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Abstract

The aim of this study was to analyse the possible influence of cyclic AMP—protein kinase A (cAMP—PKA) activation on neuronal nitric
oxide (NO) release induced by electrical field stimulation in mesenteric arteries from Wistar Kyoto (WKY) rats. Western blot experiments
demonstrated the expression of neuronal NO synthase (nNOS) in mesenteric artery from WKY rats; however, electrical field stimulation
alone did not induce detectable NO release. Preincubation with forskolin allowed NO release induced by electrical field stimulation, which
was abolished by: the neuronal toxine tetrodotoxin, the nNOS inhibitors 7-nitroindazole or N®-propil-L-arginine (NPLA), and the PKA
inhibitors N-(2-( p-Bromocinnamylamino) ethyl 5-isoquinolinesulfonamide hydrochloride (H-89) or (9R,10S,125)-2,3,9,10,11, 12-
Hexahydro-10-9-methyl-1-0x0-9,12-epoxy-1H-diindolo(1,2,3-fg:3,2,1k)pyrrolo(3,4-/)(1,6) benzodiazocine-10-carboxylic acid hexyl ester
(KT-5720). Preincubation with prostacyclin also allowed the NO release induced by electrical field stimulation which was significantly
decreased by: the neuronal toxine tetrodotoxin, the nNOS inhibitors 7-nitroindazole or NPLA, and the PKA inhibitors H-89 or KT-5720. The
NOS inhibitor N®-nitro-L-arginine methyl ester (L-NAME) did not modify the vasoconstrictor response induced by electrical field
stimulation. However, in the presence of forskolin or prostacyclin, L-NAME increased the vasoconstrictor response to electrical field
stimulation. These results indicate that forskolin and prostacyclin allow neuronal NO release induced by electrical field stimulation through a
mechanism involving cAMP—PKA activation in rat mesenteric arteries.
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1. Introduction

Nitric oxide (NO) is an important neurotransmitter in
both the peripheral (Marin and Balfagon, 1998) and central
nervous (Bredt et al., 1992) system. Biosynthetic regulation
of NO is very important because NO cannot be stored in
nitrergic endings. Neuronal nitric oxide synthase (nNOS),
the regulator of NO in neurons, is regulated by multiple
kinases (Dinerman et al., 1994). Several studies have
reported that protein kinase A (PKA) could phosphorylate
nNOS in vivo and in vitro (Brune and Lapetina, 1991; Bredt
et al., 1992; Dinerman et al., 1994; Yu et al., 2002) in the
central nervous system.

Perivascular nitrergic innervation has been described in
several vascular beds such as the cerebral (Estrada et al.,
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1993) and mesenteric arteries (Marin and Balfagon, 1998).
We have demonstrated that P,-adrenoceptor activation
increases neuronal NO release in mesenteric arteries from
different rat strains (Marin and Balfagon, 1998; Ferrer et al.,
2003). On the other hand, it has been widely described that
p-adrenoceptors agonist activation increases cAMP forma-
tion, with the subsequent PKA activation (Taylor et al.,
1990; Zhang and Hintze, 2001). As stated above, PKA
activation regulates NO release in the central nervous
system; however, little is yet known about a possible effect
of PKA on neuronal NO release in vascular beds.
Prostacyclin is an endogenous prostanoid with important
vascular effects, whose mechanism of action is through
adenylyl cyclase activation and subsequent PKA activation
(Narumiya et al., 1999). With this in mind, it is reasonable
to hypothesize that prostacyclin can modulate the neuronal
NO release in a manner like already described for endothe-
lial NO (Shimokawa et al., 1988). Therefore, the aim of this
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work was to study the possible role of the cAMP—PKA
pathway, in the neuronal NO release in rat mesenteric artery,
using forskolin and prostacyclin.

2. Materials and methods
2.1. Tissue preparation

Male 6-month-old WKY rats (250—300 g) were used.
They were sacrificed by CO, inhalation. The investigation
conforms to the Guide for the Care and Use of Laboratory
Animals published by the USA National Institutes of Health
(NIH publication No. 85.23 revised 1985). The first branch
of the mesenteric artery was carefully dissected out, cleaned
of connective tissue and placed in Krebs—Henseleit solution
(KHS) at 4 °C. In the present work, we used endothelium-
denuded segments to eliminate this source of vascular NO
and avoid the possible actions by different study drugs on
the endothelial cells that could lead to misinterpretation of
results. The absence of vascular endothelium was tested by
the inability of acetylcholine to relax segments precon-
tracted with noradrenaline.

