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Cannabinoids inhibit noradrenergic and purinergic
sympathetic cotransmission in the rat isolated
mesenteric arterial bed

P Pakdeechote, WR Dunn and V Ralevic

Centre for Integrated Systems Biology & Medicine, School of Biomedical Sciences, University of Nottingham, Nottingham, UK

Background and purpose: Noradrenaline and ATP are sympathetic co-transmitters. In the rat perfused mesenteric bed
cannabinoids have been shown to modify the overall response to sympathetic nerve stimulation. This study has assessed
whether cannabinoid receptor activation modulates differentially the noradrenergic and purinergic components of
sympathetic vasoconstriction.

Experimental approach: Rat mesenteric beds were perfused with physiological salt solution and the effects of cannabinoids
on responses to nerve stimulation, or exogenous noradrenaline or o, f-methylene ATP (o, f-meATP; P2X receptor agonist) were
determined after raising tone with U46619. The effects of cannabinoids on the noradrenaline and ATP components of
sympathetic neurotransmission were assessed using the oq-adrenoceptor antagonist, prazosin, or after P2X receptor
desensitization with o, f-meATP.

Key results: Anandamide, WIN 55,212-2 and CP55,940 attenuated sympathetic neurogenic vasoconstrictor responses. The
inhibitory actions of anandamide and WIN 55,212-2 were blocked by LY320135, a CB; receptor antagonist, but not by
SR144528, a CB, receptor antagonist. The inhibitory actions of CP55,940 were unaffected by LY320135 and SR144528. WIN
55,212-3, the inactive S(—) enantiomer of WIN 55,212-2, had no effect on sympathetic neurogenic responses. None of the
cannabinoids affected contractile responses to exogenous noradrenaline or «,f-meATP. Anandamide and WIN 55,212-2
inhibited both the noradrenaline and ATP components of the sympathetic neurogenic contractile responses, with effects on
the ATP component being most marked.

Conclusions and implications: These results indicate that prejunctional CB;-like receptors mediate the sympathoinhibitory
action of anandamide and WIN 55,212-2, but not CP55,940, in the rat mesenteric bed. Cannabinoids inhibit both the
noradrenergic and purinergic components of sympathetic neurotransmission.

British Journal of Pharmacology (2007) 152, 725-733; doi:10.1038/sj.bjp.0707397; published online 16 July 2007

Keywords: cannabinoids; sympathetic nerves; noradrenaline; ATP; P2X receptors; «j-adrenoceptors; perfused mesentery

Abbreviations: o,-meATP, «, -methyleneATP; CGRP, calcitonin gene-related peptide; CHO, Chinese hamster ovary; EFS,
electrical field stimulation

Introduction

There is considerable evidence showing that noradrenaline
and adenosine triphosphate (ATP) are co-stored and co-
released from sympathetic nerves (Burnstock and Kennedy,
1985). The relative contribution of these sympathetic
cotransmitters to vasoconstriction varies, depending on the
species, tissue and stimulation parameters (Burnstock, 1990).
The involvement of ATP as a mediator of sympathetic vaso-
constriction has been demonstrated in the small mesenteric
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artery of rat (Angus et al.,, 1988; Sjoblom-Widfeldt et al.,
1990; Gitterman and Evans, 2001; Luo et al., 2003). In the
mesenteric vascular bed of rat under experimental condi-
tions in which no tone has been induced, contractile
responses to sympathetic nerve stimulation are mediated
exclusively by the actions of noradrenaline at «;-adrenocep-
tors on postsynaptic sites (Eikenburg, 1984; Kong et al., 1994;
Williams and Clarke, 1995). However, ATP can be shown
to act as a functional cotransmitter via P2X receptors in
this preparation under conditions of low temperatures
(Yamamoto et al.,, 1992), or after raising tone with a
vasoconstrictor, to more closely mimic conditions in vivo
(Pakdeechote et al., 2007).

