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Abstract 

The present study examined vascular reactivity to angiotensin 1I in blood-perfused kidneys of diabetic normotensive Wistar-Kyoto 
(WKY) and diabetic spontaneously hypertensive rats (SHR). In addition, the effect of the angiotensin AT I receptor antagonist, CV-11974 
(2-eth•xy-•-[[2•-(•H-tetraz••-5-y•)bipheny•-4-y•]methy•]-•H-benzimidaz••e-7-carb•xy•ic acid), on angiotensin II responses was exam- 
ined. Dose-response curves to angiotensin II (0.1-30 Ixg/kg, i.a.) were obtained in kidneys of control- and diabetic-WKY rats and -SHR 
rats, either in the absence or presence of CV-11974 (3 Ixg/kg, i.v.). In all four treatment groups, angiotenSin II produced dose-dependent 
increases in renal perfusion pressure with the order of reactivity: control-SHR > control-WKY = diabetic-SHR > diabetic-WKY. In the 
presence of CV-11974 (3 Ixg/kg, i.v.), dose-response curves to angiotensin II were significantly inhibited in kidneys of control-SHR and 
-WKY rats. However, CV-11974 (3 Ixg/kg, i.v.) had no significant effect on angiotensin II responses in kidneys of diabetic-SHR or 
-WKY rats. These results suggest that diabetes in normotensive rats is associated with impaired renal responsiveness to angiotensin II, 
while hypertension augments renal responsiveness to angiotensin II. However, the combination of diabetes and hypertension has largely 
offset the opposite effects on angiotensin II responses seen separately. Importantly, the lack of effect of CV-11974 in diabetic rats, with or 
without hypertension, has been identified. While the reasons for these alterations have yet to be determined, they may involve changes in 
angiotensin II receptor mechanisms (e.g. density and/or affinity). 
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1. Introduct ion 

Diabetic and hypertensive nephropathy are the most 
common causes of  end-stage renal disease (Walker, 1993). 
These diseases frequently co-exist and together increase 
the risk and accelerate the progression of  nephropathy in 
clinical (Marre et al., 1993) and experimental (Cooper et 
al., 1986) diabetes. While it has been estimated that 100% 
of long-term insulin-dependent diabetics will develop ei- 
ther retinopathy or neuropathy, only a subpopulation (30 -  
40%) will develop nephropathy (Adler, 1993; Marre et al., 
1993). Clinical studies have suggested that this subpopula- 
tion of  patients also have a genetic predisposition to 
hypertension (Chukwuma, 1992; Krolewski et al., 1988). 
Therefore, it is possible that hypertension is a pathogenetic 
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factor in the development of  diabetic nephropathy (Cooper 
et al., 1986). 

Rats with streptozotocin-induced diabetes, an animal 
model of  insulin-dependent diabetes, display alterations in 
renal function which are characteristic of clinical diabetic 
nephropathy (Mogensen and Anderson, 1975). However, 
experimental models of  diabetes mellitus have not gener- 
ally been associated with significant hypertension (Tomlin- 
son et al., 1992). Therefore, an animal model combining 
genetic hypertension (spontaneously hypertensive rat 
(SHR)) and diabetes is considered to be a more accurate 
model for investigating the role of  hypertension as a cause 
or accelerator of  diabetic nephropathy (Cooper et al., 
1988). 

The ability of  the angiotensin-converting enzyme in- 
hibitors and angiotensin ATl-receptor antagonists to confer 
renal protection (Cooper et al., 1990; Lewis et ai., 1993; 
Soltis, 1993) has highlighted the importance of  angiotensin 
II activity in the progression of  renal disease during both 
disease states. 
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Previous studies have examined the biochemical and 
morphological characteristics of the hypertensive diabetic 
rat. However, these indices are usually measured after 
long-term diabetes and /or  hypertension (e.g. 16-32 weeks; 
Cooper et al., 1988, 1990). In contrast, changes in renal 
vascular reactivity in this model have not been examined. 
Therefore, the present study examined changes in renal 
vascular responsiveness to angiotensin II in the SHR 6 
weeks after the induction of diabetes. This is, according to 
previous studies, before overt biochemical or morphologi- 
cal renal changes become evident (Cooper et al., 1986, 
1988). 

