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1 The signal transduction pathways involved in kinin B2 receptor-related vasodilation were
investigated in rat isolated perfused kidneys. During prostaglandin F2a or KCl-induced constriction,
the vasodilator response to a selective B2 receptor agonist, Tyr(Me)8bradykinin (Tyr(Me)8BK), was
assessed.

2 Tyr(Me)8BK produced a concentration- and endothelium-dependent relaxation that was
decreased by about 30 ± 40% after inhibition of nitric oxide (NO) synthase by NG-nitro-L-arginine
(L-NOARG) or of cyclo-oxygenase by indomethacin; a greater decrease (about 40 ± 50%) was
observed after concomitant inhibition of the two pathways.

3 High extracellular K+ diminished Tyr(Me)8BK-induced relaxation by about 75% suggesting a
major contribution of endothelium-derived hyperpolarization. The residual response was almost
completely suppressed by NO synthase and cyclo-oxygenase inhibition. The K+ channel inhibitors,
tetrabutylammonium (non-speci®c) and charybdotoxin (speci®c for Ca2+-activated K+ channel),
suppressed Tyr(Me)8BK-induced relaxation resistant to L-NOARG and indomethacin.

4 Inhibition of cytochrome P450 (clotrimazole or 7-ethoxyresoru®n) decreased the NO/
prostanoids-independent relaxation to Tyr(Me)8BK by more than 60%, while inhibition of the
cannabinoid CB1 receptor (SR 141716A) had only a moderate e�ect.

5 Acetylcholine induced a concentration-dependent relaxation with characteristics nearly similar to
the response to Tyr(Me)8BK. In contrast, the relaxation elicited by sodium nitroprusside was
potentiated in the absence of NO (L-NOARG or removal of endothelium) but remained unchanged
otherwise.

6 These results indicate that the activation of kinin B2 receptors in the rat isolated kidney elicits an
endothelium-dependent vasorelaxation, mainly dependent on the activation of charybdotoxin-
sensitive Ca2+-activated K+ channels. In addition, cytochrome P450 derivatives appear to be
involved.
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Introduction

After the description by Furchgott & Zawadzki (1980) of an
absolute requirement of endothelium for the vasodilation
elicited by acetylcholine (ACh) in rabbit aorta, endothelial

cells were shown to release a variety of mediators which can
act to alter the mechanical and electrical properties of the
vascular smooth muscle cells (Furchgott & Vanhoutte, 1989).
These factors include prostacyclin, endothelin, endothelium-

derived relaxing factor and endothelium-derived hyperpolar-

izing factor (EDHF). Although endothelium-derived relaxing
factor was rapidly recognized as nitric oxide (NO) or a
compound releasing NO (Palmer et al., 1987; Ignarro et al.,

1987), the identity of EDHF still remains controversial
(Quilley et al., 1997; Mombouli & Vanhoutte, 1997).
Endothelium-dependent vasodilation also occurs with brady-
kinin (BK), mainly by the activation of bradykinin B2

receptors. BK has been shown to increase the release of
prostacyclin and NO from bovine aortic endothelial cells in
culture (Busse et al., 1994; Blatter et al., 1995) and to

produce hyperpolarization in coronary arteries with intact
endothelium (Vanhoutte, 1993; Fisslthaler et al., 1999). The
involvement of three major pathways, i.e. prostacyclin, NO
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and EDHF, in BK-induced relaxation was further documen-
ted in various blood vessels by the use of speci®c inhibitors of
cyclo-oxygenase (COX), NO synthase (NOS) and K+

channels. These studies also revealed that, according to the
vessel, each pathway did not contribute to the same degree to
the vasorelaxation. In particular, NO-independent mechan-
isms appear to play a more important role in small resistance

vessels (Garland et al., 1995).
In the rat renal vasculature, we previously reported that

the main response to BK existed of a relaxation via

bradykinin B2 receptors (BagateÂ et al., 1999). BK-induced
vasodilation was mimicked by Tyr(Me)8BK, a selective B2

receptor agonist (Regoli & BarabeÂ , 1980), and was inhibited

by icatibant, a speci®c B2 receptor antagonist. The question
of kinin signalling pathways in renal vessels was previously
addressed using BK (Fulton et al., 1992; Rapacon et al.,

