
Diabetologia (1993) 36:622-627 

Diabetologia 
�9 Springer-Verlag t993 

Glucose-induced changes in renal haemodynamics in proteinuric 
Type 1 (insulin-dependent) diabetic patients: 
inhibition by acetylsalicilic acid infusion 
S. D e  C o s m o  1, 2, K. Earle  1 , A.  M o r o c u t t i  1 , J. Walker  I , P. R u g g e n e n t i  1' 3, G. R e m u z z i  3, G. C. Viberti  1 

Unit for Metabolic Medicine, United Medical and Dental School, Guy's Hospital, London, UK 
2 Department of Medicine, I.R.C.C.S. "Casa Sollievo della Sofferenza" San Giovanni Rotondo, Italy 
3 Istituto Mario Negri, Bergamo, Italy 

Summary. The effect of hyperglycaemia on renal function in 
diabetic nephropathy remains poorly understood. We inves- 
tigated the renal haemodynamic response to an acute plasma 
glucose rise from sustained euglycaemia to sustained hyper- 
glycaemia in eight persistently proteinuric Type 1 (insulin- 
dependent) diabetic patients. Studies were performed in a 
double-blind cross-over manner after i. v. injection of 450 mg 
lysine acetylsalicilate (equivalent to 250 mg acetylsalicilic 
acid) or equal volume of 0.9 % NaC1 (isotonic saline). In the 
isotonic saline experiments hyperglycaemia produced a sig- 
nificant rise, by approximately 35 %, in glomerular filtration 
ratein allpatients from41.5 + 5.2to 55 + 6 ml. min -1.1.73 m -2 
(p < 0.005) and an increase in sodium paraminohippurate 
clearance from 178 + 22.7 to 220 + 20.0 ml. min -1-1.73 m -2 
(p < 0.05). These changes took place within the first 30 min of 
glucose infusion and were maintained for a 90 min hypergly- 
caemic period. Filtration fraction did not change significant- 
ly. Infusion of lysine acetylsalicilate lowered baseline glome- 

rular filtration rate (isotonic saline vs lysine acetylsalicilate 
41.5 + 5.2 vs 30.0 + 5.7 ml. min -I. 1.73 m-2; p < 0.05) and sig- 
nificantly blunted the rise in glomerular filtration rate during 
hyperglycaemia (glomerular filtration rate increment: saline 
vs lysine acetylsalicilate: 13.6 +2.8 vs 5.3+ 1.8 ml.min -1 
�9 1.73 m-2; p < 0.005). The effects on renal plasma flow were 
similarly blunted. In five additional patients, time- and vol- 
ume-controlled isotonic saline experiments during sustained 
euglycaemia showed no significant changes in glomerular fil- 
tration rate and sodium paraminohippurate clearance. In 
Type i diabetic patients with advanced renal failure, acute 
hyperglycaemia induces a significant elevation in glomerular 
filtration rate and renal plasma flow which is likely to be medi- 
ated by renal prostaglandin production. 
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An elevation of plasma glucose has been implicated in the 
modulation of glomerular filtration rate (GFR)  in early 
diabetes mellitus and may contribute to the genesis of 
diabetic glomerular hyperfiltration [1, 2], a phenomenon 
believed to be a precursor of clinical nephropathy [3, 4]. 
Both acute and chronic lowering of blood glucose to near- 
normal levels significantly reduces G F R  in normoalbu- 
minuric Type 1 (insulin-dependent) diabetic patients with 
normal or elevated GFR [5-8]. 

Recently we have shown that plasma glucose is also im- 
portant in regulating G F R  in Type 1 diabetic patients with 
advanced nephropathy. High levels of plasma glucose 
were found to be associated with significant elevations in 
GFR which were brought about by an increase both in 
membrane permeability to small macromolecules and in 
the glomerular ultrafiltration coefficient (Ke) [9]. 

The present study was designed to investigate the time 
course of glucose-induced renal haemodynamic changes 
and the role of prostaglandins as potential mediators of 

these changes in Type i diabetic patients with overt ne- 
phropathy. 

Subjects  and m e t h o d s  

Patients 

Type 1 diabetic patients with persistent proteinuria (total protein ex- 
cretion >0.5 g/24h) and 51Cr EDTA GFR below 70ml.min -1 
�9 1.73 m-2, recruited from our cohort of diabetic patients with renal 
failure in the Unit for Metabolic Medicine at Guy's Hospital, were 
asked to take part in the study. 

