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1 The in¯uence of bradykinin (BK) on blood glucose and plasma insulin levels was investigated in
anaesthetized rats.

2 Blood glucose level was dose-dependently increased by intravenous infusion of BK. This e�ect of
BK was enhanced by captopril, an inhibitor of angiotensin-converting enzyme (ACE). Des-Arg9-
bradykinin (DABK), a kinin B1 receptor agonist, did not modify blood glucose levels while the e�ect
of BK was inhibited by Hoe-140, a kinin B2 receptor antagonist. The e�ect of BK was reduced by
the NO-synthase inhibitor, No-nitro-L-arginine methyl ester (L-NAME), and by the cyclo-oxygenase
inhibitor, indomethacin.

3 The e�ect of BK was suppressed by the association of propranolol with phentolamine or
phenoxybenzamine. It was also reduced by hexamethonium, a ganglion-blocking drug. In
adrenalectomized rats, the infusion of BK slightly decreased blood glucose levels.

4 The hyperglycaemic e�ect of adrenaline was suppressed by propranolol associated with
phentolamine or phenoxybenzamine, but it was not modi®ed by L-NAME.

5 Infusion of BK did not modify plasma insulin levels. However, after phentolamine and
propranolol, BK induced a transient 2 fold rise in plasma insulin levels. The release of insulin was
dose-dependent and inhibited by Hoe-140.

6 We conclude that infusion of BK induces, via a stimulation of B2 receptors, the release of NO
and of prostanoids. The latter agents activate through a re¯ex pathway the release of catecholamines
from the adrenal medulla. This release increases blood glucose levels and reduces plasma insulin
levels. After adrenoceptor inhibition, BK induces a secretion of insulin, via the stimulation of B2

receptors.
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Introduction

According to Yang & Hsu (1995; 1997), bradykinin (BK)
stimulates insulin release from the rat pancreas perfused in

situ, in a glucose-dependent manner. Similarly, BK stimulates
insulin secretion from clonal beta cells through the activation
of B2 receptors (Saito et al., 1996; Yang et al., 1997b). The

administration of a glucose load induces a larger increase in
glucose plasma level and a smaller release of insulin in
kininogen-de®cient rats than in normal rats (Damas et al.,

1999). These observations suggest that bradykinin might
modulate insulin release in vivo.
However, chronic subcutaneous injections of BK did not

modify plasma glucose and insulin levels in normal rats while
such administration reduced plasma insulin levels in obese
rats without a�ecting plasma glucose levels (Henriksen et al.,
1998). In hyperglycaemic diabetic rats, the subcutaneous

injection of BK alone increased blood glucose, but BK
administered together with insulin further reduced circulating
glucose levels (Dietze & Wicklmayr, 1977; Wicklmayr et al.,

1980). In man, the direct arterial infusion of BK into the
forearm has been reported to increase skeletal muscle glucose

uptake (Dietze & Wicklmayr, 1977). Moreover, it has been
demonstrated that angiotensin-converting enzyme (ACE)
inhibitors have a bene®cial e�ect on insulin sensitivity in

several models of insulin resistance (Tomiyama et al., 1994;
Kohlman et al., 1995; Erlich & Rosenthal, 1998; Henriksen et
al., 1999). Inhibition of ACE prevents not only the formation

of angiotensin II, but also the degradation of bradykinin.
Indeed, ACE is the main metabolizing enzyme for bradykinin
(Bhoola et al., 1992) and evidence is accumulating of the

involvement of bradykinin in this bene®cial e�ect of ACE
inhibitors (Tomiyama et al., 1994; Kohlman et al., 1995;
Erlich & Rosenthal, 1998; Henriksen et al., 1999; Damas et
al., 1999).