There are currently two main types of cannabinoid
receptor, both G-protein-coupled: CB; receptors are found
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mainly in the central nervous system and peripheral tissues,
whereas CB, receptors are found mainly in immune tissues
(Pertwee, 1999; Pertwee and Ross, 2002; Demuth and
Molleman, 2006). Non-CB; and -CB, actions of cannabi-
noids have also been described. Diverse effects of cannabi-
noids have been demonstrated in the cardiovascular
system, including modulation of sympathetic nerve
function (Ralevic, 2003; Randall et al., 2004). In anaesthe-
tized rats and rabbits, natural (anandamide) and synthetic
(WINS5,212-2 and CP55,940) cannabinoids cause hypo-
tension involving a sympathoinhibitory action; the canna-
binoids cause a decrease in noradrenaline release from
peripheral sympathetic nerves, an effect involving CB;
receptors (Varga et al., 1996; Malinowska et al.,, 1997;
Niederhoffer and Szabo, 1999; Niederhoffer et al., 2003).
Furthermore, cannabinoids have been demonstrated to
inhibit sympathetic neurotransmission in rabbit heart
in vivo (Szabo et al., 2001) and isolated atria of rat (Ishac
et al., 1996), also via CB; receptors. Sympathoinhibitory
effects of the synthetic cannabinoids HU210, CP55,940
and methanandamide have been reported in the isolated
mesenteric vascular bed of rat at low tone (Ralevic and
Kendall, 2002). HU210 inhibited both the neurogenic
contractile response and the evoked release of endogenous
noradrenaline, an effect involving CB;-like receptors located
on the postganglionic sympathetic nerve fibres (Ralevic and
Kendall, 2002).

While cannabinoids have been shown to inhibit the
overall sympathetic response, there is little information
about the effects of cannabinoids on sympathetic cotrans-
mission. Therefore, the aim of the present study was to
investigate whether synthetic and endogenous cannabinoids
can modulate differentially the noradrenergic and
purinergic components of sympathetic neurotransmission
in the perfused mesenteric vascular bed of rat, under raised
tone conditions.

Materials and methods

Mesenteric vascular bed preparation
Male Wistar rats (225-250 g) (Charles River Laboratory; Kent,
UK) were killed by CO, overdose followed by exsanguina-
tion. The abdominal cavity was opened and the superior
mesenteric artery was identified, cleaned of connective tissue
and cannulated with a blunted hypodermic needle (no. 21).
The superior mesenteric vein was cut and the preparation
flushed with 0.5 ml Krebs’ solution. The mesenteric vascular
bed was separated from the gut by carefully cutting close to
the intestinal wall. The preparation was then placed on a
stainless steel grid (7 x5cm) in a humid chamber and
perfused at a constant flow rate of Sml/min, using a
peristaltic pump (model 7554-30; Cole-Parmer Instrument,
Chicago, IL, USA). Krebs’ solution was composed of the
following (mMm): NaCl 118, NaHCO3 25, KCl 4.8, KH,PO,4 1.2,
MgSO, - 7H,0 1.2, CaCl, 1.25 and glucose 11.1. The solution
was maintained at 37°C and continually gassed with a 95%
0,/5% CO, gas mixture.

Mesenteric vascular responses were detected as changes
in perfusion pressure (mm Hg). This was monitored

British Journal of Pharmacology (2007) 152 725-733

continuously using a pressure transducer (model P23XL;
Viggo-Spectramed, Oxnard, CA, USA) and recorded using a
PowerLab (ADInstruments Pty Ltd, Castle Hill, Australia).
The preparation was allowed to equilibrate for 30min
before experimentation. Electrical field stimulation (EES)
was applied with a Grass SD9 stimulator.

Experimental protocols

Preparations were pretreated with capsaicin (1uM) for
20 min, followed by a 30min washout period, in order to
cause a depletion of sensory neurotransmitters and desensi-
tization of vanilloid receptors. Perfusion of the isolated
mesenteric arterial bed of rat with 0.1 uM capsaicin for
20min has been shown to abolish sensory neurogenic
vasorelaxation induced by EFS, and perfusion with 0.3 uM
capsaicin for 20min has been shown to markedly diminish
the intensity of calcitonin gene-related peptide (CGRP)-like
immunoreactive nerves (Kawasaki et al., 1988). After 30 min
washout, U46619 (0.1-0.5 uM) was added to the perfusate to
raise tone (by 30-60mm Hg above baseline). EFS (5-40 Hz,
90V, 1 ms for 30s at 5-min intervals) was applied. Contractile
responses to EFS under raised tone conditions were exam-
ined in the absence (time control) and in the presence
of the cannabinoid receptor agonists CP55,940 (1 M),
anandamide (1 uM) or WINS5,212-2 (1 uM). The effects of
WINSS5,212-3 (1 uM), an inactive enantiomer of WINS55,212-
2, on responses to EFS were also tested. In separate
experiments, either LY320135 (1uM), a cannabinoid CB;
receptor antagonist, or SR144528 (1 uM), a cannabinoid CB,
receptor antagonist were added at the start of the experi-
ment. To study the effects of the cannabinoids on the
purinergic and noradrenergic components of sympathetic
neurotransmission, either prazosin (0.1 uM; «;-adrenoceptor
antagonist) or o,f-methyleneATP (o,f-meATP) (1uMm; P2X
receptor agonist and desensitizing agent; Ralevic and Burn-
stock, 1988) was added to the perfusate, before the effects of
anandamide or WINSS5,212-2 on responses to EFS were
evaluated.