Eight (five male, three female) patients aged between 38 and 
58 years (mean 48 years) gave their informed consent to the study 
which was approved by the ethics committee of Guy's Hospital. 
Duration of diabetes was 26 years (range 19-30 years), urinary pro- 
tein excretion was 1.3 g/24 h (range 0.7-3.0) and GFR (clearance of 
SlCr-labelled edetic acid) was 38.3 ml-rain-1.1.73 m- 2 (range 25.5- 
68.2). Other renal disease and heart failure were excluded by clinical 
and biochemical tests. Renal biopsies taken from three patients, 
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showed diabetic histological changes only. Four patients had prepro- 
liferative and four had proliferative retinopathy. All the patients had 
been treated with insulin since diagnosis and at the time of the study 
were receiving antihypertensive treatment with beta-blockers and 
diuretics (four patients) beta-blockers, diuretics and angiotensin- 
converting enzyme inhibitors (three patients), beta-blockers, cal- 
cium-channel blockers and diuretics (one patient). All antihyper- 
tensive drugs were stopped for at least 36 h before the acute studies. 
Glycated haemoglobin level, measured by electroendosmosis (Cor- 
ning Chemical, Palo Alto, Calif., USA), ranged from 7.2 to 9.6 % 
(mean 8.4%) and sodium intake varied from 90 to 110 mmol/day 
(mean 105 mmol/day). 

Study design and experimental procedures 

The renal haemodynamic and proteinuric response to an acute 
glycaemic change from sustained euglycaemia to sustained hyper- 
glycaemia was measured after an i.v. injection of 450 mg lysine- 
acetylsalicilate (LAS) (equivalent to 250 mg acetylsalicific acid) in 
2.5 ml of 0.9 % NaC1 (isotonic saline) or of an equivalent volume of 
isotonic saline in a double blind, randomized, cross-over study. An 
interval of at least 2 weeks elapsed between the two studies. Four pa- 
tients received lysine-acetylsalicilate first and four patients isotonic 
saline. 

Patients were admitted to a metabolic ward at 18.00 hours the 
day before the study. A teflon cannula (Venflon; Viggo, Helsingborg, 
Sweden) was inserted under local anaesthesia into an antecubital 
vein in each arm, one for blood sampling and the other for infusion. 
The usual evening insulin injection was omitted and a low-dose infu- 
sion of insulin (Actrapid HM; Novo, Copenhagen, Denmark) com- 
menced before the evening meal to maintain plasma glucose at 
around 4.5 retool/1 (between 3.5 and 5.5 mmol/1) overnight. 

The overnight insulin infusion rate of 0.92 + 0.4 IU/h was con- 
tinued throughout the study which started the next morning at 
around 07.00 hours after the patients had remained fasting and with- 
out tea, coffee and smoking but not tap water since 22.00 hours the 
previous night. 

After a steady-state diuresis of between 5.3 and 10.8 ml/min 
(mean 7.2 ml/min) was obtained by an infusion of isotonic saline 
(0.9 % NaC1) at 400 ml/h, measurements of GFR and effective renal 
plasma flow (ERPF) were started using the constant infusion tech- 
nique for polyfructosan and sodium paraminohippurate (PAH) as 
previously described [10]. Briefly, a bolus dose of polyfructosan 
(Inutest; Boheringer-Mannheim, Zurich, Switzerland) 3.5 mg in 
35 ml of water and paraminohippurate (PAH; Merck Sharpe and 
Dohme, Hoddesdon, Herts., UK) 600 mg in 3 ml of water were fol- 
lowed by a constant infusion of Inutest and PAH in isotonic saline to 
maintain plasma concentration of 35 and 2 mg/dl, respectively. After 
60-min equilibration, isotonic saline or LAS were injected i.v. and 
timed 30-min urine collections were started. Three measurements 
were taken during euglycaemia and three during sustained hypergly- 
caemia. Blood glucose was raised to levels of moderate hypergly- 
caemia, previously shown to be associated with increased GFR in 
early diabetes [11], by a graded infusion of dextrose (2778 mmol/l) as 
described by De Fronzo et al. [12] and maintained by continuous ad- 
justment of dextrose infusion rate (range 12 to 48, mean 28 ml/h) 
based on frequent measurements of glycaemia. The total glucose in- 
fused to raise glycaemia and to maintain hyperglycaemia was similar 
in the two studies and varied between 609 and 2438 mmol (mean 
1422 mmol). The urine collected during the 20-min interval required 
to raise blood glucose to hyperglycaemic levels was discarded. The 
means of all three periods for each patient during euglycaemia or 
hyperglycaemia as well as individual collection time intervals were 
used for calculations. Urine volume was immediately measured to 
the nearest 2 ml and aliquots taken into tubes containing 10 gl of 
4 tool/1 NaOH to avoid loss of free PAH in glycosuric urine [13], for 
measurements of PAH and polyfructosan. A further 3.5 ml aliquot 
was taken into a tube containing 20 gl gelatine (10% weight/vol- 
ume) for measurement of urinary albumin and IgG concentration, 
which were therefore determined simultaneously with the renal 
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haemodynamic parameters. At the midpoint of each urine collection 
period, pulse rate and supine blood pressure (phase I/V) to the near- 
est 2 mmHg using a standard mercury sphygmomanometer, were 
taken by a single observer (SDC), and blood samples were drawn for 
measurement of PAH, polyfructosan, glucose, total protein, haema- 
tocrit, albumin and IgG. 

