with a new 
radioimmunoassay which selectively detects PP in rodent plasma. In 
addition, it is not known if increased glucagon secretion during 
hypoglycemia in mice is neuraliy mediated or due to a direct effect of 
hypoglycemia on the islet. Neuroglucopenia induced by 2-deoxy-D- 
glucose (2-DG, 500 mg/kg) increased plasma PP in fasted mice to 44 -+ 
4 vs 25 • 2 pmol/L with saline (p<0.01). This increase was abolished 
by atropine or hexamethonium (both p<0.01). Similarly, the PP 
response to insulin-induced hypoglycemia (43 • 3 vs 22 • 1 pmol/L with 
saline, p<0.01) was abolished by atropine or hexamethonium (p<0.01). 
In addition, increased plasma glucagon levels during hypoglycemia (1750 
- 275 vs 507 • 48 ng/L with saline, p<0.01) were reduced by atropine 
(779 -+ 85 ng/L, p<0.01), or combined adrenergic blockade with 
phentolamine + propranolol (1274 -+ 112 ng/L, p<0.05), and nearly 
abolished by atropine + combined blockade (571 - 40 ng/L) or 
hexamethonium (both p<0.01). We conclude that in the mouse: 1) 
Plasma PP is increased by a cholinergic mechanism during 
neuroglucopenia produced by 2-DG or hypoglycemia 2) The glucagon 
response to hypoglycemia is partly mediated by muscarinic and partly by 
adrenergic mechanisms and is largely the result of autonomic activation 
rather than a direct effect of low glucose levels. 
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INSULIN ACTION AND COUNTERREGULATION TO 
HYPOGLYCAEMIA IN PATIENTS WITH CHRONIC ORGANIC 
HYPERINSULINAEMIA. EFFECT OF INSULINOMA REMOVAL. 

M. Dorella, S. Vigili de Kreutzenberg, A. Riccio, A. Avogaro, V. DaTos, 
A. Tiengo, and S. Del Prato. Cattedra di Malattie del Ricambio, 
University of Padova, Italy. 

Insulin sensitivity and counterregulation to hypoglyeaemia was 
evaluated in 6 insulinoma patients (INS: M/F=2/4; age=39-+8 yrs), 
before and after adenoma removal. Hypoglycaemia was allowed to 
occur after 100rain euglycaemic hyperinsulinaemic clamp 
(lmU/kg/min). Glucose recovery was examined over 60rain 
following interruption of insulin infusion. Adenoma removal induced 
body weight reduction (BM1=25.7_+1.9 vs 23.0_+1.6 kg/m2; 
p<0.05), normalization of basal plasma glucose (PG=2.9+_0.2 vs 
4.8_+0.1 retool/I) and insulin (162_+24 vs 48_+12 pmol/I) levels, 
and hepatic glucose production (HGP) (7.6_+0.8 vs 12.2_+1.1 
pmol/kg/min). During clamp, PG (4.7_+0.1 vs 4.9_+0.1 mmol/I) and 
insulin (534-+36 vs 540_+48 pmol/I) were comparable. Before 
removal, the insulin-mediated glucose disposal was lower (30.9_+3.2 
vs 48.3_+3.9 limol/kg/min; p<0.0t) than in a control group 
(M/F=3/4; age=38_+6 yrs). After removal, glucose disposal 
remained lower (30.4_+3.1 pmol/kg/min; p<0.01). HGP was 
suppressed in both occasions. PG decline and nadir (2.0_+0.1 vs 
2.2_+0.2 retool/I) were similar. Glucose recovery rate was markedly 
altered in the first study (0.7_+0.2 vs 2.5-+0.4 limol/min; p<0.01) 
with significantly lower final PG (2.4_+0.1 vs 4.0_+0.2 retool/I; 
p<0.001) and it was associated with lower HGP (3.3_+1.6 vs 
10.2_+2.7 timol/kg/min; p<0.05) and larger exogenous glucose 
infusion (11.8_+3.2 vs 3.8_+3.5 limol/kg/min; p<0.05). Insulin 
remained higher during first study (174-+24 vs 84_+24 pmol/I; 
p<0.05). Glucagon (+49_+15 vs +95+_27 pg/ml; p<0.05) and growth 
hormone (+16_+6 vs +30_+3 ng/ml; p<0.05) increment were 
reduced, suggesting a suppressive role of hyperinsulinaemia in both 
HGP and counterregulatory hormones. In conclusion, in INS, 
restoration of normal plasma insulin: 1) improves counterregulation 
to acute hypoglycemia, but 2) does not restore normal insulin- 
sensitivity. 
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REDUCED COUNTERREGULATORY RESPONSE OF 
GLUCAGON, ADRENALIN AND CORTISOL, BUT NOT 
GROWTH HORMONE, DURING HYPOGLYCAEMIA IN 
INSULINOMA PATIENTS 

F. Baum, M.A. Nauck,  M. Hiifner, P.D. Niedmann and W. 
Creutzfeldt, Department of Internal Medicine, University of 
G6ttingen, FRG. 

Disturbances of hypoglycaemia counterregulation have been 
described in Type 1-diabetic patients especially with near- 
normoglycaemic metabolic control. If adaptation to 
recurrent hypoglycaemic episodes is the cause, the same 
abnormalities could occur in insulinoma patients. Nine 
insulinoma patients (8 benign, 1 malignant) with fasting 
hypoglycaemia, 5 of these patients after successful surgical 
removal of the tumor, and 11 control subjects without fasting 
hypoglycaemia were compared. After a euglycaemic (4.4 to 
5.0 mmol/l) hyperinsulinaemic (80 mU/kg/h)  clamp 
experiment, plasma glucose was allowed to fall to 2.2-2.5 
mmol/1 within 30 min and was maintainted at this level for 
further 60 rain. Glucagon, cortisol, growth hormone (RIA) 
and catecholamines (HPLC, fluorescence detection) were 
measured. In control subjects, glucagon, adrenalin, cortisol 
and growth hormone increased significantly. This response 
was reduced in insulinoma patients (glucagon: by 89%, p = 
0.00i; adrenalin: by 76%, p = 0.0006; cortisol: by 69%, p = 
0.0003); but growth hormone: no significant difference). 
After surgery, counterregulatory hormone responses were at 
least partially normalized (all: p = 0.04). In conclusion, 
repeated exposure to hypoglycaemia leads to a reduction in 
counterregulatory hormone response at the adrenal and 
pancreatic level, whereas growth hormone secretion does 
not appear to be subject to this adaptation in insulinoma 
patients. Similar mechanisms may be operative in insulin- 
treated diabetic patients who experience recurrent 
hypoglycaemic episodes. 

7 1 8  

HYPOTHALAMIC ACTIVATION IS NOT DIFFERENT DURING 
HUMAN OR PORCINE INSULIN-INDUCED HYPOGLYCAEMIA 
Th. Lingenfelser, M. Pfohl, W. Renn, C. Collet, M. Eggstein and B. 
Jakober. Department of Medicine, University of Tnebingen, Germany. 
Although pituitary hormones play only a minor role in acute hormonal 
counterregulation during insulin-induced hypoglycaemia, their 
concomitant secretion with the profound sympatho-adrenal response 
provides an indicator of hypothalamic activation. The release of different 
amounts of beta-endorphin, a biological active peptide with a common 
precurser with ACTH, during human (HI) and porcine (PI) insulin- 
induced hypoglycarmia, would be a pointer towards a different insulin 
species effect on hypothalamic-pitnitary response. We performed a 
controlled, double-blind study with randomized application of either HI 
or PI to compare the insulin species effect on hypothalamic activation 
during developing and established hypoglycaemia. The glucose clamp 
technic was applied to stepwise lower the blood glucose concentration 
(3.3, 2.2, 1.7 mmol/l) in 10 IDDM patients in similar time intervalls. At 
each of the abovementioned plateaus, arterialized blood was drawn form 
a dorsal hand vein for hormone analysis. Beta-endorphin was 
determined by a N-terminal specific radioimmnnoassay (~I-beta- 
endorphin). A different action of HI or PI on glucase metabolism and 
sympatho-adrenal response could not be detected. Accordingly, we found 
a significant increase in beta-endorphin secretion during hypoglycaemia 
(at 3.3 mmol/l: 29.8 _+ 3.2 vs. 28.4 + 2.2, at 2.2 mmol/l: 30.3 + 3.2 vs. 
36.4 + 4.0, at 1.7 mmol/h 42.5 + 6.6 vs. 51.2 + 14.1, [pmol/l], 
ANOVA for hypoglycaemia effect: p<0.02), but without any effect of 
insulin species being used. Hypothalamic activation during insulin- 
induced hypoglycaemia, as assessed from the beta-endorphin response, 
is independent of the insulin species being used, which supports earlier 
observations of an identical sympatho-adrenal response during HI- and 
PI-induced hypoglyeaemia. 

7 1 9  

EFFECTS OF ACUTE INSULIN-INDUCED HYPOGLYCAEMIA 
ON CARDIAC FILLING AND DIASTOLIC FUNCTION IN 
NORMAL SUBJECTS. 
B.M, Fisher, A.A, Khokhar and I.N. Findlay. Diabetic Clinic, Royal 
Alexand~a Hospital, Paisley, Scotland. 
Acute hypog~ycaemia provokes an intense cardiovascular 
response, with increases in heart rate, pulse pressure and 
cardiac contractility. The effects of hypoglycaemia induced by 
intravenous insulin (0.15u/kg) on left venCicular diastolic function 
were examined in 6 normal males using pulsed Doppler 
echocerdiography. During hypoglycaemia the peak velocity of 
early filling (PVE) increased from 0.64*0.08 to 0.96*0.09 m/sec, 
and the peak velocity of A (PVA) also increased, so that the E~, 
ratio was unchanged. The extent of early filling (TVlE) increased 
from 0.06*0.005 to 0.12.,0.02 meters (p<.005), and the total time 
velodty integ'al (TTVl) which measures the total extent of filling 
per beat increased from 0.11.0.01 to 0.16.0.02 (p<.005). The 
e~y filling fraction (TVIE/TTVI) increased, while the atrial filling 
fraction decreased. These data demonstrate an increase in the 
rate and extent of relaxation of the left ventricle in response to 
hypog~ycaemia, the major part of which occurs in early diastole 
before contraction of the atrium occurs, end indicate an increase 
in ventricular compliance in normal subjects. In diabetic patients, 
many of whom have resting abnormalities of diastolic filling, a 
reduced ventricular compliance could impair the cardiovascular 
response to hypog~ycaemia. 

7 2 0  

PLASMINOGEN ACTIVATOR INHIBITOR-1 DURING 
INSULIN AND ORAL GLUCOSE TOLERANCE TESTS 
L McCormack, MH Stickland and Pj Grant. Academic 
Unit of Medicine, The General Infirmary, Leeds, LSI 
3EX 

In-vitro studies have shown that insulin increases PAI-1 
synthesis and secretion in cells of hepatic origin. 
However, in-vivo studies have failed to demonstrate an 
acute or chronic effect of insulin on PAI-1 
concentrations in man. To investigate the effects of 
exogenous insulin infusion compared to endogenous insulin 
secretion, eight obese subjects underwent an insulin 
tolerance test (ITT) and an oral glucose tolerance test 
(OGTT). During ITT, insulin levels rose from (median, 
range) 8 (5-18) pU/ml at time 0 to 139.5 (40-500) /iU/ml 
after 30 rain before falling to 7 (5-15) /zU/ml at 2h. 
Plasma glucose fell from 3.9 (3.1-4.7) mmol/l at time 0 
to 1.8 (I.I-2.6 mmol/l after 30 rain. During OGTT 
plasma insulin rose from 6.5 (5-26) ~U/ml at time 0 to 
102 (9-300) /zU/ml after 60 rain and 78 (34-179) /~U/ml 
after 90 rain. Plasma glucose was 4.2 (3.6-4.7) mmol/l 
at time 0 and 8.1 (2.0-I0.3) and 6.8 (3.2-9.2) mmol/l 
after 60 and 90 min respectively. During OGTT growth 
hormone levels were 1.8 mU/ml at time 0 and fell 
gradually to 0.8 mU/ml after 90 rain. During ITT 
growth hormone rose from 1.0 mU/ml at time 0 to 50.5 
mU/ml after 90 min. There were no changes in insulin- 
like growth factor-I in either group. PAI-I 
concentrations were 31.5 ng/ml at time 0 and showed a 
gradual fall to 22.3 and 18 ng/ml after 60 and 120 min 
of OGTT. During ITT PAI-I was 15.3 ng/ml at time 0 
and 14.8 and 18.4 ng/ml after 60 and 90 rain. The 
results confirm that exogenous insulin does not acutely 
regulate PAI-I concentrations. In addition, the high 
portal insulin concentrations seen daring OGTT in these 
patients do not seem to have measurable effects on 
hepatic PAI-I output. 
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INCREASED NON-OXIDATIVE GLUCOSE METABOLISM AND ENERGY EXPENDITURE It? 
]DIOPATIIIC REACTIVE HYPOGLYCEMIA 

M. Foniciello, F. Leonett i ,  A. Giaecari, P. Iozzo, L. 
Pas tore ,  *E. Merli, *O. Riggio,  *P. Giovannetti  and  G. 
Tamburrano  I Endocrinology Division, *I 
Gast roenterology Division, Univers i ty  "La Sapienza",  
Rome. 

Idiopa[hic react ive hypoglycemia (IRH) is character ized 
by  pIasma glucose levels less  than  2.5 mlVl associa ted 
with neuroglycopenic  symptoms,  3-5 hours  a f te r  a meal 
du r ing  e v e r y  day  Rfe. IRH pat ien ts  display normal 
plasma insul in  concent ra t ions  and  an increased  insu l in  
mediated glucose up take .  In order  to a s s e s s  the  
intrac~Alular pa thways  of glucose metabolism respons ib le  
for the  inc reased  insul in  sens i t iv i ty  in IRH pa t i en t s ,  
we performed indirect  calorimet~2z in 6 pa t ien ts  and  in 
6 normal subjec ts  (N) before  and du r i ng  the  euglyeemic 
hyper insul inemic  (1 .0mU/ kg -mi n )  clamp. We evaluated  
the  metabolized glucose ,  g lucose and lipid oxidation and  
non-oxidat ive  glucose metabolism. Total body  glucose 
uptake d u r i n g  the  s t e ady  s ta te  was increased  in IRH 
(49.55+1.11 vs  38.72• p m o l ] k g ,  rain; p<0.002). 
Glucose oxidation was similar in the  basal  s ta te  
7.88• vs  8+_1.66 )amol/kg �9 rain in IRH and N 
respec t ive ly ;  similarly increased  du r i ng  the  clamp 
s tudy ,  16.77i1.11,  14.72+_2.22 ;umol/kg rain in IRH and 
N respec t ive ly .  Contrar iwise,  non-oxidat ive  glucose 
metabolism was s igni f icant ly  h ighe r  in IRH (33.61_+1.11 
vs  N: 21.88_+1.11 pmol /kg .min ,  p<0.002). Fat oxidation 
was s l ight ly  (p=ns) increased  in IRH. E ne rgy  
expend i tu re  in the  basal  s ta te  was h ighe r  (+19% of 
predic ted  REE) in IRH pa t i en t s ,  which could be 
considered hypermetaboHe.  In conclusion these  data  
s u g g e s t  tha t  inceased insul in  sens i t iv i ty  in IRH is due 
to increased  non-oxidat ive  glucose metabolism. 
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EFFECT OF TREATMENT ON INSULIN BIOAVAILABITY AND 1- 
123 INSULIN BIODISTRIBUTION IN INSULIN IMMUNE 
HYPOGLYCEMIA 
M. SCAVINI, N. DOZIO, S. SARTORI, C. BELLONI, E. 
SARUGERI, F. DOSIO, A. SAVI, F. FAZIO, F. SODOYEZ- 
GOFFAUX and G. POZZA, H. San Raffaele, Milano, Italy and 
University of Liege, Li~geBelgium. 
A patient with autoimmune hypoglycaemia was identified 
with insulin autoantibodies (IAA) and late hypoglycaemia 
after carbohydrate ingestion. IAA determined by radio 
binding assay with 1-125 monoiodo TyrAl4 insulin and 
PEG precipitation at i/2 serum dilution fluctuated between 
72% and 60% over 12 months. Plasmapheresis and steroid 
treatment became necessary because of recurrent severe 
hypoglycemia. Hypoglycemia after i.v. injection of 0.1 
U/kg of insulin was delayed at 120 min. After 4 
plasmapheresis the delay was reduced to 60 min. Imaging 
after i.v. injection of 1 mCi of TyrA 14 I-123 insulin showed 
persistence of tracer in the blood throughout the 60 min of 
study. Ratio between blood radioactivity measured at peak 
time and at 30 min was 73.8% before and 46.3% after 
plasmapheresis (n.y. 42!14.9%, mean-+SD). Liver uptake 
reached 9% before and 12% after plasmapheresis (n.v. 
21.1_+1.7%) and remained almost constant throughout the 
study. Kidneys were barely visible in both occasions. After 
3 months of treatment with 1 mg/Kg Prednisone IAA 
decreased to 26% and no more hypoglycemic episodes 
occurred. 
In conclusion, treatment was effective in improving 
bioavailability and biodistribution of insulin by decreasing 
IAA. 
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TRANSPLANTED BETA-CELL MASS DOUBLED AFTER 
95~176 PANCREATECTOMY. 
E. Montafa, S. Bonner-Weir and GC. Weir. Joslin 
Diabetes Center, Harvard Medical School, One Joslin 
Place. Boston, MA 02215. USA 

To analyze the capacity of transplanted islets to 
respond to an increased metabolic demand, Lewis 
rats, (5-6 wk, blood glucose 95_+3 mg/dl) were 
transplanted (Tx) with 500 syngeneic islets under 
the kidney capsule (day 0). Tx rats were randomly 
distributed in 2 groups. One group underwent 95% 
pancreatectomy (95%-Px) at day 14 (Tx+Px) and the 
grafts were harvested at day 28. In the non-Px 
group the grafts were harvested at day 28. In 
addition, a 95%-Px was performed in a group of 
non-Tx rats. Blood glucose was normal in both Tx 
groups during the follow-up. In contrast, after 95%- 
Px, non-Tx rats were severely hyperglycemic 
(249+28 mg/dl, p=0.002 vs Tx groups). Beta-cell 
mass of grafts was determined by point counting 
morphometry on immunostained sections. In Tx+Px 
group, beta-cell mass in the graft (1.75+0.5 mg) 
was twice the beta-cell mass in 500 isolated islets 
(0.92+_0.06 mg, p=0.05), or in grafts of non-Px rats 
(0.65+_0.29 mg). In summary, the originally 
transplanted beta-cell mass of 500 islets doubled 
after 95%-Px, preventing the development of 
hyperglycemia. Transplanted beta-cell mass can 
increase markedly when islets are challenged by 
greater metabolic demand. 
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IMMOBILIZED HEMOGLOBIN IMPROVES ISLET FUNC- 
TION AND VIABILITY IN THE BIOARTIFICIAL PAN- 
CREAS 
J. Schrezenmeir, F. Velten, M. Vreden, Z Iffrchgessner, H. Stier, J. 
Beyer and W.. MueIler-Klieser. 3rd Medical Clinic and Institute of 
Physiology and Pathophysiology, Gutenberg-University, Mainz, 
Germany. 
Hypoxia seems to be a major obstacle to islet survival and 
function in the bioartifidal pancreas. In this study we 
investigated whether oxygen supply, survival and function might 
be improved by adding the oxygen carrier hemoglobin to the 
embedding matrix. Neonatal rat islets were encapsulated in 
hollow fibers (regenerated cellulose, 20 Bm wail thickness, 400 
#m, 3cm length) containing 1.5% alginate (Manugel GHB, 
Kelco) with or without hemoglobin (7.5 g/dl). With hemoglobin 
insulin secretion was 301+_ 19 (mean -+ SEM) m U / l  at 5.5 mmol 
glucose and 827_+190 at 16 mmol glucose after one week 
culturing and 790_ + 155 at 5.5 mmol and 1181+242 at 16 mmol 
glucose after 5 weeks. Without hemoglobin the corresponding 
values were 69_+22 and 126-+48 after 1 week and 24-+7 and 
153-+64 after 5 weeks. These secretory values were lower 
(p < 0.05 in any case) than with hemoglobin. This was confirmed 
by histology showing more than 100 per cent higher viability with 
the use of hemoglobin. The better function and survival may 
indicate better oxygen supply by use of immobilized hemoglobin. 
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OXYGEN DISTRIBUTION IN ISLET ORGANS: EFFECT OF 

CONVECTION AND BARIUM-ALGINATE ENCAPSULATION. 

J. Kirchgessner, L. Ger6, W. Mueller-Klieser, L. Kunz, J. Beyer, J. 
Schrezenmeir. Dept.of Endocrinology and Dept. of Physiology, 
Johannes Gutenberg-University, Mainz, FRG 
We measured O2-tension (PO2) in isolated islet organs 
(Brockmann bodies=BBs) of Osphronemus gorarni. PO2-values 
were recorded at subsequent microelectrode positions on a radial 
track towards the center of the organ to study the effect of fluid 
convection (n = 12) and encapsulation (n = 12). The sigmoidal pO,- 
profiles showed a O2-depleted zone surrounding the surface, a 
steep decline inside the BBs corresponding to the O f  consuming 
rim, and a plateau in the center without oxygen consumption. The 
pOz-values decreased (p<0.00i) when convection stopped. 
Similar low levels occurred in encapsulated BBs. Compared to 
starting values, pOflevels at the surface were 61__-3% with and 
41_+4% without convection. We measured similar values for 
encapsulated and nonencapsulated BBs: 44+-5% and 64+-4% In 
the center of BBs, O 2 dropped to 27-+5% with and to 6-+3% 
without convection, and to 11_+3% for encapsulated and to 
22_+4% for nonencapsulated BBs. The thickness of the outer O,- 
depleted zone was 81_+16/~m with and 196_+57ym without 
convection (p<0.001), and 188_+16ym for encapsulated and 
94_+ 14#m for nonencapsulated BBs (p < 0.001). The O2-consuming 
rim was 295 _+ 22#m with and 235 _+ 36/tm without convection (NS), 
and 216_+15#m for encapsulated and 315_+24/zm for 
nonencapsulated BBs (p < 0.01). These results indicate that 1. fluid 
convection is essential for the oxygenation of isolatedislet organs 
and 2. alginate encapsulation may worsen oxygenation mainly by 
expanding the "unstirred water layer" surrounding the organ. 
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ANATOMICAL AND PHYSIOLOGICAL EVIDENCE FOR 
S Y M P A T H E T I C  R E I N N E R V A T I O N  A F T E R  ISLET 
TRANSPLANTATION IN DIABETIC RATS 

H. Houwing 1, K.M.A. Fr~nkel 1, P.T.R. van Suylichem 2, J.H. Strubbe ~ 
and A.B. SteffensL ~Department of Animal Physiology and 2Surgical 
Research Laboratory, University of Groningen, The Netherlands 

In the present study, neuroanatomical and physiological evidence was 
sought for possible sympathetic reinnervatinn of transplanted islets in 
diabetic rats. Streptozotoein diabetic AO-rats received 5 ~.1 islet tissue 
into the portal vein. This resulted in normal baseline plasma glucose 
and insulin levels. Six to eight weeks later, transplanted (Tx) and 
control (C) animals were provided with a permanent heart catheter 
and subjected to strenuous swimming. Exercise was chosen since it 
leads to inhibition of insu~n release by activation of the sympatho- 
adrenal system. During exercise, plasma insulin levels decreased from 
49 -+ 8 to 27 -+ 5 mU/L (Tx) or from 44 + 5 to 32 -+ 5 mU/L (C). 
Blood glucose and plasma catecholamine responses were identical in 
both groups of animals. The exercise-induced increase of non-esteri- 
lied fatty acids levels was exaggerated in the transplanted animals 
(p<O.05). Adrenodemedullatinn, performed to exclude a possible 
compensatory influence of adrenal epinephrine did not affect the 
exercise-induced decrease of insulin during exercise. Finally, immuno- 
cytochemical staining on Tyrosine Hydroxylase, Dopamlne-g-Hydroxy- 
lase and Neuron Spedfic Enolase was performed. All enzymes were 
present in the islet grafts. The results revealed noradrenergic reinner- 
vation of transplanted islets of Langerhans, enabling suppression of 
insulin release during activation of the sympathetic nervous system. 
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THE EFFECT OF SUCCESSFUL ISLET ALLOTRANSPLANTATION ON 
NEURONAL NGF LEVELS IN EXPERIMENTAL DIABETES OF THE RAT 

M. Woehrle,R. HelIweg,H. Stracke,H.-D. Hartung,R.g. gretze l  
and K. Feder l in .  Med. C l in ic  I l l  and P o l i c l i n i c , U n i v .  of  
Giessen and Max-P lanck- lns t i tu te  fo r  Psychiatrie,Munich,FRG 

Evidence ex is ts  tha t  a l t e r a t i o n  in nerve growth fac to r  
(NGF) levels  is responsibel fo r  some of the funct iona l  de- 
f i c i t s  occuring in sympathetic d iabet ic  neuropathy.The aim 
of  our study was to inves t iga te  changes in endogenous NGF 
levels  during St reptozotoc in  (STZ) induced diabetes and to 
tes t  the in f luence of  successful i s l e t  a l l o t r ansp lan ta t i on  
on the NGF content in neuronal s t ruc tures  in ear ly  d i% 
betes.We studied 3 groups of  animals (BDE rats,MHC=Rtl ,a t  
the age of  9 months).Group i :  BDE ra ts  w i thout  diabetes as 
normal contro ls.Group 2: Chemically induced d iabe t i c  BDE 
rats wi th constant hyperglycemia (>450 mg/dl) over 5 months 
(diabetes induct ion wi th STZ a f t e r  4 months of  age).Greup 
3: Chemically induced d iabet ic  BDE ra ts  ( l i k e  group 2) 
wi th successful i s l e t  a l l o t r a n s p l a n t a t i o n  { i s l e t s  from 
Lewis rats,MMC=Rtl , cu l tu red  fo r  14 days at B~ C,no immune- 
suppression) 3-4 weeks a f t e r  diabetes induct ion and re-  
su l t i ng  in i n d e f i n i t e  postprandial  normoglycemia (glucose 
hcmeostasis) .Al l  animals were sac r i f i ced  a f t e r  9 months of  
age and the i r i s , t h e  submandibular gland and the s c i a t i c  
nerve were harvested fo r  detect ion of  NGF leve ls  (enzyme- 
immunoassay).In comparison to normal cont ro ls  (NGF leve ls  
= 100%) untreated d iabe t i c  ra ts  show a decrease of  the NGF 
content to 35-45% (p<.02) in a l l  invest igated t issues,  
whereas a f t e r  i s l e t  t ransp lan ta t ion  the endogenous NGF 
values increased up to 100% again ( s c i a t i c  nerve) or even 
up to 150% (submandibular g land ) , respec t i ve l y  200% ( i r i s ) .  
In summary NGE leve ls  are decreased in these invest igated 
neuronal s t ruc tures  in our model o f  experimental d iabetes.  
This decrease can be prevented by successful i s l e t  a l l o -  
t ransp lan ta t ion  what could play an important ro le in the 
prevent ion o f  d iabe t i c  neuropathy. 
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IN VITRO ACTIVATION OF HUMAN MACROPHAGES BY ALGINATE- 
POLYLYSINE MICROCAPSULES 

M.E. Pueyo, S. Darquy, F. Capron, G. Reach. INSERM U 341, Service 
de Diab6tologie, HSteI-Dieu, Paris, France 

The biocompatibility of alginate-poIylysine microcapsules used for 
islet microencapsulalion can be debated since a foreign body reaction 
around implanted microcapsules were reported. We studied the 
capacity of alginate microcapsules to activate macrophages in vitro. 
Human monocytes were isolated from whole blood of healthy donors 
by a Ficoll density gradient and adherence to a plastic support. 
Monocytes were cultured for 24 hours with: 1) alginate-polylysine 
microcapsules, 2) lipopolysaccharide (LPS) (positive control 
group), 3) alone (negative control group). Monocyte activation was 
evaluated by measuring the secretion of interleukin-l(IL-1) 8, the 
production of intracellular interleukin-1 c~ and 8 and by phenotype 
subtyping. Results are expressed as mean+SEM of 10 different 
experiments. The results of extracellutar IL-1 13 secretion were : 
controls 19,7 _+ 1.1fmoI/ml; alginate microcapsules 34 _+ 2.1 
fmol/ml (p<0,001 vs control); LPS 282,1_+ 33,3 fmol/ml. 
Intracellular IL-1 6 production was : controls 20,7 _+ 2,2 fmol/ml; 
alginate microcapsules 57,8 • 18,5 fmol/ml (NS); LPS 138,4 _+ 
51,1 fmol/ml. IL-1 c~ production was : controls 31,3 + 4,4 
fmol/ml; alginate microcapsules 171,7 _+ 52,9 fmol/ml (p<0,05 
vs control); LPS 530,8 _+ 153,6 fmol/ml. In additional 
experiments, we observed that insulin, up to a concentration of 4 
U/ml had no effect on the macrophage activation. In conclusion, 
alginate-polylysine microcapsules activated human macrophages in 
vitro and this activation may play a role in tissular reaction 
observed in vivo. In addition, interteukin-1 can cross the 
microcapsule membrane and impair islet function. 
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TOLERANCE INDUCTION IN MHC-IDENTICAL ALLOGENEIC 
ISLET GRAFT RECIPIENTS BY A SNORT-TERM ANTl-CD25 
THERAPY 
R.MQnchberger, B.Kuttler, T.Diamantstein and H.-J.Hahn, Institute of 
Diabetes, Karlsburg, University of Greifswald and Institute of 
lmmmunology, Free University Berlin, Germany 

Autoaggressive destruction of syngeneicly grafted islets into diabetic 
BB/OK rats can be successfully prevented by a short-term anti- 
CD25 therapy. MHC-identical allogeneic islets, which could be a 
source for islet transplentation of diabetics, were accepted in > 60% 
of the treated BB/OKrats. 
!n these experiments we proved the induction of tolerance in islet 
survivors. 2000 islets isolated from 8-12 d old LEW.1BB/OK rats 
were graftet into diabetic BB/OK. The recipients were treated for 10 
days with 1 mg/kg b.w. ARTt 8 (anti-CD25 mab) and 1.5 mg/kg b.w. 
CsA. In normoglycaemic animals the graft was removed 120 d later. 
After recurrence of hyperglycaemia a second islet graft was given 
without therapy. Furthermore, 2xl 0 v lymphocytes obtained from islet 
acceptors were transfused into diabetic BB/OK rats, which were 
metabolically compensated by transplantation. The lymphocytes 
transfused were phenotyped by FACS-analysis (W3/25 § OX19 § -,  
OX8 +-, ARTt 8 § W3/13+-cells, B-, NK-cells). 
The second allogeneic islet graft was accepted in 80% of the 
recipients. The lymphecytes transfused prevented graft rejection in 4 
of 7 animals. Lymphoeytes, which induced graft acceptance, were 
characterized by significantly enhanced numbers of OX8§ 
(12.3-+1.9x105 vs. t.5+0.5x105). Neither the absolute number of 
tymphocytes transfused nor the other phenotypes were different. 
The results suggest the induction of tolerance in autoimmune diabetic 
animals to MHC-identlcal allogeneic islets, which seems to be related 
to OX8*-cells. 
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THE EFFECT OF CYCLOSPORIN A ON THE ESTABLISHMENT 
OF MOUSE PANCREAS ISOGRAFTS 
P. Carotenuto, O. Pontesilli, K. Gosselin and K.J. Lafferty. 
Barbara Davis Center for Childhood Diabetes, University of Colorado 
Health Sciences Center; Denver Colorado - USA 

Perplexities about the use of cyclosporin A (CSA) in pancreatic islet 
transplantation have been raised after toxic effects on the endocrine 
pancreas have been reported, such as degranuladon and hydropic 
degeneration and reduction in mRNA synthesis of islet B-cells, 
impaired glucose tolerance and hyperglycemia. We therefore 
investigated its possible interference with the establishment of mouse 
pancreas isografts transplanted to streptozotocin diabetic mice. CSA 
was administered subcutaneously at 50 mg/kg/day, previously shown 
sufficient to immunosuppress the recipients and to allow xenograft 
survival and reversal of diabetes. When CSA was administered 
starting at day 0 post-transplantation, 7 of 19 mice attained 
normoglycemia, while 7 mice showed unstable blood glucose levels. 
In the oil treated control group, 16of 20 mice became normoglycemic 
and none of them had unstable blood glucose levels. In a second set of 
experiments, we allowed the grafts to reverse diabetes, and 100-120 
days after transplantation CSA or oil were administered for 8 weeks. 
There were no changes in blood glucose levels and glucose tolerance 
in both CSA treated and control group. We conclude that CSA 
interferes only with graft establishment, probably through inhibitory 
effects on neovascular~zation, without affecting the function of grafts 
that have already reversed diabetes. 