2. Materials and methods 

2.1. Induction o f  diabetes 

Male Wistar Kyoto (WKY) and SHR rats weighing 
240-340 g (11-13 weeks of age), were anaesthetised with 
halothane (4%; 2:1 O2/N20)  and made diabetic by the 
administration of streptozotocin (WKY, 60 mg/kg ;  SHR, 
45 mg /kg )  via a tail vein. A solution of the diabetogen in 
citrate buffer (50 mM, pH 4.5) was prepared immediately 
prior to injection. Age and strain-matched controls re- 
ceived an equivalent volume of citrate buffer. Prior to 
injection, animal weights and blood glucose levels were 
recorded. Animals were subsequently housed in treatment 
pairs for 6 weeks with free access to food and water. 

Systemic blood pressure was measured prior to injec- 
tion, and then 2, 4 and 6 weeks later, by indirect tail-cuff 
plethysmography in conscious rats. 

2.2. Blood-perfused kidneys 

matched systemic blood pressure and thereafter the flow 
within the circuit was maintained at this rate for the entire 
experiment. Angiotensin II was administered via bolus 
injection directly into the aortic tubing using 25 ~1 or 50 
~1 microsyringes (Scientific Glass Engineering, Australia). 
Changes in perfusion pressure indicated alterations in renal 
vascular resistance. A rectal thermometer was used to 
ensure the body temperature of the rat was maintained at 
approximately 37°C. Where necessary, animals were venti- 
lated with a rodent respiratory pump (50 strokes/min; 1 
ml /100  g body weight/stroke; Ugo Basile, Model 7025). 

In preliminary experiments, optimal conditions for the 
experimental protocol were determined in control-WKY 
rats. Two dose-response curves, separated by at least 30 
rain, were constructed to angiotensin II. Each dose of 
angiotensin II was added 5-10 min after the previous 
response had returned to baseline levels. In conjunction 
with these time control studies an appropriate concentra- 
tion of CV-11974 was established. It was found that 
CV-11974 (1 tzg/kg,  i.v.), caused a small rightward shift 
in the dose-response curve to angiotensin II. However, this 
shift was not significantly different from the effect ob- 
served in time control experiments (i.e. consecutive dose- 
response curves to angiotensin II revealed marked tachy- 
phylaxis). Given these data, and the fact that in additional 
experiments CV-11974 (10 I~g/kg, i.v.) abolished the 
renal vasoconstrictor effects of angiotensin II in kidneys of 
control and diabetic rats, it was decided to modify the 
experimental protocol so that only one dose-response curve 
to angiotensin II was constructed in each animal. In addi- 
tion, an intermediate dose (3 ~ g / k g ,  i.v.) of CV-11974 
was chosen for further experiments. This was given prior 
to the commencement of a dose-response curve to an- 
giotensin II. 

After 6 weeks, animals were weighed and anaesthetised 
with sodium pentobarbitone (60-100 mg/kg ,  i.p.). A blood 
sample, from the tail vein, was taken to determine blood 
glucose levels (Ames Minilab 1). Animals were considered 
diabetic if their blood glucose concentration was > 17 
mM. Control rats exhibited blood glucose levels between 
3-10 mM. The blood-perfused kidneys preparation was set 
up as described previously (Hodgson et al., 1990). A 
midline incision was made in the cervical region, and the 
trachea cannulated. The right jugular vein was cannulated 
for the administration of heparinised saline (500 units/kg). 
Arterial blood pressure was measured from a cannula in 
the right carotid artery. An abdominal midline incision was 
made and the abdominal aorta ligated below and above the 
kidneys. The aorta was subsequently cannulated between 
the two ties, and both kidneys perfused with blood from 
the left carotid artery, using a Masterflex pump (Model 
7554-10). Arterial and perfusion pressures were monitored 
using Gould-Statham pressure transducers (P23) and 
recorded on a Grass Polygraph (Model 79D). The flow rate 
of the pump was set so that renal perfusion pressure 

2.3. Drugs 

The following drugs were used: angiotensin II (Ameri- 
can Peptide Co.), CV- 11974 (2-ethoxy- 1-[[2'-(1 H-tetrazol- 
5-yl)biphenyl-4-yl]methyl]- 1 H-benzimidazole-7-carboxylic 
acid, Takeda Chemical Industries), streptozotocin (Sigma). 