In five additional male Type i diabetic patients with proteinuria 
aged 44 to 60 years (mean 50 years), with duration of diabetes rang- 
ing 27-34 years (mean 31 years), total urinary protein excretion be- 
tween 0.5 and 2.4 g/24 h (mean 1.2) and mean GFR 43.2 ml.min -I 
�9 1.73 m-2 (range 22-69), time- and volume-controlled experiments 
were carried out. These patients, who from the clinical and bio- 
chemical standpoint for both diabetes and renal disease were strictly 
comparable to the other group underwent exactly the same ex- 
perimental procedures as used in the isotonic saline experiments ex- 
cept that euglycaemia was maintained for 3 h and 20 min. The urine 
collected in the 20-min interval between the two euglycaemic peri- 
ods was discarded as in the hyperglycaemic experiments. Insulin in- 
fusion rate was 0.88 + 0.5 IU/h and diuresis ranged between 5.6 and 
11.4 ml/min (mean 7.8 ml/min). In the control experiments urine was 
not collected for albumin and IgG determinations. All subjects re- 
mained supine throughout the study standing only to void urine. 

Measurements and calculations 

Plasma and urine polyfructosan were measured after perchloric 
acid hydrolysis using a centrifugal analyser (Cobas Mira; Roche Di- 
agnostica, Welwin Garden City, Herts., UK) as previously de- 
scribed [14]. Plasma and urinary PAH were measured using the 
method of Bratton and Marshall [15] adapted for use on a Cobas 
Bio centrifugal analyser (Roche Diagnostica). Inter- and intra- 
assay coefficient of variation were 3.6 and 3.1%, respectively for 
Inutest and 4.0 and 3.1% for PAH. Glucose was measured by a glu- 
cose oxidase method (Yellow Spring Analyzer; Yellow Springs In- 
struments Inc, Yellow Springs Ohio, USA), haematocrit by routine 
coulter counter, and total plasma protein by reflectometry. Plasma 
albumin and IgG were measured on the Cobas Bio Analyser 
(Roche Diagnostica), urinary albumin by an immunoturbidimetric 
method [16] and urinary IgG by an ELISA technique using a modi- 
fication of the method of Voller et al. [17]. GFR and ERPF were 
calculated as the clearances of polyfructosan and PAH, respective- 
ly, using the standard formula UV/P and corrected to 1.73 m 2 body 
surface area. Filtration fraction (FF) was calculated as inulin clear- 
ance divided by PAH clearance. 

Albumin and IgG excretion rates were calculated as urinary con- 
centration x urine flow rate and their fractional clearance was ob- 
tained by dividing their clearance by the GFR. 

Renal vascular resistance was calculated as MBP x (1-Hct)/ 
ERPF, where MBP is mean blood pressure (diastolic blood pressure 
+ one-third the pulse pressure) and Hct is haematocrit. 

Stat&tical analysis 

Analysis of variance was used to test for differences in renal haemo- 
dynamic parameters between studies and between the two gly- 
caemic conditions. The Student's t-test for paired data was used to 
compare individual experimental conditions in the hyperglycaemic 
studies. Values of urinary albumin and IgG were log-transformed 
before statistical analysis. Statistical significance was defined as 
p < 0.05. All results are expressed as mean + SEM unless otherwise 
stated. 