731 

INFLUENCE OF PREGNANCY ON SURVIVAL OF ALLOGENEIC ISOLATED 
PANCREATIC ISLETS. 

Arendarczyk wl.,Linn2.,Woerle M2.,Bretzel M 2 and Federlin K 2 . 
l.Department of Endocrinology, Medical Academy, Odafisk, Polen. 
2.IIIdr Medical Clinic, University of Giessen, Giessen, Germany. 

Pregnancy represents specific case of allotransplant. Knowledge 
of fetal enhancement mechanisms may lead to direct application 
in transplant immunological processes. The present study was 
undertaken to determine the influence of iso- and allopregnancy 
on the survival of allogenic isolated pancreatic islets. The 
experiments were performed on 4 groups of female Lewis rats: 
r.-non-pregnant rats, II.-isopregnant Lewis rats /mated with 
male Lewis rats/, III.-allopregnant Lewis rats /mated with male 
BDII rats/ and IV.-allopregnant Lewis rats /mated with male BDII 
rats/ after injection of I00 ul serum from allopregnaut rats and 
of 50000 lymphoids cells isolated from BDII rats. In all groups 
pf rats the transplantation of 500 allogenic islets, isolated 
from male BDII rats, under the kidney capsule was performed. 5, 
8, 1O and 20 days after transplantation the kidney was removed 
and histopathologicaly investigated, for detection I of the 
transplant survival or rejection. 

In the I group, 5 days after transplantation, 85.7% of 
transplanted allogenic islets survived but 8 days after 
transplantation no islets were detected under the kidney capsule 

the transplant was rejected. In the II group 83.3% and no 
islets were detected, respectively. In the ZII group l0 and 20 
days after transplantation [more than i0 days after the delivery 
of the fetuses] in 62.6% of the cases and in 33.3% the 
allogeneic islets under the kidney capsule were detected. In the 
Iv group, 10-day survival was observed in 66.6% of the cases, 
and 2e-day in 16.6% of the cases. 

The mammalian fetoplacental unit bears a variety of embrional- 
and paternal- derived histocompatibility antigens against which 
the immune system of the mother can and does react and in this 
way, probably, the allogeneic isolated pancreatic islets 
survival was prolonged. 
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SURVIVAL AND FUNCTION OF MEMBRANE ENCAPSULATED ISOLATED 
HUMAN PANCREATIC ISLETS 

A Andersson, DL Eizirik, C HellerstrSm; M Engkvist, A Nordin, E T6melius, 

RC Johnson, RS Hill, C Hendrieckx and D Pipeleers 

Depadment of Medlca! Cell Biology, Uppsala University, Uppsala, Sweden; 

Baxter Healthcare Corporation, Round Lake, IL, USA, Vrije Universiteit 

Brussel, Brussels, Belgium (~ Cell Transplant, European Conceded Action 

for the Treatment of Diabetes. 

In order to avoid immune suppressive therapy in clinical transplantation 

immune isolation by encapsulation of isolated human islets has become a 

tool of interest. We therefore investigated the survival of human islets 

enclosed in immune-protective devices, which protect rat islet allografts. 

Human islets were prepared at the "~, Cell Transplant" in Brussels and after a 

3-5-day culture period in. Uppsala they were enclosed in Biopore 0.45 p.m 

membrane (Millipore, Baxter) devices and implanted either in the epidydimal 

fat pad or freely under the kidney capsule ot seven normog]yemic nude mice. 

Four weeks postqmplantation the implants were examined histologically. In all 

animals there were many surviving epitheloid cells inside the membranes and 

most of them were insulin-positive. Other endocrine cells (c~,5, PP) were also 

present. The outside of the membranes was free of fibroblasls but displayed 

frequent close vascular structures. Qualitatively, there were no obvious 

structural differences between the freely transplanted and encapsulated 

islets. In order to monitor the functional activity of the encapsulated human 

islets eight nude mice were given encapsulated islets only. Preliminary 

results suggest that there are considerable amounts of human C-peptide 

reactivity in serum samples harvested 4-8 weeks post-transplantation. We 

conclude that isolated human islets survive and function when encapsulated. 
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Improvement of the biocompatibility of microencapsulated 
pancreatic islets. 

G.H.J. Wolters, W.F. Fritschy, P. de Vos, R. van Schilfgaarde. 
Surgical Research laboratory, University of Groningen, 
The Netherlands. 

Transplantation of microencapsulated islets can restore normogly- 
cemia in diabetic rats, but islet function is limited by a cellular 
reaction around the capsules. The aim was to determine the cause 
of fibrosis and whether it could be prevented. Alginates with 
high -, medium -, or low guluronic acid content were used. Im- 
plantation of AO- or Lewis rat islets in medium G alginate 
capsules restored normoglycemia in diabetic AO rats as did AO 
islets in BB rats. After 2 weeks 72-95% of the capsules with 
islets and 64-81% of the empty capsules were retrieved. There 
were no differences between the percentages of overgrowth of 
the different strain combinations or between empty (3-8%) and 
islet containing capsules (4-13%). Thus overgrowth is induced by 
the capsule and not by the islets. To improve the biocompatibi- 
lity of capsules, alginates were extensively filtered or extracted. 
After 4 weeks empty capsules prepared from filtered alginates 
sticked to the omentum and were surrounded by fibrosis. No free 
capsules were retrieved. Empty capsules prepared from extracted 
high G -, medium G -, and low G alginate were retrieved for 64, 
66 and 91%.  Medium G alginate capsules were completely free 
of overgrowth. In conclusion, microencapsulated islets are not 
rejected and restore normoglycemia. With purified medium G 
alginate completely biocompatible alginate polylysine micro- 
capsules can be prepared. 
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BENEFICIAL EFFECT OF INSULIN PUMP THERAPY ON TRANSPLANT 
FUNCTION AFTER HUMAN FETAL ISLET TRANSPLANTATION 
P.B.Dordevid, M.Zamaklar,S.Brki6, N.M.Lalid,M.Dragagevi6 
S.Popovid,D.Banovid,V.Dimitrijevid,K.Savid,Institute for 
Endocrinology,Belgrade,Yugoslavia 
This study was aimed to evaluate the effect of the strict 
metabolic control on the function of the transplanted hu- 
man fetal islets. Therefore,we applied continuous subcuta- 
neous insulin infusion(CSII) therapy in 5 patients with 
Type l(insulin-dependent) diabetes during 2 months after 
transplantation and compared them with 4 patients with 
Type l(insulin-dependent) diabetes remaining on conven- 
tional insulin therapy(CIT) after transplantation .In 
the CSII treated patients a strict metabolic control was 
achieved(MBG:5.351.7 mmol/l,NbAlc:7.4• together with 
rapid reduction in insulin daily dose(day 30:3256U vs 
day 0:6458U/day) contrary to the CIT patients(MBG:8.9*l.0 
mmol/l,HbAlc:8.8*l.2%)(day 30:4457U vs day 0:6759U/day). 
Moreover,the CSII treated patients exhibited signifi- 
cantly higher C-peptide levels detected by glucagon sti- 
mulation (i mg iv,0/6 min;day 90:0.32•177 vs 
0.21• mmol/l,p<0.05) and during C-peptide 
daily profile(before and 2 hrs after main meals, at mid- 
night and at 03 h:mean values preprandially 0.2950.09 vs 
0.19• and postprandially 0.40• vs 0.244 
0.06 nmol/l,p<0.05).Simultaneously,systemic free insulin 
levels in the CSII treated patients were not elevated 
(34.256.1 mU/l) and were similar to those in the CIT 
patients(37.555.2 mU/l,p=NS).Our results signify that 
CSII treatment exerts an important beneficial effect on 
the functional capacity of the human fetal islet 
transplant. 
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A M O D E L  OF G R A D E D  BETA-CELL FUNCTION FOR 
STUDY OF METABOLIC CONTROL IN SUBCLINICAL 
INSULIN DEFICIENCY 
D.T. Finegood, B.W. Tobin and J.T. Lewis, University of 
Alberta, Edmonton,  Alberta, Canada 

The goal of this investigation was development of an 
animal model for study of the metabolic consequences of 
subclinical beta-cell deficiency. Male Wister-Furth rats were 
rendered diabetic with streptozotocin (55 mg/kg). Three weeks 
later islets of Langerhans were infused intraportally (500 - 3000 
islets). Fasting glucose, free fatty acid and insulin levels were 
not different from controls in rats receiving > = 500 islets (P > 
0.15). Fed plasma glucose was greater, (14.7+ 1.8 vs. 6 . 3 +  0.1 
raM, P < 0.05) and body weight was lesser (233 + 5 vs. 263 + 7 
g, P < 0.05) in rats receiving 500 islets as compared to controls. 
The acute insulin response to glucose (300 mg/kg) was well 
correlated with the number of transplanted islets (r = 0.61, P = 
0.0001). Insulin sensitivity quantified during a 2-step glucose 
damp,  as the change in glucose infusion divided by the change 
in insulin was not correlated with islet number (r = -0.30, P = 
0.15), although when quantified as maximal glucose infusion 
rate normalized to the insulin level, achieved a marginally 
significant inverse correlation (r = -0.37, P = 0.068). These 
studies demonstrate that the insulin secretory response to 
glucose is proportional to the number of transplanted islets, but 
decreased beta-cell mass does not impair insulin action when 
fasting normoglycemia is maintained. This model of graded 
beta-cell function may be useful in delineating the effects of 
metabolic perturbations in subjects with subclinical insulin 
deficiency. 
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THE DETERMINANTS OF GLUCOSE TOLERANCE FOLLOWING 
DIVERSION OF PANCREATIC VENOUS DRAINAGE TO THE 
SYSTEMIC CIRCULATION 
S. Pye, P. Barron, J. Davies, A. Humar and J. Radziuk, Depts. of 
Medicine and Surgery, Ottawa Civic Hospital, Ottawa, Canada. 
To assess the metabolic impact of diverting pancreatic venous drainage to 
the systemic circulation, the gastroduodenal and splenic veins were 
transposed from the portal vein to the inferior vena cava in 5 dogs. Four 
animals underwent sham surgery. Glucose tolerance was estimated during 
a 3hr intravenous infusion of glucose (10mg/kg-min) 2 weeks post- 
operatively, following an 18hr fast. In dogs with venous transposition 
basal glucose was lower (5.2+0.3 vs 5.8+0.1mmol/l, p<0.5) but 
increases were equivalent (2.1 +0.4 vs 3.1 +0.6mmol/1 in shams, n.s.). 
Insulin (IRI) concentrations however increased by 252+22 from 
75+17pmol/1 compared to shams (an increment of 109+39pmol/1 
[p < 0.05] from 34+ 1 lpmol/1, p < 0.05). Metabolic clearance of glucose 
(MCR) was measured using simultaneous constant infusion of H3-3 - 
glucose. Sensitivity to insulin (,SMCR/AIRI) was 0.10+0.12 vs 
0.34+0.02 in shams (p<0.02). Five additional hyperinsulinemic 
euglycemic clamps with insulin infusions of 33ng/kg-min, somatostatin 
(0.5tzg/kg-min) and variable glucose corroborated the decrease in the 
sensitivity index: 0.3+0.05 vs 0.5_+0.06 in shams (p<0.05). Glucose 
production was less suppressed (but n.s.) than in shams: 74+10% vs 
92+4% with glucose infusion and 38+__6% vs 60_+ 15% during insulin 
clamp. Normal glucose tolerance is maintained following the diversion of 
pancreatic venous drainage systemically because peripheral insulin 
increases simultaneously with a decrease in insulin sensitivity. 
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INCIDENCE OF MICROVASCULAR COMPLICATIONS IN 
TYPE I DIABETIC SUBJECTS WITH LIMITED JOINT 
MOBILITY; A i0 YEAR PROSPECTIVE STUDY. 
G.Crowe, D R McCance, M Quinn, M Smye and 
L Kennedy, Sir George E Clark Metabolic Unit, 
Royal Victoria Hospital, Belfast BTI2 6BA. 

Limited joint mobility (LJM) affecting the small 
joints of the hands is a common though often 
overlooked manifestation of Type I diabetes 
whose pathogenesis remains uncertain. Previous 
cross-sectional studies have shown a correlation 
between LJM and both the duration of diabetes 
and presence of microvascular complications. It 
is unknown whether LJM may precede and therefore 
be regarded as an early marker for 
complications. We followed 22 Type I diabetic 
patients [i0 male/12 female; duration of 
diabetes 21.1~l.3yr (mean~SE)] with LJM and 22 
subjects matched for age, sex and duration of 
diabetes without LJM over a i0 year period. 
Both groups were free of retinopathy and 
negative for dipstick proteinuria at baseline. 
After i0 years, i0 of 22 LJM patients had 
developed background and 3 proliferative 
retinopathy compared to 9 and 1 control subjects 
respectively. Microalbuminuria (20 ~ albumin 
excretion rate < 200 mcg/min) was present in 5 
LJM patients compared to 7 control subjects. 
Ankle and great toe vibration perception 
thesholds, HbAtc and arterial blood pressure did 
not differ between the two groups (p>0.05). At 
follow-up, 12 of the control subjects had 
developed LJM of whom 4 had retinopathy and 4 
microalbuminuria. Thus, while LJM may be 
another 'chronic complication' of diabetes, its 
presence does not appear to predict those at 
increased risk of developing microvascular 
complications in contrast to previous reports. 

739 
DECREASED BONE MINERAL DENSITY IN MEN WITH TYPE 1, INSULIN- 

DEPENDENT DIABETIC PATIENTS 

E. Bolu, M. Ozata, O. Azal, A. (~orak~l, A. Aynm, Z. Beyhan and M A. Giindo~an, 

G/ilhmae Military Medical Academy, Ankara, TORKJYE 

There are some data that bone mineral density (BMD) might be lowered in men 

with type 1 diabetes. To determine the bone loss in men with type I diabetes, 

we measured BMD and bone mineral content (BMC) in 15 male diabetic patients 

with more than 5 years duration (Group A;age, 21.9 ~- 4.2 years)and compared 

with those of 15 male newly diagnosed, BMLand age-matched type 1 diabetic 

patients (Group B; 0-12 months duration; age, 21.8 g 2.9 years) and also BMI- 

and age-matched 20 healthy men (age, 21.4 �9 3.4 years). BMD and BMC of the 

lumbar spine was measured by dual-photon absorptiometry (Nodand Model 

2600, Wisconsin). The BMD (0.88 $ 0.1 g/cm 2) and BMC (3.99 T- 0.5 g/cm) 

values of the Group A were significantly lower than BMD (1.01 ~- 0.1 g/cm : )  

and BMC (4.60 g 0.8 g/cm) values of the Group B (p < 0.05, p < 0.01, respec- 

tively) or the BMD (1.03 T 0A g/cm ~ , p < 0.05) and BlanC (4.55 �9 0.9 g/cm, 

p < 0.01) values of the control group. There was no significant differences in 

BMD and BMC values between Group B and control group. There were also 
no correlation between levels of serum and urine calcium and phosphorus, and 

BMD, BMC in both diabetic groups. We found a positive correlation between 

BMD, BMC and the age of onset of diabetes in all diabetic patients (r : 0.54, 

p < 0.01 and r : 0.49, p < 0.01, respectively). In conclusion, decreased BMD and 

BMC are more common in type 1, insulin-dependent diabetic male patients with 

duration of greater than five years and were related to duration of diabetes. 
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738 
LIMITED JOINT MOBILITY IN TYPE 1 DIABETIC PA- 
TIENTS.RELATION TO OTHER DIABETIC COMPLICATIONS 
P. Arkkila, I. Kantola, J. Viikari and M. Vfih&ta- 
io, Department of Medicine, Turku University 
Hospital, Turku, Finland. 
Limited joint mobility (LJM) was assessed in 285 
type 1 diabetic patients and 288 healthy controls 
to determine the prevalence of LJM and to clarify 
whether the presence of LJM correlates to other 
diabetic complications independent of duration of 
diabetes. Limitation of different joints was 
recorded with a goniometer. The prevalence of LJM 
was 58.2 and 14.2 % in type i diabetic and cont- 
rol subjects respectively. The relative risk of 
diabetic patients with LJM to have proliferative 
retinopathy was 3.0 (95% confidence interval i.i 
- 3.7) and nephropathy 4.6 (95% confidence inter- 
val 1.9 - 11.5) compared to patients without LJM, 
when the confounding effect of the duration of 
diabetes was excluded. LJM was not related to 
microalbuminuria (nightly urine albumin excretion 
rate 20-200 ~g/min). The association between LJM 
and peripheral symmetrical polyneuropathy was 
found to be only duration effect. No association 
was found between autonomic neuropathy or impo- 
tence and LJM. The correlation between LJM and 
serum total and LDL-cholesterol was duration 
effect of diabetes and LJM did not relate to 
serum HDL-cholesterol or triglyceride values. LJM 
is common in type 1 diabetic patients and is 
associated with an increased risk for the serious 
complications of nephropathy and proliferative 
retinopathy independent of duration of diabetes. 

740 
BONE MASS IN TYPE I ( INSULIN DEPENDENT) DIABETES MEL~ITUS 
P . J .  L d p e z - I b a r r a ,  M. ~ufioz T o r r e s ,  F. H a w k i n s ' ,  F. 
B a r r y d o ,  B. L6pez  A l v a r e z  ,F .  E s c o b a r - J i m e n e z ,  M. S e r r a n o  
Rios\ Granada-Madrid Universitary Hospital. Endocr.Unit. 
Internal Medicine 1. Spain. 
Osteopenia has been demonstrated as a possible complication 
of Type I (insulin dependent). However, its pathogenic 
mechanisms and relatioship with others clinical features 
remains controversial.AIMS: To evaluate bone mass density 
and factors influencing it in a homogeneous group of Type 
I diabetic patients. 
SUBJECTS AND METHODS: Forty males and twenty-nine females 
patients with type I (insulin dependent), aged 29,9• 
years (range 20-56), were studied. Their HbAlc (mean of 
last three) levels ranged between 4~6 and 13,8% (n~rmal: 
4.5-6.5%). Body Mass Index (BMI) was 23,9!3,5 Kgr/m . No 
patient had any antecedent of excesive consumption of 
tobacco or alcohol and all patients had an appropiate 
degree of physical activity and a daily calcium intake. 
Dual X-Ray absortiometry was carried out in order to 
stablish hone mineral density (BMD) in Lumbar spine (L2-L4= 
LS), femoral neck (FN) and Ward's trangle (WT) and co~pared 
with a healthy control group. The values were expressed as 
Z-score and student t test was applied for statistical 
studies. 
RESULTS: Patients with type I (insulin dependent) showed a 
lower BMD than controls subjects in all LS (-1,12• 
p<0.001), FN (-0,90!I,23; p<0.001) and WT (-0,9621,20; 
p<0.00]) sites. There was not relation to disease duration 
(II,7• years), HbAIc levels (8,6• or insulin 
(42• UI/24 h)/dosage. Furthermore, decrease of BMD was 
more apreciable in lower BMI subjects (< 25 Kgr/m ~) both LS 
(Z score= -1,47• vs -0,28• p<0.001) and FN (Z 
score= -1,20• vs -0,26• p<0.05). 
CONCLUSION: Our results suggest that type I diabetic 
patient had a reduced bone mass both in trabecular and 
cortical bone. These findings seems to be independent of 
duration disease~ metabolic control or insulin dosage. The 
decrease in bone mass is more significant in lower BMI 
subjects. 
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LOW BONE TURNOVER IN DIABETES MELLITUS 
ACCOUNTS FOR PRESERVATION OF BONE MINERAL 
DENSITY. 
J. Krakauer, M. J. McKenna, D. S. Rao, F. W. 
Whitehouse, A. M. Parfitt. Endocrinology and 
Metabolism Division, and Bone and Mineral 
Division, Henry Ford Hospital, Detroit, 
Michigan, USA. 
The aim of this study was twofold: first, to 
determine short-term and long-term changes in 
bone mineral density (BMD); and second, to 
compare changes in BMD with histomorphometric 
findings. Forearm BMD was measured twice in 
41 patients at an interval of 2.5• years. 
BMD values were expressed as Z-scores (i.e. 
standard deviation units adjusted for age, 
sex, and race). BMD Z-score did not change in 
those with type I diabetes (-1.03• to - 
1.06• n=lS) and increased in those with 
type II diabetes (-1.29• to -1.10• 
n=26; p<0.001). Eight patients (type I = 2; 
type II = 6) with low BMD or history of 
fracture had: a transiliac bone biopsy 
following in-vivo double tetracycline 
labeling. In 7 of the 8 patients bone 
formation was low (3.4• ~m3/~m2/year; 
reference range: 5-40). After 11.7• years 
of follow-up, BMD was obtained in 6 patients. 
In 4 of 6 patients, absolute BMD actually 
increased. Cancellous bone volume and the 
mineralization lag time (a measure which is 
inversely related to bone turnover) correlated 
significantly with changes in BMD 
(respectively, r=0.85, p<0.05; and r=0.83, 
p<0.05). Low bone turnover is associated with 
preservation of BMD in diabetes but would 
permit accumulation of microdamage in bone and 
predispose to stress fractures and delayed 
healing of fractures. 

742 

PREDICTING RISK OF OSTEOPOROSIS SUBSEQUENT TO 
REDUCED BONE FORMATION IN FEMALE JUVENILE 
DIABETICS BY MEASUREMENT OF PEAK BONE MASS 

Kurt Weber, C. Stiegler, H. Toplak, W. Schnedl, G. Leb and G. J. Krejs 
Department of Medicine, University of Graz, Austria 

Postmenopausal osteoporosis is the result of accelerated bone 
loss fol lowing menopause. Peak bone mass, defined as 
maximum of bone achieved during growth and thus starting 
point of bone loss, is of importance for clinical manifestations of 
osteoporosis. In the present study we investigated the formation 
of peak bone mass in female juvenile diabetics. 
Methods: Bone mineral density was measured by single-photon- 
absorption at the ultradistal site of radius and ulna in 42 
subjects. A control group was obtained out of the population of 
Graz. Mean duration of diabetes was 14 years (range 1 - 34), 
mean age at manifestation was 16 years (range 3 - 33). 
Menstrual cycles.were normal 
Results: Bone mineral density in our control group was 1.061 AU 
(arbitrary units, standard deviation 0.116, range 0 . 8 -  1.22) 
compared to 0.982 AU (standard deviation 0.161, range 0.61 - 
1.21) in female juvenile diabetics, p < 0.05. Coefficients of 
correlation for duration of diabetes and age at manifestation to 
bone mineral density were 0.078 and 0.13, respectively. 
Conclusions: Peak bone mass in female juvenile diabetics is 
significantly reduced compared to a control group out of the 
same region. Thus having a low starting point of bone loss, 
female juvenile diabetics are at high risk for postmenopausal 
osteoporosis. Contrasting other studies there was no significant 
correlation of bone mineral density to duration of diabetes or age 
at manifestation. 

743 
NO EVIDENCE FOR DECREASED BONE MINERAL CONTENT OR 
ALTERED BONE METABOLISM IN DIABETIC PATIENTS. 
E.Krexner, A.D'Assie,C.Schmeisser, P.Donath and G.Sehernthaner 
Vienna, Austria 

Studies about bone mineral content (BMC) in diabetic patients 
have shown contradictory results. The divergent' findings might 
be explained bY the use of insufficient methods (single photone 
densitometry) and/or the selection of low numbers and 
heterogenous patients. Therefore, we investigated BMC and 
parameters of bone metabolism in. a large number (n=226) of 
carefully selected patients with type-1 or type-2 diabetes in 
comparison with age-  and sex-matched control groups. BMC of 
the lumbar spine was measured with the dual photone absorptio- 
merry (Lunar DPX) and parameters of bone metabolism including 
osteocalein, calcium, phosphorus, and alkaline phosphatase were 
measured by standard methods. In addition,, metabolic control 
parameters including HbAlc (HPCL) and body mass index (BMI) 
were also evaluated. Patients with type-1 diabetes (53.males, 
mean age 31+8 yrs; 39 females, mean age 28+10 yrs).showed 
no signifiean-t-ly decreased lumbar BMC compared to the control 
groups. Interestingly, female patients with type-2 diabetes 
(n=80; mean age 61+7 yrs) showed a tendency to increased 
lumbar BMC compared to the control group. In male type-2 
diabetics (n=54; mean age 56+9 yrs) BMC (kg/m 2) was 
significantly increased irresp6-etive of type of t reatment  
(oral hypoglyeemie agents: 1,15+0,1; insulin treatment: 
1.18 + 0,2) compared with controls (1,01+0,1; p<0.01). 
Cisteocaloin levels (ng/ml) were not foun}[ to be different 
between diabetic (f6male type- l :  6.6+1.2; male type- l :  
8.5+1.2; female type-2:.7.3+1.2; male--type-2: 7.3+1.5) and 
eon-{rol groups (females 8.0~1.2; males 7.5+1.3). 1~o 
significant correlation coul~ be observed ~etween parameters 
of BMC, osteooalein, HbAlc and duration of disease. 
In prospective studies, 20 newly diagnosed type-1 diabetic 
patients and 25 type-2 diabetic patients with secondary 
failure to sulfonylureas were studied before and 6 months 
af ter  substitatior~ with insulin therapy. Despite the 

. . . . . .  o +  slgmfmant improvement of glyeemm control (HbAle: 7.9~ 0.3 
vs. 11.9% + 0.2; p<O.000I), no "change of osteocalcin and-BMC 
was obsemTed. Our data  indicata, tha t  bone metabolism and 
bone mineral content ~is not disturbed in the majority of 
diabetic patients. 
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CONTROLLING INSULIN BIOAVAILABILITY 

BY CRYSTAL CONTACT ENGINEERING 

R. Hilgenfeld, M. Dih'schug, K. Geisen, H. Neubauer, R. Obermeier, 
G. Seipke and H. Berchtold, Hoechst dktiengesellscha~t, D - 6 2 3 0  
FrankJurt 80, Germany 

We describe a novel approach to the design of insulins with prolonged 
activity. The goal of our protein engineering studies is the stabi l i -  
zation of insulin microcrystals which are either injected directly as 
such or - in case of injection of an acidic solution - will form in the 
subcutaneous depot. The mutations which we introduced were d e -  
signed on the basis of the X - r a y  structures of several of our insulin 
analogues, which we were able to crystallize in the R6 form i n d u -  
ced by the addition of phenol as a preservative (as used in most p h a r -  
maceutical insulin preparations). We find a good correlation between 
packing density and water content (43 - 49%) of the crystals of v a -  
rious insulin analogues on the one hand and both the clearance rate 
of the modified hormone from the subcutaneous depot and the d u -  
ration of in vivo action on the other. We therefore conclude that the 
bioavailability of these insulins is determined by the properties 
of  their crystals. On the basis of our X - r a y  structures, we are now 
able to modify individual contacts between neighbouring insulin h e -  
xamers in the crystal and influence the bioavailability of the hormone 
in a systematic way. 

745 
GLYCATION AT B1 MAKES INSULIN FAST ACTING 
J.B. Halstrr U. Ribel, K. Kovacs, L Schgffer and A.R. 
S#rensen, Novo Nordisk A/S, DK-2880 Bagsvaerd, Denmark 

We recently reported that A1,B1 diglycated human insulin, 
i.e. A1,B1 di(1-deoxy-D-fructosyl) insulin, might form the 
basis for significantly faster acting insulin preparations than 
conventional Actrapid insulin. The observed properties are 
ascribed to the influence of the pendant carbohydrate 
residues in maintaining the insulin in the dimeric state at low 
zinc concentrations. We now find that glycation at B1 is 
sufficient to induce this effect. B1 (1-deoxy-D-fructosyl) 
insulin is obtained by terminating the reaction with glucose 
after 3-4 hours, and purifying by reversed phase HPLC. The 
absorption of the synthetic, s.c. injected B] glycated insulin, 
and its blood glucose lowering effect in pigs are found to be 
similar to the previously described A1,B1 diglycated insulin, 
i.e. significantly faster than that of Actrapid insulin. 
Comparison of assays for potency and receptor binding, 
however, reveals that the values for B1 glycated insulin are 
much closer to those of human insulin than was the case for 
the diglycated insulin. B1 glycated human insulin, therefore, 
is more interesting as a candidate for development of fast 
acting insulin preparations for the treatment of diabetes. 
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746 
PERIPHERAL GLUCOSE UPTAZE AND HEPATIC GLUCOSE PRODUCTION 
DURING CLAMP WITH HUMAN INSULIN AND INSULIN ANAIOGUE-GLU- 
A~3,BI0 
K.Falholt, L.G.Heding and S.Madsbad, Novo Nordisk,Bag- 
svaerd and Hvidovre Hospital, Copenhagen, Denmark 
To address the question whether insulin analogue-GLU-A13, 
BI0 (X37) is a muscle specific analogue, as suggested by 
in vitro data, we clamped 8 pigs on 2 separate days with 
0.4 and 0.87 mU/kg/min, of human insulin (HI) and X37, 
using euglyce/nic clamp in c<~abination with a 2 hour pre- 
infusion of 3-H-3-glucose. Muscle and liver biopsies were 
taken before and after clar~o. Plasma insulin concentration 
was 10 DU/ml HI and 16 ~U/ml X37,p<0.05 with the low in- 
fusion rate (0.4 mU/kg/min.), the amounts infused during 
the 3 hour clamp were 112 vs 43 g (p<0.05) , respectively: 
total glucose infusion was greater with HI (p<0.05). C- 
peptide showed no difference in suppression of insulin 
secretion. Hepatic glucose production was suppressed: 
58% (HI) vs 40% (X37) (p<0.05) during clamp. Plasma insu- 
lin was 27 ~U/ml (HI) vs 48 ~U/ml (X37) (p<0.05} with the 
high infusion rate; the total amount of glucose infused 
was 380 g vs 273 g (p<0.05), respectively. Muscle and 
liver glycogen formation were significantly higher after 
clanlo with HI than with X37 (p<0.05). Conclusion: despite 
higher plasma concentration of X37 the effect on periphe- 
ral tissue and on hepatic glucose production was dJ]nin- 
ished, suggesting a lower potency of X37 compared with 
soluble human insulin. The results indicate that X37 is 
not an organ differential analogue. It does not have a 
relatively more pronounced effect on the periphery than 
on the liver. 