1996; Mieyal et al., 1998). The aim of the present study was
to investigate these pathways in the isolated perfused rat
kidney, with Tyr(Me)8BK. The kinin B2 receptor-mediated
vasodilation was analysed before and after exclusion of

transduction pathways by selective inhibitors. After having
controlled requirement of intact endothelium, we evaluated
the e�ects of NOS and/or COX inhibition. The NO/

prostanoids-independent vasodilation was considered to be
linked to so called `EDHF' although measurement of
vascular smooth muscle cell membrane potential was not

possible in our experimental preparation. However, suppres-
sion of the response with high extracellular K+ and by
inhibitors of K+ channels supported the contribution of a

hyperpolarizing factor. We ®nally investigated the e�ects of
cytochrome P450 inhibition and cannabinoid CB1 receptor
antagonism because epoxyeicosatrienoic acids (EETs) and
endogenous cannabinoids are possible candidates for EDHF

(Mombouli & Vanhoutte, 1997).

Methods

Animals

Male Wistar rats (220 ± 280 g, Janvier breeding, Le Genest St
Isle, France) were used. Animals were housed in a room at
208C with a 12 h light/dark cycle (light on at 0600 h) and

allowed free access to tap water and standard food (AO4
pellets, 0.2% sodium, UAR, Villemoisson/Orge, France). The
rats stayed in our animal facility for at least 1 week before

the start of the experiments. Experiments were performed in
accordance with guidelines of the European Community and
the French Government concerning the use of animals.

The isolated perfused rat kidney preparation

After sodium pentobarbitone anaesthesia (45 mg kg71 i.p.),
the right kidney was prepared with special care to avoid
ischaemia and in vitro perfused via the mesenteric artery as
described previously (Barthelmebs et al., 1996; BagateÂ et al.,

1999). Perfusion was performed without recirculation (open
circuit) except for the experiment in which charybdotoxin was
used (closed circuit). The perfusion medium was a prewarmed

(378C), oxygenated (95% O2 / 5% CO2), colloid free Tyrode's
solution of the following composition (mM): NaCl 137, KCl
2.7, CaCl2 1.8, MgCl2 1.1, NaH2PO4 0.42, NaHCO3 12,

glucose 10, pH was adjusted at 7.4. Following an equilibra-
tion period of 45 min, the perfusion ¯ow rate was adjusted at
8 ml min71 and kept constant thereafter (Gilson Minipuls 3,

Bioblock, Illkirch, France). Perfusion pressure was continu-
ously monitored (Statham P23 Db tranducer, Statham
Intruments, Hato Rey, Porto Rico) and recorded (Philips
PM 8222, Philips, Bobigny, France) throughout the experi-

ment.

Experimental protocols

Vascular tone of the isolated kidney was increased by the
continuous perfusion of prostaglandin F2a at a concentration

su�cient to induce a steady increase in perfusion pressure of
20 ± 25 mmHg. Two concentrations of Tyr(Me)8BK (1 and
10 nM) were tested at 30 min intervals to avoid desensitiza-

tion of the bradykinin B2 receptor (BagateÂ et al., 1999).
Acetylcholine (ACh) and sodium nitroprusside (SNP) were
included as respective markers for endothelium-dependent
and -independent vasodilator reactivity (Barthelmebs et al.,

1996). Two concentrations of ACh (3 and 30 nM) were tested
with the same time-interval as used for Tyr(Me)8BK. The
highest concentrations tested (10 and 30 nM respectively)

were previously shown to induce maximal renal vasodilator
responses (BagateÂ et al., 1999; Stephan et al., 1995). A
supramaximal concentration of SNP (10 mM) was adminis-

tered at the end of the experiments. All the experiments were
carried out in the presence of an inhibitor of angiotensin
converting enzyme (lisinopril, 1 mM) in order to prevent kinin

catabolism which blunts response in our renal vascular
preparation (BagateÂ et al., 2000).