2.2. Nitric oxide release

Denuded rat mesenteric artery segments (24.4 & 2.6 mg)
were immersed for 30 min in 10 ml of KHS at 37 °C
continuously gassed with a 95% 0,-5% CO, mixture
(stabilization period). Afterwards, the arteries were trans-
ferred to a 500-ul chamber containing two parallel platinum
electrodes, 0.5 cm apart, connected to a stimulator (Grass,
model S44) for electrical field stimulation. After two wash-
out periods of 6.5 min, the medium was collected to
measure the basal release of NO, which was estimated as
nitrites. Once the chambers had been refilled, cumulative
electrical field stimulation periods of 30 s at 1, 2,4, 8 and 16
Hz at 1 min intervals were applied, and then the medium
was taken from the bath to measure the concentration of
nitrites, according to the colorimetric method based on the
Griess reaction (Griess, 1979). To eliminate the possibility
that electrical field stimulation induced nitrites production in
the incubation medium, experiments were also performed in
the absence of tissue.

To study the effect of forskolin (0.1 and 0.5 nM) and
prostacyclin (10 and 50 nM) in NO release, the arteries were
incubated with one of these substances during 30 min before
being placed in the electrical field stimulation chamber. To
determine the neuronal NO origin, in another set of experi-
ments either neuronal toxin tetrodotoxin (0.1 pM), or nNOS
inhibitors 7-nitroindazole (10 uM) or N®-propil-L-arginine
(NPLA, 0.1 puM) was added to the bath 10 min before 0.5
nM forskolin or 50 nM prostacyclin. To analyse the possible
participation of PKA in the forskolin effect on NO release, a
PKA inhibitor, either N-(2-(p-Bromocinnamylamino) ethyl
5-isoquinolinesulfonamide hydrochloride (H-89, 1 pM), or

(9R,108,125)-2,3,9,10,11,12-Hexahydro-10-9-methyl-1-
0x0-9,12-epoxy-1H-diindolo(1,2,3-fg:3,2,1k)pyrrolo(3,4-
N(1,6)benzodiazocine-10-carboxylic acid hexyl ester (KT-
5720, 0.1 and 1 uM), was added to the bath 10 min before
forskolin. To analyse the possible participation of PKA in
the prostacyclin effect on NO release, H-89 (1 pM), or KT-
5720 (1 uM), was added to the bath 10 min before
prostacyclin. The amount of nitrites released was expressed
in pmol/mg tissue.

2.3. Western blot analysis of neuronal NOS expression

For Western Blot analysis of nNOS protein expression,
superior mesenteric arteries were homogenized in a boiling
buffer composed of 10 mM (pH=7.4), 1% sodium lauryl
sulphate (SDS) and the protease inhibitor sodium metava-
nadate (1 mM). Homogenates containing 15 pg protein were
electrophoretically separated on a 7.5% SDS-polyacryl-
amide gel (SDS-PAGE) and then transferred to polyvinyl
difluoride membranes overnight, using a Bio-Rad Trans-
Blot Cell system (Bio-Rad Laboratories, Hercules, CA,
USA) containing 25 mM Tris, 190 mM glycine, 20%
methanol and 0.05% SDS. Prestained SDS-PAGE standards
(Bio-Rad Laboratories) were used as molecular mass stand-
ards. The membrane was blocked for 60 min at room
temperature in Tris-buffered solution (10 mM Tris, 100
mM NaCl, 0.1% Tween 20) with 5% non-fat powdered
milk before being incubated for 1 h at room temperature
with mouse monoclonal antibody for nNOS (1:2500 dilu-
tion), all purchased from Transduction Laboratories (Lex-
ington, UK). After washing, the membrane was incubated
with a 1:2000 dilution of antimouse Immunoglobulin G
antibody conjugated to horseradish peroxidase (Transduc-
tion Laboratories). The membrane was thoroughly washed
and the immunocomplexes were detected using an enhanced
horseradish peroxidase/luminol chemiluminiscence system
(ECL Plus, Amersham International, Little Chalfont, UK)
and subjected to autoradiography (Hyperfilm ECL, Amer-
sham International). Signals on the immunoblot were quan-
tified using a computer program (NIH Image V1.56). The
same membrane was used to determine a-actin expression,
and the content of the latter was used to correct NOS
expression in each sample, by means of a monoclonal
antibody anti a-actin (1:30000 dilution, Boehringer Man-
nheim, Mannheim, Germany). Rat pituitary (from Trans-
duction Laboratories) was used as positive control for
nNOS; in addition, homogenates from rat caudal arteries,
with a known absence of nNOS protein expression (Rossoni
et al., 2002) was used as negative control.