747 

EFFECT OF INSULIN ANALOGUES ON LIVER GLYCOGENO- 
LYSIS 
B. Tronier, S. Havelund and P. Balschmidt, Novo 
Nordisk A/S. DK-2880 Bagsvaerd. Denmark. 

HAS BEEN WIIHDRAWN 
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ABSORPTION KINETICS OF NPH INSULIN: 1251 DISAPPEARANCE RATES 
COMPARED WITH INSULIN PROFILES DURING GLUCOSE CLAMPING 

M.A.J.M. Jacobs, M. Oolbekkink, H. van der Stap, W. de Hollander and 
R.J. Heine. 
Department of Internal Medicine, Free University Hospital, Amsterdam 

Insulin pharmacokinetics are usually studied either by measuring the 
disappearance rate of 1251 labelled insulin from the subcutaneous tissue or 
by assessing the changes in plasma insulin levels and glucose 
requirements during glucose clamping. The objective of this study was 
evaluation of both techniques in 8 IDDM patients following the 
subcutaneous administration of NPH insulin (414 men/women, mean age 
33.4 [21-55] years, duration of diabetes 21.0 [5-44] years). Continuous 
subcutaneous insulin infusion was discontinued and an i.v. infusion of 
short acting insulin was started (20mU/kg/h) the evening before the 
studies. Glucose clamping was performed at 4 mmol/I and disappearance 
rates of 1251 were measured for 24 hours following the s.c. administration 
of 1251 labelled NPH insulin (0.7 IU/kg body weight). The Tso % of 1251 was 
19.2 hours 4"5.6 (mean -+sd) and at 24 hours 55.5% 4. 18.5 of the injected 
1251 was absorbed. Mean insulin tevels reached peakvalues at 6 hours and 
returned to baseline within 24 hours. The total incremental area under the 
insulin curve (232.8 t 159.6 mU/l*h) as measure of insulin appearance 
showed no significant correlation with measures o1 insulin disappearance. 
In conclusion, the kinetic data obtained with the 1251 disappearance 
technique overestimate the duration of action of NPH insulin and do not 
correlate to changes in plasma free insulin dynamics during glucose 
clamping. 

749 
EFFECT OF NASAL INSULIN IN HEALTHY VOLUNTEERS 
USING DEVICES WITH TWO DIFFERENT SPRAY ANGLES: 

K. Bech, P.M. Andersen and A. Christensen. Steno Memorial 
& Hvidore Hospital, Gentofte and Diab. Care Div., Novo Nor- 
disk A/S, Bagsvaerd, Denmark. 

Nasal administration of insulin as a needle-free alternative has 
evoked considerably interest. In attempt to optimize the 
delivery system the effect of  a single dose of nasal insulin 
U500 appl ied with two different spray angles, 0 ~ and 15~ 
studied in 8 healthy, lean volunteers after an overnight fast. 
The subjects were randomly allocated to 6 separate days with 
3 replicates, and insulin dose was approximately 0.5 IU/kg 
bodyweight.  After application plasma insulin rose immediately 
to mean 31+18/34_+17 mU/I (0~176 after 
30+22 /25+6  min and returned to baseline after 90 rain. The 
plasma C-pept ide diminished giving an estimated exogenous  
mean insulin peak of 28--+19/31+17 mU/l. After 15 min b lood 
glucose decreased with nadir at 63-+39/53+11 min and 
returned to baseline after 120 rain. The fall in b lood glucose 
ranged 0.5-3.6 mmol/I. There was no significant difference in 
insulin absorpt ion or glucose reducing effect between the two 
spray angles but 15 ~ elicited a more rapid effect on b lood 
glucose. Nasal application was well tolerated and no adverse 
reactions occurred. The dose accuracy was 5%, and intrasub- 
ject variation for the AUC-glucose ranged 2-21%. Thus, nasal 
insulin administration may be an alternative to injection 
therapy. The spray angle of the device has no significant im- 
portance. 
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750 
GLYCAEMIC CONTROL DETERIORATES DURING 
LONG-TERM FOLLOW-UP WITH MULTIPLE 
INSULIN INJECTIONS 

LT.Lahtela, A.Palmu, V.H~llberg 1, T.Saaristo 2 and H.Oksa 1, 
~Tepartment of Clinical Sciences, University, of Tampere, 

ampere University Central Hospital and 2Community 
Health Center, Tampere, Finland 

Short-term intensive treatment programs with insulin pumps or 
multi-injection techniques have achieved near normo- 
glycaemic glucose control. Long-term results are lacking. We 
evaluated glycaemic control in our outpatient clinic four years 
after multiple injection program was started. All patients who 
began the program during 1983-1988 were included. Insulin 
regimen was changed from 2 injections to 4 (3 short-acting 
and 1 long-acting). HbAlc, serum lipids, weight, blood 
pressure, insulin dosage, creatinine, urinary albumin secretion 
and complications were recorded. All data were pooled yearly 
after the start of the multi-injection program. There were total 
of 157 patients, 95 women and 62 men. The mean age was 
25.0 + 0.6 (SEM) years and the duration of diabetes 12.9 + 0.6 
years.-- HbA lc values were 9.97+0.18% (n=157), 9.24+0.16% 
(p<0.01, n=154), 9.30+0.19% (p~0,01, n=147), 9.70+_0~3% (p 
us, n=123) and 9.78+0-30% (p MS, n=92) on years 0, 1, 2, 3 and 
4, respectively. Between sexes there were no differences. 
Greatest reduction in HbAlc values had patients with poor 
glucose control (HbAl,c>9.5%, whereas patients with 
HbAl<9.5% in the beginning had little or no benefit. Only 8% 
of the ~atients achieved good metabolic control over four years 
(HbAlc<7.0%). Weight was gained during the first two years. 
Insulin dose per weight increased in men. Serum lipids and 
blood pressure did not change. Severe hypoglyeaemic 
reactions were recorded 1/240 patient months. In conclusion 
the better glycaemic control achieved with multiple insulin 
injection program seems to disappear gradually after two 
years. 

751 
AN INTERACTIVE, EDUCATIONAL MODEL FOR INSULIN 
DOSAGE ADJUSTMENT IN TYPE I DIABETES 
E.D. Lehmann, T. Deutsch, E.R. Carson and P.H. S6nksen 
Department of Endocrinology and Chemical Pathology, U.M.D.S. 
(University of London), St. Thomas' Hospital, London SE1 7EH, 
U.K. and Centre for Measurement and Information in Medicine, 
Department of Systems Science, City University, London, U.K. 

The aim of this study was to build a computer model of glucose- 
insulin interaction in insulin-dependent diabetes, based on 
physiological data from the literature. The model was used to 
simulate steady state carbohydrate metabolism in type I diabetic 
subjects. Preliminary validation of the model used retrospective 
data from 6 patients over a 4 day period. Data from the first day 
was used for parameterisation of the model for individual patients 
to allow patient specific glycaemic predictions to be made for 
subsequent days. Advice to improve the patient's blood glucose 
profiIe was also generated. The predictive capability of the model 
was assessed in terms of the root mean square (rms) deviation 
between observed and predicted glycaemic profiles. The rms values 
obtained, based on 105 pairs of blood glucose measurements over 
18 days, ranged from 0.95 to 3.14mmol/l with a mean [-+SD] of 
1.89+0.62mm01/1. Using 100% to represent the dose of insulin 
actually injected the model suggested changes to the insulin 
regimen of 112 _+ 181% (mean_+ SD) [n = 44 suggestions]. We believe 
this model, which offers an innovative approach for making 
glycaemic predictions and advising on insulin therapy, has 
potential application as an educational tool for patients and 
medical personnel regarding insulin dosage adjustment in diabetes. 
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7 5 2  
EFFECTS OF THE NOCTURNAL INCREASE IN CORTISOL 
ON MEAL CARBOHYDRATE METABOLISM. 
S.F. Dinneen, A. Alzaid and R.A. Rizza. Endocrine Research 
Unit, Mayo Clinic, Rochester, MN. 

Supraphysiologic concentrations of glucocorticoids influence 
carbohydrate metabolism. To determine if the nocturnal variation 
in glucocorticoids influences meal metabolism, we studied 8 
nondiabetic and 5 Type 1 diabetic volunteers once with a variable 
(V) hydrocortisone infusion (to mimic the normal nocturnal rise) 
and once with a continuous basal (B) hydrocortisone infusion (0.3 
pg/kgmin) as a control study. On both days, endogenous cortisol 
production was inhibited by metyrapone. Diabetic volunteers were 
kept euglycemic prior to the test meal and were given an insulin 
infusion equal to half the normal nondiabetic systemic insulin 
delivery rate. Meal metabolism was studied using the dual isotope 
dilution method. Post-prandial glucose concentrations were higher 
(p < 0.02) with V than B in both nondiabetic (481 • 65 vs. 287 • 
67 mmol/L'6 h) and diabetic (2885 • 275 vs. 2480 • 195 mmol/L'6 
h) volunteers. The postprandial glucose appearance was equal to 
(non-diabetic) or higher (diabetic, p < 0.05) on V than B. 14COz 
incorporation into glucose (an estimate of gluconeogenesis) was 
60% higher (p < 0.01) with V than B in diabetic volunteers. 
Despite higher glucose concentrations tissue glucose uptake was 
equal to or lower with V than B following meal ingestion in both 
groups, indicating that glucose disposal was inappropriate for the 
prevailing glucose concentration. Thus the nocturnal rise in 
cortisol is an important regulator of hepatic and extrahepatic 
responses to carbohydrate ingestion in both diabetic and 
nondiabetic humans. 

7 5 3  
RELATIVE CONTRIBUTION OF DAWN PHENOMENON AND 
INSULIN DEFICIENCY TO FASTING HYPERGLYCAEMIA IN 
TYPE 1 (INSULIN-DEPENDENT) DIABETES MELLITUS. 
E. Torlone, G. Perriello, A.M. Rambotti, A. Di Vincenzo, F. 
Modarelli, F. Santeusanio, P. Brunetti and G.B. Bolli. Istituto di 
Medicina Interna e Scienze Endocrine e Metaboliche, Universit& 
di Perugia, via E. Dal Pozzo, 06126 Perugia, Italy. 
To quantitate the contribution of insulin deficiency and insulin 
resistance between 0500 and 0800 h (dawn phenomenon) to 
development of fasting hyperglycaemia in type 1 (insulin- 
dependent) diabetes mellitus, 9 diabetic patients were studied 
overnight on 6 occasions ($1-$6). In $1, plasma glucose (PG) 
and insulin (FIRI) were monitored after the therapeutic evening 
s.c. NPH injection. Between 0400 and 0800 h, the increment in 
PG was 7.4+0.5 mM, whereas FIRI decreased by 25%. When in 
$2, insulin was infused i.v. at variable rate to maintain PG at 5 
mM between 2400 and 0800 h, the insulin infusion rate (IIR) 
increased between 0500-0800 h by 22• vs. 0100-0300 h 
(dawn phenomenon). When in $3, a fixed IIR between 0300-0800 
h was used, based on mean IIR between 0100-0300 h of $2, PG 
increased only 1.2• mM between 0400 and 0800 h (specific 
contribution of dawn phenomenon to fasting hyperglycaemia). $4 
was as $2, but the IIR between 0300-0800 h was reduced by 
10%, and PG increased by 4.1 • mM (dawn 
phenomenon+modest insulin deficiency). $5 and $6 were as $3 
and $4, but the studies were performed in the afternoon (1200- 
2000 h). In $6, PG increased only 0.9• mM between 1700- 
2000 h as compared to $5. Conclusions. The dawn phenomenon 
contributes marginally to fasting hyperglycaemia in type 1 
(insulin-dependent) diabetes mellitus, whereas insulin deficiency 
plays the major role. However, even a modest insulin deficiency, 
causes important hyperglycaemia in the morning because of the 
insulin resistance of the dawn phenomenon. 

7 5 4  
POORLY CONTROLLED OBESE PATIENTS WITH NON- 
INSULIN-DEPENDENT DIABETES, INSULIN OR DIET ? 
T. Sane and P. Mustajoki, Third Department of 
Medicine, University Hospital of Helsinki, 
Helsinki, Finland 

We compared evening injection of NPH insulin to 
the modified very-low-calory-diet (VLCD) in 30 
obese and poorly controlled NIDDM patients (BMI 
33.5• kg/m 2, age 56• yrs., basal C-peptide 
1.10• nmol/1, fasting blood glucose 12.0• 
mmol/l, and HbAlc 10.0• %). After the run-in 
period of two weeks i0 patients were randomised 
to inject NPH insulin at 21.00 hrs in addition to 
previous oral therapy. The mean insulin dose was 
22(8-30) U at the end of the study. Ten patients 
were randomised to substitute their dinner and 
evening snack with three packages (300kcal) of 
VLCD-formula. Ten patients continued their 
conventional hypocaloric diet. The clinical 
characteristics of the groups were similar. The 
metabolic control was evaluated at the metabolic 
ward before and after the 3 month trial. The mean 
weight was unchanged in insulin treated patients, 
but decreased on the average by 2.6 kg (p<0.05) 
both in those with intensified and conventional 
diet. Mean diurnal blood glucose decreased from 
12.8• to 7.1• mmol/l (p<0.001) in insulin 
treated patients, whereas the change was not 
significant in patients with intensified (12.0• 
3.8 mmol/l vs. 10.8• mmol/l) and conventional 
(10.3• mmol/l vs. 9.4• mmol/l) diet. In 
insulin treated patients fasting serum insulin 
concentration increased by 63 % (p<0.001) but the 
mean daytime insulin concentration remained 
unchanged. Im conclusion it is justified to 
consider basal supplementation of insulin also in 
markedly obese NIDDM patients not responding to 
oral therapy. 
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INTRAPERITONEAL ABSORPTION OF INSULIN AFTER 
LONG-TERM INSULIN THERAPY IN TYPE 1 DIABETICS. 
A. Pincelli, M. Scavini, M. Torri, P. Micossi, G. Pozza. 
lstituto Scientifico H San Raffaele - Milano, ITALY 
Changes in permeability of the peritoneal membrane 
may limit intraperitoneal (IP) insulin therapy using 
implantable pumps. Aim of our study was to evaluate 
the absorption of insulin through the peritoneal 
membrane after long-term IP insulin therapy . Six 
type 1 diabetic patients were given 15 IU of insulin 
as a 20' square wave infusion using their implanted 
device and peripheral insulin levels were monitored 
for 180' . Hypoglycaemia was prevented by 
intravenous administration of 10% dextrose. Tests 
were performed twice in each patient after 3 and 30 
months of IP insulin therapy. Basal plasma insulin 
concentrations were identical (13_+8 p.U/ml and 9_+4 
llU/ml, IP3 vs IP30, NS). Time for insulin to peak 
(46_+12 rain and 42_+11 min, IP3 vs IP30, NS) and peak 
hight (105_+100 p.U/ml and 96_+53 i~U/ml, IP3 vs IP30, 
NS) were unchanged after 30 months of IP therapy. 
Areas under the insulin curves were not significantly 
different after long-term IP insulin therapy 
(7876_+5695 p.U/ml.min and 8394_+2564 l~U/ml.min, 
IP3 vs IP30, NS). We conclude that long-term 
intraperitoneal insulin therapy does not affect 
absorption of insulin through the peritoneal 
membrane in type 1 diabetic patients. 
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A RANDOMIZED, CROSS-OVER COST-EFFECTIVENESS 
COMPARISON OF INTENSIVE SUBCUTANEOUS VS 
IMPLANTABLE PUMP INSULIN DELIVERY : 
PRELIMINARY RESULTS. 
M.J .  H a a r d t ,  J .P .  Bethoux,  C. Dorange ,  G. S l a m a  and  
J .L.  Se lam,  Par i s ,  F r a n c e .  

P e r i t o n e a l  insulin de l ive ry  wi th  imp lan t ab l e  
p r o g r a m m a b l e  pumps  (IP) has  p roven  s a f e  and feas ib le ,  
bu t  supe r io r i t y  over  subcu t aneous  in tens ive  insulin 
in jec t ions  (SC) is unc lea r .  We used a 6 - m o n t h ,  
r a n d o m i z e d ,  p rospec t ive ,  c ro s s -ove r  des ign to  assess  
c o s t - b e n e f i t s  of IP vs SC. Ten IDDM aged  41 i SD 6 
yrs ,  of  13 -+ 9 yrs  dura t ion ,  we re  s e l e c t e d  b e c a u s e  of  
ch ron ic  h y p e r g l y c e m i a  (Hb A l c  �9 8 %) a n d / o r  g l y c e m i c  
ins tab i l i ty  ( s t andard  dev ia t ion  of b lood g lucose  values  
[SD BG] �9 65 mg/dl)  unde r  SC. All p a t i e n t s  w e r e  
equipped  wi th  an IP pump bu t  insulin infusion was  
a c t i v a t e d  only dur ing  the  6 - m o n t h  IP per iod,  w h e t h e r  
dur ing  the  6 mon ths  SC per iod ,  t he  pumps  w e r e  f i l led 
wi th  sa l ine .  D iabe t e s  con t ro l  was  assessed  by m o n t h l y  
H b A l c  and  home  BG. Cos t s  and c o m f o r t  w e r e  
e v a l u a t e d  us ing a WHO-CSII S tudy  - der ived  cos t  and 
t he  D C C T - L i f e s t y l e  ques t i onna i r e s  : 
n = 5, m • SEM IP SC p 
H b A l c  (%) 6.7 -+ 0.2 7.2 -+ 0.2 �9 
0.05 
Mild hypos (n/mo) 3.2 -+ 0.4 8.4 -+ 2.7 NS 
SD BG (mg/dI) 52 • 4 72 + 3 < 
0.05 
D i r e c t  cos t s  ($/yr) 5645 3300 < 
O.Ol 
S a t i s f a c t i o n  (0-5) 1.9 2.5 �9 
0.05 
Thus, IP may be superior to SC in terms of glycemic 
stability, hypoglycemic risk and satisfaction of therapy, 
but with a doubling of treatment costs, and only small 
differences in the HbAlc levels attained. 

757 
LONG-TERM TREATMENT WITH IMPLANTED, PROGRAMMABLE 
PUMP IN TYPE I DIABETES. 

G. GALIMBERTI, G. PETRELLA, A. POLENGHI, A. 
SENTIMENTALE, M. SCAVINT, M. CRI STALLO, P. 
MICOSSI, G. POZZA. 

Nineteen tyDe one diabetic subjects, previously 
treated with intensive subcutaneous ( s. c. ) 
insulin therapy, were implanted an Infusaid 
model i000 pump connected to an intraDeritoneal 
catheter. The pump is a positive pressure pump 
powered by freon gas. The flow rate is 
regulated by an external programmer. During the 
24 months of follow-up clinic visit of the 
patients and refilling of the pump were 
performed monthly. None mechanical problems were 
observed, totally 610 refillings of the pump 
were performed. In 49 cases a slow-down of the 
flow rate was observed: 27 due to obstruction of 
the catheter, found with pump diagnostic 
procedure (PDP} able to measure the pressure 
into the catheter. 24 obstructions were solved 
flushing the catheter through the side-port; in 
three cases the catheter was substituted. 22 
cases of slow-down were related to insulin 
precipitation into the pump and solved flushing 
the pump with a sodium hydroxide solution~ Mean 
blood qlucose was better during intraperitoneal 
than during subcutaneous treatment ( 208+43.01 
s.c.; 169+25.9 mg/dL 24~ i.p.). Patients 
filled a quality of life questionnaire that 
showes an improvement during the intraperitoneal 
treatment. 
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CONTINUOUS IN~RAPERITONEAL INSULIN INFUSION (CIPIIi 
WITH A NEW PORT SYSTEM (PERCUSEAL/R PORT SYSTEM), 
30MONTH EXPERIANCE 
E. Austenat~ U. Ruthe and M. Mann 
Oiabetes-Nachtklinik~ 0-1000 Berlin 61, Oudenstr.e 

We performed in 40 patients a new CIPII port 
system. It consists of an intrscutan titanium 
frame with a silicon membrane. Attached to the 
frama is a double-core catheter which leads to the 
intraperitoneal cavity. A specially Formed extarn 
catheter is passed through the silicone membrane 
and oonnectedto the external insulinpump. The 
system allows connection and disconnection of the 
insulinpump. It is possible to exchange or to 
short the intraperitoneal catheter ambulant. 
Patients: 21  Famals~ l g  male; age: ~= 35,S (~S-S0] 
years; diabetes duration: x= 16~5 (a-as] years; 
diabetic complication: n = BS. Results: The system 
is still function after 12 month in S5%j after aa 
month in 70% and after 30 month in 55%. Me Obser- 
ved one ketoaoidosis, one hypoglyoaemia sod no 
peritonitis (incidence ~ O,Ola per patient/year]. 
There was one reimplantation and 15 explantations. 
Reasons: n = 10  catheter ffibrine reaction, n= B 
local inflection, n=3 psychologicabprablems I n = a  

skin perforation off the intracutaneous titanium 
plate. 4 patients change to CIPII without an in- 
traperitomeal catheter (Intraseal/R Pact System)~ 
12 patients change to CSII. Metabolic results: 
HbAJc before implantation x=7~8~% [+/-lieS), after 
12 month CIPII x=7,41% (+/-0,$4], after 24 month 
~=7,de% [§ (The data are demonstrated at 
the meeting]. The Percuseal/R Port System seems to 
be suitable For lonsterm ip treatment. 
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EFFICACY OF THE INTRAPERITONEAL INSULIN 
TREATMENT IN TYPE I DIABETICS: A CROSS OVER 
STUDY 
G. Petrella, G. Galimberti, A. Polenghi, A. 

Sentimentale, M. Scavini, M. Cristallo, P. 
M i c o s s i  a n d  G. P o z z a  
S c i e n t i f i c  I n s t i t u t e  H San  R a f f a e l e ,  U n i v e r s i t y  
o f  M i l a n o ,  V i a  O l g e t t i n a  60 ,  M i l a n o ,  I t a l y .  

The multicentric clinical trial with the 
Infusaid model i000 pump showed an improvement 
of glycaemic control and quality of life. After 
one year of intraperitoneal insulin treatment 17 
patient were crossed over to intensive 
subcutaneous insulin therapy for at least 3 
months in order to avoid the interference of 
carry over effect of intensive subcutaneous 
insulin therapy. The relative frequence of blood 
glucose determinations above 180 mg/dl was 52% 
during subcutaneous treatment preceding the 
implant, decreased to 40Z after 12 months of 
intraperitoneal therapy but increased to 57% 
during the cross over period. No significant 
variations in hypoglycaemie episodes were 
observed. Mean blood glucose showed a 
significant decrease during intraperitoneal 
treatment and an increase during the cross over 
period (s.c. 188 • 32.5; i.p. 188 • 7.07; c.o. 
198 • 18.4 mg/dl). 5 patients interrupted the 
subcutaneous treatment before 3 months because 
of deteriorations of glycaemic control, in two 
cases with chetoacidosis episodes. A quality of 
the life questionnaire filled by the patients 
showed an improvement during the intraperitoneal 
treatment and a deterioration during the cross 
over period. Long term intraperitoneal insulin 
treatment achieves and maintains an improvement 
of metabolic control and quality of life in type 
I diabetics. 
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A NEW INTRAP, ERITONEAL PORT SYSTEM WITHOUT IN-  
TRAPEP, ITONEAL CATHETER: INTRASEAL/R PORT 
SYSTEM 

U. Ruthe, E. Austenat and It. Mann 
Diabetes-Nachtktinik, D-1000 Berlin 61, Dudenstr.6 

The Intraseal Port System has instead of  an in t raper i toneal  
catheter  a second t i tan ium par t ,  which pro ject  into the 
in t raper i toneal  cav i t y .  Between the in t racutaneous and the 
inner t i tanium par t ,  there  is a double-core ca theter .  I t  is 
possible, to change the inner catheter  ambulant,  The 
reason for the development is the problem of f ib r ine  
reaction at in t raper i toneai  ca theters .  Since december 1990 
unti l  apri l  1992 we per formed 29 implantat ions of  tha t  
in t raper i toneal  system. Pat ients:  16 female, 13 male; 
age x =33,5 (19-56) years ;  diabetes dura t ion :  T<=- 14,0 
[2-33) years;  d iabet ic complicat ions: n=18. Results: Dur ing 
the s tudy t ime, we observed no ketoacidosis,  2 hypog ly -  
caemic reactions ( w r o n g -  handl ing by the pat ients,  no 
technical complicat ion) and no per i ton i t i s .  2q pat ients wi th 
f i r s t  ip-  t reatment  have in 3 cases problems with a worse 
insulin d is t r ibu t ion  because of  f ib r ine  react ion at the 
in t raper i toneal  implantat ion par t .  One pat ient  changed 
af ter  q month to the Percuseal /R Port System, in two 
cases laparatomia was necessary to make the system func-  
t ion. 5 pat ients which have changed t~om Percuseal/R to 
In t rasea l /R have in two cases f ibr ine reat ions at the same 
locations. The In t rasea l /R  Port seems to be an in terest ing 
system for i p - t rea tment .  Changing from Pereuseal/R to 
IntraseaJ/R Port wi th the same in t raper i toneal  entrance 
seems to be not favourab le .  
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A DOUBLE-BLIND STUDY OF INJECTION PAIN WHEN 
USING INSULIN PENS WITH 3 DIFFERENT NEEDLES. 
R. Hanas, J. Ludvigsson. Department of  Pediatrics, 
Uddevalla Hospital, S-45180 Sweden and Department of 
Pediatrics, University of Link6ping, S-58185 Sweden. 

Recently 28G (0.36 mm diameter) needles were introduced 
as an alternative to standard 27G (0.4 mm) needles. We 
evaluated the pain when injecting with 3 different 
needles: B-D MicroFinelV-28G (B28), NovoFine-28G (N28) 
and Novo-27G (N27). 60 children and adolescents aged 9-21 
years participated. Their HbAlcWas 7.1+1.4%. 11/60 used 
indwelling catheters (Insuflon, Viggo-Spectramed). They 
injected with each needle once in the abdomen, once in 
the thigh and once in Insuflon (if applicable) on 2 
different occasions and scored injection pain on a 10 cm 
visual analog scale (VAS; 10=unbearable pain and 0=no  
pain). The study was double-blind and the injection order 
was randomized. The median VAS score was for abdominal 
injections 1.15 cm (B28), 1.03 cm (N28) and 1.23 cm 
(N27), for thigh injections 0.70 cm (B28), 1.10 crn (N28) 
and 1.18 cm (N27) (n.s. by Friedmans test). Insuflon 
injections scored 0.15 cm (B28), 0.13 cm (N28) and 0.15 
cm (N27) (p < 0.007 by Friedmans test when compared with 
abdominal and thigh injections). In 30% of injections B28 
was preferred, in 24% N28 and in 19% N27 while 27% were 
without preference (n. s. by Kappa test). In conclusion we 
found no difference in injection pain or preference 
between the 3 needles while Insuflon injections scored 
significantly less pain. 
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THE KINETICS OF INSULIN DELIVERY BY INSULIN PENS. 

BH Ginsberg, Becton Dickinson and Co, Franklin Lakes, N J, USA and 
Meylan, France. 

Insulin pens deliver insulin more slowly than syringes due to the many 
compressible elements of the insulin cartridges, including air bubbles. 
The kinetics of insulin delivery with varying air content was 
determined with both the BD Pen| the Novolin Pen ~, using A14- 
mono[1251]iodoinsulin by two methods prior to radioactive counting 1) 
Timed injections into a closed vial and 2) Injection onto highly 
absorbent paper moving at constant velocity. The average time 
required for a pen to deliver 20 units of insulin increased with air. 
Thus, a patient injecting 20 Units of insulin and withdrawing the 
needle from the site after 4 seconds would miss 4 Units of insulin if 
there were 200 ul of air. Since we found that 42 of a sample of 50 
commercially available insulin cartridges had air bubbles (average 
estimated to be 50 ul), additional air entering the cartridge would 
present a possible health hazard. Previous studies have demonstrated 
that air enters insulin cartridges when the pen needle is left on the pen 
between injections and thus, patients should be encouraged to remove 
the needle after each pen use as suggested by the manufacturer. 