NG-nitro-L-arginine (L-NOARG, 100 mM) and indometha-
cin (30 mM) were added alone or together to the perfusate to

inhibit NO synthase (NOS) and cyclo-oxygenase (COX)
activity. A nonionic detergent, 3-[(3-cholamidopropyl)-di-
methyl-ammonio]-1-propane sulphonate (CHAPS), was used

to remove endothelial cells from intrarenal blood vessels as
described by Bhardwaj & Moore (1988) and used before
(Stephan et al., 1995). However, the usual dose of CHAPS

(4.7 mg ml71, 30-s infusion) altered smooth muscle vascular
reactivity in Tyrode-perfused kidneys as was obvious from
hyporesponsiveness to prostaglandin F2a and blunting of
SNP-induced vasorelaxation. Subsequent experiments were

successfully carried out with a lower dose of CHAPS
(4 mg ml71, 15-s infusion).

We ascertained that EDHF contributes to vasodilation by

suppression of the response in depolarizing conditions.
Tyrode's solution was prepared in which KCl (25 mM) was
isotonically substituded for NaCl. KCl was present from the

onset of kidney perfusion and also served to restore vascular
tone. L-NOARG and indomethacin were included in the KCl
perfusate of some kidneys.

In further experiments aimed to investigate signal
transduction pathways involved in the vasodilator response
resistant to NOS and COX inhibition, L-NOARG (100 mM)
and indomethacin (30 mM) were included in the perfusate

from the start of the kidney perfusion. To evaluate the
contribution of K+ channels, several inhibitors were used:
tetrabutylammonium (TBA, 0.5 mM) as a non-selective

inhibitor of K+ channels, glibenclamide (10 mM) to inhibit
ATP-selective K+ channels and charybdotoxin (0.1 mM) to
inhibit Ca2+-activated K+ channels. To evaluate the con-
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tribution of cytochrome P450 metabolites, vasodilator
response was evaluated in the presence of clotrimazole
(1 mM) or 7-ethoxyresoru®n (1 mM). Finally, to investigate

the possibility of CB1 receptor involvement in endothelium-
derived hyperpolarization, SR 141716A (5 mM), an antagonist
of these receptors (Rinaldi-Carmona et al., 1994), was also
tested.

The vasodilator responses were expressed as percentage
reversal of the prostaglandin F2a-induced preconstriction. In
kidneys perfused with KCl, the KCl-induced vascular tone

was estimated from SNP-induced relaxation (see Results).

Drugs

The following drugs were used: ACh hydrochloride, CHAPS,
charybdotoxin, clotrimazole, 7-ethoxyresoru®n, indometha-

cin, L-NOARG, SNP, tetrabutylammonium (all from Sigma,
St Quentin Fallavier, France); prostaglandin F2a trometha-
mine salt (Dinolytic1, Upjohn Laboratories, Paris, France);
sodium pentobarbitone (Nembutal1, Sano® SanteÂ , Libourne,

France); sodium heparinate (LeÂ o, St Quentin Yvelines,
France); SR 141716A (Sano®-SyntheÂ labo, Montpellier,
France); Tyr(Me)8BK (Dr Regoli, Sherbrooke, Canada). All

other chemicals were of pro-analysis quality from Merck
(Darmstadt, Germany).
Clotrimazole was dissolved in absolute ethanol. Indo-

methacin was prepared as a N-methyl-D-glucamine salt.
Glibenclamide and SR 141716A were dissolved in DMSO. L-
NOARG was dissolved in HCl and pH adjusted to 7 with

NaOH. Peptides were prepared as stock solutions
(1 mg ml71 in distilled water), stored in aliquots at 7208C
and diluted to the desired ®nal concentration with 0.9%
saline just prior to use. To avoid adsorption of peptides,

infusion material was coated with a 1% silicone solution
(Aquasil, Interchim, MonlucË on, France). Solutions of other
drugs were freshly prepared in distilled water before each

experiment.