Streptozotocin was dissolved in citrate buffer (50 mM, 
pH 4.5). Angiotensin II was dissolved and diluted in 0.9% 
saline and kept on ice for the duration of the experiment. 
CV-11974 was initially dissolved in saline and 1 M 
Na2CO 3 (9 : 1) and further diluted in saline. 

2.4. Statistics 

Angiotensin II-evoked increases in renal perfusion pres- 
sure were compared across treatment groups, or following 
CV-11974 pretreatment, by two-way analysis of variance 
(ANOVA) with repeated measures, using a commercially 
available statistical package (CLR ANOVA). In antagonist 
studies, where ANOVA revealed a significant effect of 
CV-11974, the magnitude of the rightward shift in the 
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dose-response curves to angiotensin II, in the absence or 
presence of CV-11974, was calculated by performing po- 
tency ratios according to published methods (Lentner, 
1982) using computer-assisted regression analysis. Other 
indices (e.g. changes in blood glucose, body weight and 
systolic blood pressure) were analysed by two-way 
ANOVA. In all cases, statistical significance is indicated 
by P < 0.05. 

3. Results 

3.1. Resting variables 

As indicated in Table 1, 6 weeks after streptozotocin 
treatment, WKY and SHR rats displayed significantly 
increased blood glucose levels, compared to their pretreat- 
ment values, and compared to their non-diabetic counter- 
parts (P  < 0.05, ANOVA). Both diabetic groups displayed 
similar degrees of hyperglycaemia. Blood glucose levels of 
control-WKY and -SHR remained within the normal range 
(i.e. 3-10 mM) over the 6 week period. Streptozotocin-in- 
duced diabetes was also associated with a significant re- 
duction in body weight. After 6 weeks, body weights of 
diabetic-WKY and -SHR rats were significantly lower than 
their corresponding pre-injection weights (P  < 0.05, 
ANOVA, Table 1). Body weight of control-WKY and 
-SHR significantly increased over the same time period 
(P  < 0.05, ANOVA, Table 1). 

Throughout the 6 week period, systolic blood pressure 
(measured indirectly) of control- and diabetic-SHR was 
significantly higher than that of control- and diabetic-WKY, 
respectively ( P  < 0.05, ANOVA, Fig. 1). While systolic 
blood pressure of the WKY groups did not vary consider- 
ably over the 6 weeks, there was a significant fall in 
systolic blood pressure of diabetic-SHR. This resulted in a 
significant difference in blood pressure between control- 
and diabetic-SHR at week 6 (P  < 0.05, ANOVA, Fig. 1). 

Kidney weights of diabetic rats were significantly in- 
creased compared to those of their controls (P  < 0.05, 
ANOVA, Table 1). 

Table 2 shows the mean renal flow rate through the 
circuit in order for the perfusion pressure to match sys- 
temic blood pressure. The renal perfusion pressure of 
control-SHR was significantly increased compared to the 
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Fig. I. Indirect systolic blood pressure of control-WKY (open circles, 

n = 24), diabet ic-WKY (open squares, n = 25), control-SHR (closed cir- 
cles, n = 26) and diabetic-SHR (closed squares,  n = 23) prior (week  0) 

and 2, 4, and 6 weeks after injection. * P < 0.05, significantly different 

from initial value (week 0) in same group. + P <  0.05, significantly 
different from final value (week 6) in corresponding WKY group. 

other groups. However, the perfusion pressure obtained in 
kidneys of diabetic-SHR was significantly reduced com- 
pared to the perfusion pressures obtained in control- and 
diabetic-WKY rats (P  < 0.05, ANOVA, Table 2). 

