
The activity of the renin-angiotensin system is of
major importance for the maintenance of normal ar-
terial blood pressure [1, 2]. In recent years, mRNA
encoding angiotensinogen has been demonstrated
not only in the kidney and liver, but also in several
other tissues [3±6]. Furthermore, high-affinity bind-
ing sites for angiotensin II (ATII) have been found
in microvessels within these tissues [cf. 5, 7]. These

combined findings suggest that locally produced
ATII may be involved in the regulation of the blood
perfusion in several regional vascular beds. An in-
trinsic angiotensin-system has been demonstrated in
the canine pancreas, where ATII-specific receptors
occur on both endocrine, exocrine and vascular cells
[5].

Despite the putative presence of its receptors,
ATII has been reported to lack marked effects on
the release of insulin or glucagon from isolated rat is-
lets [8]. However, the islets used in these in vitro stud-
ies lack both blood supply and innervation, which is
likely to affect their response to ATII. In view of the
importance of ATII for local blood flow regulation
and the presence of ATII-receptors in the pancreas
of at least some species [5, 9], the aim of the present
study was to evaluate the effects of ATII on the blood
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perfusion in the exocrine and endocrine parts of the
pancreas in vivo. We also intended to correlate possi-
ble ATII-induced changes in pancreatic blood flow to
effects on insulin secretion by measuring insulin con-
centrations in the effluents of isolated perfused pan-
creata.

Materials and methods

Animals. Adult male Sprague-Dawley rats from a local breed-
ing colony (Biomedical Center, Uppsala, Sweden) weighing
approximately 350 g were used in all experiments. The animals
had free access to pelleted food (Type R34; AB AnalyCen,
LidkoÈ ping, Sweden) and tap water. All experiments were ap-
proved by the local animal ethics committee at Uppsala Uni-
versity.

Blood flow measurements. The animals were anaesthetized
with an intraperitoneal injection of pentobarbital (50 mg/kg
body weight; Apoteksbolaget, Stockholm, Sweden), hepariniz-
ed and placed on an operating table maintained at body tem-
perature. Polyethylene catheters were inserted into the as-
cending aorta, via the right carotid artery, and into the left fem-
oral artery. The former catheter was connected to a pressure
transducer (PDCR 75/1; Druck Ltd., Groby, UK) and the
mean arterial blood pressure was monitored throughout the
experiments. The animals were allowed to stabilize their blood
pressure until it remained constant ( < 5 % variation) for at
least 15 min. They were then slowly injected intravenously dur-
ing 2 min with either the angiotensin converting enzyme
(ACE)-inhibitor enalaprilate (25 mg/kg body weight; MSD In-
ternational, Rahway, N. J., USA) or the corresponding volume
(0.2 ml) of saline. Other animals received an intravenous infu-
sion (0.1 ml/min for 10 min) of saline, the ATII-receptor an-
tagonist saralasin (0.15 or 0.30 mg × kg±1 × min±1; Sigma Chemi-
cals, St. Louis, Mo., USA) dissolved in saline or ATII (Sigma)
dissolved in saline (2, 50 or 100 ng ´ min±1). The blood flow
measurements were performed 10 min after the start of the in-
jection, or after 10 min of infusion, respectively.

The blood perfusion of the whole pancreas, pancreatic islets
and adrenal glands was determined with a microsphere tech-
nique as previously described in detail [10]. Briefly, 1.5±
2.0 ´ 105 non-radioactive microspheres (NEN-Trac; DuPont
Pharmaceuticals Inc., Wilmington, Del., USA), with a diame-
ter of 11 mm, were injected during 10 s through the catheter
with its tip in the ascending aorta. Starting 5 s before the micro-
sphere injection, and continuing for a total of 60 s, an arterial
blood reference sample was collected by free flow (approxi-
mately 0.50 ml/min) from the catheter placed in the femoral ar-
tery. The exact withdrawal rate in each experiment was con-
trolled by weighing the sample. The animals were then killed
and the whole pancreas and adrenal glands were removed,
blotted and weighed. The organs were treated with a freeze-
thawing technique which allows the visualisation and localisa-
tion of the microspheres to either the endocrine or the exo-
crine part of the pancreas [11]. The blood flow values were cal-
culated according to the formula Qorg = Oref ´ Norg/Nref, where
Qorg is organ blood flow (ml/min), Qref withdrawal rate of the
reference sample (ml/min), Norg number of mirospheres in the
organ and Nref the number of microspheres in the reference
sample.