Statistical analysis

Results are expressed as means+s.e.mean. Di�erences were
tested for statistical signi®cance by one-way or two-way
variance analysis (ANOVA) on repeated measurements when

appropriate. Multiple comparisons between groups were
performed by Student ±Newman ±Keuls test. A P value less
than 0.05 was considered signi®cant. Square root transforma-

tion was used when necessary to normalize data or equalize
variance between groups. All statistics were run with
GraphPad Prism (GraphPad, San Diego, CA, U.S.A.) or

SigmaStat (SPSS Inc., Chicago, IL, U.S.A.).

Results

Characteristics of the isolated perfused rat kidneys

After pentobarbitone anaesthesia and just before starting
perfusion of the kidneys, an overall mean arterial blood
pressure of 89.3+1.7 mmHg (n=80) was measured. Kidneys

were perfused at a ®xed ¯ow rate of 8 ml min71, allowing a
physiological perfusion pressure in the range of 70 ±
100 mmHg. Calculated basal renal vascular resistance of

control kidneys amounted 9.0+0.22 mmHg min ml71 (Table
1). Vascular resistance was increased in kidneys perfused
with L-NOARG+indomethacin without any e�ect of other

co-treatments (data were therefore pooled). Similar increase
in vascular resistance was observed in kidneys lacking intact
endothelium. Renal vascular tone was increased by
23.2+0.5 mmHg at a mean prostaglandin F2a concentration

of 1.2+0.1 mM (n=71) without change between groups.
SNP-induced relaxation was enhanced in the groups treated
with L-NOARG or pretreated with CHAPS (Table 1). Since

pilot studies showed that high extracellular K+ did not
a�ect SNP-induced relaxation, we subsequently used the
vasodilator response to SNP for evaluating the increase in

renal vascular tone in KCl-perfused kidneys. Response to
SNP (10 mM) was considered, respectively in KCl controls
and KCl+L-NOARG+indomethacin experiments, as 95%

and 110% reversal of KCl-elevated renal vascular tone,
according to mean values observed in the other groups
(Table 1).

Endothelium-dependent renal vasodilation elicited by
Tyr(Me)8BK and ACh

Tyr(Me)8BK and ACh elicited concentration-dependent
vasodilation of endothelium-intact perfused rat kidney
precontracted with prostaglandin F2a (Figure 1). The

maximum response to ACh (30 nM) was about one-third
higher than that to Tyr(Me)8BK (10 nM, Figure 1) but
remained less than that to SNP (10 mM, Table 1).

The infusion of CHAPS (4 mg ml71, 15-s infusion)
induced an increase in basal perfusion pressure (Table 1).
It abolished the vasodilator responses to Tyr(Me)8BK
completely and that to ACh almost completely (Figure 1).

In contrast, the endothelium-independent vasorelaxation to
SNP tended to increase and the vascular smooth muscle cell
reactivity to prostaglandin F2a remained unchanged (Table

1), showing selective alteration in endothelium-dependent
responses.

Effects of L-NOARG and indomethacin on renal
vasodilation to Tyr(Me)8BK and ACh

The inhibition of NO and prostanoids synthesis by L-

NOARG (100 mM) and indomethacin (30 mM) respectively,
decreased the vasodilator responses to Tyr(Me)8BK and ACh
(Figure 1). The decrease was about 30 ± 40% for each

inhibitor, whatever the concentration of agonists. The
concomitant administration of L-NOARG+indomethacin
further reduced the vasodilator responses to Tyr(Me)8BK

and ACh (Figure 1). The vasodilation which was resistant to
the simultaneous NOS and COX inhibition, represented
about 40 ± 50% of the responses elicited by Tyr(Me)8BK and

ACh in control kidneys.