3.2. Constrictor responses to angiotensin H 

Angiotensin II (0.1-30 ~g /kg ,  i.a.) produced dose-de- 
pendent increases in perfusion pressure in kidneys of rats 
from all 4 experimental groups. In both diabetic groups, 
the responses to angiotensin II were significantly attenu- 
ated compared with their respective control group. The 
maximum response to angiotensin II was greatest in con- 
trol-SHR, with the following rank order of reactivity being 
obtained: control-SHR > control-WKY = diabetic-SHR > 
diabetic-WKY (P  < 0.05, ANOVA, Fig. 2). There was a 
minimal delayed effect of angiotensin II in the systemic 
circulation following these local injections. 

3.3. ATj -receptor antagonist studies 

Dose-response curves to angiotensin lI in the presence 
of CV-11974 (3 ~g /kg ,  i.v.) were obtained in kidneys of 

Table 1 
Body weight, blood glucose level and kidney weight  of control (c) and diabetic (d) normotensive (WKY) and hypertensive (SHR) rats (n = 16-31)  

Body weight  (g) Blood glucose level (mM) Kidney weight (g) 

Initial Final Initial Final Left Right 

c-WKY 297 5 :4  351 + 5 ~ 7.7 _+ 0.3 9.2 + 0.5 1.32 _+ 0.03 1.32 _+ 0.03 
d-WKY 299 -4- 5 249 -.}- 5 a,b 8.4 ± 0.5 27.7 + 0.9 a.t~ 1.58 _ 0.04 b 1.53 5:0.04 h 

c-SHR 269 _+ 4 327 ± 6 " 7.9 + 0.5 7.3 _+ 0.3 1.22 _+ 0.03 1.23 5:0.04 
d-SHR 287 5 :4  217 5 :8  a,b 8.6 5:0.4 27.8 + 1.4 a.h 1.32 --4-_ 0.05 h 1.27 5:0.06 

Initial measurements were made at the time of streptozotocin or vehicle injection, and final measurements made 6 weeks later. ~ Significantly different 
from initial value in same treatment group, P < 0.05 ANOVA. b Significantly different from corresponding control, P < 0.05 ANOVA. 
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Fig. 2. Discrete dose-response curves to angiotensin II in blood-perfused 
kidneys of control-WKY (open circles, n = 11-15), diabetic-WKY (open 
squares, n = 13-15), control-SHR (closed circles, n = 8) and diabetic- 
SHR (closed squares, n = 7-9) .  * P < 0.05, significantly different from 
corresponding control group, ANOVA. 

100 (a) 

Table 2 
Basal perfusion pressure and flow rate of control (c) and diabetic (d) 
normotensive (WKY) and hypertensive (SHR) rats (n = 16-31) 

Basal perfusion Flow rate 
pressure (mm Hg) ( m l / m i n )  

c-WKY 105 ± I l 3.8 +0.3  
d-WKY 87 ± 10 3.4 ± 0.2 
c-SHR 137± 11 4.1 ±0 .3  
d-SHR 7 8 +  18 ~ 2 .7±0.3  

a Significantly different from corresponding control, P < 0.05 ANOVA. 