In another set of experiments, dose-dependent contractile
responses to exogenous noradrenaline or «,f-meATP were
obtained, also under conditions of raised tone induced by
U46619. Preparations were injected with bolus doses of
noradrenaline (1 uM to 1 mM) or o,-meATP (10 uM to 1 mm)
through neoprene rubber tubing proximal to the tissue,
under raised tone conditions, in the absence or presence of
cannabinoid receptor agonists (anandamide, WINS55,212-2
or CP55,940).

Data analysis

Contractile responses (mm Hg) to EFS or drugs were
expressed as meants.e.m. Data were compared by using
two-way analysis of variance (ANOVA) with a Bonferroni
post hoc test to assess differences between individual points
on the curve. Other comparisons were made using a
Student’s paired or unpaired t-test, or by a one-way
ANOVA followed by Dunn’s multiple comparison test, as
appropriate. A value of P<0.05 was taken to indicate
statistical significance.



Drugs

Prazosin, «,f-meATP, 8-methyl-N-vanillyl-6-nonenamide
(capsaicin) and U46619 were obtained from Sigma (Poole,
Dorset, UK). Anandamide, WINS5,212-2, CP55,940, LY320125
and WINS55,212-3 were obtained from Tocris (Bristol, UK).
SR144528 was supplied by Sanofi-Aventis (Montpellier,
France). Prazosin and «,f-meATP were dissolved in water
and stock solutions of all other drugs were dissolved in
ethanol before dilution in distilled water.

Results

Effect of cannabinoid receptor agonists on contractile response to
EFS in the perfused mesenteric vascular bed of rat with tone raised
by U46619

After exposure to U46619, perfusion pressure in the
mesenteric vascular bed of rat significantly increased from
14.4+ 1.6 mm Hg in the absence of U46619 to 62.1+1.9 mm
Hg in the presence of U46619 (P<0.05, n=35, Student’s
paired t-test). There was no significant difference in the level
of tone produced by U46619 between any of the experi-
mental conditions (ANOVA, P>0.05). In preparations in
which tone had been raised with U46619, anandamide,
WINSS5,212-2 and CP55,940 (1uM) caused a significant
reduction of contractile responses to sympathetic nerve
stimulation (ANOVA, P<0.05) (Figures la-c). In contrast,
the contractile responses to EFS under U46619-induced
raised tone conditions were not changed by the inactive
enantiomer of WINS55212-2, WINSS,212-3 (Figure 2). The
cannabinoid agonists had no significant effect on the tone of
the preparations (Student’s paired t-test, P<0.05).

Effect of LY320135 and SR144528 on inhibitory effects of
cannabinoid receptor agonists in the mesenteric vascular bed of rat
with raised tone

The cannabinoid CB; receptor antagonist, LY320135 (1 uM),
and the cannabinoid CB, receptor antagonist, SR144528
(1 M), alone had no significant effect on contractile
responses to EFS (n=6; ANOVA, P>0.05; data not shown).
Anandamide (Figure 3a) and WINS5,212-2 (Figure 4a) had
no effect on responses to sympathetic nerve stimulation in
the presence of LY320135. SR144528 did not reverse the
inhibitory effects of anandamide (Figure 3b) or WINSS5,212-2
(Figure 4b). Neither LY320135 nor SR144528 blocked the
inhibitory effects of CP55,940 (Figures 5a and b).