Effects of high extracellular K+ on renal vasodilation to
Tyr(Me)8BK and ACh

Raising the extracellular concentration of K+ to 25 mM

decreased the renal vasorelaxation elicited by Tyr(Me)8BK

and ACh (Figure 2). The decrease approached 75% of the
response of Tyr(Me)8BK and ACh in control kidneys. This
decrease was signi®cantly higher than that observed with the
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combined inhibition of NOS and COX activity. In the

presence of high K+, the subsequent addition of L-NOARG
(100 mM) and indomethacin (30 mM) completely abolished the
vasodilator response to the low concentrations of Tyr-

(Me)8BK and ACh (Figure 2). Although further diminished
by this combination, some vasodilation however persisted at
the high concentrations of the agonists (Figure 2).

Effect of K+ channel blockers on renal L-NOARG/
indomethacin insensitive vasodilation to
Tyr(Me)8BK and ACh

Di�erent K+ channel blockers were used to determine the
type of K+ channel involved in the renal vasodilator responses
to Tyr(Me)8BK and ACh which occurred independent from

Table 1 Characteristics of the isolated perfused rat kidneys

Basal renal vascular Increase in renal Prostaglandin F2a
resistance vascular tonea concentration SNP (10 mM)

Experimental groups n (mmHg min ml71) (mmHg) (mM) (% relaxation)b

Control (14) 9.00+0.22 23+0.6 1.13+0.17 97+1.8
L-NOARG (6) 8.88+0.66 24+0.9 0.48+0.12 122+6.1**
Indomethacin (6) 8.61+0.80 19+0.8 2.08+0.37 89+2.7
L-NOARG+indo+other (42) 10.96+0.31** 23+0.8 1.14+0.14 108+2.1*
cotreatmentsc

CHAPS (3) 12.05+0.73* 19+1.0 1.95+0.06 109+7.1
KCI control (5) 9.91+0.06 22+1.7 / 95#
KCI+L-NOARG+indo (4) 9.70+0.34 22+0.3 / 110#

aRenal tone induced by prostaglandin F2a or KCI; bResponse to a supramaximal concentration of SNP (10 mM) was obtained at the end
of the experiments; cExperiments performed in the presence of L-NOARG+indomethacin (indo) were pooled since concomitant
treatments (clotrimazole, 7-ethoxyresoru®n, SR 141716A, TBA, glibenclamide or charybdotoxine) were devoid of e�ect on listed
parameters. *P50.05, **P50.01 vs control. #Estimated values (see Results).

Figure 1 E�ect of L-NOARG (100 mM), indomethacin (30 mM), L-
NOARG+indomethacin, or CHAPS (4 mg ml71 during 15 s) on the
vasodilator responses to Tyr(Me)8BK (1 and 10 nM) and ACh (3 and
30 nM) in the isolated perfused rat kidney. Results are given as
means+s.e.mean with the number of individual experiments in
brackets. aP50.05, bP50.01, cP50.001 vs control; *P50.05,
***P50.001 for other comparisons as indicated.

Figure 2 E�ect of KCl alone (25 mM) or together with L-
NOARG+indomethacin (100 and 30 mM respectively) on the
vasodilator responses to Tyr(Me)8BK (1 and 10 nM) and ACh (3
and 30 nM) in the isolated perfused rat kidney. Results are given as
means+s.e.mean with the number of individual experiments in
brackets. cP50.001 vs control; *P50.05, **P50.01, ***P50.001 for
other comparisons as indicated.
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NO/prostanoids. The non-selective inhibitor of K+ channels,
TBA (0.5 mM), completely abolished the vasodilator re-
sponses to Tyr(Me)8BK and ACh, whatever the concentra-

tions (Figure 3). The selective inhibitor of Ca2+-sensitive K+

channel, charybdotoxin (0.1 mM), also abolished the vasodi-
lator responses elicited by the agonists. In contrast, a selective
inhibitor of ATP-sensitive K+ channel, glibenclamide (10 mM),

did not modify the vasodilator responses to Tyr(Me)8BK and
ACh (Figure 3). The vascular responses to Tyr(Me)8BK and
ACh were identical in open circuit and closed circuit perfused

kidneys (Figure 3). Inhibitors of K+ channels did not change
SNP-elicited vasorelaxation (not shown).