Percent of Insulin Not Delivered to Site 
Time Syri%ge. Pen 
(see.) No Air 50 ul 100 ul 150 ul 200 ul 

Air Air Air Air 
2 0 4 9 18 41 44 
4 0 1 4 8 17 20 
6 0 0 1 4 7 9 

>I0 0 0 0 ] 3 5 
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A RANDOMIZED CLINICAL TRIAL OF GLYBURIDE VERSUS INSULIN USING 
STAGED DIABETES MANAGEMENT TO ACHIEVE EUGLYCEMIA IN NIDDM 
P Hollander*, T Bunkers-Lawson, R Bergenstal and R Mazze, 
Minneapolis, MN 

Following 8 weeks on diet, individuals with NIDDM were 
randomized to glyburide (G) (29) or insulin (I) (30) for 44 weeks. 
Blood glucose (BG) was monitored by HbAlc (4-6% normal) and 
SMBG (4 times/day) with a memory reflectometer. Ambulatory 
glucose profiles were produced to evaluate BG control Staged 
Diabetes Management (SDM), a data-based approach to clinical 
decision-making was used. Due to poor BG, 7 G subjects were 
switched (S) to I. No differences were found between I and G at 
entry for age, sex, weight and duration of diabetes, HbAlc (8.8 + 
3%), fasting blood glucose (FBG) (13.4 + 0.8 mmol), and 
stimulated C peptide (SCP) (4.6 + 0.3 ng/ml) for I and G. S 
differed significantly (p<.01) from I and G at entry with higher 
FBG (16.9 + 0.9 retool), lower SCP (3.4 + 0.3 ng/ml) and 
increased duradon of diabetes. A fall (p<.0001) in HbAlc, I (6.6 + 
0.1%), G (6.5 + 0.1%), S (6.5 + 0.6%) and FBS, I (6.9 + 0.3 
mmol/1), G (7.7 + 0.3 mmo/1), S (6.8 + 0.1 mmol/1) and rise 
(P<.0001) in SCP, I (5.3 + 0.5 ng/ml), G (5.4 --- 0.4 ng/ml), S (4.4 
_+ 0.3 ng/ml) were seen after 44 weeks. Following SDM, near 
normal levels of glycemia were achieved with either treatment. 
Improvement of BG enhanced SCP response. G failures may be 
predicted by the inidal SCP, FBG and duration of diabetes. 
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DEFECTIVE GLUCOSE UPTAKE AND STORAGE IN DIABETIC 
ERYTHROCYTES AND ITS CORRECTION BY METFORMIN. 
N.Wiernsperger,R.Yoa,J.Rapin,A.Martinand,I.Belle 
ville, Dept of Clinical Pharmacy, Faculty of 
Medicine and Pharmacy,F-21000 DIJON (France) 

Red blood cells ( RBCs) can store glucose (G) 
and may participate in blood glucose homeostasis. 
We investigated if a defect in this process e- 
xists in type 2 diabetes. Blood was obtained in 
fasting state from i0 normal and I0 newly dia- 
gnosed type 2 diabetic patients ( before and af- 
ter 1 month Metformin therapy). Washed RBCs were 
resuspended in media containing various G aoncen- 
trations: 0.8/1.2/1.6/ or 2.4g/i. Total G uptake 
was calculated from measurements of lactate, free 
glucose before and after addition of amylogluco- 
sidase to the pellet. RBCs from diabetics showed 
a marked reduction in G uptake, which was most 
pronounced in their capacity to store G as gly- 
cogen ( reactive to amyloglucosidase). Metformin 
treatment almost completely normalized glycogen 
synthesis, whereas lactate production declined 
concomitantly. Our data demonstrate: I) a defect 
in G uptake by diabetic RBCs, 2) that the defect 
concerns mainly G storage and 3) that it is re- 
versible by Metformin, indicating that this drug 
is also capable of promoting glycogen synthesis 
in insulin-insensitive cells. Due to their total 
mass; RBCs may participate to a far-from negli- 
gible extent to the impaired glucose homeostasis 
in diabetes, particularly in periods of frank 
hyperglycemia such as during the postprandial 
period. 
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IMPROVEMENT OF GLYCEMIC CONTROL AND METABOLIC RISK 

FACTORS BY METFORMIN IN OBESE INSULIN-TREATED DIABETICS 

A. Quatraro, A. Minei, M. Ettorre, F. Saccomanno, 

N. De Rosa, E. Rossi and D. Giugliano. Dept. of 

Geriatrics, University of Naples, and S. Rita Diabetic 

Clinic, Taranto, Italy. 

Metformin was given to obese type-2 diabetic patients 

poorly controlled by insulin after a secondary failure 

to sulfonylureas. Fifty patients participated in this 

randomized, double-blind six-month trial. After a four- 

weeks run-in period during which all patients were given 

placebo (single-blind), patients were randomly assigned 

to continue to receive placebo (n=23) or to active 

treatment with metform/n (1700 mg/day) At six months, 

significant improvement of glycemie control occurred in 

diabetics receiving insulin and met formin (glucose 

decrease: -4.1 (2.94) mmol/L, mean (SD) ; HbAlc decrease: 

-1.84 (1.7)%, p<0.001). No significant changes were seen 

in diabetics receiving insulin and placebo. There was 

a significant decrease in blood lipids (triglyceride and 

cholesterol), an increase in HDL-eholesterol and a 

reduction of blood pressure in diabetics taking 

metformin. These positive results were greatest in 14 

diabetics who experienced a good response to treatment 
(glucose profile <I0 m~ol/L) and less marked in the 

remaining 13 diabetics whose response was not so good 

(glucose profile >I0 mmol/L). The mean daily insulin dose 
was reduced by 21.6 (19) U/day (p<O.O01) after six months 

of the combined treatment. Combining metformin to insulin 

may represent a safe strategy to achieve a better 

glycemic control with a reduction of some metabolic risk 

factors associated with the cardiovascular disease of 

diabetes. 
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EFFECT OF METFORMIN TREATMENT ON INTERMEDIARY 
METABOLITE CONCENTRATIONS IN TYPE 2 DIABETES. 
D. Bruttomesso, M. G. Fratton, G. Biolo, S. 
Inchiostro, C. Fongher, G. Panebianco, E. Duner, E 
Iori, A. Tiengo, and P. Tessari. Department of 
Metabolic Diseases, University of Padova, Italy. 
Metformin increases lactate concentrations. 
However, most studies were performed either in the 
fasting state or by evaluating 24-hr metabolite 
profiles. Since metformin may also impair 
absorption of complex carbohydrates, its effects 
on circulating metabolites may be confounded by 
possible impairment of nutrient digestion. In this 
study, we have evaluated the effects of metformin 
(850 mg b.i.d, for four weeks) in diet-treated 
type 2 diabetic patients, using a double blind, 
placebo controlled design, both in the fasting 
state and following the continous administration 
of a synthetic mixed meal (=ii Cal/kg of BW), 
composed of sucrose (50% of calories), cristalline 
amino acids (18%) and fat (32%). Postabsorptive 
(162• to 141• mg/dl) and post-meal plasma 
glucose (217• to 164• mg/dl) were decreased 
(p<O.05) by metformin. Fasting blood lactate was 
similar before (0.76• mmol/L) and after 
(0.66• mmol/L) treatment. However, post-meal 
lactate was one-fold greater (p<0.002) after 
metformin (2.04• vs 1.13• mmol/L). Blood 
alanine was also comparable in the fasting state 
(0.24• before, vs 0.24• mmol/L), but post- 

meal alanine was greater (p<0.02) after drug 
treatment (0.34• vs 0.42• mmol/L). The 
concentrations of other intermediary metabolites 
(p[ruvate, 3-hydroxybutyrate, acetoacetate, and 
glycerol) were unchanged. These data show that, 
even after an elementary mixed meal, metformin can 
modestly increase post-prandial lactate and 
alanine levels, suggesting impaired utilization of 
these substrates for gluconeogenesis. 
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Lessons from in vivo and in vi tro studies of metformin 

concentrations in plasma and in erythrocytes. 

J.D. Lalau and C, Lacroix. Service d'Endocrinologie, H6pital 

Sud, Amiens et Laboratoire de Pharmacslogie, Le Havre, France. 

Using HPLC we measured the metformin concentrations in 

plasma (PM) and erythrocytes (EM) in metformin-treated 

diabetic patients either with (n = 10) or without (n = 58) lactic 

acidosis (LA). We also studied a model for cellular uptake of 

metformin in tissues involved in the initiation or aggravation of 

LA, measuring EM in vitro at 37~ (as a function of time and of 

blood concentrations: 5,10, 25, 50, and 100 rag.l" 1). Without LA, 

PM and EM were 0.59 _+ 0.10 and 0.87 +- 0.10 mg.l" 1 respectively. 

PM and EM were low in 2 patients with LA (_< 0.2 and ~< 0.5) and 

high in 8 others (range : 2 - 68, mean : 25.0 _+ 9.2 and 13.1 5= 3.7). 

The higher values were limited te three anuric patients. In one of 

the latter who was treated by dialysis, PM decreased after each 

session by 50% and EM by t0%. In vitro, ENI increased slowly and 

linearly with time. After 48 hours' incubation, it had increased to 

half initial blood concentration, irrespective of what it has been. 

In conclusion these data suggest that metformin can accumulate 

in a deep-compartment. However, because EM increases slowly 

in vitro, the accumulation cannot become significant at normal 

dosages unless there is prolonged renal failure. 
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METABOLIC EFFECTS OF METFORMIN ASSOCIATION TO 

GLIBENCLAMIDE TREATMENT IN TYPE 2 DIABETES 

S.Marena, G.Montegrosso, A.Pagano, V.Tagliaferro and 
G.Pagano. Institute of Internal Medicine - University of 

Turin - Italy. 
In a randomized double-blind cross-over study the 
addition of metformin to glibenclamide treatment was 
assessed conventionally (blood glucose profile and HbAlc 
measurement) and with an euglycaemic-hyperinsulinemic 
glucose clamp in ten type 2 diabetics in poor metabolic 
control. All patients were non obese (body mass index 
22.3•177 m-2). Metformin (500 mg twice a day) or 
placebo were addeed for 6 weeks to the usual 
sulphanylurea treatment (glibenclamide 5 mg three times a 
day). On the last day of either metformin or placebo 
administration the euglycaemic (5.5~0.5 mmol i-i), 
hyperinsulinemic (698.1• pmol 1 -I ) clamp was 
performed together with the study of insulin binding to 
circulating menocytes. Metformin reduced fasting 
(6.1• vs 6.4• mmol 1 -I , P=0.036),and mean daily 
~lasma glucose concentration (9.2• vs 11.4• mmol i- 
, P<0.001), and HbAlc (8.7• vs 9.3• %, P=0.027). 

No variations were registered in plasma insulin and in 
body weight. A significant reduction of hepatic glucose 
production (12.8~2.8 vs 33.9• umol kg -I min -I, 
P<0.001) together with an increase of glucose utilization 
(33.3• vs 26.1• umol kg -~ min -I, P=0.033) was found 
after metformin while residual glucose production during 
insulin infusion did not significantly varied. Insulin 
binding to circulating monocytes was higher after 
metformin (4.8• vs 3.2• %, P=0.030). Lipaemic 
profile showed a reduction in triglycerides (1.2• vs 
!.7• mmol 1 -I , P=0.039) and an increase in HDL- 
cholesterol (1.3• vs 1.0• i mmol 1 -I, P=0.004) 
without variations in total-chelesterol after metformin. 
These findings confirm the metabolic improvement after 
combined treatment suggesting its possible mechanism of 
action. 
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Miglitol and glibenelamide comparison in type 2 diabetes 
G.Pagano,S.Marena,L.Corgiat-Mansin,F.Cravero,G.M.Ferraris 

and C.Rossi. 
Institute of Internal Medicine University of Turin-Italy 
The efficacy of a 24-week treatment with miglitol , an a- 
amylase inhibitor, compared with glibenclamide was 
studied in type 2 diabetes treated with diet alone, i00 
patients (age<65 y, BMI<30 kg/m 2 ) in fair metabolic 
control (HbAIc>7.5%) despite diet were included in the 
study. After a run-in period patients were allocated 
randomly in a double-blind fashion to either miglitol (50 
and I00 mg t.i.d.) or glibenclamide (2.5 and 5 mg b.i.d.) 
treatment. The dose was doubled after 4 weeks of 
treatment in absence of significant side effects. 
Metabolic control was assessed by HbAlc before and during 
treatment. A standard mixed-meal (590kcal, 44% 
carbohydrates, 41% proteins, 15% lipids, 30 g fibres) was 
performed to evaluate glycaemic and insulinemic response 
at the beginning and at the end of treatment. HbAIc 
values decreased from the baseline (8.1• and 7.8• 
for miglitol and glibenclamide group respectively) both 
after miglitoi (-0.54• -0.70• and 0.86• at 
week 8,16 and 24, P<0.01 for all data) and after 
glibenclamide (-0.99•177 and -1.16• 
respectively, P<0.01 for all data). In the mixed-meal 
test it was noted a decrease of glycaemic incremental 
area (402• vs 590• mmol/240min, P=0.0014) together 
with a decrease of total (64216• vs 85695• 
pmol/240min, P=0.0078) and incremental area (36746• 
vs 49881• pmol/240min, P=0.046) for insulin after 
miglitol vs glibenclamide. The tolerance of both 
treatments was good: only three patients withdrew the 
study and only one for adverse events during miglitol. 
Both preparations were found to have similar effects on 
blood glucose control as assessed by HbAlc even if with 
different mechanism of action as indicated by the 
decrease of insulin area during mixed-meal test after 
miglitol in comparison to glibenclamide. 
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NO EFFECT OF BEDTIME MIGLITOL ON FASTING 
BLOOD GLUCOSE IN TYPE 2 DIABETIC PATIENTS. 
P. Kingma, LP. Sels, B.H.R. Wolffenbuttel, P. Menheere, A.C. 
Nieuwenhuijzen Kruseman. University Hospital Maastricht, The 
Netherlands. 
The fasting blood glucose value is partly determined by glucose 
production, i.e. glycogenolysis, in the process of  which alpha- 
glucosidase activity is involved. To investigate whether the 
alpha-glucosidase inhibitor Miglitol (Bay m 1099) can influence 
this glycogenolysis and thus the fasting blood glucose value, 12 
type 2 diabetic patients (M/F= 6/6) treated by diet and/or 
sulphonylurea were studied using a double blind, randomised, 
placebo controlled, cross-over study design during which sub- 
jects ingested 100 rng Miglitol or placebo at bedtime for 1 week 
each with a washout period in between of  2 weeks. Fasting 
blood glucose (FBG), insulin, C-peptide, glucagon, pyruvate and 
alanine were measured at start, days 0,1,2,3,6,7 of  each study 
period. Statistical analysis was done with ANOVA. Results: 
FBG did not change after miglitol (initial FBG: 11.4_+2.7 
mrao//1; after 7 days of raiglitol: 12.2_+2.5 ramol/1; after 7 days 
of placebo: 12.4_+2.6 mmol/1) nor any of the other parameters 
studied. Conclusions: 100 nag Miglitol given at bedtime has no 
effect on glycogenolysis and does not reduce the fasting blood 
glucose value in type 2 diabetic patients. 
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A "POOR" FASTING BLOOD GLUCOSE C O N C E P T I O N  
DOES NOT PREDICT "POOR" POSTPRANDIAL VALUES IN 
TYPE 2 DIABETES. 
M. Trovati, E. Mularoni, S. Burzacca, P. Massucco, F. Cavaiot, 
M.C.Ponziani ,  A. Rubiolo, M. Pluchino, L. Mattiello and 
G.Anfossi. Diabetic Unit, Department of Clinical and Biological 
Sciences, University of Turin, Italy. 
To evaluate whether a "pool '  fasting blood glucose (BG) according 
to the European NIDDM Policy Group (>7.8 mmolB) is predictive 
of "poor" postprandial values (>10 mmolA) in Type 2 diabetes, we 
examined 420 BG profiles of patients on diet (Group A: M/F=0.95, 
age 57.5+0.5 years, diabetes duration 5.4+0.2 years, BMI 
30.7_+0.3 Kg/m2) and 620 BG profiles of patients on oral agents 
(Group B: M/F=l .03 ,age  61.6+0.4 years,diabetes duration 
10.0_+0.3 years, BMI 31.3+0.5 Kg/m2). BG (m+sem) after 
overnight fast, 2 hours after breakfast, 2 and 4 hours after lunch 
was 8.91+0.07, 8.68+0.10, 9.15+0.11 and 7.64+0.10 retool/1 in 
Group A, 9.52+0.06, 9.58+0.09, 9.74+0.10 and 8.39+0.10 
mmol/l in Group B. 28% of Group A profiles and 20% of Group B 
profiles contained only "good" postprandial BG (4.4-8.9 mmolB) 
(p=0.003);  23% and 19%, respect ively,  contained also 
"acceptable" postprandial BG (<10 mmol/1) (NS); 48% and 63% 
contained at least one "poor" BG (>10 rnmol/l) (p=0.000). 31% of 
Group A profiles and 30% of Group B profiles contained their 
highest BG after the overnight fast (NS). HbAlc was 7.2+0.1% in 
Group A, 7.6_+0.1% in Group B (p=0.02). In conclusion , a 
"poor"  fas t ing  BG does not predict "poor" postprandial  
concentrations in Type 2 diabetic patients. BG profiles should 
therefore be performed to check usefulness and safety of drug 
prescription in these patients. 
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Chinese Tradional Antidiabetic Therapy Versus Sulfonylurea 
(Glibenclamide) in the People's Republic of  China : Randomized 
Controlled Clinical Trial. 
M. LEUTENEGGER*, Paris - France on behalf of the Chinese- 
French Scientific committee for the study of diabetes. 

A clinical trial was performed in non insulin-dependent diabetic 
patients in the People's Republic of China. The aim was to evaluate 
the efficacy of a traditional phytotherapy made from three plants, 
and its association with a sulfonylurea (2.5 mg x 3/d). The 
methodology for this multicentre randomized double-blind trial was 
a 2 x 2 factorial design : (4 groups : 1 = placebo (P) phytothempy + 
P (glibenclamide ; 2 = P pbytotherapy + verum glibenclamide ; 4 = 
verum phytotherapy + verum glibenclamide). To be included, 
patients had to be non insulin-dependent diabetic out-patients, aged 
40-70 years, treated either by diet alone or by oral anti-diabetic drug, 
with a mean value of 3 fasting blood glucose levels between 8.9 and 
12.2 mmolA. Examinations were planned monthly, during tile 3 
months of treatment. The endpoint criteria to be evaluated were 
HbAI, blood glucose and plasma insulin (at fasting, lhr and 2hr 
after a test meal). At each visit, a clinical examination was 
performed, and a questionnaire on the side effects and the associated 
symptoms was completed. The dose was reduced by half in the case 
of hypoglycemia. The two-hundred and sixteen patients recruited in 
the 5 centres (ShangaY (1) = 48 ; Shanga'i (2) = 40 ; Beijing = 40 ; 
Canton = 42 ; Chendu = 46) were randomized in the 4 treatment 
groups (group 1 = 56 ; group 2 = 56 ; group 3 = 50 ; group 4 = 54). 
Eleven patients were withdrawn for administrative reasons. In 
patients treated with glibenclamide, a significant increase in weight 
and insulinemia were observed, together with a significant decrease 
in blood glucose values ; in those treated by phytotherapy, only 
blood glucose value 2 hr after the test meal decreased significantly. 
A synergetic effect on blood glucose was observed when both 
treatments were given. Hypoglycemia occured in nineteen patients 
(all in the 2 verum glibenclamide groups). 
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BENFLUOREX IMPROVES HEPATIC AND PERIPHERAL 
INSULIN SENSITIVITY IN TYPE 2 DIABETIC PATIENTS. 
E. Volpi, P. De Feo, R. Lavielle*, P. De Gregoris*, G.B. Bolli. 
Istituto di Medicina Interna e Scienze Endocrine e Metaboliche, 
Universit& di Perugia, Via Dal Pozzo, 06126 Perugia, and Istituto 
di Ricerca Servier*, Via Pacchioni, 21, 00163, Roma, Italy. 
Benfluorex is a hypolipemic agent which improves blood glucose 
control in type 2 diabetic patients. To establish the mechanisms 
responsible for the hypoglycemic effect, 20 type 2 diabetic 
subjects underwent a double blind randomized treatment with 
benfluorex or placebo for 11 days. The two groups were 
balanced for number, sex, age, diabetes duration and body 
weight. The plasma concentrations of glucose, free fatty acids 
(FFA), insulin, glucose kinetics (SH-glucose infusion), and insulin 
sensitivity (2 step hyperinsulinemic euglycemic clamp: 0.1 and 1 
mU.kg-l.min -1) were determined before and after therapy. 
Statistical analysis was performed using ANOVA. Before 
treatment all parameters examined did not differ between the 
two groups. Benfluorex administration, when compared to 
placebo, reduced (p<0.05) plasma glucose (8.5+0.3 vs 8.9• 
mM), FFA (0.62• vs 0.72• mM), hepatic glucose 
production (1st  step of glucose clamp: 35• vs 45• 
pmol.kg-l.min-1), increased (p<0.05) peripheral glucose utilization 
(2nd step of glucose clamp: 322• vs 272_.+.19 pmol.kg.min), 
almost significantly (p=0.06) reduced (165• vs 177__.6 pM) 
plasma insulin concentrations in the absence of changes in body 
weight. In conclusion: benfluorex ameliorates blood glucose 
control in type 2 diabetic patients by increasing both hepatic and 
peripheral insulin sensitivity. It is possible that the improvement 
of glucose kinetics was caused by the benfluorex induced 
reduction in plasma FFA concentrations. 
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METABOLIC EFFECT OF A NEW ORAL HYPOGLYCAEMIC 
AGENT, AG-EE 623 ZW, IN SULPHONYLUREA (SU) 
TREATED TYPE 2 DIABETIC PATIENTS. 
B.H.R. Wolffenbuttel*, L. Nijst, I.P. Sels, P. Menheere, P.G. 
Muller, and A.C. Nieuwenhuijzen Kruseman, University Hospital 
Maastricht, The Netherlands, and Novo Nordisk A/S, Copenhagen, 
Denmark. 
AG-EE 623 ZW is a new, non-sulphonylurea oral hypoglycaemic 
agent with a stimulatory effect on insulin secretion. Its effect on 
metabolic conb'ol and lipids was assessed in comparison with 
glibenclamide (GLIB) in 44 SU-treated type 2 diabetic patients (age 
634-7 yr, BMI 26.24-2.8 kg/m2). Patients received after randomisa- 
tion either AG-EE 623 ZW (0.5-2 rag, n=29) or GLIB (5-10 rag, 
n=15) before breakfast and dinner. After 12 wks, median dose of 
AG-EE was 4.0 (range 1.5-4.0) rag, and GLIB 15 (1.25-15) mg. 
GLIB especially lowered fasting blood glucose (10.4+2.9 to 8.6:1:- 
2.4 mmol/l, p<0.05) ,  while AG-EE 623 ZW lowered postprandial 
glucose (14.04-4.6 to 12.64-4.5 mmol/1, p<0.01) .  HbAlc did not 
change in AG-EE patients previously treated with high doses SU, 
but fell from 8.64-2.2 to 7.9_4-2.1% (p<0.01) in patients previ- 
ously using lower SU-doses. With GLIB, HbAtr remained unchan- 
ged. Plasma cholesterol decreased with AG-EE from 6.9 4-1.4 to 
6.64-1.3 mmol/1, and with GLIB from 6:54-1.1 to 6.14-0.9 mmol/1 
(both p<0.05) .  Two patients on AG-EE did not complete the 
study, one for personal reasons, one because of a rise in blood 
glucose. No abnormal findings attributable to AG-EE 623 ZW were 
observed in clinical and laboratory examinations; no hypoglycaemic 
symptoms were observed. AG-EE 623 ZW is an effective and safe 
drug for the treatment of  patients with type 2 diabetes. 
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Clinical evaluation of a new oral hypoglycemic agent CS-045 in 

Type 2 diabetes 

Y A.kanuma, K. Kosaka, Y Shigeta, T. Kuzuya, T. Kaneko and 

N. Shimizu. CS-045 Study Group, Tokyo, Japan 

CS-045 is a new oral hypoglycemic agent for the treatment of Type 2 

diabetes by improving insulin resistance. We investigated the efficacy and 

safety by dose increasing method in 216 type 2 diabetic patients whose 

gtycemic control was insufficient(fasting plasma glueose(FPG)~ 

8.3raM) with suffonylurea. CS-045(400mg/day) was administered for 8 

weeks and the dose was increased to 800rag in patients whose FPG 

failed to decrease below 7.8raM at 8weeks and the drug was continued 

for additional 8weeks. In responded patients at 8weeks evaluation, 

40(~g was administered for 8weeks further. 159 patients were evaluated 

for efficacy. They were divided into 3 groups; A(n=47):400mg for 

16weeks(FPG_ ~ 7.SmM at 8weeks). B(n=62):400mg for 8weeks then to 

800rag for 8weeks(FPG>7.8mM at 8weeks). C(n=43):400mg for 

16weeks(FPG>7.8mM at 8weeks). In A, FPG fell from 9.8mM to 

6.7mM(Sweeks) and 7.4mM(16weeks). In B, FPG slightly decreased 

after increasing the dose (0weeks;ll.2mM, 8weeks;10.4mM, 
16weeks;9.9mM),but the hypoglycemic effect was insufficient. In C, 

FPG at 8 and 16weeks was almost similar (0week;10.8mM, 

8weeks;9.3mM, 16weeks;9.6mM). Thus increased dose failed to further 

potentiate the hypoglycemic effect of CS-045. Adverse events occurred 

in 9 out of 216 patients, and were mainly gastrointestinal symptom and 

swelling sensation of face and legs. In conclusion, CS-045 was an 

effective and safe hypoglycemic agent and the recommended dosage was 
400mg in Japanese type 2 diabetes. 
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THE NEW ALPIIA-2 ADRENOCEPTOR BLOCKING COMPOUND (SL 84.0418) INEIBITS BLOOD 
GLUCOSE INCREASE FOLLOWING ORAL GLUCOSE TOLE~NCE TEST IN HEALTHY SUBJECTS. 

I. Berlin, P. Rosenzwelg, E. Fuseau, S. Chalon and A.J. Puech, Dept. of Clin. 
Pharmacology, N6pital Piti&-Salp~tri&re, 47, Bd de l'H6pital, 75013 Paris~ end 
Synthelabo Recherches, 58, rue de la Glaci~re, 75013 Paris, France. 

Alpha-2 adrenoceptor blocking drugs may represent a new therapeutic tool in the 
treatment of non insulin dependent diabetes mellitus. The effects of 10, 50, i00 
mg SL 84.0418 (SL) on blood glucose (BG), plasma insulin, C-peptide, glucaqun, 
adrenaline and noradre~aline were investigated in comparison with placebo and 
qlipizide 5 mg in a doub[e blind crossover study in 15 healthy subjects. Glucose 
(75 g) was given l h after a single dose of each treatment at one week interval. 
Area under the BG curve and peak BG were dose-dependently reduced by SL, the 
extent of this reduction was the same with i00 mg SD than with 5 mg glipizide. 
Glipizide but not SL decreased nadir BO compared with placebo. Plasma insulin 
and C-peptide were increased by glipizide.SL slightly increased plaema insulin 
prior to glucose load b~t did not enhance glucose-induced elevation of plasma 
insulin. Treatments did not modify plasma glucagon. Plasma adrenaline rose 
significantly on glipizide and plasma noradrenaline on SL 50 and I00 mg. Heart 
rate, systolic and diastolic blood pressure were dose dependently increased by 
SL (mean maximal increase with i00 mg SL: 5 beats/min, 16 and 14 mmHg, respecti- 
vely). Adverse effects reflecting alpha-2 adrenoceptor blockade (tremor, pile- 
erection, hot flushes) occurred more frequently with I00 ~g SL. The adverse 
effect profile of 50 mg SL was not different from that observed with glipizide. 
Conclusion: The alpha-2 adreaoceptcr blocking compound SL dose-dope,dearly 
imhihits BG increase after OGTT in healthy subjects without modification of 
glucose-induced increase in plasma insulin and C-peptide.This antihyperglycemic 
effect is accompanied by a dose-dependent increase in plasma noradrenaline 
(corresponding to a pre-synaptic alpha-2 blockade), heart rate and blood pres- 
sure. The lack of action of SL on plasma insulin may suggest an extrapancreatic 
effect. 
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GLUTATI~IONE-ISOPROPYL-ESTER PREVENt AILOXAN DIABETES IN RAT 

1L Mor i ~, H. Senmaru 2 H. Narihara I , K. Kashima ~, A. Kuzuyama 3 , and 
K.Ohohashi ~ ' Third Department of Internal lledicine, gyoto 
Prefec tura l  Univres i ty  of Medicine, 2Rakuwakai-Marutamachi 
[(ospital, g.voto, Japan and aDepartment of Internal Medicine , Otsu 
~unicipal Hospital, Shdga 

I t  has been suggested that  alloxan,which destroys i s l e t s  by 
free radical formation, produces diabete~ in rats.Though reduced 
glutathione can decrease free radicals ,  i t  can prevent alloxan 
tox ic i ty  only jus t  before alloxan injection, because exogenous 
glutathiooe cannot penetrate into t issue.  In th i s  stady, we use 
glutathione isopropyl ester,which can increase in t r ace l lu l a r  
glutathione, and discuss i t s  possibil i ty of prevention of alloxan 
toxici ty.Glutathione isopropyl ester(~1737) was supplied from 
Yamanouchi Ltd(Japan). 3h a f te r  intraperi toneal  inject ion of 
3~o l /kg  ~1737 (n=8) into fasted Wistar rats ,  alloxan (40mg/kg) 
~ss injected from t a i l  vein .We were measured i t s  postprandial 
plasma glucose, serum insulin label,and pancreas insulin content 
in ra ts  treated with YM737, reduced glutation(3mmol/kg, n=9) and 
control( 154mmol/1 Nacl,n~H) 1 week la ter .  In ra ts  treated with 
YM737, the plasma glucose was s ignif icant ly  iower compared with 
glutathione and control (288--+25 vs 465 -+33, 500 +-65mg/dl, 
P<O. Hh) ,whiIe panceras insulin content was significantly higher 
(3.5• vs 0.5-+0.3, 0. H_+O.8 my/my-protein, P<0.05) .But,there 
was no significant difference in serum insulin label in the three 
groups (3. 65 -+0.25 vs 2.65~B.5, 4.55 +0.85 ng/ml).These results 
suggest that  glutathione isopropyl es ter  might prevent Alloxan 
toxicity compared with glutathione ~ad control. 
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THERAPEUTIC EFFECTS OF VITAMINS E AND C OH THE SERU~ 
LIPID PEROXIDATION A~D GLYCAE~IA IN DIADETIC SUBJECTS 

O.Pavlovic,R. Kocic,G.Kocic,V.Ojordjevic,G.Bjelakovic, 
D.Koracevic. Dep~rtment of Boichemistry,Medical Faculty, 
and Clinic for Endocrinology qniversity of His,Yugoslavia 

Toxic oxigen radicals have been linked tohcell damage 
brought about by some chmmicals and might conceivably also 
be of importance in the pathogenesis of spontaneous Insulin 
dependent Diabetes Mellitus.l,!e have investigated the serum 
l ipid peroxidation and blood glucose concentration 5 and 12 
days after the treatment of diabetic subjects by vitamin E 
and C.The level of lipid peroxidatio, products was examined 
in serum Of IDD~ subjects by measuring their thiobarbituric 
acid(T~) reactivity.Hyperglycaemia was assesed by measuring 
of blood glucose.The treatment by vitamins E and C caused 
significant decrease in serum thiobarbituric acid value and 
blood glucose concentration.The antioxidative capacity of 
serum diabetic subjects,after the treatment,was tested in 
phospholipid suspension in the presence of traces of metal 
ions.These vitamins caused the increase of antioxidative 
capacity of the serum of ID~d patients,This study suggests 
a signif icantly altered l ip id composition and an acmulatiai 
of l ip id peroxidation products in serum of IDO~ subjects. 
!de have documented that the treatment by vitamins E and C, 
the substances possesing antioxidative properties,acted 
prophylactically against l ip id peroxidation and hypergly- 
caemia in IDC+I subjects. 
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DALLY VITAMIN E SUPPLEMENTS IMPROVE INSULIN ACTION IN 

TYPE 2 (NON-INSULIN) DEPENDENT DIABETIC PATIENTS. 
G.Paolisso,A. D'Amore, D.Giugliano,D.Lama,D.Galzerano, 

M.Varricchio and F.D'Onofrio - Department of Geriatric 

Medicine - ist Medical School - Naples - Italy. 