Effects of cannabinoid agonists on responses to EFS in the presence
of prazosin and o,B-meATP in the mesenteric vascular bed of rat
with raised tone

In the presence of prazosin (0.1 uM), anandamide (1 uM)
(n=35) and WINSS5,212-2 (1 uM) (n = 6) significantly inhibited
the remaining purinergic response to EFS (ANOVA, P<0.05)
(Figures 6a and b). The inhibitory effects of anandamide and
WINSS,212-2 were also apparent on the noradrenergic
component, after desensitization of P2X receptors with
o,f-meATP (1 uM) (ANOVA, P<0.05) (Figures 7a and b).
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Figure 1 Effect of cannabinoid receptor agonists, anandamide

(1 um) (@), WIN55,212-2 (1 um) (b) and CP55,940 (1 um) (c) on
contractile responses to EFS (5-40Hz, 1ms, 90V, 30s) in
the mesenteric vascular bed of rat with tone raised by U46619
(n=5-7). Data are shown as mean+s.e.m. *P<0.05 vs control
groups (ANOVA). ANOVA, analysis of variance; EFS, electrical field
stimulation.

The cannabinoids had a quantitatively different effect on
the noradrenaline and ATP components of sympathetic
neurotransmission, with a greater inhibition observed
on the purinergic component. For example, anandamide
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Figure 2 Effect of WIN55,212-3 (1 um), the inactive enantiomer of
WINS55,212-2, on contractile responses to EFS (5-40Hz, 1 ms, 90V,
305) in the perfused mesenteric vascular bed of rat with tone raised
by U46619. Data are shown as mean+s.e.m. (n=4) (ANOVA).
ANOVA, analysis of variance; EFS, electrical field stimulation.

inhibited the purinergic component (in the presence of
prazosin) by 100+0 and 59.4+8.1% (n=>3) of the response
at 10 and 30 Hz, respectively, compared with an inhibition
of the noradrenergic component (in the presence of
o,f-meATP) of 28.9+5.3 and 36+3.2% (n=7) at 10 and
30Hz, respectively (one-way ANOVA followed by Dunn's
multiple comparison test, P<0.05). It is possible that the
greater inhibition produced by cannabinoids was a conse-
quence of the purinergic responses being smaller than the
noradrenergic component. However, anandamide caused a
significantly greater inhibition of the purinergic response at
30Hz; 26.5+3.1mm Hg reduced by 59.4+8.1% (n=35),
compared with its inhibition of the noradrenergic response
at 10Hz; 29.2+5.7mm Hg reduced by 28.9+5.3% (n=7)
(one-way ANOVA followed by Dunn’s multiple comparison
test, P<0.05), indicating that when responses are matched
for amplitude, anandamide still produces a significantly
greater inhibition of the purinergic component.

Effect of CP55,940, anandamide and WINS55,212-2 on
contractile response to exogenous noradrenaline and o,-meATP
in the mesenteric vascular bed of rat with raised tone
Dose-dependent pressor responses to noradrenaline
(Figure 8a) and o,-meATP (Figure 8b) were not affected
by CP55,940 (1uM) (n=4), anandamide (1uM) (n=35) or
WINS55,212-2 (1 uM) (n=6).

Discussion

The present findings show that anandamide, WINS5,212-2
and CP55,940 produce inhibitory actions on sympathetic
neurotransmission in the perfused mesenteric vascular bed
of rat with tone raised by U46619. The inhibitory actions of
anandamide and WINSS5,212-2 were blocked by LY320135, a
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Figure 3 Effect of anandamide (1 um) in the presence of the
CB, cannabinoid receptor antagonist, LY320135 (a), and the CB,
receptor antagonist, SR144528 (b), on contractile responses to EFS
(5-40Hz, T ms, 90V, 305) in the perfused mesenteric vascular bed of
rat with tone raised by U46619 (n=6). Data are shown as
mean +s.e.m. P<0.05 vs control groups (ANOVA). ANOVA, analysis
of variance; EFS, electrical field stimulation.