control- and diabetic-SHR and WKY rats. In control-WKY 
(Fig. 3a), a significant difference was observed between 
dose-response curves obtained in the absence or presence 
of CV-11974 (3 Ixg/kg, i.v.) when analysed by ANOVA 
(P  < 0.05). In addition, the magnitude of the rightward 
shift was calculated to be 4.3 (1.6, 18.6, 95% c.l.; 88 d.f.). 
In contrast, in diabetic-WKY, CV-11974 (3 Ixg/kg, i.v.) 
had no significant effect on angiotensin II responses (Fig. 
3b). In control-SHR there was a significant difference 
between dose-response curves obtained in the absence or 
presence of CV-11974 (P  < 0.05, ANOVA; Fig. 4a). The 
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Fig. 3. Discrete dose-response curves to angiotensin II in blood-perfused 
kidneys of  (a) control-WKY rats in the absence (n = 11-15, solid line) or 
presence ( n = 8 ,  dotted line) of CV-11974 (3 Ixg/kg,  i.v.) and (b) 
diabetic-WKY rats in the absence ( n =  13-15, solid line) or presence 
(n = 8, dotted line) of CV-11974 (3 txg/kg,  i.v.). * P < 0.05, significant 
difference between dose-response curves, ANOVA. 
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Fig. 4. Discrete dose-response curves to angiotensin II in blood-perfused 
kidneys of  (a) control-SHR rats in the absence (n = 8, solid line) or 
presence ( n = 6 ,  dotted line) of CV-11974 (3 I~g/kg,  i.v.) and (b) 
diabetic-SHR rats in the absence (n = 7-9 ,  solid line) or presence (n = 6, 
dotted line) of CV-11974 (3 Ixg/kg,  i.v.). * P < 0.05, significant differ- 
ence between dose-response curves, ANOVA. 
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magnitude of the rightward shift was calculated to be 3.0 
(1.3, 8.5, 95% c.l; 47 d.f.). However, in kidneys of dia- 
betic-SHR, CV-11974 (3 Ixg/kg, i.v.) had no significant 
effect on angiotensin II responses (Fig. 4b). CV-11974 had 
no significant effect on resting perfusion pressure in any of 
the 4 experimental groups (data not shown). 

4. Discussion 

The hypertensive diabetic model displays many of the 
classical features of clinical diabetes, including progressive 
weight loss, an elevation of blood glucose levels and 
diabetic nephropathy (Cooper et al., 1986, 1988). Weight 
loss and hyperglycaemia were clearly evident in the pres- 
ent investigation. The results of the current study also 
support the previous finding that SHR exhibit a greater 
susceptibility to the diabetogenic effect of streptozotocin 
(Somani et al., 1979; Cooper et al., 1988). This was 
demonstrated by different doses of streptozotocin, 45 and 
60 mg/kg  (i.v.), producing similar degrees of hypergly- 
caemia (after 6 weeks) in SHR and WKY rats, respec- 
tively. 

Control- and diabetic-SHR remained hypertensive, 
compared with their respective WKY groups, over the 
6-week period. However, diabetes of 6 weeks duration, in 
the SHR, was associated with a decrease in systolic blood 
pressure. This finding is consistent with earlier work by 
Yamamoto (1988) and Kam et al. (1994) which showed 
that diabetic-SHR rats (4-20 weeks duration) exhibited a 
significant decrease in systolic blood pressure (measured 
either directly or indirectly), compared to non-diabetic 
SHR, although the reason for this decrease in systolic 
blood pressure remains to be elucidated. 

Diabetic-SHR have previously been studied for func- 
tional and structural changes associated with diabetic 
nephropathy. Indeed, it has been reported that the hyper- 
tensive diabetic rat exhibits mesangial expansion, glomeru- 
lar basement membrane thickening and an earlier rise in 
urinary albumin excretion (Cooper et al., 1988), compared 
to the normotensive diabetic-WKY rat, all of which indi- 
cate the accelerated progression of nephropathy. These 
changes have been documented in SHR with diabetes 
ranging from 8 to 32 weeks duration (Cooper et al., 1988). 
However, renal vascular reactivity has not been examined 
in this model. Therefore the present study determined if 
vascular changes occur at an earlier time. If so, these may 
contribute to the structural and functional alterations previ- 
ously observed. 

The present finding that normotensive diabetic rats 
exhibit attenuated angiotensin II responsiveness, compared 
to controls, supports earlier work by Sarubbi et al. (1989). 
These workers demonstrated that angiotensin II-induced 
increases in renal perfusion pressure, in the isolated 
Krebs-perfused kidney preparation, were significantly im- 