The blood flow to each of the adrenal glands was calculated
in each experimental animal. A difference in adrenal blood
flow less than 10 % between the two glands was considered

confirmatory of an adequate mixture of the microspheres
with the circulation. Two animals were excluded from the
study since they did not fulfil this criterion.

Measurements of glucose. In all experiments, the blood glucose
concentrations were measured at the time of the blood flow
measurements with ExacTech-blood glucose reagent strips
(Baxter Travenol Laboratories Inc., Deerfield, Ill., USA) in
arterial blood samples. Blood glucose concentrations were
also determined immediately before infusion of saline or sa-
ralasin.

Perfusions of pancreas-duodenum. The animals were anaesthe-
tized with an intraperitoneal injection of pentobarbital as giv-
en above, and placed on a heated operating table. The whole
pancreas and duodenum were then removed from the animals
as previously described [12, 13]. The preparation was placed
in a funnel, and kept at a constant temperature (37 °C) and hu-
midity throughout the experiments. The secretions from the in-
testine and exocrine pancreas were diverted through a sepa-
rate catheter in the duodenum. The pancreas-duodenum prep-
aration was perfused at 1.5 ml/min without recirculation with a
continuously gassed (95 % O2: 5 % CO2) bicarbonate buffer
[14], supplemented with 10 mmol/l Hepes (Sigma) and 2 mg/
ml each of dextran (Dextran T70; Pharmacia Fine Chemicals,
Uppsala, Sweden) and bovine serum albumin (Fraction V;
Miles, Slough, UK). This basal medium was then further sup-
plemented as given below.

All perfusions, with the exception for group C below, start-
ed with a 15-min equilibration period with basal medium sup-
plemented with only 2.8 mmol/l d-glucose. After this, the per-
fusions followed one of the protocols outlined below with the
following additions to the basal medium: A) 30 min with
16.7 mmol/l D-glucose; B) 15 min with enalaprilate (25 mg/
ml) + 2.8 mmol/l D-glucose followed by 30 min with enalapri-
late (25 mg/ml) + 16.7 mmol/l D-glucose; C) 30 min with 10
ng/ml ATII + 5.6 mmol/l D-glucose; D) 30 min with 10 ng/ml
ATII + 16.7 mmol/l D-glucose; E) 10 min with 10 ng/ml
ATII + 2.8 mmol/l D-glucose followed by 30 min with 10 ng/
ml ATII + 16.7 mmol/l D-glucose; F) 20 min with 10 ng/ml
ATII + 2.8 mmol/l D-glucose followed by 30 min with 10 ng/
ml ATII + 16.7 mmol/l D-glucose; G) 15 min with 100 ng/ml
angiotensin I (AT I; Sigma) + 2.8 mmol/l D-glucose followed
by 30 min with 100 ng/ml AT I + 16.7 mmol/l D-glucose. At
the end of all perfusions, except for group C, a 15-min period
with basal medium supplemented with only 2.8 mmol/l D-glu-
cose was administered. Note that the glucose concentration in
group C remained constant at 5.6 mmol/l throughout the
whole perfusion period. Any perfusion in which the effluent
insulin concentration was not markedly reduced towards the
basal values, during the last 15-min period, were considered
as technical failures and were excluded from the study.

The effluent medium from the preparations was sampled
every 5 min, except during the first 10 min after commencing
a perfusion with any other medium than basal medium, when
samples were collected in 1-min intervals after 1±5, 7 and
10 min. The insulin concentrations in all samples were deter-
mined by radioimmunoassay [15].

The first and second phase of insulin response to glucose
during the 30-min stimulation period with 16.7 mmol/l glucose
was calculated by planimetry of the area of each individual
perfusion curve for groups A, B, D, F, G [16].