Role of cytochrome P450 and cannabinoid CB1 receptor
in renal L-NOARG/indomethacin insensitive vasodilation
to Tyr(Me)8BK and ACh

During perfusion of indomethacin (30 mM) and L-NOARG
(100 mM), the cytochrome P450 inhibitors, clotrimazole
(1 mM) or 7-ethoxyresoru®n (1 mM), markedly reduced the

vasodilator responses to Tyr(Me)8BK and ACh (Figure 4).
The inhibitory e�ect of 7-ethoxyresoru®n on Tyr(Me)8BK-
induced vasorelaxation tended to be higher than that of

clotrimazole which was not used at higher concentration due
to possible non-speci®c e�ects. The inhibition approached
80% at the highest concentration of Tyr(Me)8BK, although it
only was of about 60% for ACh-induced vasorelaxation.

The antagonist of cannabinoid CB1 receptor, SR 141716A
(5 mM), only moderately decreased the renal vasodilator
response to Tyr(Me)8BK (two-way ANOVA, treatment factor

P=0.07), although the e�ect became signi®cant at the highest
concentration of the kinin. SR 141716A elicited greater
reduction in the vasodilation induced by ACh, particularly

at the highest concentration of the agonist (Figure 4).

Discussion

The results of this study demonstrate that kinin B2 receptor-
dependent vasodilation in the rat isolated perfused kidney

strictly depends on the presence of an intact endothelium as
shown by its complete suppression with CHAPS, in
conditions preserving vascular smooth muscle reactivity.

Three signalling pathways contribute to Tyr(Me)8BK-induced

Figure 3 E�ect of K+ channel inhibitors, TBA (0.5 mM), glib-
enclamide (10 mM) or charybdotoxin (0.1 mM), on the NOS and COX
inhibition resistant vasodilator responses to Tyr(Me)8BK (1 and
10 nM) and ACh (3 and 30 nM) in the isolated perfused rat kidney.
Since charybdotoxin was tested in a closed circuit perfused kidney,
corresponding controls were also performed in the presence of L-
NOARG+indomethacin. Results are given as means+s.e.mean with
the number of individual experiments in brackets. bP50.01,
cP50.001 vs corresponding L-NOARG+indomethacin group.

Figure 4 E�ect of clotrimazole (1 mM), 7-ethoxyresoru®n (1 mM) or
SR 141716A (5 mM) on the NOS and COX inhibition resistant
vasodilator responses to Tyr(Me)8BK (1 and 10 nM) and ACh (3 and
30 nM) in the isolated perfused rat kidney. Results are given as
means+s.e.mean with the number of individual experiments in
brackets. aP50.05, cP50.001 vs L-NOARG+indomethacin group.
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relaxation: NO release, prostanoids production and a K+-
sensitive mechanism which might have been due to
hyperpolarizing factors. The NO- and prostaglandin-inde-

pendent response occurred via a Ca2+-activated K+ channel
and appeared to utilize cytochrome P450 derivatives.
The inhibition of NO synthesis by L-NOARG only

partially blocked the B2 vasodilator response as has been

reported previously by Fulton et al. (1992) in the rat isolated
kidney. The inhibition of COX by indomethacin similarly
decreased the kinin B2 receptor-mediated relaxation in our

study although indomethacin has been reported to be inactive
on BK-induced renal vasodilation (Fulton et al., 1992). We
used a high concentration of indomethacin (30 instead

2.8 mM) since the inhibition of prostaglandin synthesis in
the kidney was not complete even at 15 mM (Cooper & Malik,
1986). Indomethacin did not a�ect SNP-induced vasorelaxa-

tion. The inhibition of NOS can be considered as complete at
100 mM L-NOARG. As expected, SNP-elicited relaxation was
increased as reported for other nitrovasodilators (Katusic &
Vanhoutte, 1989).