cannabinoid CB; receptor antagonist, but not by SR144528,
a cannabinoid CB, receptor antagonist. In addition,
WINSS5,212-3, the inactive S(—) enantiomer of WINS5,212-
2 had no effect on sympathetic neurogenic responses
under these conditions. None of the cannabinoids
affected contractile responses to exogenous noradrenaline
or o,f-meATP, or produced a direct vascular response. These
results indicate that prejunctional CB;-like receptors mediate
the sympathoinhibitory actions of anandamide and
WINSS5,212-2 in the mesenteric arterial bed of rat. Interest-
ingly, anandamide and CP55,940, at the same concentra-
tions used in the present study, had no effect on
sympathetic neurotransmission in isolated small mesenteric
arteries of rat (Lay et al., 2000), showing substantial
differences between responses mediated by cannabinoids
in the whole mesenteric bed and small mesenteric arteries
of rat.
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Figure 4 Effect of WIN55,212-2 (1 um) in the presence of a CB,
cannabinoid receptor antagonist, LY320135 (a), and CB, receptor
antagonist, SR144528 (b), on contractile responses to EFS (5-40 Hz,
1ms, 90V, 30s) in the perfused mesenteric vascular bed of rat with
tone raised by U46619. Data are shown as mean+s.e.m. (n=4-6).
*P<0.05 vs control groups (ANOVA). ANOVA, analysis of variance;
EFS, electrical field stimulation.

The choice of concentration of cannabinoid receptor
agonists used in this study, 1uM, was influenced by our
previous observations showing that CP55,940 and HU210 at
this concentration caused submaximal inhibition (44 and
43% inhibition, respectively) of contractions mediated by
sympathetic nerves in the mesenteric bed of rat (Ralevic
and Kendall, 2002). In that study, 0.3 uM CPS55,940 and
HU210 had little or no effect, and at 3 uM, HU210 caused an
86% inhibition, indicating a steep concentration-response
effect (Ralevic and Kendall, 2002). Micromolar concentra-
tions of cannabinoid receptor agonists have also been
used by other researchers investigating cannabinoid mod-
ulation of sympathetic neurotransmission in a variety of
biological tissues (Ralevic, 2003). This is in line with
negative log of the effector concentration for half-maximum
response (pECso) values of 6, 6.5 and 5.1 obtained for
CP55,940, WINSS5,212-2 and anandamide, respectively, for
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Figure 5 Effect of CP55,940 in the presence of the CB,
cannabinoid receptor antagonist, LY320135 (a), and CB, receptor
antagonist, SR144528 (b), on contractile responses to EFS (5-40 Hz,
1ms, 90V, 30s) in the perfused mesenteric vascular bed of rat with
tone raised by U46619 (n=35). Data are shown as mean+s.e.m.
P<0.05 vs control groups (ANOVA). ANOVA, analysis of variance;
EFS, electrical field stimulation.

stimulation of basal cyclic adenosine monophosphate
(cAMP) accumulation in Chinese hamster ovary (CHO) cells
expressing human CB; receptors (Bonhaus et al., 1998).
However, CP55,940, WINSS5,212-2 and anandamide are more
potent at modulating forskolin-stimulated cAMP accumula-
tion in CHO cells expressing human CB; receptors (for
example, pECs, values of 8.9, 7.1 and 5.7, respectively, in
causing inhibition of forskolin-stimulated cAMP accumula-
tion) (Bonhaus et al., 1998). The cannabinoid receptor
agonists we used have, in general, a relative potency and
affinity order of CP55,940>WINS5,212-2>anandamide at
the CB; receptor (Bonhaus et al., 1998; Howlett et al.,
2002), while at the CB; receptor CP55,940 and WINS5,212-2
have similar affinities, and both have higher affinities
than anandamide (a partial agonist at CB; and CB, receptors)
(Howlett et al., 2002). In the present study, an apparently
greater inhibitory effect of CP55,940 than of WINSS5,212-2
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Figure 6 Effect of the endogenous cannabinoid, anandamide
(1 um) (n=5) (@), and synthetic cannabinoid receptor agonist,
WINS55,212-2 (1 uM) (n=6) (b), on contractile responses to EFS (5-
40Hz, 1ms, 90V, 30s) in the presence of prazosin (0.1 um) with
tone raised by U46619. Data are shown as mean+s.e.m. *P<0.05 vs
control groups (ANOVA). ANOVA, analysis of variance; EFS, electrical
field stimulation.

and anandamide on sympathetic neurogenic contractions
was observed.