2.4. Vascular reactivity

The method used for isometric tension recording has
been described elsewhere (Marin and Balfagon, 1998).
Experiments were performed in endothelium-denuded seg-
ments to eliminate the main source of vasoactive substances
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so as to avoid any action by different drugs on the
endothelial cells that could lead to misinterpretation of
results. The segments were subjected to a tension of 0.5 g
that was readjusted every 15 min during a 90 min equili-
bration period before drug administration. After this, the
vessels were exposed to 75 mM K" to check their functional
integrity. The absence of vascular endothelium was proven
by the inability of 10 uM acetylcholine to relax segments
precontracted with 1 uM noradrenaline.

Two frequency—response curves to electrical field stim-
ulation (1, 2, 4, 8 and 16 Hz) were performed in a
consecutive manner. The parameters used for electrical field
stimulation were 200 mA, 0.3 ms, for 30 s with an interval
of 1 min between each stimulus, the time required to recover
basal tone. A rest period of at least 1 h was necessary to
avoid desensitization between consecutive curves.

To determine the participation of NO on electrical field
stimulation-induced responses in control segments and seg-
ments pretreated with prostacyclin (50 nM) or forskolin (0.5
nM), 100 uM N®-nitro-L-arginine methyl ester (L-NAME) or
10 uM 7-nitroindazole was added to the bath 30 min before
a second frequency—response curve.

The possible effect of L-NAME and of 7-nitroindazole on
noradrenaline—response curves was studied by examining
the response to exogenous noradrenaline (10 nM—10 pM) in
the presence of the drug.

The possible effect of L-NAME and 7-nitroindazole on
the vasodilator response to sodium nitroprusside (0.1 nM—
10 pM) was analysed in noradrenaline precontracted seg-
ments (1016 = 89 mg).

2.5. Solutions and drugs

The composition of KHS was as follows (mM): NaCl
115, CaCl2 2.5, KCI 4.6, KH,PO,4 1.2, MgSO,4-7H,0 1.2,
NaHCO; 25, glucose 11.1, Na, EDTA 0.03 (to prevent
the oxidation of unstable substances). Drugs used were:
N®-propil-L-arginine (Tocris Cookson, Bristol, UK
(NPLA), N®-nitro-L-arginine methyl ester (L-NAME), so-
dium nitroprusside, tetrodotoxin, 7-nitroindazole, N-(2-(p-

<4— 155KDa

Fig. 1. Representative Western blot of four distinct experiments for nNOS
protein expression in intact mesenteric artery segments from WKY rats
(n=4). Rat pituitary and caudal arteries from WKY rats were also used as
positive and negative controls, respectively. Arterial homogenates were
subjected to SDS-PAGE followed by immunoblot analysis using anti-nNOS
antibody (see Materials and methods for more details).

Table 1

Effect of forskolin, tetrodotoxin plus forskolin, 7-nitroindazole plus
forskolin, NPLA plus forskolin, H-89 plus forskolin or KT-5720 plus
forskolin on nitrite release induced by electrical field stimulation in
mesenteric arteries from WKY rats

(pmol/mg)
Control undetected
0.1 nM forskolin undetected
0.5 nM forskolin 594+9
0.1 pM tetrodotoxin+0.5 nM forskolin undetected
10 uM 7-nitroindazole +0.5 nM forskolin undetected
0.1 uM NPLA +0.5 nM forskolin undetected
1 uM H-89+0.5 nM forskolin undetected
0.1 uM KT-5720+0.5 nM forskolin 47.6 £5.7
1 uM KT-5720+0.5 nM forskolin undetected

Results (mean + S.E.M.) are expressed in pmol/mg tissue. n=5-7.