To study the possible effects of Vitamin E (Vit.E) on in- 
sulin action 15 non-insulin dependent diabetic (fasting 

plasma glucose:7.3+0.2 mmol/l) patients treated by oral 

hypoglycemic agents-were submitted to an euglycemic hyper- 

insulinemic (I mU/kg x min) glucose clamp in a double- 

blind,randomized,cross-over procedure after 4 mounths 
treatment with either Vit. E (900 mg/day) or placebo (PB0) 

at 4 weeks intervals. In fasting conditions and during in- 

sulin infusion D-3-H glucose and indirect calorimetry al- 

lowed determination of glucose turnover parameters and 
substrate oxidation.After Vit. E there was a significant 

reduction in HbAI (7.8+0.2 vs 7.1+0.3% p<0.05) while body 

mass index (26.1+0.1 vs 26.1+0.2 kg/m2 p=NS) and lean body 

mass (63.4+0.7 vs 62.8+0.4 k~ p=NS)were unchanged. Durin~ 

glucose cl~np , plasma-glucose and insulin levels were si- 
milarly clamped at 6 mmol/l and 650 pmol/l in both occa- 

sions respectively. In the last 60 min of the experiment, 

Vit. E vs PB0 strongly increased glucose disappearance rate 

(Rd:27.1+0.5 vs 18.4+0.4 umol/kg x min p<0.02),total body 

glucose diposal (TBGD:28.1+0.4 vs 19.0+0.7 umol/kg x min 

p<0.01) and non-oxidative glucose metabolism (NOGM:I3.9+ 
0.3 vs 8.5+0.3 umol/kg x min p<0.02). Fasting and insulin 
mediated changes in hepatic glucose output,oxidative 

glucose and lipid metabolism were similarly affected in 

both experimental conditions. In conclusions Vit.E 

administration contributes to improve insulin action and 

metabolic control in non-insulin dependent diabetic pa- 

tients. 

780 

THE EFFECT OF VITAMIN C AND DESF:ERRIOXAMINE 
ON OXIDATIVE STRESS IN DIABETES 

I.S.Young, S.Tate and E.R.Trimbie. Department of Clinical 
Biochemistry, Queen's University, Belfast, UK. 

Increased oxidative stress may contribute to the 
development of complications in diabetes mellitus. We have 
therefore assessed the effect of treatment with ascorbate 
and desferrioxamine on oxidative stress in the 
streptozotocin diabetic rat. Untreated diabetes was 
characterised by increased lipid peroxidation as shown by 
increased levels of plasma malondialdehyde (MDA) 
[diabetic 1.92+-0.21/lmol/I (n= 11, mean_+SEM)vs 
control 1.03• pmol/I (n=9), p<0.01 ] and conjugated 
dienes (CD) [0.595-+0.007 U vs 0.540-+0.010 U, p<0.01 ]. 
In addition, there were reduced levels of the antioxidant 
vitamins ascorbate (40.6 • 5.6 vs 67.2 -+ 5.7/Jmol/I, 
p<0.01), retinol (0.98+-0.12 vs 1.39-+0.14/Jmol/I, 
p<0.01) and tocopherol (18.0_+ 1.5 vs 26.4_+ 1.6 
/Jmol/mmol cholesterol, p < 0.01 ). Insulin treatment 
returned these parameters to normal. Ascorbate 
supplementation normalised vitamin (3 status but failed to 
reduce lipid peroxidation [MDA 2.10_+0.25/Jmol/I, CD 
0.620• U (n=9), p=NS vs untreated diabetes], 
probably due to pro-oxidant effects of ascorbate mediated 
by interactions with transition metals. In support of this, the 
addition of daily subcutaneous desferrioxamine to oral 
ascorbate treatment significantly reduced lipid peroxidation 
[MDA 1.27• CD 0.559_+0.008 U (n=11), 
p<0.05 vs untreated diabetes] although desferrioxamine 
alone was without effect [MDA 1.67_+0.21/Jmol/I, CD 
0.595_+0.007 U (n = 12), p= NS vs untreated diabetes]. 
Due to interactions with transition metals, the use of 
ascorbate supplementation as an antioxidant treatment in 
diabetes may be of no benefit. 
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DE FEROXI~IINE AND NICOTINAktlDE IN NEWLY DIAGNOSED TY PE 1 DIABETIC 
PATIENTS: A RANDOMIZED DOUBLE-BLIND PLhCEBO CONTROLLED TRIAL. 
J. M. Gonz~lez-Clemente, A, Muhoz, E. Fern~tndaz-Usac, R, 
Casamitjana*, R. Gomis and E. Vilardell. Endocrinology and 
Nutrition, Hormonology* Units. Hospital Clinic, Barcelona, Spain. 

Deferoxiamine (DN) is an iron chelator that could be beneficial on 
remissions in newly diagnosed type I diabetics; effects of 
nicotinamide (NC) in these patients remains controversial. To test 
effects of DN and NC, 36 newly diagnosed type I diabetics 
(symptoms < 90 days; age: 22.8~-6.9 years; sex: 18 M, 18 F), 5 days 
after beginning insulin therapy, were randomized in a double-blind 
fashion to one of the following goups: I.- DN (4.5 g/day, s.c. 
infusion pump; 10 days) + oral placebo (3 months); 2.- S.c. placebo 
(10 days) + oral placebo (3 months); 3.- S,c. placebo (10 days) + 
NC (1.5 g/day; oral; 3 months); 4.- DN * NC (same doses and 
routes). At entry, differences between goups in relation to age, sex, 
islet cell antibodies, insulin auto-antibodies, HbA1c and basal and 
stimulated C-peptide levels were NS. At 15, 45, 90 and 180 days 
evolution significant differences (Kruskal-Wallis test) in relation to 
insulin doses, HbA1c, mean capillary glycemia and basal and 
stimulated C-peptide were not found; at 180 days evolution, 
differences related to complete and partial remission rates and 
times were NS (X2 and Lee-Desu tests, respectively). Conclusion: 
neither DN nor NC alone or associated seemed to have additional 
effect on natural history of newly diagnosed type 1 diabetics. 

782  

ORAL NICOTINAMIDE IMPAIRS GROWTH IN YOUNG RATS 
A.M. PetIey and T.J. Wilkin, Endocrine Section, 
Medicine II, Southampton General Hospital, 
Southampton, UK 

Nicotinamide (NCT) is reported to protect 
against the development of type 1 diabetes. 
Although widely believed to have no significant 
toxic effects, NCT has been associated with 
weight loss in prepubertal rats when given 
intraperitoneally. Trials with oral NCT are 
currently under way in children, and we felt it 
important to establish the influence of oral 
NCT on weight gain. NCT was given to newly 
weaned Wistar rats (n = 5, weights 39-50g) at 
a dose of 0.62g/Kg/day body weight in the 
drinking water. The weight increase was 
compared with that of controls. A divergence 
in weight gain was apparent from the start, and 
after 17 days on NCT the difference was 
statistically significant (control weight = 
201.9 • 21.8; NCT-treated weight = 168.6 • 11.4 
p < 0.05). After 50 days on NCT the mean 
weight of NCT-treated rats was 72% that of 
controls (p < 0.01). In contrast, the same 
dose of NCT given to adult rats (weight 200- 
220g) had no effect on weight over an 
observation period of 4 months (control weight 
= 289.6 • 30.4, n = 5; NCT-treated weight = 
293.2 • 45, n = 5). This study suggests that 
nicotinamide has no effect on the maintenance 
of weight in adult rats, but significantly 
impairs weight gain in young rats. Although 
the dose used was higher than that currently 
used in human studies, caution should be 
exercised in the treatment of children with 
nicotinamide. 



A203 

783 

NICOTINAMIDE TREATMENT IN CHILDREN WITH NEWLY 
DIAGNOSED TYPE 1 DIABETES MELLITUS. 
M. Pa~kov~, I .  T k ~ ,  D. TrEzov~, and P. Beho, 
C h i l d r e n s  H o s p i t a l  and Depar tmen t  o f  I n t e r n a l  
M e d i c i n e  IV ,  U n i v e r s i t y  H o s p i t a l ,  K o ~ i c e ,  CSFR 

The e f f e c t  o f  n i c o t i n a m i d e  (NA) t r e a t m e n t  i n  
a d d i t i o n  to  i n s u l i n  t h e r a p y  on d i a b e t e s  c o n t r o l  
as w e l l  as on o n s e t  and d u r a t i o n  o f  r e m i s s i o n  
was i n v e s t i g a t e d  i n  t he  g roup  o f  }4 c h i l d r e n  
with newly  d i a g n o s e d  Type I ( i n s u l i n - d e p e n d e n t )  
d i a b e t e s  m e l l i t u s .  The c o n t r o l  g r o u p  i n c l u d e d  
14 c h i l d r e n  w i t h  Type 1 d i a b e t e s  m e l l i t u s  t r e a -  
t e d  only with i n s u l i n .  NA was administered in 
t he  dose o f  200-600 mg/day s i n c e  the  day o f  
d i a g n o s i s  o f  d i a b e t e s  and t he  t h e r a p y  w i t h  NA 
continued f o r  12-18 months. I n i t i a l  mean post-  
prand ia l  blood glucose and HbAlc l eve ls  and in -  
su l i n  r e q u i r m e n t s  were  n o t  s i g n i f i c a n t l y  d } f -  
f e ren t  in both groups. A f te r  12 months the pa- 
t i en t s  on NA t h e r a p y  had S i g n i f i c a n t l y  l o w e r  
mean p o s t p r a n d i a l  g l u c o s e  ( 7 . 5 + 2 . 7  vs .  1 1 . 5 + 7 . 1  
mmol /1,  p /O .D1)  and HbAlc ( 6 . B ~ 2 . 3  vs .  8 . 9 ~ 5 . 5  
umol f r u c t o s e / g  Hb, pLO,O25) l e v e l s  as w e l t  as 
l o w e r  i n s u l i n  dose r e q u i r m e n t  ( 0 . 5 1 + 0 . 1 9  vs .  
1 . 0 1 + 0 . 2 5  I U / k g / d a y ,  p / D . O l )  i n  compar i son  w i t h  
c o n t r o l s .  No s i g n i f i c a n t  d i f f e r e n c e  was found  
when compar ing  mean t ime  o f  o n s e t  o f  d i a b e t e s  
r e m i s s i o n  i n  bo th  g roups  w h i l e  the  d u r a t i o n  o f  
remission was significantly longer in NA trea- 
ted pat ien ts .  The resu l t s  of  the present study 
s u g g e s t  t h a t  NA may have b e n e f i c i a l  e f f e c t s  on 
d i a b e t e s  c o n t r o l  and d u r a t i o n  o f  r e m i s s i o n  pha-  
se in c h i l d r e n  with newly diagnosed Type 1 dia- 
betes mellitus. 

784 
COMPARISON OF THE PHARMACOLOGY OF TWO ALDOSE REDUCTASE 
INHIBITORS - PONAIRESTAT AND (4-AMINO-2-6-DIME~- 
SUI~HONYL) NITROMETHANE. 

D.J.Mirrlees, C.M.Sennitt, F.Carey, D.P.Tuffin, 
D.R.Brittain, J.Preston and R.Howe, Research Department, 
ICI Pharmaceuticals, Alderley Park, Macclesfield, 
Cheshire, United Kingdom. 

A new inhibitor of aldose reductase (ALR2), (4-amino-2,6- 
dimethylphenylsulphonyl)nitromethane (SMN) may offer the 
potential to clarify the role of ALR2 in diabetic 
neuropathy. Despite being twenty fold less potent as an 
inhibitor of ALR2 in vitro (IC50 1.8 X 10-7M ve 8.0 X 
10-9M for SNM and Ponalrestat (P) respectively) SNM is 
>8 fold more potent in viva. In rat, P and SNM inhibited 
ALR2 in sciatic nerve with an ED50 and ED95 of 7.6 and 
103, and I and 13.9 mg.Kg "I day-i respectively. 
Incubation of rat erythrocytes with P or SNM, either in 
buffer or plasma containing galactose, provided a 
measure of protein binding. Results showed 6% of P was 
free in plasma compared to 50% of SNM. Incubation of rat 
nerve in vitro showed that P was a less potent inhibitor 
of ALR2 than SNM (IC50 2.1 X 10-SM vs 1.73 X 10"6M). 
These data provide a rational basis for differences 
observed between the in vitro and in viva efficacy of P 
and SNM. SNM is a potent and well tolerated inhibitor of 
ALR2 in viva and provides the sustained and high level 
of ALR2 inhibition required to block polyol flux and to 
reverse motor and sensory nerve conduction deficits in 
diabetic rats. 

785 
EFFECT OF CISAPRIDE ON BLOOD GLUCOSE CONTROL 
IN PATIENTS WITH UNSTABLE DIABETES 

A. Corbould, A.D.R. Mackie, M. Merrick and J.D. Baird, 
Metabolic Unit, University of Edinburgh Department of Medicine 
and Department of Nuclear Medicine, Western General Hospital, 
Edinburgh, U.K. 

We studied 12 long-standing (mean duration of diabetes 22 years, 
range 9-48), insulin-taking patients with unstable diabetes 
confirmed under Metabolic Unit conditions. Gastric emptying of 
solids (radio-isotope method) was significantly impaired in all 
patients.  11/12 had impaired or absent awareness of 
hypoglycaemia. 9/12 had abnormal cardiovascular autonomic 
function (on-line computerised analysis of R-R interval in 5 test 
situations). Cisapride 10rag TDS significantly improved blood 
glucose stability in 11/11 patients while in hospital. One patient 
could not tolerate the drug. At.out-patient follow-up (mean 
duration of treatment 5.5 months, range 1-25) improved blood 
glucose stability was maintained in only 5/11 patients. Re- 
examination of those who relapsed as out-patients (so far 2/6 re- 
examined) shows that the defect in gastric emptying remains 
corrected by cisapride. We conclude that impaired gastric 
emptying of solids is common in patients presenting with unstable 
diabetes. Such patients do not always have symptoms of 
gastroparesis and may have normal cardiovascular autonomic 
function tests. Cisapride corrects the defect in gastric emptying 
effectively and this is invariably associated with improved glucose 
regulation in the in-patient situation. However on discharge from 
hospital blood glucose control deteriorates again in some patients. 
Such relapse seems to be due to factors other than impaired gastric 
emptying of solids. 
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Glucose Sensors  
786 
Blood-g lucose  determinat ions  using bacterial  ce l lu lose 
based membranes .  
S. Eisete 1, H. P. T. Ammon 1 and W. G6pel 2 
1Department of Pharmacology, Institute of Pharmaceutical 
Sciences, 2Institute of Physical and Theoretical Chemistry, 
University of T0bingen, FRG. 

The application of glucose sensors for whole blood online glucose 
measurements is still lacking because of biological interactions of 
sensor surfaces and blood, e.g. surface fouling and encapsulation. 
Therefore, the aim of this study was to build up a sensor-system, 
containing a long-term stable glucose sensor, suitable for blood 
glucose measurements. We used a well known amperometric 
sensor system and examined the long-term stability of a sensor with 
a bacterial cellulose based membrane (BC) as outer membrane, 
and a commercial dialysis membrane (Cuprophan| Both systems 
were tested in contact with diluted and undiluted human blood 
(reference measurements were done with a Beckman Glucose 
Analyser 2). 
We choose bacterial cellulose as membrane material, because of 
its high purity, good storage stability and mechanical properties. 
Furthermore, it shows hydrogel character and allows steam 
sterBisation. 
The present study gave the following results: 
- in 1:10 diluted blood the BC membrane showed a long-term 

stability of about 200 h. The Cuprophan @ membrane was stable 
for only 30 h. 

- in undiluted blood, a similar trend in long-term stability was found. 
Cuprophan | was stabJe for 3-4 h and the BC membrane for more 
than 24 h. 

- To improve the linearity range, the BC membrane was covered 
with a polyamide and we found a linearity range up to 2,5 g% 
glucose. 

- Investigations of blood glucose in rats showed a good correlation 
of our sensor-system with the commercial available Exactech | 
sensor. 
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SUBCUTANEOUS IMPLANTED GLUCOSE SENSORS: 
SELF-TUNING QUALITY ASSURANCE IN VIVO 
E.Salzsieder, U.Fischer and K.Rebrin; Institute 
of Diabetes "Gerhardt Katsch" Karlsburg of the 
University of Greifswald, Germany 
Application of s.c. glucose sensors in metabolic 
care is hampered by unpredictable changes of in 
vivo function. Thus, repeated in vivo calibrati- 
ons are required. This study presents a model- 
based procedure where s.c. glucose concentration 
is simulated as a state variable Xsc(s) as a re- 
ference of measured Xsc(| , i.e. to the current 
of implanted glucose electrode. In the related 
state equation ~sc(s)=-b~c/T~c-xsc(s)+bsc.xu Tsc 
is the time constant and bsc the gain factor of 
system, s.c. glucose compartment plus sensor in 
situ. Self-tuning is initiated by automated in 
situ assessment of Tsc and bsc (dogs: i0 - 60 
min and 0.45 - 0.95 respectively), which toge- 
ther with individual model constants, and inputs 
of insulin, food and exercise are applied to 
computer. It predicts patterns of xse(s) which 
are compared to Xsc(s) according to the criteria 
PV=(x~c(,)/Xsc(s)).100 (predictive value) and 
drift RD=((xsc(s}-xs~(,~)/xsc(s)).100 both ac- 
tually and at intervals of 6, 12 and 24 hours by 
regression analysis. When significant deviations 
occur, sensor signal is adapted automatically to 
xsc(s} or external alarm initiate intervention. 
This system has been validated on GOD-H2Oz sen- 
sors in 9 normal dogs (5-hours i.v. glucose in- 
fusion) and in 3 diabetic animals (daily monito- 
ring on insulin injection treatment). Conclu- 
sion: Self-tuning in situ calibration is feasi- 
ble to guarantee reliable sensor function for 
metabolic monitoring. 
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SATELLITE G AND COMPANION 2 ADVANCED BIOSENSOR 
TECHNOLOGY FOR SELF MONITORING OF BLOOD GLUCOSE 

H. Regal, l.Zdolsek and K. Irsliger, L. Bolzmann Institut 
for Stoffwechselerkrankungen und Ernahrung am Krankanhaus 
Wien-Lainz 
(L. Boltzmann Institute of metabolic diseases and 
nutrition at the Wien-Lainz hospital) 

In 1989, MediSense introduced first generation biosensor 
technology for self-monitoring of blood glucose with 
ExacTech. The aim of this study was to evaluate the 
advanced second generation, satellite G and Companion 2 
(MediSense, Mainz), featuring "autostart"; shorter test 
time (20 seconds); lower sample volume (15~i); and 
compensation for interferences and temperature 
fluctuation. Satellite G, with capillary or venous whole 
blood options, is designed for professional decentralised 
blood glucose monitoring; Companion 2 is the equivalent 
sensor for patient use, The accuracy of Satellite G was 
determined with 98 venous blood samples in comparison with 
Glucoquant BM (HK-method). Results: mean bias = -0.06 
mg/dl; interval of confidence (i 2SD) = • 19.9 mg/dl; 
r=0,99. All values were within zone A of the "Error Grid," 
characterizing this system as clinically reliable~ 
Precision (% coefficient of variation) within 20 
replicates for venous blood samples, was as follows: i) 46 
mg/dl - 8.7%; 2) 91 mg/dl - 4.2%; 3) 243 mg/dl - 3.3%; 4) 
428 mg/dl 2.8%. Evaluation of satellite G and two 
Companion 2 sensors with 71 capillary samples gave similar 
results: 96% of values within • 20% of the reference; 90% 
within 15%; r = 0.98. The confidence intervals (i 2SD) 
were between -20 mg/dl and +32 mg/dl; mean bias within 8 
mg/dl. The determined performance and the user 
friendliness and portability of satellite G and Companion 
2 demonstrate their respective benefit in decentralised 
testing and patient self-monitoring. 

789 

COMPLETELY NONINVASIVE MEASUREMENTS OF HUMAN 
BLOOD GLUCOSE IN VIVO USING NEAR INFRARED WAVES 

M. Noda, N. Taniguchi I, M. Kimura I, N. Kuzuya, 
and Y. Kanazawa. Jichi Medical school Omiya 
Medical Center, Omiya, Japan, and 'iMitsui 
Kinzoku, Ageo, Japan 

To avoid the pain and discomfort of self 
monitoring of blood glucose, noninvasive 
measurements have long been desired. We have 
previously reported (Jap J Diab Assoc 34: Suppl. 
1 p. 274 1991, Med Biol Eng Comp 29: Suppl. p. 
1158 1991) a possibility to measure blood 
glucose levels by near infrared (NIN) waves; the 
wave length which we chose was vulnerable to the 
temperature. To decrease sensitivity to 
temperature and increase accuracy, higher 
resonance had been chosen for the measurement, 
and "normalized optical density" technique was 
used for calculation- After preliminary studies 
to confirm our technique, the method was applied 
to the in vivo measurements. Absorption spectra 
was measured by a spectrometer for NIR light 
passed through a whole finger. The obtained 
(calculated) values were compared to real plasma 
glucose (glucose oxidase method) values. During 
oral glucose tolerance tests, each correlation 
coefficient between calculated and real glucose 
values was not less than 0.90. This method of 
blood glucose monitoring is not also noninvasive 
but both real-time and can be continuous. 
Applications of this method for each patient 
will contribute to realize the ideal metabolic 
control and prevent various diabetic 
complications. 
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AMPEROMETRIC 25-GAUGE-NEEDLE GLUCOSE SENSOR 
TESTED IN BLOOD. 
D.R.Matthcws, M.Wickham, R.Morris and R.Ku. Diabetes Research 
Laboratories, Radcliffe Infirmary, Oxford, UK and Medisense UK 
Inc. Abingdon. 
An amperometfic 25-gauge-needle glucose sensor has been 
developed for subcutaneous use. However, subcutaneous tissue may 
not rapidly equilibrate with blood so this device has now been tested 
in a flexible plastic chamber through which heparinized venous blood 
was drawn from human subjects in whom the glucose was varied up 
to 12mmol/I over 5h. The response rate of 4 glucose-sensing 
needles was assessed by monitoring current output while the glucose 
from the chamber was measured by YSI. The response to glucose 
change occurred within 30see of glucose infusion in the contra- 
lateral arm and was maximal within 2min - a time indistinguishable 
to within 15see of the change monitored by YSI. The current output 
from the devices was median 210nA (range 70-300nA) at 
euglycaemia and median 560hA (range 410-700nA) at 12mmol/1 
glucose hyperglycaemic clamp. Devices with basal current <200nA 
performed less well, with correlations between glucose and current 
<0.7. The two devices with basal currents >200 had current 
correlations with glucose of 0.96 and 0.97 respectively and 
negligible hysteresis (p<<0.001). The needles needed in vivo 

calibration. In conclusion glucose-sensing needles have the capacity 
for fast reaction (<lEsec) and high correlation with glucose change 
and these sensors can function for at least 5h. 
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IMPROVEMENT OF BIOSENSORS FOR GLUCOSE 
MEASUREMENT IN VIVO 
P. Abel, Th. v. Woedtke, U. Fischer, K. Rebrin, 
and W. Wilke; Institute of Diabetes "G. Katsch" 
Karlsburg, University of Oreifswald, Germany 
Glucose measurement in vivo needs biostable 
sensors. This study was aimed at exclusion of 
potentially function limiting problems. Methods: 
(I) To overcome alterations of the sensor sur- 
rounding tissue, caused by sensors' size (outer- 
diameter (o.d.): 1 . 5 - 2  mm, length: 20 mm), 
miniaturized dual sensors (o.d.: < .5 mm) with 
single electrodes were polarographically 
investigated. (2) To exclude influences resul- 
ting from nonsterility, the combination of gamma 
irradiation (gi) and H202 was developed. (3) 
Improving biostability of the covering Poly- 
carbonate (Pc) has been used as a diffusion 
barrier on the sensing surface. Results: Inde- 
pendent of the distance between the two single 
electrodes, there were excellent polarographic 
characteristics (current < .01 hA/50 mV at 
voltage = 550-750 mV) measuring both pO2 and 
glucose. Employing Pseudomonas aeruginosa as a 
test germ~ the combination of gi (< 1.5 kGy) and 
HzOz {44 mmol/l) could be proved as a feasible 
and reproducible protocol for a germicidal 
effect. Comparing sensor signals as generated by 
both glucose-related HzO2 and E202 as a sub- 
strate, the 30 mmol/l glucose concentration 
related current equals that of .2 mmol/l H2Oz, 
without any disturbing influence on enzyme acti- 
vity in both oxidized and reduced form. Pore 
size and density of Pc can be influenced by 
special radiation to realize the needed ratio of 
substrate and cosubstrate. Conclusion: Thus, 
from the results of these in vitro studies the 
upgraded functional biostability of implanted 
sensors can be presented. 

792 
IN VlVO CAUBRATION OF A SUBCUTANEOUS MINIATURIZED GLUCOSE 

SENSOR UNDER CLINICAL CONDITIONS IN DOGS 

V. Poitout, D. Moatti-Sirat and G. Reach. INSERM U 341, Service de 
Diab6tologie, H6teI-Dieu, Paris, France. 

The feasibility of calibrating a glucose sensor by using a wearable 
glucose meter for blood glucose determination and moderate 
variations of blood glucose concentration was assessed. Six 
miniaturized glucose sensors were implanted in the subcutaneous 
tissue of dogs, and the parameters used for the in vivo calibration of 
the sensor (sensitivity coefficient and extrapolated background 
current) were determined from values of blood glucose and sensor 
response obtained during glucose infusion. 1) Venous plasma (x) and 
total blood glucose (y) levels were measured simultaneously on the 
same sample, using a Beckman Analyzer and a Glucometer II | 
respectively. The regression equation was y = 1.12 x - 0.08 mmol/I 
(n = 114, r = 0.96, p = 0.0001). The Error Grid Analysis indicated 
tha! the use of a Glucometer II | was appropriate in dogs. 2) The in 
vivo sensitivity coefficients were 0.57 +_ 0.11 nA/mmol/I when 
determined from plasma glucose, and 0.51 + 0.07 nA/mmol/I when 
determined from whole blood glucose (p = 0.18, NS). The background 
currents were 0.88 _+ 0,57 nA when determined from plasma 
glucose, and 0.63 _+ 0.77 nA when determined from whole blood 
glucose (p = 0.45, NS). 3) The regression equation of the estimation 
of the subcutaneous glucose level obtained from the two methods was 
y = 1.04 x + 0.56 mmoYl (n = 171, r = 0.98, p = 0.000t). Thus, 
the calibration of a glucose sensor by using a glucose meter is 
feasible, and is still valuable when using moderate variations of the 
glycaemia. 
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LONG-TERN BLOOD GLUCOSE REGULATIONS IN DIABETIC PATIENTS 

WITH A WEARABLE ARTIFICIAL ENDOCRINE PANCREAS 
Y.Hashiguchi, N.Sakakida, K.Ichinose, K.Nishida, M.Uehara, 

H.Kishikawa and M.Shichiri. Department of Metabolic Medi- 
cine, Kumamoto University Medical School, Kumamoto, JAPAN 

We have developed a microdialysis sampling method 
for continuous subcutaneous tissue glucose monitoring and 
applied it to wearable artificial endocrine pancreas as 
sensing system. The system consists of needle-type micro- 
dialysis probe (regenerated cellulose (Cuprophan) hollow 

fiber, 15 mm length, 0.22 mm O.D.), needle-type glucose 
sensor for extracorporeal sensing and microperfusion pump 

system. The characteristics of this monitoring system were 
as follows : percentage recovery of glucose (30 %), time 
delay for measurement (8 min) and Iinearlity to glucose (0 
to 500 mg/100ml). The microdialysis probe was implanted in 
the abdominal subcutaneous adipose tissue and perfused 
(120 ~i/hr) via microperfusion pump. With this monitoring 
system, the subcutaneous tissue glucose concentrations in 
healthy subjects and diabetic patients could nicely follow 
to the changes in blood glucose excursions without any 
calibrations for up to 4th day, followed by 7th day wi~h 

in situ calibrations. Then, by applying a wearable artifi- 
cial endocrine pancreas with this monitoring system, 
perfect glycemic control could be obtained in diabetic 
patients for longer-period by exchanging the microdialysis 
probe every 5th day. 

In conclusion, this monitoring system based on 
subcutaneous tissue dialysis method is stable and reliable 
for at least 4 days, and thus can be applied for continu- 
ous glucose monitoring and for glycemic control with 
wearable artificial endocrine pancreas in diabetic pa- 
tients for longer periods. 
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Quick HbA,c Assay 
794 
HOMOGENEOUS IMMUNOTURBIDIMETRIC DETERMINATION OF 
HAEMOGLOBIN AIc 

M.CulIy, G.Burns, W.D.Engel, A.Finke, W.Roll inger, 
E.Schickaneder, C.Seidel and J.Karl 
Boehringer Mannheim, D-8132 Tutzing, Germany 

Haemoglobin Alc (HbAlc) is determined by TINIA-technology 
in EDTA-, heparin- or cap i l l a ry  blood. An immunocomplex 
is formed by react ion of a HbAlc-specif ic antibody with 
e i ther  HbAlc or a polyhapten consist ing of a dextran 
ca r r i e r  with several bound N-terminus-glycosylated pept i -  
des of the haemoglobin B-chain (HbAlc-specif ic epi tope).  
Binding of the antibody to the polyhapten produces aggre- 
gates, which can be measured by the increased t u rb i d i t y  
at 340 nm. Binding of the antibody to the HbAlc molecule, 
which has only one spec i f ic  epitope, gives no agglut ina- 
t i on .  Thus a ca l ib ra t ion  curve typical  f o r  a competit ive 
assay is obtained, which allows the determination of 
HbAlc. The determination of to ta l  haemoglobin (Hb) is 
carr ied out simultaneously and the HbAlc content is 
expressed as % of to ta l  Hb. For the determination of to-  
ta l  Hb a CN-free method u t i l i s i n g  a new haemolysis rea- 
gent was developed. This method is extremely customer 
convenient: the sample (EDTA-, heparin- or cap i l l a r y  
blood) is haemolysed with the new haemolysis reagent 
and placed in a common c l i n i ca l  analyser, e.g. BM/Hita- 
chi.  The Hb and HbAlc determination is accomplished auto- 
mat ica l ly  within I0 min. The resu l t  is pr inted out as 
% HbAlc within 15 min. The high antibody spec i f i t y  allows 
a correct  determination of the HbAlc content without in -  
ter ference from other glycosylated haemoglobins (HbAla, 
HbAlb or side glycat ions) or carbamoylated, acetylated 
and foeta l  Hb. This new method agrees very well with 
the establ ished Diamat method from BioRad (r=0,98). 