Results 

Similar  levels of basel ine  euglycaemia  at approximate ly  
4.5 + 0.3 mmol/1 and  of g lucose- induced hyperglycaemia  
at approximate ly  15.5 + 0.5 mmol/1 were ob ta ined  in the 
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isotonic saline and LAS studies. In the control experi- 
ments euglycaemia was maintained throughout at a level 
of 4.9 + 0.4 mmol/1. 

A stable diuresis was maintained in all patients, the 
average variation (95 % CI) of urine flow in individual 
studies was 24.8 % (10-31) and there were no differences 
between studies. The mean (95 % CI) coefficient of vari- 
ation of GFR during euglycaemia and hyperglycaemia 
was 19 % (14- 30) and 12 % (7-21) in the isotonic saline 
study and 17 % (10-24) and 16 % (7-25) in the LAS study, 
respectively. These differences were not significant. Simi- 
larly the coefficients of variation of PAH clearance were 
comparable between studies and averaged 14 % (4-24) 
during euglycaemia and 19% (10-28) during hypergly- 
caemia in the isotonic saline study and 21% (15-27) and 
19 % (11-27) in the LAS study, respectively. In the eugly- 
caemia isotonic saline control study the coefficient of vari- 
ation for GFR averaged 13 % (11-15) and for PAH 16 % 
(9-25). 

In the isotonic saline study GFR rose during hypergly- 
eaemia by approximately 35 % from 41.5 + 5.2 to 55.0 + 
6.0 ml. min -1.1.73 m -2 (p < 0.005) (Table 1). The rise oc- 
curred within the first 30 rain of hyperglycaemia and was 
sustained for the duration of the study (30 min: 62.5 + 4 
(p < 0.005), 60 min: 52.2 + 6 (p < 0.05), 90 min: 52 + 5 
(p <0.05) ml .min-1 . l .73  m-2). After  LAS administra- 
tion baseline GFR during euglycaemia was lower than in 
the isotonic saline control study at 30.0 + 5.7 ml .min -1 
�9 1.73 m -2 (p < 0.05) and rose by approximately 23 % to 
35.4_+ 6.0 ml. min-1.1.73 m -2 during hyperglycaemia 
(p < 0.05) (Table 1). The GFR increment during hyper- 
glycaemia was significantly blunted by LAS infusion (iso- 
tonic saline vs LAS 13.6+2.8 vs 5.3_+l.8ml.min -1 
�9 1.73 m -2 (p < 0.005). The percent change of GFR during 
hyperglycaemia was of significantly smaller magnitude in 
the LAS study. The GFR change at 30 min after hypergly- 
caemia was larger in the isotonic saline compared to the 
LAS study (isotonic saline vs LAS, mean + SD 54 + 15 % 
vs 17 + 10 %; p < 0.05) and the overall percent change 
over the 90-rain period of hyperglycaemia expressed as 
area under the curve, greater (2910 + 567 vs 2149 + 558 
p < 0.05) (Zig. 1). 

In the euglycaemia isotonic saline control study GFR 
showed insignificant variations between the first 90-min 
(mean + SEM 46 + 9.5 ml-rain -~ -1.73 m -2) and the sec- 
ond 90-rain (49.5 +_ 9.8 ml. min- 1.1.73 m -z) experimental 
periods. The average percent changes were modest and 
not significant, ranging between - 2 and 8 % (Fig. 1). 

PAH clearance was similar during euglycaemia in the 
two studies and rose significantly (p < 0.05) during hyper- 
glycaemia in the isotonic saline study only. During hyper- 
glycaemia FF did not rise in either study. After LAS ad- 
ministration FF was significantly lower under both gly- 
caemic conditions than in the isotonic saline study 
(iv < 0.05). Renal vascular resistance was similar in both 
studies during euglycaemia and did not change in hyper- 
glycaemia (Table 2). In the sustained euglycaemia iso- 
tonic saline control study no significant changes were 
found in PAH clearance, FF and renal vascular resistance 
(not shown). Mean blood pressure was similar in both 
studies during euglycaemia (isotonic saline vs LAS: 
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Table 1. Glomerular filtration rate in eight Type i diabetic patients 
during euglycaemia (Eugl) and hyperglycaemia (Hypergl) after iso- 
tonic saline or lysine-acetylsalicilic acid (LAS) administration 