These contrary observations led us to further examine the
e�ects of BK on blood glucose and plasma insulin levels in
anaesthetized rats. In the present study, we have used

intravenous administration of BK which induces a hypoten-
sive response and releases prostanoids and NO (Bhoola et al.,
1992). Moreover, BK is able to stimulate the adrenal medulla
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and to induce a catecholamine secretion (Lecomte et al.,
1961; Feldberg & Lewis, 1964; Staszewska-Barczak & Vane,
1967). This release a�ects the vascular response to bradykinin

(Lecomte et al., 1961; Gardiner et al., 1992; Bjornstad-
Ostensen & Berg, 1994) but also could in¯uence plasma
glucose and insulin levels.

Methods

Experiments were conducted as approved by the Ethical
Committee of the Faculty of Medicine of the University of
LieÁ ge. In this study, we used 304 male Wistar rats (mean

weight 320 g). The animals were maintained in our breeding
farm on a standard rat chow with tap water ad libitum until
the experiment.

Measurement of blood glucose and plasma insulin levels

The fed animals were separated into several groups contain-

ing 4 ± 12 animals, according to their pretreatment before the
infusion of saline, bradykinin or adrenaline. All the animals
were anaesthetized with sodium pentobarbital (Nembutal)

50 mg kg71 intraperitoneally. Fifteen minutes later, a catheter
was inserted into a jugular vein for BK, adrenaline or saline
administration, and a second short catheter was introduced

into a carotid artery to obtain blood samples. The animals
were tracheotomized. In some rats, the abdomen was opened
and the adrenals removed before BK administration. In

sham-operated rats, the abdomen was opened and the
intestines displaced to allow the sight of both adrenals.
After 10 min of equilibration, during which the metabolic

changes induced by the anaesthesia and the surgical stress

vanished (Rao, 1992), and after heparinization (500 U kg71),
a blood sample (20 ± 30 ml) was withdrawn from the carotid
artery to measure blood glucose. An infusion (0.25 ml min71)

of BK, adrenaline or saline was then administered for 10 min
and the blood glucose level was measured at the end of the
infusion and then every 15 min for 45 min. At the end of the

period of observation, blood was withdrawn by cardiac
puncture and citrate was added (3.8%; 1/9, v v71). Plasma
was separated by centrifugation at 25006g for 10 min at
48C, and kept at 7208C until assayed. Plasma insulin

concentrations were measured by radioimmunoassay
(Quabbe, 1969) using INS ±RIA from Medgenix (Wevelgem,
Belgium) with human insulin as standard. Blood glucose was

measured on samples obtained from the carotid artery, using
Accutrend glucose from Roche (Brussels, Belgium).

Drugs

Bradykinin acetate (BK), Des-Arg9-bradykinin (DABK),

phentolamine hydrochloride, No-L-arginine methyl ester
hydrochloride (L-NAME) were obtained from Sigma (An-
twerpen, Belgium), propranolol hydrochloride from ICI
(Maccles®eld, U.K.), phenoxybenzamine hydrochloride from

Euro-Biochem (Bierges, Belgium), hexamethonium chloride
from Poviet (Amsterdam, The Netherlands), indomethacin
from Merck Sharp and Dohme (Rahway, N.J., U.S.A.),

heparin from LeÂ o (Zaventem, Belgium), captopril from
Squibb (Brussels, Belgium), L-adrenaline bitartrate from
Calbiochem (Bierges, Belgium), and nembutal from Sano®

(Brussels, Belgium). Hoe-140 (D-arg(Hyp3,Thy5,D-Tic7,Oic8)
bradykinin) was a kind gift of Hoechst AG (Frankfurt,
Germany). All these drugs were dissolved or diluted in

physiological saline except indomethacin which was dissolved
in Tris HCl (0.15 M, pH 7.8) and phenoxybenzamine which
was dissolved in 1,2-propanediol.

Statistical analysis

Results are given as mean+s.e.mean. Statistical signi®cance

was evaluated using an analysis of variance followed by
Fisher's protected least signi®cant di�erence or using
Student's paired t-test as appropriate. Di�erences between

means were considered signi®cant when a 2-tailed value of P
was less than 0.05.