Statistical analysis. All values are given as means ± SEM. Sta-
tistical comparisons were made with Student's two-tailed un-
paired or paired t-test.
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Results

Blood flow measurements. Infusion of ATII induced a
dose-dependent and pronounced hypertension in all
animals (Table 1). Furthermore, administration of
the two highest doses led to a slight hyperglycaemia
(Table 1). ATII caused a dose-dependent decrease in
both whole pancreatic and islet blood flow (Table 2).
The decrease was of a similar magnitude at the two

lowest doses (2 and 50 ng/min) of ATII, as evidenced
by the unchanged fractional islet blood flow values,
whereas whole pancreatic blood flow was diminished
to a larger extent than islet blood flow at the highest
dose of ATII (100 ng/min; Table 2). The changes in
blood flow values were mirrored by similar changes
in the vascular conductance of the whole pancreas
and islets, respectively (Table 2). Administration of
enalaprilate did not affect mean arterial blood pres-
sure or blood glucose concentrations when compared
with saline-injected rats (Table 3). Neither could any
changes in whole pancreatic blood flow be observed
(Table 3). However, the islet blood flow was marked-
ly increased, leading to an almost doubling of the
fraction of whole pancreatic blood flow being divert-
ed through the islets (Table 3). Saralasin selectively
increased islet blood flow at the higher dose
(0.30 mg × kg±1 × min±1), whereas at the lower dose
(0.15 mg × kg±1 × min±1) both whole pancreatic and islet
blood flow were increased (Table 4). Mean arterial
blood pressure and blood glucose concentrations
were not affected by saralasin administration (Ta-
ble 4).

Perfusions of pancreas-duodenum. When control
pancreas preparations were perfused (group A), ad-
dition of 16.7 mmol/l D-glucose to the medium elicit-
ed a biphasic insulin response (Fig.1). A prominent
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Table 1. Effect of angiotensin II infusion on blood glucose and blood pressure

Substance given Saline AT II, 2 ng/min AT II, 50 ng/min AT II, 100 ng/min

No of animals 8 8 7 7

Blood glucose (mmol/l)
0 min 5.2 ± 0.2 5.1 ± 0.2 5.8 ± 0.2 5.2 ± 0.2
10 min 5.0 ± 0.2 4.9 ± 0.1 6.4 ± 0.2a b 6.6 ± 0.3a c

Mean arterial blood pressure (mm Hg)
0 min 118 ± 5 106 ± 6 111 ± 9 104 ± 6
10 min 120 ± 5 131 ± 4c 173 ± 4a c 204 ± 3a c

All values are means ± SEM. a p < 0.001 when compared with
saline-infused rats. b p < 0.05 and c p < 0.001 compared with
time 0 in the same group

Measurements were made 10 min after starting an infusion
(0.1 ml/min) with saline or angiotensin II (AT II; 2, 50 or
100 ng/min)

Table 2. Effect of angiotensin II on pancreatic and islet blood flow

Substance given Saline AT II, 2 ng/min AT II, 50 ng/min AT II, 100 ng/min

No of animals 8 8 7 7

Pancreatic blood flow
(ml × min±1 × g±1) 0.92 ± 0.15 0.76 ± 0.10 0.54 ± 0.07a 0.41 ± 0.06b

Pancreatic vascular conductance
(ml × min±1 × g±1 × mmHg±1) 7.51 ± 1.05 5.83 ± 0.78 3.10 ± 0.37c 2.02 ± 0.28c

Islet blood flow (ml × min±1 × g±1) 45.4 ± 7.2 36.3 ± 6.3 45.3 ± 6.1 45.3 ± 6.1

Islet vascular conductance
(ml × min±1 × g±1 × mmHg±1) 0.37 ± 0.05 0.28 ± 0.05 0.27 ± 0.04 0.22 ± 0.03b

Islet blood flow (% pancreatic blood flow) 5.1 ± 0.4 4.7 ± 0.4 8.6 ± 0.9b 11.2 ± 1.0c

All values are means ± SEM. a p < 0.05, b p < 0.01 and c p < 0.001 compared with saline-infused rats
Measurements were made 10 min after starting an infusion (0.1 ml/min) with saline or angiotensin II (AT II; 2, 50 or 100 ng/min)

Table 3. Effect of enalaprilate on blood glucose, blood pres-
sure, and pancreatic and islet blood flow