Glomerular filtration rate (ml. rain-1.1.73 m-z) 

Isotonic saline LAS 
Subjects Eugl Hypergl Eugl Hypergl 
1 42.5 54.4 24.7 27.7 
2 50.3 67.3 19.3 21.0 
3 25.5 30.5 28.6 30.9 
4 51.5 71.3 54.0 62.0 
5 68.2 75.0 56.1 56.9 
6 29.0 31.0 12.0 16.0 
7 28.0 48.0 19.0 25.0 
8 37.0 62.0 27.0 44.0 

Mean + 41.5 + 5.2 a,b 55.0 + 6 a 30.0 _4:. 5.7 b,c 35.4 + 6.0 ~ 
SEM 

a p < 0.005 Euglycaemia vs hyperglycaemia, isotonic saline study. 
b p < 0.05 Isotonic saline vs LAS in euglycaemia. ~ p < 0.05 Eugly- 
caemia vs hyperglycaemia, LAS study. 
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Fig.1. Glomerular filtration rate (GFR) during euglycaemic (0- 
90min) and hyperglycaemic clamp (90-180min) after isotonic 
saline (left side, t~-e) and lysine-acetylsalicilic acid administration 
(left side, A- -A) and during sustained euglycaemic isotonic saline 
control experiments (left side, o- -o) in Type 1 diabetic patients with 
nephropathy. The inset shows the percent change in GFR over the 
second 90-min period compared to baseline (0-90 min) for the three 
experimental conditions illustrated�9 * p < 0.05 hyperglycaemic iso- 
tonic saline study vs hyperglycaemic lysine-acetylsalicilic acid study 

104 + 12 vs 103 + 11 mmHg)  and did not change after 
hyperglycaemia (106 + 15 vs 105 + 12 mmHg,  respec- 
tively). Arterial pressure was similarly stable in the eugly- 
caemia isotonic saline control study. 

Haematocrit  and total protein concentrations were 
similar during euglycaemia and fell in both studies to a 
similar extent during hyperglycaemia (Table 3). By con- 
trast in the sustained eugtycaemia isotonic saline control 
study haematocrit was unchanged (mean + SEM 
38.6 + 1,8 vs 38.5 + 2.3%) and total protein concentra- 
tion stable (61.8 + 4.1 vs 61.0 + 4.4 g/l). The fractional 
clearance of albumin and IgG, measured in seven patients 
were similar in the two studies during euglycaemia and re- 
mained unchanged by hyperglycaemia (euglycaemia vs 
hyperglycaemia: isotonic saline: albumin: 2,9 + 1.2 vs 
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Table 2. Mean + SEM, sodium paraminohippurate (PAH) dear- 
ance, filtration fraction and renal vascular resistance in eight Type 1 
diabetic patients during euglycaemia and hyperglycaemia after iso- 
tonic saline or lysine-acetylsalicilic acid (LAS) administration 

Study Euglycaemia Hyperglycaemia 

PAH Clearance 
ml. min -1.1.73 m -2 

Isotonic saline 176 + 22.4 a 220 _+ 29.4" 
LAS 170 + 18.9 206 _+ 26.6 

Filtration fraction 

Isotonic saline 0.23 + .03 b 0.25 _+ .02 
LAS 0.17 + .13 b 0.17 _+ .02 

Renal vascular resistance 
mmHg.min-Z.1-1 

Isotonic saline 378.0 _+ 72.0 309.0 + 43.0 
LAS 392.0 _+ 50.0 331.0 + 82.0 

ap < 0.05 Euglycaemia vs hyperglycaemia, b p < 0.05 Isotonic saline 
vs LAS 

Table 3. Mean _+ SEM haematocrit and total plasma protein con- 
centrations in eight Type i diabetic patients during euglycaemia and 
hyperglycaemia after isotonic saline or lysine-acetylsalicilic acid 
(LAS) administration 

Study Euglycaemia Hyperglycaemia 

Haematocrit (%) 

Isotonic saline 36.5 + 1.8 34.2 _+ 1.52 
LAS 37.3 + 2.4 35.3 + 2.2 a 

Total protein (g/l) 

Isotonic saline 70.4 + 3.8 65.4 _+ 3.4" 
LAS 73.8 + 2.1 70.0 + 1.2 a 

a p < 0.005 euglycaemia vs hyperglycaemia 

3.3 _+ 1.3 x 10-4; IgG 6.7 _-+ 0.9vs7.2 + 0.8 x 10-6; LAS: al- 
bumin: 1.9 + 0.8 vs 2.4 _+ 1.02 x 10-4; IgG: 5.4 + 1.1 vs 
6.5 + 0.9 x 10-6). 