Results

Changes in blood glucose levels induced by bradykinin

In a ®rst series of experiments, BK was injected as an i.v.
bolus, at doses ranging from 3 to 100 nmol kg71 and the

blood withdrawn 15 ± 60 min after the injection. No
signi®cant modi®cation of the plasma insulin concentration
or of the blood glucose level was found (data not shown). In

a second series of experiments, BK was infused intravenously
for 10 min at doses ranging from 10 to 70 nmol kg71 min71.
Under these conditions, BK at doses of 20 nmol kg71 min71

or higher, transiently increased blood glucose level. This
e�ect was dose dependent. The increase in blood glucose was
maximal at the end of the period of infusion and
progressively decreased with time (Figure 1). Comparatively,

the infusion of a similar volume of saline slightly reduced
blood glucose from 8.43+0.72 to 7.66+0.40 mM (n=6).

Figure 1 In¯uence of BK on blood glucose levels. BK was infused
for 10 min from time 0 ± 10 (indicated by the arrows) at four di�erent
doses (10, 20, 35 or 70 nmol kg71 min71). Results show the changes
in blood glucose levels as a function of time: mean+s.e.mean of six
values for each point.
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As various e�ects of BK are increased by ACE inhibitors
(Bhoola et al., 1992), we examined the in¯uence of captopril,
an ACE inhibitor (2 mg kg71), on the hyperglycaemic action

of BK using a dose of BK (10 nmol kg71 min71) that had
previously been found not to induce hyperglycaemia. The
acute administration of captopril alone did not modify blood
glucose and after the administration of this drug, a saline

infusion reduced the level of blood glucose from
7.66+0.45 mM to 6.94+0.24 mM (n=6; P50.01). However,
as shown Figure 2, the hyperglycaemic e�ect of BK was

markedly increased in captopril treated animals.
Des-arg9-bradykinin, which stimulates bradykinin B1-recep-

tor (Marceau, 1995), infused for 10 min at a dose of

70 nmol kg71 min71 was without e�ect on glucose level in
normal rats or in rats pretreated with captopril (Table 1). On
the other hand, the hyperglycaemic e�ect of BKwas suppressed

by Hoe-140, a bradykinin B2-receptor antagonist (Wirth et al.,
1991), administered at doses of 0.25 or 0.75 nmol kg71 before
the infusion of BK, while HOE-140 alone had no e�ect on basal
blood glucose (Figure 3). The hyperglycaemic e�ect of BK thus

depended on a stimulation of B2-receptors.
Several e�ects of BK depend on the release of nitric oxide

or of prostanoids (Bhoola et al., 1992). In order to

understand the mechanism of the hyperglycaemic e�ect of
BK, the animals were treated by various agents before the
infusion of the maximum dose of BK used earlier

(70 nmol kg71 min71). The acute administration of these
agents had no in¯uence on the basal level of blood glucose
and the infusion of saline in pretreated-animals slightly
reduced this level. The in¯uence of L-NAME, a NO-synthase

inhibitor, or of indomethacin, a cyclo-oxygenase inhibitor,
were thus evaluated. L-NAME (100 mg kg71) was adminis-
tered intravenously 10 min before BK. Indomethacin

(3 mg kg71) was administered intraperitoneally 60 min before
BK. The increase in blood glucose level induced by BK was
signi®cantly reduced by 64% by L-NAME and by 42% by

indomethacin (Figure 4).
Similarly, the hyperglycaemic e�ect of BK was reduced by

propranolol (2 mg kg71 i.v.), a beta-adrenoceptor antagonist,

and suppressed by the combination of propranolol with
phentolamine (2 mg kg71 i.v., Figure 5) or with phenoxy-
benzamine (10 mg kg71 i.v., Figure 6), two alpha-adrenocep-
tor antagonists. The e�ect of BK was also suppressed by

hexamethonium, a ganglion-blocking agent (10 mg kg71 i.v.)
(Table 2). On the other hand, adrenalectomy completely
prevented the hyperglycaemic e�ect of BK. Indeed, BK

slightly but signi®cantly reduced blood glucose levels in
adrenalectomized rats (Table 2).