Bromocinnamylamino) ethyl 5-isoquinolinesulfonamide
hydrochloride (H-89), (9R,10S8,125)-2,3,9,10,11,12-Hexa-
hydro-10-9-methyl-1-0x0-9,12-epoxy-1H-diindolo (1,2,3-
fg:3.,2,1k)pyrrolo(3,4-1)(1,6)benzodiazocine-10-carboxylic
acid hexyl ester (KT-5720), HEPES, leupeptin, pepstatin
A, bestatin, chymostatin, PMSF, soybean trypsin inhibitor,
calmodulin, EDTA, BH,, FAD, FMN, NADPH, L-valine,
L-citrulline, glycine, sodium metavanadate and dithiothrei-
tol (Sigma, St. Louis, MO, USA); gentamycin sulphate
(Biological Industries, Kibbutz Beit-Haemek, Israel),
Tween 20, Tris, SDS and acrylamide (Bio-Rad, Laborato-
ries, Hercules, CA, USA) and methanol and sucrose
(Merck, Darmstadt, Germany). Stock solutions (10 mM)
of drugs were made in distilled water, except for 7-nitro-
indazole, which was dissolved in ethanol and KT-5720 in
DMSO. These solutions were kept at —20 °C and
appropriate dilutions were made in KHS on the day of
the experiment.

2.6. Statistical analysis

Results are given as mean + S.E.M. of the number of rats
indicated in each case. The results of NOS expression were
expressed as the ratio between signals on the immunoblot
corresponding to nNOS and «a-actin. Statistical analysis was

Table 2

Effect of prostacyclin, tetrodotoxin plus prostacyclin, 7-nitroindazole plus
prostacyclin, NPLA plus prostacyclin, H-89 plus prostacyclin or KT-5720
plus prostacyclin on nitrite release induced by electrical field stimulation in
mesenteric arteries from WKY rats

(pmol/mg)
Control undetected
10 nM prostacyclin undetected
50 nM prostacyclin 9.8+ 0.7
0.1 puM tetrodotoxin+50 nM prostacyclin undetected
10 uM 7-nitroindazole + 50 nM prostacyclin undetected
0.1 pM NPLA + 50 nM prostacyclin undetected
1 uM H-89 +50 nM prostacyclin undetected
1 uM KT-5720+ 50 nM prostacyclin undetected

Results (mean + S.E.M.) are expressed in pmol/mg tissue. n=5-7.
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Fig. 2. Effect of 100 pM L-NAME on the frequency—response Curves in mesenteric segments from WKY rats preincubated with 0.5 nM forskolin (A) or with
50 nM prostacyclin (B). Results (mean + S.E.M.) are expressed as a percentage of a previous tone with 75 mM K' (1021 + 107 mg); n, number of animals.

done by comparing the modifications induced by some
drugs in electrical field stimulation-induced nitrites release.
A Student’s r-test for unpaired experiments was used. A P
value of less than 0.05 was considered significant.

3. Results

nNOS protein expression was detected in homogenates
from fresh rat superior mesenteric arteries (Fig. 1).

Basal nitrites formation was not detected in the medium
in the presence or absence of forskolin (data not shown).
Electrical field stimulation did not induce a detectable
nitrites formation in control segments or segments pre-
treated with 0.1 nM forskolin, but in segments pretreated
with 0.5 nM forskolin, electrical field stimulation induced a
significant increase. This release was significantly decreased
by the neuronal toxin tetrodotoxin (0.1 puM), the nNOS
inhibitors 7-nitroindazole (10 pM) and NPLA (0.1 pM).
Electrical field stimulation-induced nitrites formation was
also significantly decreased by the PKA inhibitor H-89 (1
uM) and KT-5720 (1 uM). However, a lower concentrations
of KT-5720 (0.1 pM) did not modify the nitrites formation
induced by electrical field stimulation in the presence of
forskolin (Table 1).

A
200
[ 0.5 nM Forskolin
2 150 0.5 nM Forskolin + 10uM 7-NI
5
S ANOVA p>0.05
o 4
8 100 n=7
S
c
o
w@%%%
0 -
1 2 4 8 16

Basal nitrites formation was not detected in the medium
in the presence or absence of prostacyclin (data not shown).
Electrical field stimulation did not induce any detectable
nitrites formation in segments pretreated with 10 nM pros-
tacyclin but, in segments pretreated with prostacyclin (50
nM), electrical field stimulation induced a significant in-
crease. This release was significantly decreased by the
neuronal toxin tetrodotoxin (0.1 uM), the nNOS inhibitors
7-nitroindazole (10 uM) or NPLA (0.1 pM), and the PKA
inhibitors H-89 or KT-5720 (1 uM) (Table 2).

In a previous work we have reported that the NOS
inhibitor, L-NAME, did not modify the vasoconstrictor
response induced by electrical field stimulation in endothe-
lium-denuded segments (Marin et al, 2000). However, L-
NAME (100 pM) increased the vasoconstrictor response
induced by electrical field stimulation in arteries pretreated
with forskolin (0.5 nM) or prostacyclin (50 nM) (Fig. 2A
and B), whereas 7-nitroindazole (10 pM) did not modify this
response. (Fig. 3A and B).