D i s c u s s i o n  

Blood glucose concentration contributes to the regulation 
of GFR in diabetes mellitus. In normoalbtmainuric Type 1 
diabetic patients acute rises in glycaemia have been re- 
ported by several [1, 2], though not all [18], authors to be 
accompanied by a significant but modest increase in GFR 
of about 6-10%.  A condition of moderate hyper- 
glycaemia is associated with a raised GFR both in diabetic 
humans [18] and streptozotocin diabetic rats [19] com- 
pared to euglycaemic diabetic animals and humans. 
Whether  it is the euglycaemia or the concomitant hyperin- 
sulinaemia which lowers the GFR remains debatable in as 
much as hyperglycaemic hyperinsulinemia has been 
found to be associated with lower GFR in diabetic rats 
[19] but not in diabetic humans [5]. 

The present study showed that also in advanced 
diabetic renal disease rapid changes in blood glucose lev- 
els importantly modulate glomerular haemodynamics, 
confirming our previous observation of an association be- 
tween hyperglycaemia and raised GFR [9]. An acute rise 
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in blood glucose led to a simultaneous increase in GFR of 
about 35 %, a change of greater magnitude than that in- 
duced by glucose in normoalbuminuric diabetic patients 
[1, 2]. No significant changes in GFR were detected in the 
sustained euglycaemia isotonic saline control experiment, 
in accord with previous reports [1, 20], supporting the view 
that the GFR change, seen during hyperglycaemia, was 
mediated by glucose, and not by the salt or water load. 

Our findings demonstrate that the G F R response to 
hyperglycaemia is rapid, occurs within the first 30 min and 
is maintained for as long as the hyperglycaemia persists. In 
the acute setting of the present experiment a rise in blood 
glucose, during the isotonic saline hyperglycaemia study, 
led to a significant increase in renal plasma flow, without 
changes in FF. This is probably the consequence of glu- 
cose-induced volume expansion, as indicated by a signifi- 
cant fallin haematocrit  and plasma protein concentration. 
This interpretation is supported by the observation that 
during sustained euglycaemia, but under the same condi- 
tion of fluid administration, the changes in haematocrit  
and plasma protein were small and not significant. In our 
previous report  [9] hyperglycaemia was associated with 
no changes in renal plasma flow and higher FF; in that 
study however renal haemodynamic variables were 
measured on two separate occasions either during sus- 
tained euglycaemia or sustained hyperglycaemia and 
there was no indication of any variation in plasma volume 
between the two experimental conditions. This was prob- 
ably due to plasma volume resetting after a prolonged 
period of raised blood glucose. 

Acute hyperglycaemia led to no changes in the frac- 
tional clearance of albumin and IgG as previously re- 
ported in Type i diabetic patients without renal disease 
[1]. These findings are consistent with the view that the 
glucose-induced rise in GFR is most likely the result of 
changes in ultra filtration coefficient and in membrane 
permeability to water and small molecules [9]. 

Our data also indicate that the ability of the GFR to ex- 
pand is not lost in overt diabetic nephropathy, as implied 
by studies which tested the renal response to a protein 
load [21, 22], and raise the question of the stimulus de- 
pendence of the renal response. That different stimuli 
may lead to different renal haemodynamic changes is also 
supported by a study in which significant increases in GFR 
were noted in proteinuric diabetic patients in response to 
ketone body infusion [20]. 