Substance given Saline Enalaprilate

No of animals 7 7

Blood glucose (mmol/l) 4.4 ± 0.2 4.5 ± 0.1

Mean arterial blood pressure
(mm Hg) 106 ± 3 110 ± 3

Pancreatic blood flow
(ml × min±1 × g±1) 0.47 ± 0.06 0.59 ± 0.10

Islet blood flow (ml × min±1 × g±1) 33 ± 3 102 ± 21a

Islet blood flow
(% of pancreatic blood flow) 8.2 ± 1.0 16.7 ± 1.5b

All values are means ± SEM. a p < 0.01 and b p < 0.001 com-
pared with the saline-injected rats
Measurements were made 10 min after an intravenous injec-
tion of 0.2 ml saline or enalaprilate (25 mg/kg) dissolved in sa-
line



first peak was followed by a high and fairly constant
second phase of insulin release, which promptly re-
turned to basal values when the glucose stimulus was
withdrawn (Fig.1). Addition of enalaprilate affected
neither basal nor glucose-stimulated insulin release
(Fig.2). When ATII was added to a medium with
5.6 mmol/l glucose (group C) a slow increase in efflu-
ent insulin concentrations was seen up to » 10 min af-
ter the start of the perfusion (Fig.3) Thereafter the ef-
fluent insulin release decreased during 10 min. When
the medium was switched to basal medium with
5.6 mmol/l glucose an initial increase in effluent insu-
lin concentrations was seen, but 15 min later the insu-
lin release was once again decreased, although not to
the low values seen before addition of ATII (Fig.3).
When ATII was added together with a high
(16.7 mmol/l) glucose concentration, a marked
change in the first phase of insulin release in response
to glucose could be discerned. This was especially so

when ATII and glucose were added simultaneously
(group D) where no first phase at all could be ob-
served, whereas the second phase of insulin release
remained unaffected (Fig.4). When glucose was add-
ed 10 min after ATII had been added to the perfusion
medium (group E), a minor first peak could barely be
discerned, whereas, once again, the second phase in-
sulin release was similar to that of the control pancre-
ata in group A (Fig.5). However, when glucose was
given 20 min after that ATII had been added to the
perfusion medium, the first phase of insulin release
was restored (Fig.6). It should be noted that the insu-
lin release to the effluent medium during perfusion
with only ATII was increased in group E (Fig.5), sim-
ilar to what was seen in group C. When AT I was add-
ed to the perfusion medium (group G) a normal first
and second phase of insulin release could be seen
(Fig.7). A diminished first peak of insulin response
was seen in group D when calculated as area under
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Table 4. Effect of saralasin on blood glucose, blood pressure, and pancreatic and islet blood flow

Substance given Saline Saralasin

(0.15 mg × kg±1 × min±1) (0.30 mg × kg±1 × min±1)

No of animals 10 8 8

Blood glucose (mmol/l)
before infusion 5.9 ± 0.3 5.5 ± 0.3 5.9 ± 0.2
after infusion 5.3 ± 0.2 5.9 ± 0.3 5.7 ± 0.2

Mean arterial blood pressure (mm Hg) 124 ± 5 125 ± 8 122 ± 6

Pancreatic blood flow (ml × min±1 × g±1) 0.78 ± 0.09 1.39 ± 0.19c 0.88 ± 0.10

Islet blood flow (ml × min±1 × g±1) 45 ± 7 73 ± 11a 74 ± 7b

Islet blood flow (% of pancreatic blood flow) 5.8 ± 0.6 5.7 ± 0.8 8.8 ± 0.9b

Values are means ± SEM. a p < 0.05, b p < 0.02 and c p < 0.01
compared with saline-infused rats

Measurements were made after an intravenous infusion
(0.1 ml × min±1 for 10 min) of saline or saralasin (0.15 or
0.30 mg × kg±1 × min±1) dissolved in saline
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Fig.1. Insulin concentrations in effluent medium collected
from perfused pancreata of male Sprague-Dawley rats. After
30 min of perfusion with a medium containing 2.8 mmol/l D-
glucose, insulin secretion was stimulated with a 30-min period
with 16.7 mmol/l D-glucose (bar), followed by 15 min with
2.8 mmol/l D-glucose. Values represent mean ± SEM of 7 ex-
periments
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Fig.2. Insulin concentrations in effluent medium collected
from perfused pancreata of male Sprague-Dawley rats. Fifteen
min of perfusion with a medium containing 2.8 mmol/l D-glu-
cose was followed by 15 min with 2.8 mmol/l D-glucose +
25 mg/ml enalaprilate (first bar), 30 min with 16.7 mmol/l D-
glucose + 25 mg/ml enalaprilate (second bar), and finally
15 min with only 2.8 mmol/l D-glucose. Values represent ±
SEM of 5 experiments



curve (p < 0.05 vs group A; Student's unpaired t-test),
whereas in the other groups (B, F and G) no differ-
ences were seen compared to control pancreata
(data not shown).