The contraction induced by exogenous noradrenaline (1
nM-10 pM) remained unmodified by the pretreatment
with L-NAME although it was decreased by 7-nitroinda-
zole (Fig. 4).

In segments precontracted with noradrenaline, sodium
nitroprusside (0.1 nM—10 uM) induced a concentration-

150 nM Prostacyclin
50 nM Prostacyclin + 10uM 7-NI

ANOVA p>0.05

il

Frequency (H z)

Fig. 3. Effect of 10 uM 7-nitroindazole (7-NI) on the frequency—response curves in mesenteric segments from WKY rats preincubated with 0.5 nM forskolin (A)
or with 50 nM prostacyclin (B). Results (mean + S.E.M.) are expressed as a percentage of a previous tone with 75 mM K" (975 + 117 mg); n, number of animals.
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Fig. 4. Effect of 100 pM L-NAME or 10 pM 7-nitroindazole (7-NI) on the
concentration—response curves to noradrenaline in mesenteric segments
from WKY rats. Results (mean + S.E.M.) are expressed as a percentage of
a previous tone with 75 mM K" (934 + 43 mg); n, number of animals.

dependent relaxation that was not modified by L-NAME or
7-nitroindazole (data not shown).

4. Discussion

The findings shown in this work suggest that PKA
activation, probably through a cAMP-dependent pathway,
increases the neuronal NO release induced by electrical field
stimulation in rat mesenteric arteries.

In a previous work we observed the functional role of the
neuronal NO released by electrical field stimulation in
mesenteric arteries from SHR rats (Marin et al., 2000),
and we have recently quantified this neuronal NO (Ferrer
et al., 2003). However, in mesenteric segments from WKY
rats, the neuronal NO does not seem to participate in the
vasomotor response induced by electrical field stimulation
(Marin et al., 2000). Therefore, our first objective was to
quantify the neuronal NO release induced by electrical field
stimulation. The results obtained in the present work con-
firm that electrical field stimulation-stimulated NO release
could not be detected in WKY rat mesenteric arteries, which
suggests that nNOS would be unexpressed in normotension.
However, Western blot analysis showed nNOS protein
expression in these arteries, indicating a possible non-
activation of nNOS in our experimental conditions.

PKA regulation of NOS has been described in several
tissues. In the central nervous system, nNOS is regulated in
multiple ways, one of which is cAMP-dependent PKA
(Brune and Lapetina, 1991; Bredt et al., 1992; Dinerman
et al., 1994). On the other hand, it is known that (-
adrenoceptor agonists act through an increase in cAMP
production with subsequent PKA activation (Zhang and
Hintze, 2001). Similarly, B-adrenoceptor agonists has been
reported to increase endothelial NO production (Graves and

Poston, 1993), and we also have demonstrated that, in rat
mesenteric arteries, 3-adrenoceptor activation increases neu-
ronal NO release (Marin and Balfagon, 1998; Ferrer et al.,
2003). Therefore, we studied if forskolin, which directly
activates adenylate cyclase and thereby increase the con-
centration of cAMP (Seamon et al., 1981), modulated NO
release induced by electrical field stimulation in segments
from WKY rats. The results obtained indicate that forskolin
increased stimulated NO release. The fact that tetrodotoxin
significantly decreased the nitrite release induced by elec-
trical field stimulation in the presence of forskolin, indicates
that the NO came from nerve endings. Additionally, we
studied the actions of the specific nNOS inhibitors 7-nitro-
indazole (Kalisch et al., 1996) and NPLA (Ralevic, 2002)
on electrical field stimulation-induced neuronal NO release
in pre-incubated arteries. The results showed that both
inhibitors prevented the enhancement induced by forskolin
in the electrical field stimulation-induced NO release. These
results strongly support the thesis that electrical field stim-
ulation induces NO release in the presence of forskolin,
similarly to what has been observed in coronary arteries
where this drug increased endothelial NO release (Zhang
and Hintze, 2001). It is important to note the low concen-
tration of forskolin required to induce its facilitatory effect,
in contrast to the higher concentrations reported in other
cells (Kimura et al., 1998; Zhang and Hintze, 2001).