Whether  vasodilatory prostaglandins (PG) contribute 
to the glomerular hyperfiltration of early diabetes re- 
mains controversial. Studies of the effect of cyclooxyge- 
nase inhibition on glomerular hyperfiltration in the intact 
diabetic animal have yielded conflicting results. Craven et 
al. [23] found that indomethacin reduced hyperfiltration 
in rats 9 to 15 days after induction of diabetes but did not 
do so at 25 to 28 days. Production of PGE2, 6 keto-PGFlo~ 
and thromboxane B2 from glomeruli isolated from these 
rats were higher 9 to 15 days but not 25 to 28 days after 
streptozotocin injection, suggesting that, perhaps, differ- 
ent mechanisms are involved in the elevation of GFR at 
different time points in the course of diabetes. Moel et al. 
[24] reported similar results using aspirin but other  auth- 
ors found that indomethacin administration significantly 
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reduced G F R  or prevented the rise in G F R  in rats 
3 months or 28 days after the induction of diabetes, re- 
spectively [25-26]. Acute intravenous administration of 
indomethacin in rats 7 to 10 days after the onset of 
diabetes failed to reduce GFR [27]. The reasons for these 
discrepancies are unclear but differences in the duration 
of diabetes, the degree of blood glucose control and in- 
sulin treatment,  the salt and water balance at the time of 
the study, the type and duration of cyclooxygenase inhibi- 
tion might have all contributed. In the perfused kidney of 
the diabetic male Sprague-Dawley rat the increased va- 
sodilation and glomerular filtration rate induced by glu- 
cose infusion was totally prevented by the administration 
of a prostaglandin synthase inhibitor, supporting the view 
that the glucose-induced renal effect may be prostaglan- 
din mediated [28]. 

Findings in studies in humans with short-term diabetes 
are also not uniform. Esmatjes et al. [29] found that ad- 
ministration of acetylsalicilic acid reduced GFR in non- 
proteinuric Type I diabetic patients but Christiansen et al. 
[30] were unable to lower G F R  by 3-day administration of 
indomethacin in newly-diagnosed juvenile diabetic pa- 
tients. Viberti et al. [31] reported that the urinary excre- 
tion of 6-keto-PGFla  was significantly raised in Type 1 
diabetic patients with glomerular hyperfiltration and 
Gambardella  et al. [32] also demonstrated that raised 
G FR in newly-diagnosed Type i diabetic patients de- 
pends, at least partly, on altered renal synthesis of vasodi- 
latory prostacyclin. 

Our  data in proteinuric diabetic patients with renal 
failure, and thus at a much later stage of evolution of their 
disease than in any of the studies previously quoted, strong- 
ly implicate vasodilatory prostaglandins in the regulation 
of G F R  both under euglycaemic conditions and in re- 
sponse to glucose-induced hyperglycaemia. Hommel  et al. 
[33] also repor ted a significant fallin G F R  after indometh- 
acin administration in Type 1 diabetic patients with pro- 
teinuria and GF R  still within the normal range. 

Although urinary prostaglandins were not measured in 
the present study, due to the potential confounding effect 
of high urine flow rate [34], other  workers have demon- 
strated that administration of 450 mg LAS significantly in- 
hibits renal prostaglandin production [35, 36]. That  the ef- 
fect is likely to be due to vasodilatory prostaglandins is 
further supported by recent studies demonstrating that se- 
lective inhibition of thromboxane synthesis has no effect 
on renal haemodynamics in proteinuric Type 1 diabetic 
patients [37]. 

Administration of LAS resulted in lower G F R  and FF 
during euglycaemia and in a blunting of the renal haemo- 
dynamic response to hyperglycaemia. Changes in other 
variables such as haematocrit ,  plasma protein concentra- 
tion and blood pressure, which could have affected the 
renal haemodynamic response, cannot account for the re- 
sults in as much as these parameters were similar during 
the isotonic saline and LAS hyperglycaemic studies. Anti- 
hypertensive therapy was stopped for a 36 h period and its 
potential effect on renal haemodynamics may not have 
been totally eliminated. However, this is unlikely to have 
significantly affected our results in that the patients acted 
as their own control in a randomized cross-over study de- 
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sign, thus minimizing the risk of significant bias. The smal- 
ler effect of LAS on renal plasma flow either during eugly- 
caemia or in response to hyperglycaemia suggests that in- 
hibition of vasodilatory prostaglandin mainly affects con- 
tractile elements within the glomerulus or in the efferent 
arteriole [38, 39], although, during hyperglycaemia, a 
more pronounced effect of glucose on the afferent arteri- 
ole could also partly account for this finding. 

In conclusion, in diabetic renal failure prostaglandins 
appear to contribute to the blood-glucose-induced ele- 
vation of G F R and are important for the regulation of 
G F R  under  euglycaemic conditions. This finding is con- 
sistent with reports in other renal diseases demonstrating 
the central role of renal prostaglandin in the maintenance 
of G F R in damaged kidneys [40]. The prognostic implica- 
tion of hyperglycaemia-induced higher GFR in diabetic 
renal failure remains to be elucidated. 
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