PS 43 
Autoantibodies 
796 
DETECTION OF GLUTAMIC ACID DECARBOXYLASE ANTI- 
BODIES ON ELECTROPHORETICALLY SEPARATED BRAIN 
EXTRACT 

F. l,fihder, K.-P. Woltanski, J. Hamann, B. 
Ziegler, I. Kl6ting, D. Michaelis, M. 
Sch]osser and M. Zieg]er 
Institute of Diabetes "Gerhardt Katsch" 
Kar]sburg, University of Greifswald, Germany 

One of the most prominent autoantigens in the 
autoimmune disease insulin-dependent diabetes 
mellitus is the 64 KD protein identified as 
glutamic acid decarboxylase (GAD). The aim of 
this study was first to generate and to 
identify monoclonal antibodies (mab) against 
GAD and second to detect autoantibodies 
against GAD in sera by immunoblotting. Hybri- 
doma supernatants were screened on two ELISA 
systems, first on a GAD fraction purified by 
Sepharose 6B chromatography from a 100.000 g 
supernatant of rat brain extract and second in 
a more specific sandwich assay with polyclonal 
antibodies against GAD from a stiff-man-syn- 
drom (SMS) serum as capture antibody. The 
monoclonals positive in the second assay were 
tested by Western blotting of SDS-PAGE sepa- 
rated GAD fraction. Some of our mab were 
reactive with a 67 KD band in contrast with 
the SMS serum, which reacted with an antigen 
of 64 KD. Sera of diabetic and nondiabetic but 
diabetes-prone BB/OK rats and of Type 1 (insu- 
lin-dependent) diabetic patients tested by 
Western blotting were found to bind the same 
bands in some cases, indicating, that we were 
able to detect autoantibodies against GAD in 
sera by immunoblotting. GAD bands were also 
detected by autoradiography after immunopre- 
cipitation of purified 125-I labeled GAD. 

795 
CLINICAL VALUE, PRECISION, ACCURACY AND FEASIBILITY 
OF USE OF THE DCA-2000, A RAPID HBA1C ASSAY. 

G Rayman, J Metcalfe, G Maguire, M Davies, and JL Day. 
Diabetes Centre, Ipswich Hospital, UK. 

The Bayer DCA-2000 has been introduced as a rapid, simple to use 
desktop HbAlc meter to provide within-clinic results. We assessed the 
value of having HbAlc results during clinic, and the performance and 
feasibility of using the DCA-2000 in a Diabetes Centre by laboratory 
(biochemist) and non-laboratory (nurse) staff. The DCA-2000 and 
current laboratory method (Glycomat; mini-column chromatography, 
Drew) were compared with the Diamat (HPLC, Bio-Rad- CV <4%) as 
reference. Since assay time is 9rain (6 samples/Iw), to satisfy the 15min 
appointment system of 3 parallel consultations (12/hr), 2 meters were 
employed. Compared with reference, correlations coefficients were; 
Glycomat- 0.94; meter A- 0.98; meter B- 0.96. 20/117 (17%) of 
Glycomat results differed from reference by >10%, but only 51131(4%) 
of DCA-2000 results; p<0.002. For DCA-2000 meters, within and 
between batch CVs were <4.5%. Precision was similar for nurse (CV 
2.8%) and biochemist (3.1%). Without knowledge of the HbAlc, drug 
treatment would have been altered in 14% of consultations, whereas 
having the result influenced treatment in 37%. Knowing the l-IbAlc was 
considered helpful or very helpful in 71% of consultations and 
unhelpful in 29%. In conclusion, the DCA-2000 was simple to use, 
required minimum training and produced accurate precise results even 
when used by non-technical staff. Knowledge of the HbAlc result was 
of considerable value, but if made available to all clinic attenders, this 
would require 2 or more meters and impose a small increase in waiting 
time, even in small clinics. 

797 
ANTIBODY FORMATION AGAINST COMPONENTS OF 
GLUCOSE SENSOR WITHOUT TOXICITY TESTED IN CELL 
CULTURE 
M. Schlosser, B. Ziegler, P. Abel, Th. v. 
Woedtke and M. Ziegler 
Institute of Diabetes "Gerhardt Katsch" 
Karlsburg, University of Greifswald, Germany 

In contrast to in vitro validation of electro- 
chemical glucose sensors (amperometric 
GOD/HzO2-electrodes) one of the unsolved pro- 
blems is the loss of monitoring glucose within 
a short time in vivo. Aim of this study was to 
examine the immune response against the sensor 
materials by measurement of antibody forma- 
tion. We have implanted microsensors into 
LEW.IW rats and immunized controls with gluco- 
se oxydase (GOD) used in the sensor. In con- 
trast to rats immunized with GOD no antibodies 
to GOD could be detected in the sensor group 
by ELISA (O.D.4g0nm + SD: 0.86 + 0.52 vs. 
0.073 + 0.016). However antibodies against the 
outher membrane (cellulose acetate) but not 
the inner membrane (polyethylene) could be 
detected in rats with implanted sensors. 
Furthermore kinetic of antibody response was 
investigated using different membranes (poly- 
urethane, regenerated cellulose, cellulose 
acetate) as immunogens in rats and as targets 
in ELISA. The highest antibody formation has 
been detected against regenerated cellulose. 
In contrast to antibody formation in vivo no 
cytotoxicity in vitro (cell growth; 
morphology; viability > 95 %) could be 
observed with monolayer cultures of the cell 
lines L929 (mouse fibroblast) and BHK (baby 
hamster kidney). However, as known, various 
polymer materials used in artificial membranes 
have been shown to activate macrophages 
involved in foreign body reactions in vivo. 



A207 

7 9 8  

STUDY OF BETA-CELL MARKERS AND ANTIGEN 
EXPRESSION BY A HUMAN INSULINOMA CELL LINE 

MG Cavallo, F Dotta, L Monetini, A Toto, D. Andreani 
and P Pozzilli. 
Endocrinologia (I), University of Rome "La Sapienza", 
Rome Italy 

The human insulinoma cell line CM was isolated in 
1987 from a patient suffering from severe 
hypogiycaemia. This cell line grows spontaneously in 
RPMI1640  supplemented with 5% FCS and keeps in 
culture after approximately 130 passages. Aim of the 
present study was to evaluate the positivity of the 
CM cell line for different beta-cell markers and 
antigens as well as for the reactivity with sera from 
type 1 diabetes patients and prediabetic subjects 
positive for islet cell antibodies (ICA) to determine 
whether this cell line could be used for diagnosis of 
type 1 diabetes. Using indirect immunofluorescence 
we evaluated the reactivity with monoclonal  
antibodies A2B5 and 3G5 detecting islet gangliosides 
and HISL19, for islet cell proteins. We also studied 
the positivity with ICA+ve sera and found all these 
antibodies reacted with the insulinoma cell line, 
suggesting a strong similarity of these cells with 
native beta cells. We conclude that the use of the 
human insulinoma cell line CM could be an extremely 
useful diagnostic tool, in particular for the detection 
of islet cell antibodies in type 1 diabetes, since the 
cells are stable after numerous passages and in many 
respects are representative of native beta cells. 

7 9 9  

MOST OF THE MONOCLONAL ISLET CELL SURFACE 
ANTIBODIES FROM THE DIABETIC BB/OK RAT ARE 
NOT SPECIFIC FOR BETA CELLS 
P. Augstein, B. Ziegler, M. Schlosser, 
A. Neubauer, M. Ziegler 
Institute of Diabetes "Gerhardt Katsch" 
Karlsburg, University of Greifswald, Germany 

Insulitis and diabetes-associated autoanti- 
bodies against surface and cytoplasmatic 
islet cell antigens are present in the 
spontaneously diabetic BB rat, Using this 
animal model the aim of present study was to 
dissociate the heterogenous polyreactive 
antibodies by generation of monoclonal islet 
cell reactive antibodies (mc-ICRA) :by fusion 
of splenocytes from a 30 day old BB/OK rat 
(RI8) and by fusion of spleen cells from a 
newly dJ agnosed BB/OK rat (R]7) . After 
initial screening with a CELISA and following 
indirect immunof] uorescence using rat 
insulinoma cells (RIN-5AH) 49 mc-ICRA were 
established. Using viable rat islet cells as 
target the surface binding was confirmed for 
35 antibodies (RI8: n=i9 mc-ICSA; percentage 
binding on islet cells 86.3 + 13.97 / RIT: 
n:]6 mc-ICSA; 80.5 + 14.84 % binding) . For 
determination of Beta cell specificity the 
islet ceil surface binding was combined with 
intracel]ular immunostaining of Beta cells. 
Five out of 35 tested mc-ICSA showed a pref- 
erential Beta cell binding. The mc-ICSA from 
the two fusions showed no differences in 
their Beta ceil specific binding. The results 
suggest that non-Beta cells and Beta cells 
share many common epitopes occurrencing 
probably on different antigens, thus, the 
specificity of mc-ICSA is limited by molecular 
mim] c r y .  

8 0 0  

ELISA OF AUTOANTIBODIES IN THE DIABETIC BB/OK 
RAT BY THE USE OF GLUTAMIC ACID DECARBOXYLASE 
ENRICHED BRAIN EXTRACT 

J. Hamann, M. Schlosser, B. Ziegler, I. 
Kl6ting, P. Vieregge I) , F. L0hder and M. 
Ziegler 
Institute of Diabetes "Gerhardt Katsch" 
Karlsburg, University of Greifswald, Germany 
i) Neurological Department, University of 
L~beck, Germany 

The diabetic syndrome of the BB rat resembles 
human Type 1 diabetes including the prevalence 
of Beta cell reactive autoantibodies against 
the 64 KD autoantigen. The aim of this study 
was to develop an immunoassay to detect pre- 
dominantly autoantibodies/antibodies against 
g]utamic acid decarboxylase (GAD) in sera from 
diabetes-prone BB/OK rats and in hybridoma 
supernatants of immortalized splenocytes from 
the BB/OK rat and Balb/c mouse immunized 
against Beta cell antigens. At the serum 
dilution of 1/25 up to 1/200 there was a 
highly significant autoantibody binding of 
sera from diabetic BB/OK rats (O.D. 0.56 + 
0,23; n=19) and non-diabetic age-matched BB/OK 
rats (O.D. 0.61 + 0.31; n=18) vs. control 
LEW.IU rats (O.D. 0.Ii + 0.01; n=lS). The GAD- 
specificity of the antibody immunoassay was 
improved by the use of immunoglobulin of a 
patient suffering from the stiff-man-syndrome 
with a high GAD autoantibody titre as the cap- 
ture antibody in a sandwich assay modifi- 
cation. Tbe sandwich assay is particulary 
suitable for screening of monoclonal GAD anti- 
bodies. We have been successful in generation 
of monoclonals against GAD from mice immunized 
and from diabetes-prone BB/OK rats. 
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A N T I - C O M P L E M E N T  ACTIV ITY IN NOD MOUSE:  
PROTECTIVE ROLE IN BETA-CELL AUTOIMMUNITY 

^P.E. Beales, A. Toscano, R. Petruzziello, *P. 
Mastromarino, A. Signore and P. Pozzilli 
Endocrinologia (I), *lstituto di Microbiologia,  
Universit& di Roma "La Sapienza"; ^ Dept of Diabetes 
of Diabetes , St Bartholomew's Hospital London, U.K. 

In order to investigate the role of complement on 
diabetes development in NOD mice, we evaluated the 
anti-complement activity (ACA) to detect whether an 
abnormality of ACA is related to the different 
incidence of the disease between the two sexes. 
Sera from 154 NOD mice (80F, 74M) were collected at 
different ages in non-diabetic mice (4, 8, 12, 16, 20, 
28 week old) and in 28 week old diabetic animals. 
ACA was measured by incubating serum in 
progressive dilutions with guinea pig complement, 
sheep red blood cells and haemolysine. As controls, 
60 normal Balb/c mice (30F, 3OM) were also studied. 
Positive sera were considered those with ACA at 
dilution greater than 1:4. ACA was significantly 
higher in male compared to female mice at all ages 
starting from 12 weeks (p<0.001, Mc Nemar tes'). We 
also observed a significant difference in ACA titer 
between diabetic and non-diabetic animals of the 
same age (non diabetic M 343+227;  diabetic M 
22.6+5.8; non diabetic F 483+227; diabetic F 15.4 
+6.7). These data suggest that increased ACA could 
induce resistance to beta-cell damage mediated by 
the immune system. 
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ASSOCIATIONS BETWEEN GENETIC RISK MARKERS AND 
AUTOANTIBODIES IN FIRST DEGREE RELATIVES OF 
PATIENTS WITH TYPE 1 DIABETES. 

F.K. Gorus, C. Vandewalle, F.C. Schuit, D.G. Pipeleers and the 
Belgian Diabetes Registry, Brussels, Belgium 

The HLA D QA 1"0501 -DQB 1"0201/DQA 1"0301 -DQB 1"0302 geno- 

type and circulating autoantibodies against islet cells (tCA) or insulin 

(IAA) are often associated with development of Type 1 diabetes. It 

was investigated to which extent both antibody markers coexist with 

the high risk genotype in 268 first degree relatives of patients with 

Type 1 diabetes. The high risk genotype was present in 30/268 (11%) 

subjects. IAA were detected by radiobinding assay in 8/30 (27%) 

relatives at high genetic risk, but only in 14/238 (6%) subjects lacking 

this risk genotype (p<0.001). ICA-positivity (>6 JDFU), was 

comparable in both groups, occurring in 6/30 (20%) subjects with the 

high risk genotype vs. 49/238 (21%) without it. Irrespective of 

genotype, ICA-positive relatives presented higher prevalence of IAA 

(i0/55 or 18%) than ICA-negative relatives (12/213 or 6%; p<0.01). 

This difference was still present in relatives without the high risk 

genotype where IAA were detected in 8/49 (16%) ICA-positive and in 

6/189 (3%) ICA-negative subjects (p<0.001). IAA thus occur 

preferentially in relatives at increased risk for Type 1 diabetes as 

defined by genetic markers or ICA-positivity. 

803 
ASSOCIATION OF AUTOIMMUNE RESPONSIVENESS TO AD- 
VANCED GLYCATION ENDPRODUCTS OF LOW DENSITY LI- 
POPROTEINS WITH HLA-DR4 ALSO IN TYPE II DIABE- 
TES 
H.-J. Bertrams, R. Schmitz, K. Quinkert, A. 
Seidel,J. witztum, U. Glahn, Ch. B[inting and 
Th. Koschinsky.Deparmtent of Laboratory Medi- 
cine and Microbiology, Elisabeth Hospital 
Essen, Diabetes Research Institute, Heinrich 
Heine University of D[isseldorf and Department 
of Medicine, University of California, San 
Diego/USA. 
Autoantibodies to advanced glycation endpro- 
ducts of low density liporoteins (AGE-LDL) were 
demonstrated by competitive radioimmunoassay in 
about 30% of type 1 and type 2 diabetic pa- 
tients. In type 1 diabetics this autoimmune re- 
sponse is associated significantly with HLA- 
DR4, which occurred in 29% of autoantibody po- 
sitive and in 69% of autoantibody negative pa- 
tients (p=0.01).In order to verify the immuno- 
genetical relevance of this finding, i00 type 2 
diabetic patients with and without autoantibo- 
dies to AGE-LDL were typed for HLA-A,B,C,DR,DQ 
antigens. As could be expected from the lack of 
an association between type 2 diabetes and HLA, 
no significant differences were found between 
HLA frequencies of all i00 diabetics and heal- 
thy controls. Among 67 autoantibody negative 
patients, however, HLA-DR4 occurred in 35,8% 
and in 33 autoantibody positive diabetics in 
15.2% (p=0.03). Accordingly autoimmune respon- 
siveness to AGE-LDL is associated with HLA-DR4 
in type 1 as well as in type 2 diabetes. Sup- 
pression of autoimmune response to AGE-LDL 
seems to be most effectively caused by HLA-DR4 
and/or DR4 linked genes of the HLA-DP and DQ 
loci. 

804 
1-45: A NOVEL ISLET / NEUROENDOCRINE PROTEIN 
DISTINCT FROM GLUTAMIC ACID DECARBOXYLASE (GAD). 

R Raju', P Shah, N Kochupillai, All India Inst  Med Sci, New 
Delhi, India 

A series  of monoclonal i s le t  cell  ant ibodies  (I-45, 1-51, 1- 
52 and 1-39) were generated using human insulinoma as 
the immunogen. (Diabetes, 40, 227A, 1991). MAb 1-45 
reacts  with both the i s le t  beta  and n o n - b e t a  cells. 1-45 
ant igen is also expressed by related neuroendocrine cel ls  
(anter ior  p i tu i tary ,  adrenal  medulla, and gut endocrine). A 
68KD protein was isolated and purified by a s ingle step 
MAb 1-45 immanoaffinity chromatography (antigen source: 
pheochromocytoma). This 68KD protein was not reac t ive  
with monoclonal i s le t  cell ant ibodies  1-51 or 4F2. Ant i -  
68KD autoant ibodies  (immunoprecipitation of af f in i ty  
purified 125-I 68KD protein) were ident i f ied in human sera  
from 6/7 i s le t  cell  autoant ibody (ICAb) posi t ive IDDM 
pat ients ,  and 2/7 ICAb nega t ive  hea l thy  controls. MAb 
GAD6 ant i  glutamic acid decarboxylase - (J 
Neuroscience, 8, 2123, 1988) se lec t ive ly  reacts  with i s le t  
beta cells (immunohistochemistry), but fa i ls  to 
immunoprecipitate the 68KD 1-45 protein. 
CONCLUSION: 1-45 is a novel i s l e t /  neuroendocrine protein 
d is t inc t  from glutamic acid decarboxylase.  

8O5 
FOLLOW-UP OF ~NTI-B-LACTOGLOBULINANTIBODIES IN CHILDREN 

WITH INSULIN-DEPENDENT DIABETES MELLITUS 

R. Lorini,M.A. Avanzini,L. Cortona,G. d'Annunzio,L. Vitali 

and F. Severi Dept. of Paediatrics,University of Pavia, 

Italy 
It has been hypothesized that cow milk may contain a trig- 

er factor for the development of insulin-dependent diabe- 

tes mellitus.The aim of our study was to evaluate IgA and 

IgG antibodies to ~-lactoglobulin (B-LG),determined by 
ELISA, in 20 insulin-dependent diabetic patients (9 males 

and ii females,aged 1.5-13.5 years)at diagnosis and during 

a 2.5 year follow-up.Total serum IgA,IgG and IgM were nor- 

mal in all patients.Fifty-nine healthy,age- and sex- 
matched subjects served as controls.At diagnosis 12 pati- 

ents (60~ had elevated IgA B-LG antibodies ()+2SD)and 4 
(2~)elevated IgG B-LG antibodies ~+2SD).During follow-up 

we observed a transient increase of IgA B-I/] antibodies in 
another 2 patients.At the end of follow-up the IgA B-LG 

antibodies decreased to normal in all 'out 2 patients and 
the IgG B-LG antibodies in all but one girl.No correlation 

was found between IgA and IgC B-LG antibodies and chrono- 

logic age,anti-islet cell,anti-insulin and other organ or 
non-organ specific antibodies and HLAtypes.Our results 
suggest that anti B-LG antibodies could reflect an abnor- 
mal immunologic response in the early stage of insulin-de- 

pendent diabetes mellitus. 
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Presence of anti-ganglioside antibodies in the 
sera of new-onset type i diabetics. 
C.Tiberti, F.Dotta, E.Anastasi, M.Previti, 
L.Campea, G.Multari, D.Andreani and U.Di Mario. 
Dept.s of Endocrinology and of Pediatrics, 
University "La Sapienza" Rome, Italy; Dept. of 
Experimental and Clinical Medicine, University 
of RC-Catanzaro, Italy. 

There is evidence that gangliosides are somehow 
involved in a number of autoimmune disorders 
ranging from neurologic pathologies to type 1 
diabetes : a pancreatic monosialo-ganglioside 
has been implicated as an ICA antigen, and 
antibodies against the trisialoganglioside GT3 
have been reported in type 1 diabetics. Aim of 
this work was to study in both new-onset type 1 
diabetic and normal sera the presence of anti- 
bodies against an acidic glycolipid extract of 
rat whole pancreata or single standard-ganglio- 
sides (GM3, GM2, GMI, GD3, GDIa, GDIb, GTIb). 
After extraction and purification of rat pan- 
creata, gangliosides were qualitatively and 
quantitatively analyzed by HPTLC, HPLC and 
lipid-bound sialic acid determination. The 
binding to gangliosides of 27 (age 3-14) new- 
onset type 1 diabetic sera and of 19 (3-14) 
normal controls was analyzed by an ELISA assay. 
Binding to GD3 (p<0.005), GDIa (p<0.05), GDIb 
(p<0.05), GTIb (p<0.05) was significantly 
elevated in new-onset type 1 diabetics vs 
normal controls. All the gangliosides identi- 
fied as antigens have a sialic-acid molecule in 
terminal position. No differences between 
normal and diabetic sera were found in binding 
to rat pancreatic glycolipid extracts and to 
standard monosialo-gangliosides. These findings 
identify a panel of polysialogangliosides as 
targets of autoantibodies present in the sera 
of new-onset type 1 diabetics. 

807 
HUMAN ISLET GLUTAMIC ACID DECARBOXYLASE 
AUTOANTIBODY LEVELS PERSIST UP TO 5 YEARS 
AFTER ONSET AND ARE UNAFFECTED BY 
PLASMAPHERESIS IN TYPE I DIABETES. 
W.A.Hagopian, A.E.Karlsen, A.Gotts&ter, M.Landin- 
Olsson, G.Sundkvist, C.Grubin, E.Boel, T.Dyrberg and 
A.Lernmark. University of Washington, Seattle, USA, 
Maim0 General Hospital, Maim0, Sweden, and 
Novo/Nordisk A/S, Gentofte, Denmark. 

We quantitated GAD-autoantibody (p64GAD2Ab) 
levels through 5 years after onset and evaluated 
plasmapheresis effects, p64GAD2Ab quantitation used 
recombinant antigen immunoprecitiation; densitometric 
fluorogram scanning compared to standards allowed 
p64GAO2Ab index calculation. 1/49 healthy controls had 
nonzero p64GAD2Ab index. 19 new onset diabetics 
(mean{range} age 22{15-32} years, C-peptide 0.50{0.19- 
1.00} nmol/1; ICA 31{0-t70} JDFU) underwent true (n=9) 
or sham (n=10) plasmapheresis; sera taken before 
treatment and after 3, 6, t2, 24, and 60 months were 
analysed (mean 5 samplings/patient). Of 9/19 positives 
for p64GAD2Ab (index range 0.03-3.44) at onset, 8/9 
maintained index within 50% of onset value, remarkably 
preserved throughout the study. Of negatives at onset, 
7/10 remained so. Index remained unchanged at 3, 6, 
and 12 months in 8/9 plasmapheresis-treated patients. 
One plasmapheresis and two sham-treated patients 
developed detectable p64GAD2Ab 24 months post 
treatment, one with high index. Onset p64GAD2Ab index 
was not correlated with onset ICA titer (p>0.05). Thus 
p64GAD2Ab levels remained very stable years up to 5 
years after diagnosis, p lasmapheresis removing 
pathogenic autoantibodies did not affect later p64GAD2Ab 
index, and p64GAD2Ab index was unrelated to ICA titre. 

808 
L 7 L ' 7 " ~ : 7  77 - - .  T C - e A - , - ~ ' 5  }~_)~ & N T T ~ E N  ,st:- , ,  T -  

' T - . ]  T < :  ~ T  L-! ,TTE" '~T?,r~"  . . . . . . . . .  " . . . . . . . . .  . . . . . . . . . . . . . . . . .  ...... �9 . . . . .  /:ELLS AiL  :i:.N'.. .~_LAa-b 11"7 
~E:i,C-: ~: i A~N2:SEE~ 7 YFE i _, ~_~.,_~r' T ,,, ~ r  :_=:- ?AT i ENTS, 

E. ' ~ - ' ~ "  " "  {3. P_:r':koYs, :~yx~ i ,  F!~.-~,n,~ . . . .  

-,~ .~.; .... ~ ..... .,-..d- o f  T:~,-,e i d i a b e t e s (  ;nP,~,{., i s  
Z:r~_.._-_:_~i is'/" t h e  a~pes,_,'-'~:r._:e i P  CiFO~AiS.tiDK? Of 
s , ~ 2 % , 2 . s z ' , _ t i b o l h e s  :,2. r~.~,_,__ :~:'r"~=,_~_ ;_,~__~ , ._:el ls  sont i~:en= 
:~,~=: _- sl-e marly sontpadiozcr'y c~iPiops =,_._.:,_ 
vsz ' i s , t i o? -~s  o f  :.;.'n!]]J.~e s v s t . e n  zn :>r iser  c , f - : i ~ s e -  
&2:_-- <--. 1NVeSt. 1 ~S.,t e,._'[ o b  ~ ~s,~v~ :,,,-- ~-: newi! . ,  d ~ s - " n o s e d  ~cn~ 
::at ~ ents ,  We have ;:;een '-'"- ' "-' " ".,- . . . .  ~ --,-"' ~ -,+ - ~ . . . . .  , -  
t -_ b:;<!t es t o  ;_,~-"+ -~,~ c e i l s  ant  ~ e n  ,_,:~ ~_~m~ ,~= KEA'E:,v 
t . i r ; ~ e - P e s c l v e d  flu. , : - :- ,cr .escena~e a s s g y  { T R F I A : ,  
%;i t , lSXt i b o : - [ i e s  +"~,_, iqic:l"osD~4a, i . . . . . . . . . .  ff~-'s~ ~f ~--m ,Dr- :PS:" - 
r . e o : ~ v t e s  (,,~-,m', m..,, .~§ ~ . .  

: : L x  :_~;_ , _ ~ m ~ b 2 :  
< l  z ~ % ,  ~_, 2,, 

Ek:SA.-:~?:etPcd. ? ~ a t i e n t s  we;-e ..... ~ . . . . . . . .  ( g ! i )  t o  
s,  i l  § o f  ~ .... '.:'-'"~ .... - ".--~-'",~-- '  ' ' ,_ } ,_,~= ,m _ •  Y ~ r K  O f  b , ' ~ C . ~ - ~ i : L . ~  D S , G  

d i f f e r e r s  a u t s a n t i b c : l - e s : i ' } '  w e r e  t > o s i t t v e  : ~ n i v  

~ e C t S  i i s d  ,=,• s i i t o s n t i b o d i e s  e : t h e P  t <  ~,e,-,m 

§ . . . . . . . .  3~ ,  4Ff 
74- . -, ' . . . .  

_ :r. l ~ 1 1 Z ' O P s  tc : rar 'k  : . f ~ a , :  au<o- 

s Y ' t i b 2 < h e s  t o  r F i b ,  we]-e d i s c o v e p e d  oK?ill "_..ri 

~Ci:~-~n Aooor'rJlT:~" our' o & g a  ,:F;er'e s1"e O,"n:,- 
: l r ,  ns ? . . . . . . . .  ,~,_+iVStiOP~ C:,f i]"..',~t]MTle system iKi solt]e 
newly  d is~ 'ncsed in:-:-uii:,n-depender~t d i a b e t i c s .  

809 
AUTOANTIBODIES AGAINST ISLET AMYLOID POLYPEPT1DE 
IN HUMAN SERUM. LACK OF ASSOCIATION WITH TYPE 1 
OR TYPE 2 DIABETES OR WITH AGEING. 

J.-C. Sodoyez,  C.F.H. Van Schravendi jk ,  F.K. Gorus,  D.G. 
Pipeleers and the Belgian Diabetes Registry, Brussels, Belgium 

A radiobinding assay (RBA) for the detection of autoantibodies against 

islet amyloid polypeptide (IAPP-AA) was developed and, together with 

a well  established RBA for insulin autoantibodies (IAA), applied to 

sera sampled at onset of Type 1 diabetes and to sera from an equal 

number of age- and sex-matched controls. There was no difference in 

IAPP-AA titers between patient groups and matched controls, nor 

within subject groups according to age. At onset of Type 1 diabetes 

elevated IAPP-AA levels (> percentile 97 of controls) were detected in 

1/30 patients aged 0-19 yr and in 2/35 aged 20-39 yr. By contrast, 

IAA were frequently detected in the same patient groups, especially if  

onset of diabetes occurred before 20 yr (0-19yr : 18/30; 20-39 yr : 

10/35; p < 0.01 vs matched controls). IAPP-AA were not detectable in 

3 insulinoma patients nor in 37 patients (33-70 yr) with Type 2 diabetes 

(vs 1/40 in controls). In posit ive serum, IAPP binding activity was 

absorbed onto protein A-Sepharose, thereby confirming its antibody 

nature. In conclusion, Type 1 diabetes el ici ts  an age-dependent  

autoimmune reaction involving insulin but not IAPP. Moreover, 

conditions associated with a tendency towards amyloid deposition in 

islets (Type 2 diabetes,  insul inoma and ageing) do not favor the 

emergence of autoantibodies directed against IAPP. 
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SLOWLY PROGRESSIVE TYPE 1 DIABETES: A RETROSPECTIVE ANALYSIS OF 
CLINICAL AND LABORATORY FINDINGS 
M.T YILMAZ, N. DINQQA~, I. SATMAN, K KAR~IDA~, E. OZER, E ALPHAN, S. CENGIZ, 
N. GOREL and A.S. DEVRIM. [STANBUL MEDICAL SCHOOL AND CENTER FOR 
EXPERIMENTAL MEDICAL RESEARCH AND APPLICATION OF ISTANBUL UNIVERSITY, 
TURKIYE 

Although the criteria of slowly progressive Type 1 diabetes has not yet 
been clearly defined, this form is unique for its clinical presentation, 
natural course and therapy which is to be differentiated from Type 2 
diabetes, and the chance of immunoprotection is higher at this stage. 
In this study we evaluated a group of patients from retrospective 
analysis of 2000 patients seen regularly at our Diabetes Outpatient 
Clinic. All the patients in this group presented as Type 2 diabetes at the 
beginning (but not having MODY criteria) and were divided into two 
groups on the basis of ICA positivity and insOlin reguirements. Group 
linctuded 14 patients 
(3 female, 11 male) with ICA> 40 JDF units and had no insulin 
requirement for at least 3 months after clinical onset (mean age at 
onset 29.5+_7.4 years) and Group II included 19 patients (7 female, 12 
male) who had some insulin requirement not earlier than 1 year after 
clinical onset and ICA were either positive or negative (mean age at 
onset 29.4+6.1 years). Initial laboratory findings for Group I; were as 
follows: HbA1C 7.2_+2.0 %, fasting C-peptide 1.33+0,72 ng. mD, and 
AIR glucose (n:5) 1+3 min. 23.6-+3.4 uU. ml -~ Of the 14 patients 9 
developed insulin requirement (0.28+0.14 IU. kgl.  day-l) after 
27.7+_23.8 months of clinical onset. In Group II, initial HbA1C was 
7.6-+2.3 % and fasting C-peptide was 1.08-+0.62 ng.ml-~. Some insulin 
requirement had appeared after 36.9+_20.4 months of clinical onset in 
all patients in this group. 5 of 19 patients were still ICA positive for at 
least 24 months after clinical onset. Current insulin requirement was 
0.24-+0.11 IU kg-L day-L 
To conclude, slowly progressive natural history in this clinical form of 
Type 1 diabetes, explains the presence of beta cell reserve with no 
prominent metabolic derangement besides the loss of first phase 
insulin secretion. 
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PREDICTION OF INSULIN DEPENDENCE BY ICA AND HLA- 
DR-TYPE IN NEWLY DIAGNOSED DIABETIC PATIENTS 
M Landin-Olsson, A Gotts~iter, K-O Nilsson, G Sundkvist and/k 
Lernmark, WalIenbergtab, University of  Lund, Dept of Medicine 
and Pediatrics, Maim6 General Hospital, Sweden, RH Williams 
lab, Seattle, USA. 
At diagnosis of diabetes the clinical classification of Type 1 
(insulin-dependent) and Type 2 (non-insulin-dependent) diabetes is 
difficult. About 10% of the initially non-insulin treated patients are 
later treated with insulin. In this study we have elucidated if ICA 
and HLA-DR typing could improve classification already at 
diagnosis. Samples from all consequtively diagnosed diabetic 
patients (n=244) during two years in all ages (3-88 yrs) in Malm6 
were collected. HLA-DR/DQ-typing with RFLP and ICA with an 
immunofluoresence assay, were performed in 11/42 initially insulin 
treated and in 90/202 non-insulin treated patients. After three years, 
22/101 patients were on insulin treatment and 79/10I on diet or oral 
agents. Of 14 ICA positive diabetic patients all were on insulin 
(predictability; 14/14, 100%), while 14/22 (67%) of the insulin- 
treated patients at follow-up were ICA positive at diagnosis. Of 63 
patients with HLA-DR3 and/or 4, 19 were on insulin (predictability; 
19/63 30%), and in all patients later treated with insulin, DR 3 
and/or 4 was present in 19/22 (86%). Typing for HLA-DQ did not 
improve the results. In conclusion, ICA-positivity seems to be a 
better predictor for insulin dependence in diabetic patients, than the 
more  sens i t ive  but less specif ic genet ic  markers .  