Discussion

Blood flow to the pancreatic islets is regulated
through a complex interaction between compounds
released from the endocrine cells, locally produced
endothelial-derived factors and nervous influences
[see 17]. This results in an islet blood perfusion which
is adequate both for the metabolism of the endocrine
cells, and for the dispersal of the islet hormones. Islet

endothelial cells are able to produce more nitric ox-
ide, i. e. the main endothelial-derived relaxing factor
[18], than endothelial cells in the exocrine parts of
the gland [19]. Furthermore, the islet vasculature
seems to be more sensitive to regulatory influences
of nitric oxide than the remaining parts of the pancre-
as [20]. These combined observations prompted us to
investigate the effects on islet blood flow of another,
mainly endothelial-derived, factor with profound ef-
fects on local blood flows, viz aÁ viz ATII. This sub-
stance, and angiotensin III and angiotensin-(1±7) are
produced in the canine pancreas in concentrations

P.-O. Carlsson et al.: Angiotensin II and pancreatic islets 131

Fig.3. Insulin concentrations in effluent medium collected
from perfused pancreata of male Sprague-Dawley rats. After
15 min of perfusion with a medium containing 5.6 mmol/l
D-glucose, angiotensin II (10 ng/ml) was added for 30 min
(bar), after which a final 15 min with only 5.6 mmol/l D-glu-
cose commenced. Values represent mean ± SEM of 6 experi-
ments
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Fig.4. Insulin concentrations in effluent medium collected
from perfused pancreata of male Sprague-Dawley rats. Fifteen
min of perfusion with a medium containing 2.8 mmol/l D-glu-
cose was followed by 30 min with 16.7 mmol/l D-glucose + 10
ng/ml angiotensin II (bar), and finally 15 min with only
2.8 mmol/l D-glucose. Values represent mean ± SEM of 6 ex-
periments
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Fig.5. Insulin concentrations in effluent medium collected
from perfused pancreata of male Sprague-Dawley rats. Fifteen
min of perfusion with a medium containing 2.8 mmol/l D-glu-
cose was followed by 10 min with 2.8 mmol/l D-glucose + 10
ng/ml angiotensin II (first bar), 30 min with 16.7 mmol/l D-glu-
cose + 10 ng/ml angiotensin II (second bar), and finally 15 min
with only 2.8 mmol/l D-glucose. Values represent mean ± SEM
of 6 experiments
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Fig.6. Insulin concentrations in effluent medium collected
from perfused pancreata of male Sprague-Dawley rats. Fifteen
min of perfusion with a medium containing 2.8 mmol/l D-glu-
cose was followed by 20 min with 2.8 mmol/l D-glucose + 10
ng/ml angiotensin II (first bar), 30 min with 16.7 mmol/l D-glu-
cose + 10 ng/ml angiotensin II (second bar), and finally 15 min
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of 5 experiments



several times greater than those measured in periph-
eral blood [5]. ATII is the most abundant of these
and is present in concentrations five times higher
than the two other peptides [5]. Its receptors in the
pancreas are found on both endocrine, exocrine and
vascular tissue, and are mainly AT2-receptors, but
also AT1-receptors are found in the canine pancreas.
[5, 21].

The present results suggest that a basal intra-pan-
creatic production of ATII occurs also in the rat pan-
creas. In confirmation of a different sensitivity be-
tween endocrine and exocrine vascular systems, we
observed that prevention of ATII-formation, by
ACE inhibition with enalaprilate, preferentially in-
creased islet blood flow. This finding suggests that is-
let microvessels may produce higher levels of ATII
than microvessels in the exocrine pancreas, and
therefore may be more sensitive to ACE-inhibition.
Moreover, islet blood flow seems, under normal con-
ditions, to be suppressed by this locally produced
ATII. When ATII was administered exogenously
both whole pancreatic and islet blood flow were de-
creased, but islet blood flow was affected less severe-
ly than the former. The discrepancy between these
findings is likely to be explained by the fact that infu-
sion of ATII produces similar concentrations of this
substance at the resistance vessels in both the exo-
crine and endocrine pancreas. Interference with for-
mation or binding of ATII, on the other hand, in-
duced circulatory changes depending on the local en-
dogenous concentrations of ATII, i. e. the islet circu-
lation is likely to be more sensitive to these latter ex-
perimental conditions.