A major part of the vasodilator response to Tyr(Me)8BK
was suppressed with depolarizing perfusate. Moreover, the
subsequent addition of NOS and COX inhibitors, or the

addition of K+ channels inhibitors to preceding NOS and
COX inhibition, almost completely suppressed the residual
renal vasorelaxation to Tyr(Me)8BK. Taken together, the

present results suggest that the NO/prostanoids-independent
renal vasodilation to the kinin may be due to hyperpolarizing
factors. BK has been reported to elicit endothelium-

dependent hyperpolarization of vascular smooth muscle of
various species including humans (Mombouli et al., 1992;
Mombouli & Vanhoutte, 1995; Fisslthaler et al., 1999).
Similar results were obtained with ACh in our study. It is of

interest to note that the hyperpolarizing component repre-
sented up to 75% of the renal vasodilator response to the
agonists, as shown in the experiments with raised extra-

cellular K+. The 50 ± 60% decrease in vasorelaxation
observed after concomitant inhibition of NOS and COX
might overestimate the contribution of NO/cyclic GMP and

prostanoids/cyclic AMP pathways since, in some vessels, part
of the response to NO and prostanoids was also linked to
activation of K+ channels (Mombouli & Vanhoutte, 1997).
The role of hyperpolarization in the renal vasodilator

response to the agonists is in line with considering the kidney
as a resistance vasculature. Relaxation by EDHF seems more
prominent in arteries with small diameter, unlike NO that

plays a bigger role in large vessels (Hwa et al., 1994; Garland
et al., 1995). A limited contribution of NO in vasodilation
has previously been reported in the kidney for BK (Fulton et

al., 1992) and for ACh (Stephan et al., 1995). The apparent
predominance of EDHF in endothelium-dependent vasodila-
tion in small resistance arteries is therefore not speci®c for an

agonist. It exists with kinins which are synthesized in vessels
and act in an autocrine/paracrine way to exert e�ects.
The use of K+ channels inhibitors further con®rmed the

contribution of a K+-mediated mechanism in the residual

response to the kinin after inhibition of NO/prostanoids
synthesis. The potent inhibitory e�ect of TBA and
charybdotoxin is in favour of the involvement of Ca2+-

activated K+ channels, while the inactivity of glibenclamide
excluded the contribution of ATP-sensitive K+ channels.
Similar conclusions can be made for ACh. Non-speci®c

e�ects of the inhibitors seem unlikely since SNP-induced
relaxation was unchanged. Present results are in accordance
with the mechanisms previously proposed for BK and/or

ACh regarding the renal vasculature but also for perfused
coronary arteries and various other vessels (Rapacon et al.,
1996; Mombouli & Vanhoutte, 1997; Quilley et al., 1997;
Mieyal et al., 1998). Moreover, since speci®c inhibitors

respectively for large and small conductance Ca2+-activated
K+ channels, iberiotoxin and leiurotoxin, have been reported
to be inactive on BK NO-independent renal vasodilation and

since charybdotoxin inhibits both large and intermediate
conductance Ca2+-activated K+ channels, present results
favour a prominent contribution of intermediate conductance

channels (Rapacon et al., 1996). K+ channels are present in
both endothelial and vascular smooth muscle cells (Himmel
et al., 1993; Nelson & Quayle, 1995) and hyperpolarization

can be induced by BK in endothelial cells (BeÂ ny & Chabaud,
1996). It therefore remains unclear if smooth muscle cell
hyperpolarization is related to a di�usible endothelial factor
or to transfer of an electrical or chemical signal through