812 
FACTORS PREDICTING BETA CELL FUNCTION AND HETA- 
BOLIC CONTROL IN TYPE 1 DIABETES HELLITUS. 
I.Camps, H.F. Casta~er, E. Honta~a, N.Ricart and 
V. Naeher. Endocrine Unit. Hospital Bellvitge. 
Barcelona. Spain. 

To analyze the factors that can predict evolu- 
tion of beta-cell function and metabolic con- 
trol after diagnosis, we prospectively studied 
86 consecutive newly diagnosed type 1 diabetic 
patients (age 18+9.4, 54 men).Age, sex, weight 
loss, duration of sypmtoms, glycemia, pH, bi- 
carbonate, ketonuria, HbAI, ICA (JDF units), 
basal and post-glucagon C-peptide and insulin 
dose were determined at diagnosis. Patients 
were followed at least one year. Variables that 
correlated with good control (HbA1 < 9%) or 
significant beta-cell function (post-glucagon 
c-peptide > 0.6 nmol/L) at one or two years of 
diagnosis were included in a stepwise logistic 
regression model. Good metabolic control at 
one year was predicted by female sex (Odds 
ratio 5.9), ICA < i0 JDF (OR 4.8), basal C- 
peptide > 0.3 nmol/L (OR 4.5) and HBAI < 14.2% 
(OR 4). Beta-cell function at one year was 
predicted by ICA < I0 JDF (OR 5.5) and poet- 
glueagon C-peptide > 0.6 nmol/L (OR 3.3). ICA 
and C-peptide at diagnosis also predicted good 
metabolic control (OR 5 and 14.5 respectively) 
and significant beta-cell function(OR 9.1 and 
7.5) at two years in the patients followed 
until that time. Ne conclude that sex, HbAI , 
ICA and C-peptide at diagnosis predict the 
ulterior degree of metabolic control and beta- 
cell function in type 1 diabetes . 

813 
ISLET CELL ANTIBODIES IN TYPE 1I DIABETIC PATIENTS 
INDICATE PROGRESSIVE BETA-CELL DYSFUNCTION. 
A.Gottsgter, M.Landin-Olsson, A.Lernmark, and G. Sundkvist. 
Department of  Medicine, University of Lund, Malm5 General 
Hospital, Malm6, Sweden, and Department of  Medicine, 
University of Washington, Seattle, USA 
To evaluate the association between islet cell antibodies (ICA) and 
Beta-cell function in patients diagnosed as type II diabetic, fasting 
C-peptide (fCp), C-peptide 1+3 min after 0.5 mg/kg intravenous 
glucose (l+3Cp), and A C-peptide after 1 mg glucagon (ACp) 
were followed prospectively for 3 years in type II patients with 
(n = l 1, age 50+5 years) and without (n = I 0, age 52+4 years) ICA 
and in type I patients (n=17, age 37+5 years).Type II patients 
with ICA showed as impaired ACp as type I patients at diagnosis 
(0.38+0.06 nmol/l and 0.35-+0.11 nmol/1) that did not decrease 
while ACp was higher (1.10-+0.18 nmoH; p<0.05) and remained 
unchanged in type II patients without ICA. Type II patients with 
ICA (0.92+0.17 nmoVl) showed higher (p<0.05) l+3Cp than 
type I patients (0.53+0.11 nmoVl) at diagnosis, but after 1 year 
l+3Cp had decreased (0.18-+0.11 nmol/l; p<0.05) reaching the 
levels of  type I patients. 1 +3Cp did not decrease further in type 
II patients with ICA (0.18+--0.10 nmoVl) and was unchanged in 
type II patients without ICA (2.31-+0.50 nmol/l) after 3 years. 
Although similar in type II patients with ICA and type I patients 
at diagnosis (0.30-+0.03 nmogl and 0.24-+0.03 nmol/1), fCp de- 
creased (p<0.05) in both groups (to 0.09-+0.04 nmol/l and 
0.13+0.04 nmolB) but was higher (p<0.001) and unchanged in 
type II patients without ICA (0.97+0.17 nmolB) after 3 years. In 
conclusion, ICA in type II patients indicate progressive Beta-ceU 
dysfunction; ACp is severely disturbed at diagnosis, 1 +3Cp dete- 

riorates within 1 year, and fCp deteriorates within 3 years. 



814 

COELIAC DISEASE IN ADULTS WITH TYPE I DIABETES. 
A.Manto, I.DeVitis. P,Cotroneo, G.D'Agostino, M.Anti, 
L.Mancini, A.V,Greco, G.Ghirlanda. Dept, Internal Med., 
Catholic University, largo A.Gemelli 8, Rome, Italy, 
The prevalence of coeliac disease (CD) in adults with type I 
diabetes has been reported to be about 4.1%, when 
screened by anti-reticulin antibody(ARA). Moreover CD is 
thought to be underdiagnosed in adults, The aim of our 
work was to evaluate the prevalence of CD in an adult 
unselected type I diabetic population screened by anti- 
gliadin antibody (AGA) measured by ELISA (Eurospital 
Pharma, Trieste Italy). Fiftyseven consecutive patients 
were studied; 15 out of 17 AGA positive patients(29,8%) 
underwent an endoscopic biopsy(Fujon EVE) of descending 
duodenum(2 out of 17 refused the biopsy). Cardiovascular 
autonomic test (CAT} were performed to evaluate the 
autonomic neuropathy. The histological pattern, according 
to Perera grading, was abnormal in II patients (19,3%): 2 
with total atrophy and 9 with subtotal atrophy. In coeliac 
patients we found : diarrhea(2), hypochromic 
hyposideremic anemia (I), IgA deficiency(2), abdominal 
disconfort(2), 4 were symptoms free. All patients had 
negative CAT. The prevalence of CD in our patients was 
higher than that reported in previous studies possibly due 
to the higher sensitivity of our test. According to our 
experience we recommend the AGA test as a useful tool in 
type I patients, to detect CD in simptom-free patients .and 
in those with mild signs of abdominal disconfort, 
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PCR ANALYSIS OF INTERLEUKIN-11~ mRNA CONTENT IN 
PANCREATIC ISLETS OF PREDIABETIC NOD MICE. 
S. Sandier 1, K. Bendtzen 2, E. Forsbeck 1, J. Mares 1, E. 
Strandell 1 , N. Welsh 1 and M. Welsh 1 . 1 Department of Medical 
Cell Biology, Uppsala Univesity, Uppsala, Sweden; 
2Laboiratory of Medical Immunology, University Hospital, 
Copenhagen, Denmark. 
Interleukin-ll~ (IL-1I~) has been suggested to mediate !3-cell 
destruction in insulin-dependent diabetes mellitus. However, 
data on the production of IL-1 in pancreatic islet during the 
process of insulitis are scarce. In this study we have isolated 
pancreatic islets with accompanying insulitis from 5 and 16 
weeks old female and male NOD mice and from nondibetes- 
prone male NMRI mice. mRNA was isolated from 1000-2000 
islets and cDNA was synthesized. The expression of the IL-1 
gene was estimated by PCR (polymerase chain reaction) 
amplif ication, using specific primers for murine IL-113 
sequences. The optical density (OD) of the autoradiographs 
was normalised by parallel PCR-amplification of the samples 
for the enzyme glyceraldehyde-3-phosphate dehydrogenase. 
NMRI mouse islets contained very low levels of IL-113 mRNA 
(0.01 _+ 0.006 OD). On the other hand, in female NOD mouse 
islets the values were 3.92 +_ 0.34 and 4.64 + 1.13 at 5 and 16 
weeks and corresponding values in males was 1.03 +_ 0.75 
and 2.56 _+ 0.16. Culture of 16 weeks female NOD islets, which 
depletes the mononuclear cell infiltration, reduced the IL-1 
mRNA to 47 + 6 % (P<0.05) of the values of freshly isolated 
islets, it is concluded that expression of the IL-113 gene in cells 
of islets isolated from NOD mice is much more marked than in 
nondiabetes-prone mice. 
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LACK OF ASSOCIATION OF ISLET-CELL AND OTHER ORGAN 
SPECIFIC AUTOANTIBODIES IN GESTATIONAL DIABETES. 
J.Morales, D. Mauricio, M. Balsells, R. Corcoy, 
M. Puig-Domingo, A. de Leiva, J.L. Rodriguez. 
Hospital de la Sta. Creu i S. Pau, Autonomous 
University of Barcelona, Barcelona, Spain. 

Presence of islet-cell antibodies (ICA) in sera 
of gestational diabetic (GD) women may identify 
a subset of subjects prone to develop type I 
diabetes in the future. We have previously 
reported that 12% of our population of GD women 
show ICA in their sera. As an increased 
frequency of thyroid and gastric autoantibodies 
has been reported in type I diabetic subjects, 
we aimed to investigate the frequency of 
thyroid autoantibodies (ATA) (microsomal and 
thyroglobulin) and parietal gastric cell 
autoantibodies (PGA) during gestational 
diabetes and their relation to ICA. ATA were 
assayed by passive hemagglutination, and PGA 
and ICA (ICA Proficiency Program) by indirect 
immunofluorescence. Chi-square test was used 
for comparison between groups. Sera from 65 
pregnant women with known normal glucose 
tolerance, 133 ICA- GD women and 53 ICA+ GD 
women were assayed for these antibodies. In 
these 3 groups, ATA were found in 3, ii and 6, 
and PGA in 5, 8 and 7 women, respectively. No 
difference among groups was found. We conclude 
that there is no difference in the frequency of 
humoral thyroid and gastric autoimmunity 
between ICA+ and ICA- gestational diabetic 
women during pregnancy. 
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B-CELL CYTOTOXICITY STUDIED BY NON-RADIOACTIVE 
IN SITU HYBRIDIZATION - A FEASIBILITY STUDY. 
BG Cuartero, D Hougaard, F Pociot, J Nerup, LI Larsson. Steno 
Diabetes Centre and State Serum Institute, Denmark. 

Cytotoxic interleukin 1 (IL-1) concentrations reproducibly regulate 
the expression of many (46) rat islet proteins. Their kinetics, 
identity and cell specificity remain unknown. Synthetic non-radioac- 
tive, biotinylated oligo nucleotide probes (SNRBOP) capable of 
identifying low copy numbers were constructed and used to study 
mRNA expression by in situ hybridization in islets exposed to IL-1 
(150 pg/ml) for varying periods of time (0-48 h). This capability of 
detecting low copy numbers is crucial since IL-1 induces protein 
changes including upregulation as well as down regulation. 
So far, specific hybridization signals for the oxidative stress proteins 
manganese superoxide dismutase (MnSOD) and heine oxygenase 
(HO) 1 and 2 were found to be induced by IL-1, while a control 
probe (malarial probe) showed no or very weak signal. Signal 
quantification by computerized image analysis revealed characteris- 
tic time-dependent variations in MnSOD and possibly HO 
expression following IL-1 exposure. Although quantitatively 
different positive signals were seen in core (B-cells) and mantel 
(A-cells) areas. 
Conclusion: The use of SNRBOP is a sensitive precise and cell 
specific method to study details of variation in B-cell gene 
expression during IL-1 cytotoxicity. 
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INTERLEUKIN 1 (IL-1) INDUCED DIABETES IS DEPENDENT 
UPON IL-1 CONCENTRATION AND FOOD INTAKE. 
U. Bjerre, J. Reimers, T. Mandrup-Poulsen, and J. Nerup. Steno 
Diabetes Center, GentoRe, Denmark 
The effect of route of administration and dose of IL-1, food intake 
and addition of 10% glucose to the drinking water on IL-1 induced 
diabetes was studied in normal rats. After last injection the rats 
were fasted or fed for 10 h, and then blood was analysed for 

lucose BG and insulin. 

INJECTIONS [ F O O D [  BLOOD GLUCOSE 
[ [ (mmol/l) 

IL-1 s.c. + 22~5 -+ 3tO* 

4,0 I~g/kg 7,4 -+ 1,7 

IL-1 i.p. + 

4,0 ~g/kg 

IL-1 s.c. + 

0,4 lag/kg 

IL-1 i.p. + 

0,4 Fg/kg 

Vehide 

i.p. 

INSULIN 
(pmol/l) 

231 • 25v 

173 -+ 20 

22,1 -+ 2,4* 248 _+ 36" 

8,1 _+ 1,8 208 _+ 61 

11,3 -+ 1,9" 848 _+ 210 

5,9 -+ 1,1 303 +- 67 

8,8 -+ 1,9 650 -+ 305 

6,6 -+ 1,1 408 -+ 183 

6,4 -+ 0,7 783 -+ 399 

5,3 -+ 0~4 207 _+ 104 

Mean -+ SD, (n = 6) 
Access to food + IL-1 4,0 ~g/kg induced higher BG and lower 
insulin concentrations compared to 0,4/~g/kg of IL-1 or vehicle (all 
p < 0,005). BG was significantly higher in fed compared to nonfed 
rats (p < 0,002) except for the low-dose i.p. injected. Insulin con- 
centrations were reduced in the 4,0 (* p < 0,005), but not in the 0,4 
~g/kg IL-1 treated compared to vehicle treated rats. Route of ad- 
ministration made no difference in the 4,0 Izg/kg injected rats. 10% 
glucose did not alter the BG or insulin concentrations. We 
conclude that IL-1 induces a diabetes like state dependent upon 
IL-1 concentration and access to food. 
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2-D Protein Map of Islets of Langerhans: Effects of Interleukin-lg 
(IL-1B) and Nicotinamide (NA) 
H. U. Andersen., U. Zumsteg, P. Mose Larsen 1, S. J. Fey 1, T. 
Mandrup-Poulsen, K. R. Hejnaes and J. Nerup. Steno Diabetes 
Centre & Hagedorn Research Laboratory, Gentofte, Denmark; I 
Dep. of Medical Microbiology & Human Genetics, Univ. of Arhus, 
Denmark. 
We studied whether NA mediated prevention of IL-lg-induced in- 
hibition of islet insulin release was associated with prevention of 
NO-production and of alterations in protein synthesis. The 
molecular basis for IL-113 cytotoxicity is unknown. IL-1B generates 
intracellular production of nitric oxide free radicals (FR) (NOz, 
NO). Inhibitors of NO2--production counteract the effect of IL-113 
and TNFa on isolated rat islets. IL-113 (150 pg/ml, 24h) sig- 
nificantly inhibited islet accumulated insulin release (p < 0.02, n = 7). 
This effect was abolished by NA (25mM). Measured by the Griess 
reagent, IL-lg induced NO2--production was significantly higher 
than in control cultures (9.16 vs. 0 pmol/islet/24h, n=7, p<0.02). 
The FR-scavenger nicotinamide (NA) alone had no effect on NO2- 
synthesis. NA inhibited IL-113 induced NOz--synthesis by 48% (n = 7, 
p<0.02). Utilizing high-resolution 2-D gels (n=9), we have 
produced a precise map of more than 3,000 proteins in neonatal 
rat islets. IL-113 induced the up-regulation of 23 proteins and the 
down-regulation of 23 proteins. NA inhibited the up-regulation of 
11 proteins and the down-regulation of 7 proteins otherwise 
induced by IL-113. NA by itself changed only 2 proteins. Hypothe- 
sis: Characterization of these proteins provides the molecular basis 
of initial 13-cell destruction, i.e. the pathogenesis of Type 1 (insulin- 
dependent) diabetes. 

820 
PREVENTION OF THE CYTOTOXIC EFFECT OF IL-I BY HUMAN 
LYSOZYME ON Cb~TURED RAT ISLETS. 

REUSENS-BILLEN B., DE CLERCQ L., REMACLE C. &HOET J.J. 
Catholic University of Louvain, Louvain-la-Neuve,Belgium 

Macrophages are involved in the autoimmune destruction 
of the pancreas in IDDM via the secretion IL-I and TNF- 
but macrophages secrete also lysozyme which is known to 
inhibit the production of superoxide anions. We investi- 
gated the protective role of human lysozyme against the 
cytotoxic effect of 1L-1 on isolated rat islet. Pre- 
cultured newborn rat islets were pretreated or not 
during 24 h with human lysozyme (50.000 U/ml) or BSA 
before addition of IL-I and a continued 48 h incubation 
in the same three conditions. Human lysozyme abolished 
the lowering of labeling index induced by IL-I in islet 
cells (IL-I : 0,91J 0,14% vs control : 1,98 + 0,21%, 
p<0,05) (IL-I + lysozyme : 1,72 J 0,16%). Picn~tic 
nuclei were rather abundant in islets treated with IL-I 
(5,09 J 1,12% vs control : 0,63 + 0,13%; p<0,01). Basal 
values were observed when human Tysozyme was applied 
(IL-I + lysozyme : 1,04 + 0,16% vs IL-I; p<0,01) but not 
BSA (IL-I + BSA : 26,14 ~ 4,5%). Chicken lysozyme had no 
protective effect in the same protocol, but both lyso- 
zymes (chicken and human milk) stimulated thymidine 
incorporation in neonatal rat mesenchymal cells. 
In conclusion, only the macrophagic lysozyme seems to 
have a protective effect against IL-I on islet cells. 
Moreover, to be protected, the islet cells have to be 
pretreated with lysozyme before IL-I application. 

821 
THE ISOELECTRIC POINT OF A PROTEASE IS RAPIDLY 
ALTERED BY INTERLEUKIN-1 ~ IN ISOLATED RAT ISLETS. 
N. Welsh and S. Sandier. Department of Medical Cell Biology, 
Uppsala University, Uppsala, Sweden. 
We previously reported that interleukin-113 (IL-113) induced 
action on [3-cells can be prevented by the protease inhibitor 
N~-tosyI-L-lysine chloromethyl ketone (TLCK). To further 
characterize this putative IL-113 activated pretease, we have 
presently affinity labelled isolated rat pancreatic islets with 
[3H]TLCK. The labelling pattern of islets treated with or without 
IL-1 [3 was studied by one- (t-d) and two-dimensional (2-d) gel 
electrophoresis. It was found that when intact islets of both 
groups were analyzed by 1-d gel electrophoresis, four proteins 
with molecular weights of 25, 27, 30 and 34 kD were 
specifically labelled. These proteins were found by a 
subcellular fractionation procedure to be localized to the 
cytosol. IL-t~ exposure (5 ng/ml) for 5, 15 or 60 min did not 
induce any alteration in the intensity of the labelling of the 
proteins on t-d gets. When analyzed on 2-d ge~s, the 25 kD 
and the 27 kD proteins were separated into two isoforms with 
different isoelectric points. Furthermore, incubation of islets 
with IL-113 for 15 min induced a shift of the relative distribution 
from the form with a lower pl to the form with a higher pl. This 
suggests that IL-113 induced signal transduction in islet cells 
may involve a post-translational modification of a cytosolic 
protease. 
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MONONUCLEAR CELLS AND ENDOTHELIAL CELL 
ACTIVATION IN THE PANCREAS AT THE ONSET OF 
IDDM 
A. H[nninen, S. Jalkanen, M. Salmi, S. Toikkanen, G. 
Nikolakaros and O. Simell. Dept. of Pedia~ics and Medical 
Microbiology, University of Turku, Turku, Finland. 

Current knowledge of the phenotype of mononuclear cells 
accumulating in pancreatic islets in IDDM and factors 
determining their homing into the pancreas is limited. We 
studied the pancreas of a child who died from brain edema at 
the onset of IDDM. Cryostat sections, stained with 
monoclonal antibodies, were studied by immunofluorescence 
microscopy, and peripheral blood mononuclear cells were 
phenotyped using flow cytometry. Monocytes/macrophages 
(lysozyme or CD14- reactive ceils) were identified among 
other mononuclear cell types in islet infiltrates. V~38-positive 
T-cells were overrepresented, but T-cells with other VI3s 
studied (V[35, V[35.1, VI36, V~12) were also found. The 
vascular endothelium of the islets and many small vessels 
nearby islets strongly expressed intercellular adhesion 
molecule-1. A few non-endothelial cells expressed vascular 
cell adhesion molecule-l, while E-selectin was not expressed 
at all. We conclude, that increased expression of ICAM-1 on 
vascular endotbelium may increase endothelial adhesion of 
mononuclear celIs and enhance their accumulation in the 
pancreas during diabetic insulitis; that T cells with certain T 
cell receptors can be enriched in the pancreas at the clinical 
onset of IDDM; and that macrophages and antigen-specific 
CD8 positive T lymphocytes are especially involved in 
pancreatic beta cell destruction at the onset of IDDM. 
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DETECTION OF B-CELL AUTOREACTIVE CELLS FROM BB 
RATS AP1ER SENSIBILISATION OF LYMPHOCYTES BY 
SYNGENEIC PANCREATIC ISLETS 
H. Wanka, B. Kuttler and H.J. Hahn 
Institute of Diabetes, Karlsburg; University of Greifswald, 
Germany 

During the development of diabetes pancreatic 8-cells 
decreases as a result of a cell-mediated autoaggression. To 
characterize the presence respectively the reactivity of 
cytotoxic immunocytes mononuclear spleen cells (MNO) 
obtained from dp BB/OK rats were both phenotyped and 
incubated for 6 h with 510r-prelabelled syngeneic pancreatic 
islets to ascertain celt-mediated anti-islet cytotoxicity (CMC). 
Furthermore, 2x106 MNO were cultured for 6 d with increasing 
numbers of syngeneie islets as antigen {effector/target cell 
ratio between 1:0,25 and 1:2). Afterwards, cell proliferation, 
GMC and phenotypes (CDS*, GD4 § COS* T-lymphocytes, B- 
lympocytes, NK-cells) of sensitized MNC were estimated. 
MNC obtained from diabetes-prone, newly diagnosed diabetic 
or long-term normoglycaemic rats do net differ markedly in its 
phenotypes. Only MNC from newly diagnosed diabetic BB/OK 
rats exerted in 20% a cytotoxic effect against syngeneic islets. 
A 6 d sensibilisatlon period with syngeneic islets caused a 
marked cell proliferation and the induction of CMC in all 
diabetic animals. In cultivated splenocytes from long-term 
normoglycaemic animals the induction of cytotoxicity was 
missed in the majority of rats. When MNC from 90 d old 
normoglycaemic BB/OK rats were cultured with syngenic islets 
37% of the investigated animals failed to develop a cytotoxic 
reactivity, whereas 630/0 developed a CMC with a different 
threshold. 
The results underline that cytotoxic immunoeytes can be 
activated by syngeneic pancreatic islets in vitro, but the 
reactivation is probably depending on the in vivo situation. 

A213 

823 

NEWLY DIAGNOSED TYPE I DIABETIC T-CELLS ARE CHARACTERIZED 
BY A TCB/CD3 SIGNAL TRANSDUCTION DEFECT. 
R. De Maria, C. Giordano, M. Todaro, G. Stassi, P. 
Richiusa, A. Mattina, A. Galluzzo*. Laboratory of 
Immunology and Endocrinology, Cliniea Medica, 
University of Palermo, Italy. 
As in most autoimmune diseases, T cells are activated in 
newly type I diabetic patients, but they release low 
amounts of IL2 and soluble-IL2 receptor when stimulated 
with PHA in vitro. To investigate whether there was an 
alteration in the activation pathway through the TCR/CD3 
complex, we studied the functional requirements during 
activation in T cells from 12 newly type I patients 
compared with 8 healthy controls (HC) The proliferative 
response induced by anti-CD3 coupled beads was heavily 
impaired in diabetic PBHC (96 hr= 30.8• vs 76.5• 
p< 0.001), but it could be overcome by IL-2 addition (20 
U/ml) (124.8• vs 134.9~11.6,p N8), indicating that 
TCR/CD3 signal transduotien is defective in these patiens 
and fails to activate IL2 gene expression. Cytoplasmic 
free calcium, determined by FACS analysis using Fluo-3, 
increased equally in T cells from diabetics and HC, when 
stimulated by anti-CD3 antibodies. Interestingly, when 
PKC was independently stimulated by PMA, PBMC from newly 
type I patiens proliferate normally in response to 
anti-CD3 stimulation (96 hr= 88.4 • vs 79.7• 
NS). Moreover, the anti-CD3 induced proliferation was 
strongly increased in PBNC from these patients after 
depletion of monocytes and B lymphecytes. This study 
demonstrates the presence, in type I diabetes, of a 
defect in TCR-mediated activation. Apparently, this 
defect occurs downstream of calcium mobilization and 
seems to involve protein kinase C activation, since it 
can be overcome by PMA addition. Finally, the strong 
increase in proliferation, observed in PBMC from type I 
patients after depletion of monocytes and B lymphocytes, 
suggests that accessory cells may play a regulatory role 
in this defect. 

825 
Anti-13 cell autoimmunity in/3 cell deprived NOD mice 

E. Larger, C. Btcourt, M.C. Vill5, P. Semp6, J.F. Bach and C. 

Boitard. INSERM U25, H6pital Necker, Paris, France. 

Triggering events which initiate the primary activation of most 

forms of autoimmune diseases remain elusive. The defect could 

reside within the immune system or in the target cells. In order 

to evaluate the role of islet g cells in the primary activation of 

autoreactive clones in autoimmune diabetes, we studied NOD 

mice rendered devoid of 13 cells by a massive dose of 150 mg/kg 

alloxan before the onset of insulitis. First, spleen cells from 

spontaneous diabetic mice were not maintained in an activated 

state when transfered into pre-irradiated, alloxan-treated mice, as 

evidenced by the loss of capacity of the latter animals to transfer 

diabetes into 8 week-old male recipients. Alloxan, 

hyperglycemia and insulin treatment were not involved in this 

loss of transfer, as demonstrated by control experiments. 

Second, 6 month old NOD mice, which received alloxan at 3 

weeks did not transfer diabetes into 8 week-old NOD males, 

contrary to control animals. Development of extra-pancreatic 

autoimmunity (sialitis), or induction of autoimmune hemolytic 

anemia, or antibody response to exogenous insulin were not 

modified in ailoxan-treated mice. We conclude that the presence 

of islet B-cells is a prerequisite to the activation of autoreactive 

effector T-cells in the NOD mouse. 
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826 
CLASS I MHC EXPRESSION ON LYMPHOCYTES IN TYPE 
I DIABETES 
G.L. McNab, M. Peakman, S.S. Lo, R.D.G. Leslie 
and D Vergani. Dept Immunology, King's College 
School of Medicine & Diabetes Research Unit, 
Chafing Cross & Westminster Medical Schools, 
London. 
A recent report suggests that the level of 
expression of class I MHC molecules on 
lymphocytes is reduced in patients with long- 
standing Type I diabetes and individuals at 
high risk of developing the disease. Using 
cryopreserved lymphocytes, FITC-labelled 
antibodies and flow cytometry we measured 
lymphocyte surface expression of class I MHC 
molecules and 82-microglobulin in 1 2 new-onset 
and 10 long-standing patients and 11 healthy 
controls. In addition, we studied 5 identical 
twin pairs more than 6 years discordant for 
the disease and 5 twins during the pre- 
diabetic period. In all groups, >98% of gated 
lymphocytes expressed class I MHC and 62- 
microglobulin and the percentages of positive 
cells in the diabetic groups and controls were 
similar. There was no difference in the median 
fluorescence intensity (MFI) of the staining 
(ie the number of molecules/cell) for either 
class I or B2-microglobulin in the disease 
groups compared with controls. Four out of 5 
co-twlns with diabetes had slightly lower 
levels of MFI than their non-diabetic twin, 
but this difference was not significant. These 
results suggest that analysis of cryopreserved 
lymphocytes does not provide evidence in 
support of a reduction in class I expression 
in Type I diabetes or in the prediabetic 
period. 

827 

THE TIME KINETICS OF CELLULAR AND HUMORAL IMMUNE 
REACTIONS AGAINST ISOLATED RAT PANCREATIC ISLET 
CELLS IN TYPE I DIABETIC PATIENTS 

. .. X . 

M. Horvath~ D. Sehroder , Cs. Keszthelym, 
�9 . . X X  . . X X  _ X X X  

P.Panczel, I. Kzss , J. Horanyl A. Korner 
�9 ~ +  . . . .  +$ . ~. Gero , M. Varsanyz, I. Balazsz ~ L. Romlcs + ~x 
3rd and ist Dept.of Med. , ist DeDt.of Surgery , 

�9 . X X X  . . 

ist Dept.of Pedzatrzes , Semmelwezs Medzoa~+ 
University, Ist Dept. of Med., Jahn F. Hosp. , 
Budapest, Hungary, Institute for Diabetes 
Research of Med. FacultyX~ Greifswald University, 
Greifswald, Germany 
24 patients with newly diagnosed type I diabetes mellitus 
were investigated three times after the onset of s 
in order to study the time kinetics of immune reactions. 
Direct lymphocyte~ediated eytotoxicity (LMC) of separated 
T-lymphocytes was studied against 51 Cr-labeled,isolated 
rat pancreatic islet cells, and islet cell surface anti- 
bodies (ICSA)and islet cell antibodies (ICA) were measured 
in sera of patients with indirect i~munofluorescence. At 
the first investigation in almost all (22/2~) patients a 
significant lymphocyte~medi~ted cytotoxici~y (mean+SD of 
killed %erge% cells: 5.6xI0 ~1.8 vs J.3xlO• was found 
in vitro. ICSA and ICA were simultaneously detected in 
75 % and in 50 % of patients respectively. After six and 
J2 months the frequency and the intensity of lymphocyte- 
mediated cytotoxicity and ICSA were decreased, while the 
frequency and intensity of ICA positivity was not changed. 
Lymphocyte mediated cytotoxicity seems to be more sensi- 
tive and specific than humoral i~mune reactions. LMC and 
ICSA indicate earlier the cellular and humoral sensiti- 
zation against pancreatic islet cells than ICA positivity. 