To exclude the possibility that the increased islet
blood flow after ACE-inhibition was merely due to ef-
fects other than that on angiotensin, such as an inhibit-

ed degradation of bradykinin, interaction with the
prostaglandin system or the sympathetic nervous sys-
tem [for review see 22], the effect on islet blood flow
of an ATII receptor antagonist was also studied. AT,
receptors seem to be preferentially associated with
vascular effects, whereas the function of AT2-recep-
tors is obscure [23]. Since previous studies in dogs, re-
ferred to above, suggest that the majority of ATII-re-
ceptors within the pancreas are of the AT2-type, we
decided to choose saralasin, a non-specific ATII-re-
ceptor antagonist, for our experiments. Saralasin, like
the ACE-inhibitor enalaprilate, increased islet blood
flow. In the lower dose, saralasin increased both whole
pancreatic blood flow and islet blood flow, whereas
the higher dose selectively increased islet blood flow.
This dose-dependent difference may be due to its pre-
viously described partly agonistic effects on ATII re-
ceptors [23]. Since both administration of the ATII-re-
ceptor antagonist saralasin and of the ACE-inhibitor
enalaprilate increased islet blood flow, it can be envis-
aged that the effects of the latter on islet blood flow
are at least partially mediated by decreased ATII pro-
duction. Influence on islet blood flow of other effects
of ACE-inhibition than decreased ATII-production,
like increased levels of bradykinin, were beyond the
scope of the present study.

Islet blood flow changes can be associated with
changes also in insulin release from the pancreatic is-
lets [cf. 17]. In view of the marked effects of ATII on
islet blood flow, it could be envisaged that this sub-
stance would affect also the release of islet hormones
in vivo. The animals given enalaprilate or saralasin in
the present study showed no changes in blood glucose
concentrations, whereas ATII caused a slight in-
crease in blood glucose levels. This may be due to im-
paired insulin release, or perhaps more likely to a de-
creased glucose dispersal peripherally. In any case, a
possible influence of ATII on insulin release seems
subtle, and we therefore decided to use the perfused
whole pancreas to study the effects of ATII on this
process, since this model offers the possibility to eval-
uate insulin release on a minute-to-minute basis.

When enalaprilate was added to the perfusion me-
dium no change in insulin release compared with con-
trols was observed. This suggests, as expected, that
the basal intra-pancreatic production of ATII is not
necessary for a normal glucose-induced insulin re-
lease. Of more interest was the finding that ATII in
itself could delay the first insulin peak after glucose
stimulation, whereas the second-phase was unaffect-
ed. This was presumably due to the vasoconstrictive
action of ATII. Indeed, there was an approximately
15-min long 50% increase in perfusion pressure after
addition of ATII to the medium, i. e. during the time
of the first peak. Thereafter, the pressure returned to
the basal value of approximately 50 mm Hg (6.7 kPa;
data not shown). The importance of vasoconstriction
for the seemingly abolished first phase of insulin re-
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lease in group D was further emphasised by perform-
ing experiments in which a 20-min perfusion with a
low glucose concentration plus ATII was followed
by 30 min with high glucose and ATII (group F).
This means that when high glucose was added to the
medium, the vascular response to ATII had already
declined, and no effects on perfusion pressure were
seen during perfusion with high glucose plus ATII.
In these experiments the first peak of insulin release
was normalized. A reasonable explanation is that af-
ter 10±15 min of perfusion with ATII, local metabo-
lites such as lactate and adenosine have accumulated
and cause a metabolically mediated vasodilation. As
the vasoconstriction disappears, insulin present in
the islets will be washed out and the effluent insulin
concentrations are momentarily increased (compare
group C and E).

As referred to above, the most prominent effect of
ATII in the perfusion experiments was a delay of the
first phase of glucose-stimulated insulin release. Sev-
eral studies in hypertensive patients receiving long-
term treatment with ACE-inhibitors, have described
an increased early insulin peak in response to intrave-
nous glucose administration [24, 25] or oral glucose
[26]. Whether overactivity of the endothelium-de-
pendent vasoconstriction in the islet microvascula-
ture may contribute to the defective early insulin re-
sponse in NIDDM [27] and gestational diabetes [28]
remains to be shown.

In summary, the present study demonstrates that
ATII has a marked vasoconstrictive effect on the vas-
culature of both the endocrine and exocrine pancreas.
In view of the close correlation between islet blood
flow and insulin release, a decreased islet blood flow,
e.g. due to hyperactivity of the angiotensin system in
the islet vasculature, could be of importance for im-
pairments of insulin release.
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