LY320135 and SR144528 were used at 1uM in the
present study, the concentration at which they are selective
antagonists at CB; and CB, receptors, respectively.
LY3210135 has been shown to reverse anandamide-mediated
stimulation of cAMP formation in CHO cells expressing
human CB; receptors with an ICsq (half-maximal inhibitory
concentration) value of 734nM, and in binding studies
showed a 106-fold higher affinity for CB; vs CB, receptors
expressed in CHO cells (Felder et al., 1998). SR144528 has an
ECso (effector concentration for half-maximum response)
value of 10nM in antagonizing the inhibitory effect of
CP55,940 on forskolin-stimulated adenylyl cyclase activity
in CHO cells expressing human CB, receptors, but had no
effect on CB, receptors up to 10 uM (binding studies showed
a 700-fold higher affinity for the CB, vs the CB; receptor)
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Figure 7 Effect of the endogenous cannabinoid, anandamide
(1 um) (n=7) (a), and synthetic cannabinoid receptor agonist,
WINS55,212-2 (1 um) (n=15) (b), on contractile responses to EFS (5-
40Hz, 1ms, 90V, 30s) in the presence of o,-meATP (1 um) with
tone raised by U46619. Data are shown as mean+s.e.m. *P<0.05 vs
control groups (ANOVA). o, ;-meATP, o, -methylene ATP; ANOVA,
analysis of variance; EFS, electrical field stimulation.

(Rinaldi-Carmona et al., 1998). In the present study, the
effect of CP55,940 was not blocked by either LY320135 or
SR144528, in agreement with our previous observations in
the mesenteric arterial bed at low tone (Ralevic and Kendall,
2002), which indicates possible actions of CP55,940 at non-
CB,/CB, receptors (Lake et al., 1997; Jarai et al., 1999; Ford
et al., 2002). Lay et al. (2000) have also reported that an
inhibitory effect of CP55,940 on sympathetic neurogenic
contractions, of the rat vas deferens, was not blocked by CB;
or CB, antagonists. Non-CB; and -CB, receptor-mediated
effects of cannabinoids on sympathetic neurotransmission
have also been reported for WINSS5,212, which inhibited the
slow-onset second phase of contraction to EFS in the rabbit
vas deferens in a manner that was unaffected by CB; and CB,
receptor antagonists (Barun et al., 200S5).

The cannabinoids used in the present study had no
significant effect on tone of the isolated mesenteric arterial
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Figure 8 Contractile response to exogenous NA (n=4-6) (a), and
o,f-meATP (n=4-6) (b), in the absence (control) and in the
presence of the cannabinoid receptor agonists, CP55,940, ananda-
mide or WIN55,212-2 with tone raised by U46619. Data are shown
as mean+s.e.m. There was no significant difference between the
groups (ANOVA). o, -meATP, «, f-methylene ATP; ANOVA, analysis
of variance; NA, noradrenaline.

preparations of rat. Zygmunt et al. (1999) have shown that in
the isolated mesenteric artery of rat, the endogenous
cannabinoid anandamide is a potent vasodilator, acting by
stimulation of vanilloid receptors on perivascular capsaicin-
sensitive sensory nerves to release CGRP, a vasodilator
neuropeptide. The analogue, methanandamide, is also a
vasodilator in the mesenteric arterial bed of rat, also acting
via vanilloid receptor-dependent mechanisms (Ralevic et al.,
2000). The explanation for this difference is that, in the
present study, mesenteric arterial beds of rat were pretreated
with capsaicin in order to cause a depletion of sensory
neurotransmitter and desensitization of sensory nerves; this
removed a vasorelaxant effect of anandamide at vanilloid
receptors on sensory nerves and also eliminated an opposing
sensory neurogenic vasorelaxant component to our res-
ponses to EFS (Pakdeechote et al., 2007). Other cannabinoids,
including WINSS5,212-2 and CP55,940, have been shown to
act as vasodilators in the mesenteric arteries of rat, via
vanilloid receptor-independent mechanisms (White and
Hiley, 1998), but had no significant direct vascular response
in the present study. In the present study, none of the
cannabinoids affected contractile responses to exogenous
noradrenaline or «,f-meATP (acting via P2X receptors).
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Hence, these results are consistent with the fact that the
CB; receptors that mediate the sympathoinhibitory actions
of anandamide and WINS55,212-2 in the mesenteric arterial
bed of rat are located prejunctionally on sympathetic nerve
varicosities.