myoendothelial gap junctions.
The proposal that EDHF may be cytochrome P450

derivatives arised from a body of observations which, at least

in coronary arteries, support this possibility: endothelial cells
are rich in cytochrome P450, release EETs which hyperpolar-
ize and relax coronary arteries via a charybdotoxin-sensitive

mechanism as described for BK and coronary relaxation to
BK is reduced by cytochrome P450 inhibitors of di�erent
structures (Fulton et al., 1995; Campbell et al., 1996; Quilley et

al., 1997; Fisslthaler et al., 1999). The renal vasculature, at
least in the rat, ressembles the coronary circulation. In the
isolated rat kidney, arachidonic acid is metabolized by
endothelial cytochrome P450 to vasodilator metabolites

(Oyekan et al., 1991) and 5,6-EET induces vasodilation
(Fulton et al., 1996). We observed a marked reduction by
clotrimazole and 7-ethoxyresoru®n of the Tyr(Me)8BK-elicited

renal NO/prostanoids-independent vasodilation. Incomplete
inhibition of renal BK-induced relaxation was also described
by Fulton et al. (1992). Although the selectivity of clotrimazole

for cytochrome P450 has been a matter of discussion (Alvarez
et al., 1992), we observed similar or more pronounced
inhibition with 7-ethoxyresoru®n, a structurally di�erent and
more speci®c cytochrome P450 inhibitor (Adeagbo, 1997),

thus con®rming the contribution of cytochrome P450
derivatives in kinin-elicited renal vasorelaxation

In the last few years, the contribution of cannabinoids to

EDHF action has also been considered. Anandamide, the
putative endogenous ligand for CB1 receptors, was shown to
induce endothelium-independent vasodilation and hyperpo-

larization in the rat mesenteric artery. SR 141716A, a CB1

receptor antagonist, inhibited anandamide as well as
carbachol-elicited relaxation (Randall et al., 1996; Plane et

al., 1997). Other investigations documented that CB1

receptors also exists on endothelial cells, namely in the
kidney which is rich in the enzyme that degrades anandamide
and where anandamide produces CB1 receptor-mediated,

NO-dependent endothelium-dependent relaxation of juxtame-
dullary a�erent arterioles (Deutsch et al., 1997). In our
experiments, SR 141716A was used at a concentration (5 mM)

virtually devoid of non-speci®c e�ects on Ca2+ and K+

channels (White & Hiley, 1998). SR 141716A however
reduced only moderately the renal NO/prostanoids-indepen-
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dent vasodilation to Tyr(Me)8BK, although a 5 fold lower
concentration abolished anandamide-induced relaxation in
renal a�erent arterioles perfused in vitro (Deutsch et al.,

1997). Our result therefore does not support a role for
endogenous cannabinoids in kinin-induced release of EDHF
in the rat renal vasculature. A similar result was recently
reported for BK in the rat coronary artery (Fulton & Quilley,

1998). SR 141716A however seems to reduce the renal NO/
prostanoids-independent relaxation to ACh more extensively.
This point warrants further investigations to con®rm relation

with endocannabinoids.
Taken together, the present results demonstrate that

activation of bradykinin B2 receptors by a speci®c agonist,

Tyr(Me)8BK, elicited an endothelium-dependent vasorelaxa-
tion in the rat isolated kidney whose vascular tone had

previously been restored by prostaglandin F2a. This response,
like that of ACh, mainly depended on the activation of
charybdotoxin-sensitive Ca2+-activated K+ channels. In

addition, cytochrome P450 derivatives appeared to be
involved.
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gift of SR 141716A and to Mr Ar® (Upjohn Laboratories, Paris,
France) for the gift of Dinolytic1. The authors are grateful to
Antoine Jund for skilful technical assistance. Mariette Barthelmebs
is Research Director in C.N.R.S.
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