828 
DETECTION OF PANCREATIC INSULITIS IN TYPE 1 
DIABETES BY USING 1231-LABELLED INTERLEUKIN-2. 

A. Signore, M. Chianelli, E. Ferreffi, E. Tomei, G. Ronga, D. 
Andreani and P. Pozzilli. 
Servizio Speciale Medicina Nucleare and Endocrinologia (I), 
It Clinica Medica, University of Rome "La Sapienza", Italy. 

We have shown that Interleukin-2 (IL2) labelled with 1231 
binds in vitro and in vivo to activated T lymphocytes, allowing 
to image insulitis in diabetes susceptible animals. To date we 
have used this technique in 4 Type 1 diabetic patients at 
diagnosis, 2 long standing diabetics and 4 volunteers. 
Human IL2 was labelled with 1231, purified by HPLC and 
injected into patients ( lmCi). Dynamic gamma camera 
images were acquired for 60 mins and a static image of the 
abdominal region was also acquired 4 hours later. Regions 
of interest were drawn over the pancreas and spleen and 
time-activity curves generated. We also performed an NMR 
study before and after bolus of Gd-DTPA using a 1.5 Tesla 
magnet. Gamma camera images showed that IL2 is rapidly 
cleared from the blood being mainly up-taken by kidneys. 
After 20 mins liver and blood activity was undetectabte. Only 
in newly diagnosed patients we observed IL2 accumulation 
in the spleen and in the pancreatic region. In 2/4 cases we 
found a concordant positive NMR result with high pancreatic 
signal intensity enhancement after Gd-DTPA, a sign of 
inflammation. 1231-1L2 is highly specific and it use can be 
valuable for diabetes prediction in susceptible subjects. 

829 
GLIPIZIDE SIGNIFICANTLY INHIBITS PROLIFERATION OF T- 
LYMPHOCYTES INDUCED BY POLYCLONAL ACTIVATORS. 
M.P. Moutsehen, G. Mugabo, N. Lafontaine-Sehaaf, 3. 
Boniver and P.J. Lef~bvre. Division of Diabetes, 
Nut r i t ion and Metabolic Disorders and Department of 
Pathology, CHU-Sart Tilmmn, B-4000 Liege, Belgium. 

Sulfonylurea compounds stimulate insul in  secretion by 
blocking ubiquitous ATP-sensitive K + channels. The 
present study was undertaken to determine i f  g l i p i z i de  
in v i t r o  could influence human T-lymphocyte mitogenesis 
induced by lec t ins  or by a mitogenic anti-CD3 monoclo~al 
antibody (BMA030). DNA synthesis was estimated by -H- 
thymidine incorporation assay and act ivat ion markers 
were analysed by flow cytometry.. In a l l  donors tested, 
~ l i p i z ide  at 100 pg/ml (2.4 10 -4 M) strongly inh ib i ted  
-H-thymidine incorporation in response to concanavalin A 
(ConA : 5 pg/ml) ( i nh ib i t i on  : 51.3 + 9.7 % ; n = 4). 
Responses to phytohemagglutinin A (PHA i %) or BMA030 
(100 ng/ml) were also s ign i f i can t l y  inh ib i ted although 
more pronounced inter indJvidual  var iat ions were noted. 
The inh ib i t i on  was dependent on the concentration of 
g l i p i z i de  and was s t i l l  present at 1 pg/ml (16.4 + 9 % ; 
n = 4) for ConA response. In terest ing ly ,  when glTpizide 
(100 pg/ml) was secondari ly added to cultures previously 
act ivated for 3 days in presence of ConA (5 pg/ml), 
p ro l i f e ra t i on  was also s ign i f i can t l y  reduced (53 ~ 19 %). 
No dif ference could be found between the expression of 
ac t ivat ion markers HLA-DR, t ransferr in  receptor and low 
a f f i n i t y  in ter leukin-2 receptor (CD25) in 7-day cultures 
with ConA alone or ConA + g l i p i z ide  (1DO pg/ml). In 
conclusion, these experiments demonstrated that g l i p i z i de  
s ign i f i can t l y  inh ib i t s  human T-eel1 responses to poly- 
clonal mitogens without preventing the expression of low 
a f f i n i t y  I L - 2  receptors. 
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830 
CD4+CD25+ T CELLS INCREASE IN PATIENTS WITH NEWLY 
DIAGNOSED TYPE 1 (INSULIN-DEPENDENT) DIABETES MELLITUS 

Z. Mili6evi6, J. Kne~evi6-Cu6a, A. Sabioncello, B. Ro6i6 and M. Grani6 
Vuk Vrhovac Institute for Diabetes, Dugi Dol 4a, Zagreb, Croatia; 

Recent investigations showed involvement of certain types of 
T cells in autoimmune destruction of B cells in experimental 
animals. We analyzed the percentage of activated T cells from 
peripheral blood from 18 newly diagnosed type 1 diabetics 
and 38 healthy persons. The cells were analyzed by two- 
-colour flow cytometry for CD4, CD8 and CD25. The results 
were compared with appearance of islet cell antibodies (ICA) 
and stimulated c-peptide level (6 minutes after i.v. glucagon 
application). The percentage of CD4+ cells was 44.0 -+ 7.2% 
in diabetics and did not differ from that obtained in the 
controls (42.0 _+ 2.5%). Number of activated CD4+ cells 
(CD4+ CD25+) was significantly increased in diabetic patients 
(10.7 -+ 1.4%) in comparison with healthy persons (2.0 _+ 
0.4%, p < 0.001). Percentage of CD8+ and CD8+CD25+ 
ceils did not differ between two groups. 11 patients were 
ICA(+) (61%). The appearance and the ICA levels did not 
correlate with the activation intensity of CD4+ ceils. 
Stimulated c-peptide level did not correlate with ICA levels 
and stimulated CD4+CD25+ percentage. The high 
percentage of activated T cells at the time of clinical 
manifestation of type 1 diabetes suggests their importance in 
disease pathogenesis. Their determination could be of value 
in the prediction of natural course of preclinical and early 
phases of the disease. 

831 

ANALYSIS OF ISLET CELL 
REACTIVE OXYGEN RADICALS 

DEATH INDUCED BY 

V. Burkart, E.-M. Fengler, and H. Kolb. Diabetes Research 
Institute, University of Dtisseldorf, D-4000 Dtisseldorf, Germany 

Pancreatic islet cells were found to be highly susceptible to the 
toxic effects of reactive oxygen intermediates (ROI) which may 
be released from activated macrophages and endothelial ceils 
during early phases of islet destruction. In our studies we 
examined the effects of ROI, generated by xanthine oxidase 
(25mU/ml) and hypoxanthine (0.5mM) on rat islet cells in vitro. 
Exposure to ROI for 18h induced membrane damage (trypan blue 
exclusion) in 85+7% and DNA-damage (nick translation) in 
82+4% of the islet cells, and decreased their respiratory activity 
(conversion of tetrazolium salt) to 15+3%. Kinetic studies 
revealed considerable DNA-damage in 41+4% of the cells and a 
reduction of mitochondrial activity to 21+4% already after 2h 
whereas membrane damage was detectable only after 8 to 10h of 
exposure to ROI. Protection of the islet cells from ROI-mediated 
damage was achieved by preincubation (2h) with lipoic acid 
(0.15mg/ml), a dithiol compound with radical scavenger activity, 
and by the presence of the poly(ADP-ribose)synthetase-inhibitors 
nicotinamide (10mM) or 3-aminobenzamide (20mM) during the 
incubation period. We conclude, that DNA-damage and 
mitoehondrial dysfunction are the initial events in ROI-induced 
islet cell lysis. 

832 

THE IMMUNE DYSREGULATION IS MORE PRONOUNCED IN DIABEI"IC 
THAN IN NONDIABETIC BB/OK RATS: EVALUATION BY ALLOGENEIC 
SKIN TRANSPLANTATION 
H.J.Hahn,i,KI6ting and B.Kuttler 
institute of Diabetes, Medical School, University of Greifswald 

Hyperglycaemic BB/OK rats are characterized by a delayed rejection 
of ailogeneic skin. This experiments were performed to compare the 
effect of hyperglycaemia (streptozotocin(STZ) versus autoaggression) 
prior to or after the transplantation and the prevention of 
hyperglycaemia by insulin pellet implantation on allogeneic graft 
rejection. 

When STZ-diabetic BB/OK rats (MHC: RT.t u) were grafted with 
allogeneic skin (BB. 1 A/OK, MHC: RT. 1 a) a delay of rejection could be 
observed in 2w diabetic animals, which is not further prolonged in 13w 
hyperglycaemic rats (22.9 + 3,0 d). However, when spontaneously- 
diabetic rats were grafted, the rejection occured at 27,7 -+ 3,6 d after 
2w and at >58,5 + 15,5 d after 13w of hyperglycaemia. When the 
hyperglycaemia prior to transplantation was avoided by grafting newly- 
diagnosed diabetic BB/OK rats. the graft rejection was still delayed. 
Also the prevention of hyperglycaemia after transplantation by insulin 
peiiet implantation did not alter the graft survival in newly-diagnosed 
diabetic BB/OK rats. 

]'he results demonstrated an'immunosuppressive" effect of 
hypergtycaemia, which is more pronounced in spontaneously-diabetic 
animals. Despite normalization of plasma glucose to avoid the effect of 
hyperglycaemia skin graft rejection was still delayed, indicating a 
marked immune dysregualation in animals having developed an insulin- 
dependent diabetes. 

833 
QUANTITATIVE ANALYSES OF IN SITU ISLET T-CELL 
SUBSETS IN THE PREDIABETIC AND DIABETIC BB RAT. 
N. Hosszufalusi, J. Lozano, S. Takei, E. Chan, D. Cheta and M.A. 
Charles, Diabetes Research Program, University of California, 
Irvine, California, U.S.A. 
We recently reported markedly increased NK cells (50%) in 
inflammed islets of the prediabetic and diabetic BB rat. Using 
semiquantitative methods, T cell subsets are also suggested to be 
important. We now report more quantitative methods for T cell 
subsets including islet isolation, dispersion into single cells and 
FACS analyses. Total T cells are similar to NK (50%). CD4 + T 
celis are most prominent (60%) of the total TCR alpha/beta + 
population. Double negative (DN) T cells (CD4 CD8) are the 
second most prominent (30%), and CD8 + T cells the least (10%) 
in early and late stages of prediabetes. Each subset (n=3/subset) 
is different from one another (p<.05). Contrary to prior 
semiquantitative reports, activated T cells assessed by class II and  
IL-2R McAb were yirtually undetectable as was the RT 6.1 subset. 
Similar results for all subsets are observed in diabetic rats. These 
results are markedly different from quantitative spleen subset data 
where activated T cells comprise 20-50% of all T cells. These data 
indicate that a)quantitative methods reveal major differences from 
semiquantitative methods, b)quantitative spleen data differs 
markedly from in situ islet results, c)the previously undescribed 
DN T cell in islets is the second most predominant subset, and 
d)functional studies should now focus on both the DN as well as 
CD4 + and CD8 + T cells to comprehensively understand 
autoimmune diabetes. 
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834 
PASSIVE TRANSFER OF DIABETES IN LETL RAT. 
M.Nemoto, Y.Mori, J.Yokoyama, M.Nishimura* and 
Y.Ikeda, Third department of Internal Medicine, 
The Jikei University School of Medicine, Tokyo, 
Japan, *Institute for Experimental Animals, 
Hamamatsu University School of Medicine, 
Hamamatsu, Japan 
Long Evans Tokushima Lean (LETL) rat is a 
newly discovered animal model for human IDDM 
in which mononuclear cell infiltration into the 
islets was observed and was not accompanied 
with T-lymphocytopenia. In the present study to 
investigate the pathogenesis of diabetes in 
LETL rat the adoptive transfer of spleen cells 
from LETL rat was performed. 
The spleen cells were obtained from LETL rat 
aged 8 weeks and cultured with concanavalin A 
(5ng/ml) for 72 hours. Non-diabetic LETL rat 
aged 8 weeks (n=12} w~re used as recipient and 
spleen cells (5-20xi0- cell) were injected 
intravenously. Urine glucose was measured twice 
a week and 4 weeks after the transfer the 
pancreas were examined histologically. The 
intensity of insulits was graded 0 to 3. 10 out 
of 12(83.3%) LETL rats showed insulitis with a 
mean intensity of 0.67+0.88. And 2 out of 12 
(16.7%) LETL rats developed diabetes. In 
contrast, none of the saline-injected rat (n=6) 
demonstrated insulitis and diabetes. These 
results indicate cell-mediated immunity play 
an important role in the development of 
insulitis and diabetes in LETL rats. 

PS 46 
Experimental Immunotherapy 
835 
NITRIC OXIDE, A HITHERTO OVERLOOKED PATHOGENIC 
FACTOR IN TYPE I DIABETES 

H. Kolb, B. Kallmann, K.-D. Kr6ncke, B. Hartmann, V. Burkart 
and V. Kolb-Bachofen. Diabetes Research Institute and Department 
of Immunobiology, Universtity of D~sseldorf, D-4000 Diisseldorf, 
Germany 

We have recently identified nitric oxide (NO) as the most potent 
islet-toxic product of inflammatory macrophages. Islet cell lysis 
caused by interleukin 1 also was found to be mediated via NO 
formation. Finally, treatment of mice with inhibitors of NO synthase 
partially suppressed diabetes development in the low-dose 
streptozotocin model. We have now found that isolated rat islet cells 
exposed to chemically generated nitric oxide (0.5 mM nitroprusside 
or 0.36 mg/ml S-nitroso-N-acetyl-penicillamine) lyse within 8 h at 
37 ~ Islet cells could be protected from NO toxicity by inhibitors 
of mono- and poly-ADP-ribosylation (10 mM nicotinamide or 3- 
amino-benzamide) but not by several potent radical scavengers (5 
mM N-acetylcysteine, dimethylurea or citiolone). The known 
benefical effect of nicotinamide in some animal models of type I 
diabetes thus may be due to protection of islet cells from NO. Both, 
beta cells and non beta islet cells were lysed by NO in vitro. Islet 
cells were found unusually susceptible towards NO toxicity when 
compared to macrophages, endothelial cells or hepatocytes. We 
conclude that all islet ceil types are highly vulnerable to nitric oxide 
in vitro and that islet cell death requires mono- and/or poly-ADP- 
ribosylation. 

836 
T LYMPHOCYTE VACCINATION IN NON OBESE DIABETIC 

MICE. 
R.A.Smerdon, M.Peakman and D.Vergani. Dept. of 
Immunology, King's College School of Medicine, 
London. 
The aim of this study was to investigate whether lymphocyte 
vaccination can prevent diabetes occuring in the non obese 
diabetic (NOD) mouse, the animal model of human type 1 
diabetes. The lymphocyte vaccine was composed of 
concanavalin A activated lymphocytes isolated from the 
spleens of diabetic mice and rendered immunogenic using 
gluteraldehyde treatment. These cells (5x10 ~) Were used to 
vaccinate mice at 6 weeks with further boosters at weeks 
i0, 14 and 18. The animals were monitored for signs of 
diabetes until week 30. 14 randomly selected NOD mice (8 
male, 6 female) have been T cell vaccinated whilst 20 
littermates (i0 male, I0 female) have been sham 
vaccinated with saline. Diabetes was detected in 
significantly more sham vaccinated (17/20) than T cell 
vaccinated mice (7/14, p<O.05). When females and males are 
analysed separately diabetes was detected in all female 
sham vaccinated mice (i0/i0) and 4/6 T cell vaccinated 
females (p=O.051), whilst in males there was no significant 
difference between groups. These results suggest that 
lymphocyte vaccination can prevent diabetes in NOD mice, 
and has its greatest effect on females. The therapy is 
safe and its efficacy indicates that it will be of value 
in human diabetes. 



A217 

837 

PREVENTIVE AND REVERSIBLE INFLUENCE OF NONOCLONAL 
ANTIBODIES REACTIVE WITH ISLET CELL ANTIBODIES ON 
INDUBEMENT AND COURSE D!F DIABETES 
l='.I.Sbishko, R.E. Sadykova~ ?'.A. Rabin~vich~ 
A,E,,Gryg~zrian~ !,A=Abugova~ and i.!,Dedov. Institute 
oF Nitrition~ Moscow% Russia. 

We ha~,e generated monocloea! antibodies (~'!ABe) 
reactive ~ith islet cell antibodies (!CA) by ~usiing 
mouse myeloma ca!is ~ith spleen cells 4:~om NOD mice 
immunized ~ith ICA. Hybridomae produ.cing NABs 
reactive ~,#ith ICA ~,~ere detected by enzyme--linked 
immunosorbent assay. NOD ~ice ~,Jere being treated by 
MABs in dJ].utiorl oT I:1000 Toy 4[~k:. Only in 2 SLit c',~ 
I0 mice treated by NABs developed diabetes in 
comparison with untreated centre! group ~bere 
development oT diabetes ~-~as in 8 out o{ !O cases, 
Preventive eTTect oT NABs on development c:E diabetes 
Nee being la-~ited for 6-gee. Aleo~ a NABs were used 
in treatment o4 streptozetecin-.induced diabetes in 
I0 Wistar rate ~t~o had a ICA and residual beta-eel!s,, 
ATtar 4~,~I.:: treatment, 6 out o~ !0 rats given NABs 
Tree the day oT the ~irst occur-rer~e oT marked 
gyperg!yce~ia ( >!Semel/!) displayed a near 
normogiycemia7 a increase o, ~ B.-peptide b~vela~ 
disappearance cff glucoseria. In (:ontrei group oT 
rate~ treated by subdiebetogenic desage oF 
streptezetocin witheut administration e4 WADs, 
severe diabetes have been developed in all rodents. 
Fhese data suggest that MABs reactive a, ith !CA may 
have pre,,entive and reverelb!e inTl.,fence en ioducement 
and course oT diabetes. 

838 

1,25(0H)2 VITAMIN D PREVENTS INSULITIS IN NOD MICE 
C. Mathie@*, J. Laureys*, M. Wear*, and R. Bouillon {, 
~Legendo, K.U.Leuven Belgium, *Dept. Nephrology K.U. 
Leuven, Belgium. 

Receptors for the active form of Vitamin D, 
1,25(OH)2D 3, are present in immune cells (monocytee, 
lymphocytes) and dn vdtro this substance has 
important immunosuppressive activities. In in rive 
models for experimentally induced autoirmnunity, such 
as allergic encephalitis, autoimmunity can be 
prevented by treatment with 1,25(OH)2D 3 at the time 
of disease induction. No data exist in spontaneously 
occurring autoimmune diseases, such as type I 
diabetes. The aim of the present study was to 
investigate the influence of 1,25(OH)2D 3 on 
insulitis, the histological lesion preceeding 
diabetes. Forty three NOD mice, which spontaneously 
develop type I diabetes, were treated with 5 ~g/kg 
1,25(0H)2D 3 intraperitoneally every other day from 
the age of 21 days on, when no insulitis is present. 
At day i00, 16 control mice receiving the treatment 
vehicle (araehis oil), had an incidence of insulitis 
of 75%, whereas only 41% of the 1,25(OH)2D 3 treated 
animals developed insulitis (p<0.025). Calcemia, 
determined 24 hours after the last 1,25(OH)2D 3 
injection was 9.9 mg/dl • 1.3, which is higher than 
in controls (mean : 9.1 mg/dl • 0.4), but is well 
tolerated (mice showed normal weight gain). This 
study demonstrates that treatment with 1,25(OH)2D 3 
at high doses is well tolerated and is able to 
decrease the incidence of insulitis in autoiramune 
diabetes. 

839 
BCG V A C C I N E  REVERSES N E W - O N S E T  D I A B E T E S  
I N  N O N O B E S E  DIABETIC MICE. 

S.B. Pek, R.R. Guytingco, ]. Branch, J.M. Swirczek and M.B. 
Brown. Univers i ty  of Michigan,  A n n  Arbor ,  Mich igan  
48109-0678, USA. 

We repor ted  that  one-t ime injection of BCG (Bacillus 
Calmette Guerin) vaccine reverses  insuli t is  and  preven ts  
the onset  of a u t o i m m u n e  diabetes  life-tong in nonobese  
diabet ic  (NOD) mice. The efficacy of BCG to r e v e r s e  
diabetes  was  tested in 30 female N O D  mice, w i thou t  or 
w i th  n i co t inamide  (a s t imulan t  of islet-cell replication).  
On second day of onset  of diabetes, r andom blood glucose 
(RBG) was  19.5+3.4 m m o l / 1  (mean+SD);  the  mice  
received injections of [1] BCG in t raper i toneal ly  + into a 
f o o t p a d ,  o n e - t i m e  (B), [2] B + n i c o t i n a m i d e  
subcu taneous ly  daily x 40 days (B+N), [3] N alone, or [4] 
sa l ine  (S). Insu l in  was not  admin i s t e r ed .  Pers i s ten t  
n o r m o g l y c e m i a  (RBG 7.8_+2.1) and  ag lucosu r i a  were  
induced  wi th in  14+17 days in 4 / 7  B and  4 /10  B + N ,  
bu t  not  i n N  (0/6)  o r S  ( 0 / 7 ) ; ( B & B + N  47% v s N & S  
0%, p<0.001). Survival  (days after onset): B & B+N, 8 /17  
dead,  m e d i a n  surv iva l  >122 days; N & S, 13/13 dead,  
med ian  survival  55 days (p<0.001). Conclusion: Efficacy 
of one - t ime  in jec t ion  of BCG to p r e v e n t  or reverse  
diabetes,  apparen t ly  life-long, justifies s tudies to p reven t  
or reverse h u m a n  a u t o i m m u n e  diabetes. 

840 
Nicotinamide and insulin secretion in normal subjects 
PJ Bingley, G Caldas, R Bonfanti and EAM Gale. 
St Bartholomew's Hospital, London, UK. 

Nicotinamide has been administered both before and after 
clinical onset of Type 1 (insulin-dependent) diabetes in the 
attempt to prolong beta cell survival. Nicotinic acid, 
structurally similar to nicotinamide, induces insulin resistance 
and hence increases insulin secretion in normal subjects. Since 
the acute insulin response (AIR) to intravenous gIueose is 
commonly used in prediction of diabetes and to monitor 
interventions, the effect of nicotinamide upon insulin secretion 
in healthy subjects must be known before changes in 
prediabetic or diabetic indMduals can be interpreted. 
Intravenous glucose tolerance tests (IVGTrS) were performed 
according to the ICARUS standard protocol in 10 healthy, 
adult subjects (age 32 _+ 5.7 years, mean _+ S.D.) before and 
after 14 days of treatment with nicotinamide 0.25mg/kg/day. 
The AIR after nicotinamide treatment did not differ from 
control whether measured as incremental 0-10 minute insulin 
area (278 _+ 142 vs 298 -+ 130 mU/1/10 minutes) or 1+3 
minute insulin level (78 -+ 39 vs 81 -+ 44 mU/1). The late 
insulin response (incremental 10-60 minute area: 1256 -+ 414 
vs 1075 -+ 510 mU/1/50 min) was equally unaffected. Basal 
insulin (5.2 _+ 1.6 vs 5.6 + 2.1 mU/l) and glucose (5.0 + 0.4 
vs 4.9 _+ 0.2 mmol/l) levels and glucose disposal rates (1.98 _+ 
0.88 vs 2.04 + 0.68 %/min) were also similar. Nicotinamide 
does not appear to affect insulin secretion or glucose kinetics 
in normal subjects, confirming its suitability for trials designed 
to delay or prevent the onset of insulin-dependent diabetes. 
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COMPARISON BETWEEN NICOTINAMIDE AND NICOTINAMIDE + 
DEFLAZACORT IN RECENT ONSET TYPE 1 DIABETES 

IMDIAB Study Group, Rome, Italy, N. Visalli, L. Lucentini, A. Crino, 
C.A.Cicconetti, C. Teodonio, R. Amoretti ,L. Pisano, M.G. Pennafina, 
G. Sanlopadre, G. Marozzi, G. Multari, L. Campea, M.A. Suppa, G.C. 
De Mattia, O. Laurenli, M.C. Bravi, G. Ghirlanda, G Marietli, S. 
Amato, M.S.A. Di Leo, A.V. Greco, P. Pozzilli, M.R. Bruno, M.L. 
Boccuni, R. Messina, M. Alberiche, F. Fioriti, R Buzzetti,D. 
Andreani and P. Pozzilli 

The aim of this study was lo compare the effect of nicotinamide 
(NCT) alone or in combination with a cortisone-like substance 
(Deflazacort-DFL) on clinical remission and the integrated 
paramelers of metabolic control in patients with recenl onset type 1 
diabetes (< 4 weeks diagnosis). Twenty two patients entered a 
randomized double blind one year prospective study: group A 
received for 12 months NCT 25mg/Kg/die; group B received NCT 
(dose and length of treatment as above) + DFL for 3 months 
(0.6mg/Kg/die in the 1st month, 0.3mg/Kgldie in the other 2 
months). All patients received intensified insulin therapy. Patients 
in the two groups did not differ, at entry for insulin requirement, 
glycosiIated haemoglobin (HbA1) and basal or stimulated (lmg 
glucagon i,v.) C-peptide. At 3 months, as expected, the insulin dose 
was significantly higher in group B vs group A (0.6_+0.1ng/ml vs 
0.3+0.2 ng/ml P<0.02, respectively) with similar HbA1 levels 
(group A: 6%+_0.3; group B: 6.3%_+1.8). However, stimulated C 
peplide in group B was significantly higher (p<g.04) compared to 
group A. At 12 months basal and stimulated C peptide were 
significantly raised in patients of group B vs group A but insulin 
requirement was not different between the two groups. In conclusion 
addition of DFL to nicotinamide can further increase C peptide 
secretion in the course of 1st year of treatment. 
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TREATMENT OF TYPE 1 DIABETES MELLITUS WITH DAB486-IL-2, A TOXIN 

CONJUGATE WHICH TARGETS ACTIVATED T-LYMPHOCYTES 

C. Boitard, J. Timsit, R. Assan 1, A. Mogenet, X. Debussche 2, E. Kalonstian 3, 

J.R. Attall 4, P. Chanson 5, L. Chatenoud, T. Weodworth 6, and J.F. Bach, CH 

Necker, ~Blchat, ZAmiens, 3Compi6gne, 4Bondy, 5Lariboisi6re, France, and 

6Seragen, Inc., Hopkinton, MA USA 

Evidence point to autoreactive T-lymphocytes in the pathogenesis of insulin- 

dependent diabetes mellitus (IDDM). Treatment with Cyclosporia A (7.5-10 

mg/kg.d-1) of IDDM patients induced remission and partial recovery of insulin 

secretion, but nephrotoxicity and relapses occured. Therapeutics with no major 

side effect and a more selective action on T-lymphocytes commited to beta cell 

destruction are thus required. In a phase I/lI trial 18 IDDM patients were treated 

with DAB486-IL-2 (0.025, 0.05, and 0.075 mg/kg.d-1, for 7 days, 6 patients 

in each group) which selectively targets activated T-lymphocytes expressing 

high affinity IL-2 receptors, then with Cyclosporin A (5 mg/kg.d-I) 5 weeks 

later. Insulin needs decreased from 0.79 + 0.24 to 0.30 + 0.15 UI/kg.d-1 

within 6 weeks. Among 8 patients followed for 8 months 4 required less than 

0.i UI/kg.d-1 (HbAlc 5.9 + 0.6%) within 3 months of Cyclosporin A. Fasting 

C peptide levels increased from 0.20 + 0.12 nM/L at start to 0.36 + 0.20 (n=l 8) 

at week 6, and to 0.48 + 0.31 (n=9) after 3 months of Cyclosporin A. 

Corresponding glucagon-stimulated C peptide values increased from 0.37 + 

0.22 to 0.62 + 0.34, and to 0.93 + 0.63, respectively. Treatment with 

DAB486-1L-2 had minimal and transient side effects (transaminases > 2N in 7, 

mild fever in 7). Plasma creatinine increased by less than 8% at 8 months. This 

pilot study opens new directions in immunotherapy and prompts to a 

randomized trial. 
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RELATION BETWEEN FREQUENCY OF ICA-POSITMTY IN IIEALTIIY 
CtilLDREN AND INCIDENCE OF TYPE 1 DIABETES: AN ESTONIAN-FIN- 
NISil COMPARISON 
B. Adojaan, M. Knip, J. Karjalainen, I. Kalits and H.K./~erblom, the Endocri- 
nological Centre of Estonia, University of Tartu, Tartu, Estonia, Department of 
Pediatrics, University of Oulu, Oulu and the Children's Hospital, II Department 
of Pediatrics, University of Helsinki, Helsinki, Finland 

The incidence of Type 1 diabetes (DM) among children younger than 15 years 
in Estonia is about 1/3 of that in Finland. To study whether the frequency of 
ICA-positMty in unaffected healthy children is related to the incidence of DM 
we collected and analyzed samples from 621 Estonian children and adolescents 
aged 3-18 years for conventional (IF-ICA) and complement-f'miug islet ccll 
antibodies (CF-ICA). The results were compared with those obtained in 1,212 
Finnish subjects of corresponding age. Ten Estonian (1.6 %) and 50 Finnish 
children (4.1%) had IF-ICA (p < 0.01). CF-ICA were detected in two Estonian 
(0.3 %) and twelve Finnish subjects (0.9 %; NS). There were no significant 
differences in the levels of IF-ICA between positive Estonian (median 34 JDF-U, 
range 3-97 JDF-U) and Finnish subjects (median 24 JDF- U, range 2-128 
JDF-U). Six Estonian (1.0 %) and 35 Finnish children (2.9 %; p < 0.05) had 
IF-ICA levels of 20 JDF-U or more. When combining data on 1CA-frequency in 
healthy children and incidence of DM in five countries (Finland, Estonia, 
Sweden, England and France) a strong correlation was found (r = 0.93; p < 
0.01) indicating that 86 % of the variation in the incidence of DM can be explained 
by differences in the frequency of ICA-positivity among healthy children. Given 
that about 0.7 % of Finnish children will contract DM before the age of 20 
maximally one out of six ICA-positive children in the general population will 
present with DM and about one out of four with an ICA-level of 20 JDF-U or 
more. 