Changes in blood glucose levels induced by adrenaline

As the e�ect of BK on blood glucose was suppressed by

adrenoceptor antagonists, the in¯uence of these drugs on the
hyperglycaemic e�ect of adrenaline was evaluated. Adrena-
line was infused for 10 min at a dose of 6 nmol kg71 min71

and blood glucose levels were measured before and during

45 min after this infusion. Results are shown Table 3. At this
dose, adrenaline increased blood glucose levels during a
period of 30 min following its intravenous infusion. Phento-

lamine (2 mg kg71), injected alone before adrenaline, had a
strong inhibitory in¯uence on the peak increase in glucose
induced by adrenaline. Propranolol (2 mg kg71) administered

alone accelerated the return to the baseline. Phentolamine
and propranolol in association suppressed the hyperglycaemic
e�ect of adrenaline. In the same way, the e�ect of adrenaline
was inhibited by phenoxybenzamine (10 mg kg71) and

propranolol in association. However, the hyperglycaemic
e�ect of adrenaline was not signi®cantly modi®ed by L-
NAME (100 mg kg71) (Table 3).

Release of insulin by bradykinin

Assay of insulin was initially performed on plasma samples
withdrawn at the end of the period of observation: 45 min

Figure 2 In¯uence of captopril on the hyperglycaemic e�ect of BK.
Saline (Sal) or BK (10 nmol kg71 min71) was infused for 10 min
from time 0 ± 10 (indicated by the arrows) in rats pretreated with
saline (Sal) or in captopril-treated (Cap, 2 mg kg71) rats. Results
show the changes in blood glucose levels as a function of time:
mean+s.e.mean of six values for each point. ***P50.001.

Table 1 In¯uence of Des-Arg9-bradykinin (DABK) on blood glucose level

Blood glucose level (mM)
Treatment Before 1 min after 15 min after 30 min after 45 min after

Saline after saline 8.83+0.72 8.66+0.33 7.12+0.33a 7.83+0.16 7.83+0.22
DABK after saline 8.33+1.38 7.50+1.00 6.44+0.27a 6.66+0.33 6.77+0.27
DABK after captopril 8.33+0.50 7.88+0.44 7.44+0.44 7.94+0.27 7.61+0.33

Blood glucose levels were measured before and after 10 min of infusion of saline or Des-Arg9-BK (DABK, 70 nmol kg71 min71) in rats
pretreated with saline or captopril (2 mg kg71). Values are means+s.e.mean of six rats. aP50.05 versus before.
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after bradykinin infusion. No signi®cant changes in plasma
insulin levels were observed in the di�erent groups of animals

treated by the various doses of BK with or without the
di�erent pharmacological agents (results not shown). Thus, in
another series of experiments, rats were infused with

Figure 3 In¯uence of HOE-140 on the hyperglycaemic e�ect of BK.
Saline (Sal) or BK (70 nmol kg71 min71) was infused for 10 min
from time 0 ± 10 (indicated by the arrows) in rats pretreated with
saline (Sal) or HOE-140 (HOE, 0.25 or 0.75 nmol kg71). Results
show the changes in blood glucose levels as a function of time:
mean+s.e.mean of six values for each point. *P50.05, **P50.01.

Figure 4 In¯uence of L-NAME or of indomethacin on the
hyperglycaemic e�ect of BK. Saline (Sal) or BK (70 nmol kg71

min71) was infused for 10 min from time 0 ± 10 (indicated by the
arrows) in rats previously treated with saline (Sal) indomethacin
(3 mg kg71) or L-NAME (100 mg kg71). Results show the changes
in blood glucose levels as a function of time: mean+s.e.mean of six
values for each point. *P50.05, **P50.01.

Figure 5 In¯uence of propranolol and phentolamine on the
hyperglycaemic e�ect of BK. Saline (Sal) or BK (70 nmol kg71

min71) was infused for 10 min from time 0 ± 10 (indicated by the
arrows) in rats previously treated with saline (Sal), propranolol
(2 mg kg71) or propranolol (prop) plus phentolamine (2 mg kg71).
Results show the changes in blood glucose levels as a function of
time: mean+s.e.mean of six values for each point. *P50.05,
**P50.01.