paired at 2 and 8-12 weeks of diabetes. In addition to 
animal studies, attenuated renal and systemic responsive- 
ness to angiotensin II has been documented in insulin-de- 
pendent diabetic patients (Fioretto et al., 1991). Bailer- 
mann et al. (1984) examined glomerular angiotensin II 
receptor density in early (3-4  weeks) untreated streptozo- 
tocin-induced diabetic rats and suggested that the reactivity 
changes observed may be due to down-regulation of an- 
giotensin II receptor density within the glomerulus. In 
contrast, Wilkes (1987) demonstrated that although 
glomerular angiotensin II receptor density was reduced 24 
h after the onset of diabetes, a progressive return of 
receptor density was observed over the following 60 day 
period. Although plasma renin activity and plasma an- 
giotensin II concentrations were not altered over the 60 
days, plasma aldosterone concentrations increased 2-fold. 
It was concluded that the return of angiotensin II binding 
sites was due to elevations in plasma aldosterone (Wilkes, 
1987). Despite discrepancies between studies, in general, 
diabetes has been associated with a reduction in an- 
giotensin II receptor numbers in the glomerulus (Bailer- 
mann et al., 1984; Brown and Sernia, 1993). This suggests 
that the diabetic state regulates angiotensin II receptors and 
that this regulation may be important in the renal vascular 
changes which characterise diabetic nephropathy. These 
data are interesting in light of the renal haemodynamic 
changes which are known to occur during diabetes (Kiff et 
al., 1991a,b; Tomlinson et al., 1992). In particular, dia- 
betes has been suggested to be associated with renal 
afferent vasodilation resulting in direct transmission of 
systemic blood pressure to the exposed kidneys (Cooper et 
al., 1990). Therefore, renal arteriolar vasodilation may 
contribute to the pathological changes in kidney structure 
and function. The fact that the present study reported a 
decrease in renal responsiveness to angiotensin II during 
diabetes is consistent with this idea. 

These data contrast with those obtained in the hyperten- 
sive rats where reactivity to the pressor effects of an- 
giotensin II was found to be increased. This supports the 
earlier work of Tuncer and Vanhoutte (199 l) who reported 
that responses to angiotensin II were augmented in the 
isolated Tyrode's-perfused kidney of SHR. Indeed, an- 
giotensin II receptor density has been reported to be higher 
in glomeruli from SHR compared with WKY rats (Makari- 
ous et al., 1993), while diabetes per se has been associated 
with a down-regulation of glomerular angiotensin II recep- 
tors (Ballermann et al., 1984; Brown and Sernia, 1993). 

Although renal vascular responsiveness to angiotensin 
II has been previously examined in rats with either hyper- 
tension or diabetes, the present study is the first to docu- 
ment renal vascular responsiveness to angiotensin II in a 
model combining these disease states. Interestingly, abso- 
lute reactivity to angiotensin II in these rats was between 
that obtained in kidneys of rats with either hypertension or 
diabetes, alone. As previously mentioned, angiotensin II 
receptor density has been reported to be higher in glomeruli 
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from SHR compared with WKY rats (Makarious et al., 
1993), while diabetes per se has been associated with a 
down-regulation of glomerular angiotensin II receptors 
(Ballermann et al., 1984; Brown and Sernia, 1993). There- 
fore, it is possible that each of these described changes has 
offset the other. 

One complicating factor in the interpretation of these 
data was the fact that resting renal perfusion pressure was 
lower in the diabetic-SHR compared with control-SHR. 
This could represent a failure of autoregulatory mecha- 
nisms in that a lower flow rate to the kidneys of diabetic- 
SHR was required in order to match renal and systemic 
pressures, although the reason for the fall in systemic 
pressure in this group only is not known. In this context, 
Mauer et al. (1992) have shown that renal blood flow was 
better maintained at low perfusion pressures in anaes- 
thetised diabetic rats than in control rats. However, direct 
comparisons with diabetic-SHR in the present study cannot 
be made. In the present study, if data were normalised to 
account for differences in basal states of perfusion pres- 
sure, renal angiotensin II reactivity was similar in control- 
SHR and diabetic-SHR (although absolute increases in 
renal perfusion pressure evoked by angiotensin II were 
larger in the former group). By contrast, the presence of 
diabetes in WKY rats impaired angiotensin II reactivity (in 
both normalised and absolute terms). In any case, renal 
vasoconstrictor responses to angiotensin II were well pre- 
served in diabetic-SHR relative to their normotensive 
counterpart. In an isolated perfused mesenteric preparation, 
it was reported that methoxamine-induced vasoconstriction 
was similarly less efficacious in diabetic-WKY compared 
with diabetic-SHR, although the rank order of absolute 
reactivity to methoxamine in the same 4 experimental 
groups was different to that seen in the present study 
(Hendriks et al., 1993), which is suggestive of agonist- 
specific changes in vasoconstrictor reactivity. Further evi- 
dence for agonist-specific changes comes from the finding 
that the rank order of absolute reactivity for 5-hydroxy- 
tryptamine was different to angiotensin II (Boston and 
Hodgson, unpublished). 