These results add to a growing body of evidence that
cannabinoids can inhibit autonomic neurotransmission in
vitro and in vivo in a variety of tissues/organs and species by
prejunctional mechanisms (see Ralevic, 2003 for review).
However, little is known about whether the release of the
sympathetic cotransmitters noradrenaline and ATP, is differ-
ently regulated by cannabinoids. In the present study, the
tone of the mesenteric arterial bed of rat was raised with
U46619, which, in addition to approximating more closely
physiological conditions, uncovers a purinergic component
of sympathetic neurotransmission (Pakdeechote et al., 2007).
A part of our study, therefore, focussed on investigating
cannabinoid effects on the noradrenergic and purinergic
components of sympathetic neurotransmission (in the
presence of «,f-meATP and prazosin, respectively).

In the presence of prazosin, to block w«;-adrenoceptors,
thereby revealing a purinergic component of sympathetic
neurotransmission, anandamide and WINS5,212-2 de-
creased contractile responses to sympathetic nerve stimula-
tion. Thus, cannabinoids can modulate the purinergic
component of sympathetic neurotransmission in the per-
fused mesenteric vascular bed of rat with tone raised by
U46619. Furthermore, we also observed an inhibitory action
of anandamide and WINS55212-2 in the presence of «,f-
meATP (to block responses at P2X receptors), indicating
modulation of the noradrenergic component of sympathetic
neurotransmission. Therefore, under raised tone conditions
cannabinoids inhibited sympathetic neurogenic responses
mediated by both of the cotransmitters, ATP and noradrena-
line. In the vas deferens of rabbit, WINS55,212 and ananda-
mide have been shown to inhibit both the first phase and the
slow-onset second phase of the biphasic contraction to EFS,
with the phases attributed to ATP acting at P2X receptors
and noradrenaline acting at «;-adrenoceptors, respectively
(Barun et al., 2005). In the urinary bladder of mouse,
WINSS,212 attenuated both the muscarinic and purinergic
components of neurotransmission (Martin et al., 2000).

Noradrenaline and ATP are co-stored in vesicles in the
sympathetic nerve terminals, and there is some evidence
that their release may be differentially modulated (Ellis and
Burnstock, 1989; von Kiigelgen and Starke, 1991; Driessen
et al., 1994; Todorov et al., 1996; Dunn et al., 1999). In the
present study, there appeared to be a quantitative difference
in the effect of the cannabinoids on the noradrenaline and
ATP components of sympathetic neurotransmission. Ana-
ndamide and WINSS5,212-2 were more effective at reducing
the purinergic component (in the presence of prazosin)
than the noradrenergic component (in the presence of
o,f-meATP) of responses to sympathetic nerve activation. It
is possible that this was a consequence of the purinergic
response being smaller than the noradrenergic response.
However, when responses were matched for amplitude,
anandamide still produced a greater inhibition of purinergic
than of similarly sized noradrenergic contractile responses,
indicating that the two components may be differentially
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regulated. Other researchers have also reported a greater
prejunctional inhibition of the purinergic component
compared to the noradrenergic component of sympathetic
neurotransmission, for example, by A; adenosine receptors
(Driessen et al., 1994) and CGRP (Ellis and Burnstock, 1989)
in the vas deferens of guinea-pig. In the vas deferens of
rabbit, there is evidence of differential modulation by
WINS5S5,212 of the noradrenergic and purinergic components
of sympathetic neurotransmission, as only the effect of
WINSS,212 on the first phase of the biphasic contractile
response to EFS (purinergic component) was reversed by a
CB; receptor antagonist (Barun et al., 2005).

In conclusion, this study indicates that in the perfused
mesenteric vascular bed of rat with tone raised by U46619,
anandamide and WINSS5,212-2 can activate prejunctional
CB; receptors to inhibit the release of both noradrenaline
and ATP from sympathetic nerve terminals. CP55,940 also
inhibits prejunctionally sympathetic neurotransmission, an
effect that appears to be mediated by a non-CB;/CB,
receptor. Cannabinoids appear to have a greater inhibitory
effect on the purinergic compared to the noradrenergic
component of neurotransmission.
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