Figure 6 In¯uence of propranolol and phenoxybenzamine on the
hyperglycaemic e�ect of BK. Saline (Sal) or BK (70 nmol kg71

min71) was infused for 10 min from time 0 ± 10 (indicated by the
arrows) in rats previously treated with 1,2-propanediol (1,2P) or
propranolol (prop, 2 mg kg71) plus phenoxybenzamine (phenox,
10 mg kg71). Results show the changes in blood glucose levels as a
function of time: mean+s.e.mean of six values for each point.
*P50.05, **P50.01.
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bradykinin or saline as previously described but the blood

was withdrawn just at the end of the infusion. In these
animals, blood glucose levels were also measured before and
after the infusion. Results are shown Table 4.

Infusion of saline, in normal rats or in rats treated with
phentolamine and propranolol, induced a decrease in blood
glucose levels as previously reported while plasma insulin
levels were, at the end of this infusion, similar to the level

observed after anesthesia. In normal rats, BK induced an
increase in blood glucose as previously described but did not
signi®cantly modify insulin levels. However, in rats treated

with propranolol and phentolamine (2 mg kg71), plasma
insulin levels were signi®cantly increased by BK while blood
glucose levels were decreased (Table 4). The increase in

plasma insulin levels induced by BK in animals pretreated

with propranolol and phentolamine was dose-dependent;
furthermore, it was inhibited by Hoe-140 (0.75 nmol kg71)
(Table 4).

Discussion

Bolus intravenous injection of BK did not modify blood
glucose levels while intravenous infusion of BK induced a
dose-dependent hyperglycaemia. The hyperglycaemic e�ect of

BK was suppressed by adrenalectomy. The rapid develop-
ment of this hyperglycaemia suggests that adrenal steroids are
not involved in this e�ect as the in¯uence of glucocorticoids

Table 2 In¯uence of hexamethonium and of adrenalectomy on the hyperglycaemic e�ect of BK

Blood glucose level (mM)
Treatment Before 1 min after 15 min after 30 min after 45 min after

Saline after saline 7.44+0.38 7.13+0.44 6.55+0.22d 6.96+0.22 7.05+0.55
BK after saline 7.83+0.27 12.88+0.66d 10.88+0.38c 8.88+0.50 8.38+0.40
BK after hexamethonium 9.27+1.55 10.16+1.16 8.38+0.77b 6.77+0.22a 6.72+0.38
BK in sham-operated 8.05+0.38 12.27+0.44c 10.88+1.22c 8.88+0.72 9.11+0.83
BK in adrenalectomized 8.88+0.61 8.66+0.22b 7.33+0.38b,c 7.38+0.44 8.55+0.55

Blood glucose levels were measured before and after 10 min of infusion of saline or BK (70 nmol kg71 min71) in rats pretreated with
saline of hexamethonium (10 mg kg71) or in adrenalectomized rats or in sham-operated rats. Values are means+s.e.mean of six rats.
aP50.05; bP50.01 versus BK after saline or BK in sham-operated rats; cP50.05; dP50.001 versus before.

Table 3 In¯uence of propranolol, phentolamine, phenoxybenzamine and L-NAME on the hyperglycaemic e�ect of adrenaline

Blood glucose level (mM)
Pretreatment Before 1 min after 15 min after 30 min after 45 min after

Saline (8) 7.77+0.50 11.05+0.77f 10.83+0.44f 9.00+0.55e 7.66+0.38
1,2-Propanediol (6) 8.00+0.29 11.77+0.77f 10.38+0.52f 7.38+0.36 7.33+0.15
Propranolol (4) 6.88+0.11 10.22+0.22f 9.00+1.00a 7.55+0.61 6.83+0.38
Phentolamine (6) 8.16+0.44 8.77+0.44b 7.00+0.44b 6.22+0.22b,e 6.00+0.44b,e