In the present study, we also investigated the ability of 
the selective angiotensin AT 1 receptor antagonist CV- 
11974 to attenuate angiotensin II-mediated renal vasocon- 
striction. CV-11974 is reported to be a non-competitive 
AT1 receptor antagonist in rabbit aorta (Noda et al., 1993). 
Remuzzi et al. (1993) have previously shown that chronic 
treatment with the angiotensin AT~ receptor antagonist 
losartan prevented proteinuria and glomerulosclerosis in 
diabetic rats. In the present study, CV-11974 (3 ~ g / k g ,  
i.v.) was chosen on the basis of preliminary experiments as 
a dose which would attenuate, but not abolish, angiotensin 
II responses so that any potential modulation of an- 
giotensin II-induced renal vasoconstriction between treat- 
ment groups could be revealed. Indeed, at this dose CV- 
11974 (3 Ixg/kg, i.v.) caused a significant rightward shift 
of the angiotensin II dose-response curve in kidneys of 

control-SHR and control-WKY rats. However, when tested 
at higher doses (10 p,g/kg,  i.v.) in preliminary experi- 
ments, CV-11974 abolished resonses to angiotensin lI 
confirming a non-competitive mode of action. By contrast, 
CV-11974 (3 p~g/kg, i.v.) had no significant effect on 
angiotensin II responses in diabetic-SHR and -WKY rats. 
CV-11974 itself did not alter perfusion pressure under 
these conditions so alterations in baseline evoked by CV- 
11974 did not contribute to the present results. Kidney 
weights were slightly increased in diabetic groups and so it 
is conceivable that the diabetic rats received smaller doses 
of CV11974 and angiotensin II in the kidneys. However, it 
is unlikely that this could acount for the present findings, 
since kidney weights of control-WKY and diabetic-SHR 
rats were identical but the latter were refractory to AT~ 
receptor blockade. Moreover, weights of kidneys from 
control-WKY rats were not significantly different from 
SHR rats and yet responses to angiotensin II were signifi- 
cantly augmented in kidneys of the latter group. 

This differential modulation of angiotensin II, by CV- 
11974, did not appear to be dependent on either the 
magnitude of control angiotensin II responses (absolute or 
normalised) or the resting perfusion pressure in the 4 
experimental groups. Indeed, it may have been anticipted 
that the less robust angiotensin II responses in the diabetic 
groups would more likely be attenuated by the AT~ recep- 
tor antagonist, however, this in fact was not the case. 
Therefore, these data suggest that there may be a subtle 
decrease in angiotensin II receptor affinity in both diabetic 
groups which was only apparent from antagonist studies. 
Clearly, future studies are needed to address whether or 
not similar findings are observed using other AT~ receptor 
antagonists. 

In conclusion, the present study demonstrated that dia- 
betes, uncomplicated by hypertension, is associated with a 
significant decrease in renal vascular responsiveness to 
angiotensin II, while angiotensin II responsiveness was 
augmented in SHR rats. However, the combination of 
diabetes and hypertension has largely offset the opposite 
effects on angiotensin II responses seen separately. Impor- 
tantly, antagonist studies revealed that, at the concentration 
of CV- 11974 used, angiotensin II responses were inhibited 
only in non-diabetic rats irrespective of the presence of 
hypertension. Overall, the results obtained may indicate 
alterations in angiotensin II receptor numbers (as previ- 
ously reported), or angiotensin II receptor affinity in the 
diabetic rats, although further investigations are required. 
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