Since forskolin activates PKA indirectly through adeny-
late cyclase, the next task undertaken was to elucidate
whether PKA was involved in the mechanism that increased
the neuronal NO release observed in the presence of
forskolin. For this purpose, we used the PKA inhibitor H-
89 (Kimura et al., 1998). This drug prevented the enhance-
ment of neuronal NO release induced by electrical field
stimulation in the presence of forskolin, suggesting that this
release was mediated by PKA activation. To support this
suggestion, we also used the PKA inhibitor KT-5720
(Kimura et al., 1998; Del Olmo et al., 2003). The concen-
trations habitually reported to block PKA activation oscil-
late between 0.1 and 1 uM (Garber and Heiman, 2002; Del
Olmo et al., 2003). In the present work, 0.1 uM KT-5720
did not modify the neuronal NO increase induced by
electrical field stimulation in the presence of forskolin,
while 1 pM KT-5720 abolished that increase. These results
suggest that the facilitatory effect of forskolin on neuronal
NO release is mediated through PKA activation.

Released in the vascular wall the prostanoid prostacyclin
has important vascular effects (Narumiya et al., 1999).
Since prostacyclin also activates adenylyl cyclase by inter-
action with its specific receptor (Narumiya et al., 1999), it
seems possible that prostacyclin could activate nNOS and
increase the neuronal NO release induced by electrical field
stimulation, as was observed with forskolin. Preincubation
with prostacyclin induced NO release by electrical field
stimulation, but failed to increase basal NO release. Addi-
tionally, preincubation with the neurotoxin tetrodotoxin or
the nNOS inhibitors 7-nitroindazole (Kalisch et al., 1996)
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and NPLA (Ralevic, 2002), blocked the effect of prostacy-
clin. These results supported the hypothesis that prostacy-
clin increases electrical field stimulation-induced neuronal
NO release by activating nNOS, in contrast to observations
in endothelial cells, where a reciprocal inhibition of NO
and prostacyclin synthesis has been described (Bolz and
Pohl, 1997; Marcelin-Jiménez and Escalante, 2001). To
elucidate whether PKA participated in the increase of
neuronal NO release observed in the presence of prostacy-
clin, we performed another set of experiments in the
presence of one of the PKA inhibitors, either H-89 or
KT-5720. The results obtained indicate that, similarly to our
observations in the presence of forskolin, H-89 and KT-
5720 prevented the enhancement of NO release induced by
electrical field stimulation in the presence of prostacyclin
again, suggesting that this release is also mediated by PKA
activation.

These results indicate that nNOS is activated by a cAMP-
dependent PKA mechanism and suggest that substances
acting through this signal pathway could increase neuronal
NO release in rat mesenteric arteries. This possibility is
especially relevant since many substances are produced in
the vascular wall, and response to these substances is
mediated through this second messenger (Kikkawa et al.,
1986; Schubert et al., 1997; Zhu et al., 2002). In addition the
release of these substances can be altered in pathological
conditions, and in this case neurogenic NO release would
also be altered, thereby affecting vascular tone (Narumiya et
al., 1999; Esler et al., 2003). The fact that protein kinase C
activation also increased neuronal NO release induced by
electrical field stimulation in rat mesenteric arteries from
diabetic (Ferrer et al., 2000) and SHR (Marin et al., 2000)
rats shows that nNOS, located in perivascular nitreregic
endings, could be regulated by multiple protein kinases, as
has been widely reported in the central nervous system
(Bredt et al., 1992; Dinerman et al., 1994).

Electrical field stimulation is widely used to study the
influence of nerve ending-released neurotransmitters on
vasomotor response (Marin and Balfagon, 1998). To study
the possible effect of neuronal NO release induced by
forskolin or prostacyclin, we analysed the effect of L-NAME
and 7-nitroindazole on the vasomotor response induced by
electrical field stimulation in segments pretreated with these
drugs. The results show that the vasoconstrictor response
remained unmodified in the presence of 7-nitroindazole.
However, 7-nitroindazole decreased the response to nor-
adrenaline as has been described (Allawi et al., 1994), but
did not modify the response to sodium nitroprusside which
would explain the non-effect on electrical field stimulation-
induced vasoconstrictor response. The fact that L-NAME
did not modify the response to exogenous noradrenaline and
sodium nitroprusside but did increase the vasoconstrictor
response to electrical field stimulation in segments pre-
treated with forskolin or prostacyclin confirms our hypoth-
esis that the increase in neuronal NO release induced by
forskolin and prostacyclin has a functional role.

In conclusion, the present results show that forskolin and
prostacyclin allow the neuronal NO release induced by
electrical field stimulation through a mechanism involving
cAMP-PKA activation in rat mesenteric arteries.
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