Prop+Phentolamine (6) 7.83+0.77 7.22+0.50b 6.22+0.22b,e 6.44+0.33b,e 6.66+0.33a

Prop+Phenoxybenzamine (6) 8.44+0.22 9.11+0.52c 8.27+0.24d 7.38+0.36 8.16+0.40
L-NAME (8) 8.11+0.33 10.27+0.33f 10.27+0.38d 8.38+0.50 7.11+0.27

Blood glucose levels were measured before and after 10 min of infusion of adrenaline (6 nmol kg71 min71) in rats pretreated with
saline, 1,2-propanediol, propranolol (prop, 2 mg kg71), phentolamine (2 mg kg71), phenoxybenzamine (10 mg kg71) or L-NAME
(100 mg kg71). Numbers in parentheses are numbers of animals. Values are means+s.e.mean. aP50.05; bP50.01 versus saline;
cP50.05; dP50.001 versus 1,2-propanediol; eP50.05; fP50.01 versus before.

Table 4 Changes in plasma insulin levels induced by BK

Plasma insulin Blood glucose Blood glucose
Treatment after mU ml71 before mM after mM

No treatment 32.6+2.6 (6) 7.83+0.22
Saline after saline 32.9+5.7 (6) 9.16+0.61 5.27+0.27c

BK70 after saline 26.3+3.1 (8) 8.44+0.33 10.72+0.27c,d

Saline after PP 32.4+9.0 (4) 9.05+1.16 5.16+0.72c

BK20 after PP 50.6+4.7a (4) 8.94+0.61 5.44+0.27c

BK35 after PP 54.4+5.1a (4) 8.11+0.55 5.77+0.38c

BK70 after PP 60.4+4.4a (12) 7.38+0.44 5.50+0.27c

BK70 after PP Hoe-140 46.6+3.1b (6) 7.77+0.61 4.16+0.11c

Blood level of insulin after an infusion of BK (20, 35 or 70 nmol kg71 min71) or saline for 10 min in rats treated with saline or
propranolol and phentolamine (PP, 2 mg kg71) with or without Hoe-140 (0.75 nmol kg71) and blood glucose concentrations before
and after these infusions. Results are means+s.e.mean. Numbers in parentheses are numbers of rats. Insulin after: aP50.01 versus no
treatment, saline after saline, saline after PP and BK70 after saline; bP50.05 versus BK70 after PP. Blood glucose after: cP50.01
versus blood glucose before; dP50.01 versus saline.
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on plasma level of glucose takes a long time to become
apparent (Stojanovska et al., 1990). The e�ect of BK was
inhibited by the pretreatment of the animals with adreno-

ceptor antagonists, mainly by alpha-adrenoceptor antago-
nists. It thus depends on a release of catecholamines from the
adrenal medulla.
The stimulation of the adrenal medulla by BK has been

already described in the 1960s (Lecomte et al., 1961; Feldberg
& Lewis, 1964; Staszewska-Barczak & Vane, 1967). This
stimulation explains the secondary pressor response to

intravenous injection of BK (Lecomte et al., 1964; Lang &
Pearson, 1968) and participates in the haemodynamic
changes induced by this peptide (Gardiner et al., 1992). To

obtain an increase in blood glucose, our results show that the
stimulation of the adrenal medulla by BK must be protracted
while the cardiovascular repercussions of this stimulation are

elicited by a bolus injection of BK (Lecomte et al., 1964). In
other words, the amount of catecholamines necessary to
induce an increase in blood glucose seems to be higher than
the amount eliciting cardiovascular modi®cations. Our results

probably explain why subcutaneous injection of BK had no
e�ect on plasma glucose concentrations in normal rats
(Henriksen et al., 1998).

Previous studies have shown that BK can in¯uence
catecholamine release from the adrenal medulla in vivo by
direct and indirect nervous mechanisms (Terragno &

Terragno, 1979). Though the secondary catecholamine-
mediated hypertension induced by bolus injection of BK
was not modi®ed by hexamethonium (Damas, 1972), this

ganglion-blocking agent largely reduced the hyperglycaemic
e�ect of BK. This result indicates that infusion of BK mainly
stimulates the adrenal medulla through a re¯ex pathway. The
excitation of this re¯ex pathway depends on the stimulation

of B2 receptors by BK, as the hyperglycaemic e�ect of BK
was suppressed by Hoe-140, a B2 receptor antagonist (Wirth
et al., 1991), and as Des-arg9-BK, a B1 receptor agonist

(Marceau, 1995), was without in¯uence on blood glucose
concentration. It should be added that though the infusion of
BK mainly activates catecholamine secretion from the

adrenal medulla through an indirect mechanism, BK can
also directly stimulate catecholamine release by the stimula-
tion of B2 receptors (Dendorfer et al., 1996). As the
hyperglycaemic e�ect of BK but not that of adrenaline was

inhibited by L-NAME, NO would be involved in the
excitation of the indirect mechanism causing the release of
catecholamines.

Several mechanisms could explain the indirect stimulation
of the adrenal medulla by BK (Clark, 1979). This stimulation
might be barore¯ex-mediated. In several conditions and

vascular tissues, BK is able to release nitric oxide and
prostanoids which amplify or mediate the vascular e�ects of
the peptide (Bhoola et al., 1992). Indeed, it has been observed

that indomethacin and L-NAME reduce the extent of the
hypotension induced by BK (Damas & Deby, 1974; Damas,
1977; Nasjletti & Malik, 1979; Rees et al., 1990; Gardiner et
al., 1990; O'Shaughnessy et al., 1992; Bjornstad-Ostensen &

Berg, 1994). Similarly, indomethacin and L-NAME reduce
the hyperglycaemic e�ect of BK. Other mechanisms could be
simultaneously involved in the indirect stimulation of the

sympathetic system by BK such as the excitation of
paravascular pain receptors by this peptide (Clark, 1979;
Bachelard et al., 1992). This stimulation is largely reduced by

cyclo-oxygenase inhibitors (Ferreira et al., 1973; Juan, 1978).
BK infused into anaesthetized rats increased blood glucose

levels without signi®cantly a�ecting plasma insulin levels.

However, when the adrenoceptors were inhibited by
propranolol and phentolamine, BK induced a small decrease
in blood glucose levels associated with an increase in plasma
insulin. The stimulation of insulin release by BK was thus

inhibited in normal rats by the e�ects of catecholamines. In
the presence of adrenoceptor antagonists, the release of
insulin was dose-dependent and blocked by Hoe-140. This

releasing e�ect of BK thus involves an excitation of B2

receptors, as it has been observed in vitro (Yang & Hsu, 1995;
Saito et al., 1996; Yang et al., 1997a). Direct addition of BK

into the perfusate of rat pancreas transiently induced a 3 fold
increase in the release of insulin for a few minutes followed
by a sustained smaller increase in insulin secretion (Yang et

al., 1997a; Yang & Hsu, 1997). Similarly, in our experiments
performed in vivo, infusion of BK transiently induced a 2 fold
increase in plasma insulin levels. The e�ects of BK on rat
pancreas seem to be complex: BK has been reported to

enhance insulin and glucagon secretion but to inhibit
somatostatin release when directly added into the perfusate
of the isolated rat pancreas (Yang et al., 1997a; Abu-Basha et

al., 2000). However, the release of insulin appears to
predominate and to be more sustained (Yang et al., 1997a).
Indeed, in vivo, blood glucose levels decreased after BK

infusion in adrenalectomized rats.
In conclusion, BK stimulates insulin release in vivo when

the e�ects of catecholamines are inhibited. The signi®cance of
this e�ect of BK will be the subject of other studies.

We thank Dr K.J. Wirth from Hoechst-Marion-Roussel for the
kind supply of Hoe-140 and Mrs A. Rombaux and Mr V. Bourdon
for their excellent technical help.
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