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Mechanisms of anandamide-induced vasorelaxation in rat isolated

coronary arteries
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1 The cannabinoid arachidonyl ethanolamide (anandamide) caused concentration-dependent
relaxation of S-HT-precontracted, myograph-mounted, segments of rat left anterior descending

coronary artery.

2 This relaxation was endothelium-independent, unaffected by the fatty acid amide hydrolase
inhibitor, arachidonyl trifluoromethyl ketone (10 uM), and mimicked by the non-hydrolysable

anandamide derivative, methanandamide.

3 Relaxations to anandamide were attenuated by the cannabinoid receptor antagonist, SR
141716A (3 uMm), but unaffected by AM 251 (1 uM) and AM 630 (1 uM), more selective antagonists
of cannabinoid CB; and CB, receptors respectively. Palmitoylethanolamide, a selective CB, receptor
agonist, did not relax precontracted coronary arteries.

4 Anandamide relaxations were not affected by inhibition of sensory nerve transmission with
capsaicin (10 uM) or blockade of vanilloid VRI1 receptors with capsazepine (5 uM). Nevertheless
capsaicin relaxed coronary arteries in a concentration-dependent and capsazepine-sensitive manner,
confirming functional sensory nerves were present. In contrast, capsazepine and capsaicin did inhibit
anandamide relaxations in methoxamine-precontracted rat small mesenteric arteries.

5 Relaxations to anandamide were inhibited by TEA (1 mM) or iberiotoxin (50 nM), blockers of
large conductance, Ca®*-activated K* channels (BK¢,). Gap junction inhibition with 18-
glycyrrhetinic acid (100 uM) did not affect anandamide relaxations.

6 This study shows anandamide relaxes the rat coronary artery by a novel mechanism.
Anandamide-induced relaxations do not involve the endothelium, degradation into active
metabolites, or activation of cannabinoid CB; or CB, receptors, but may involve activation of
BKc,. Vanilloid receptor activation also has no role in the effects of anandamide in coronary
arteries, even though functional sensory nerves are present.
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Introduction

The endogenous cannabinoid, arachidonyl ethanolamide
(anandamide) is a potent vasorelaxant in many isolated blood
vessel types, including mesenteric (Randall ez al., 1996; White
& Hiley, 1997), cerebral (Ellis et al., 1995; Gebremedhin ez al.,
1999), renal (Deutsch et al., 1997) and coronary (Pratt et al.,
1998) arteries. Whilst the cardiovascular actions of cannabi-
noids in anaesthetized whole animals are largely mediated by
CB; receptors (Lake et al., 1997; Jarai et al., 1999), there have
been relatively few studies reporting cannabinoid relaxation of
isolated blood vessels through cannabinoid CB; receptors
(Gebremedhin et al., 1999); indeed, there is evidence that CB,
receptors may be present on vascular smooth muscle but not
stimulate vasorelaxation (Holland ez al., 1999). Metabolism of
anandamide into arachidonic acid, and thence to other
vasodilator eicosanoids, has been shown to underpin relaxa-
tions induced by the cannabinoid in some preparations (Ellis
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et al., 1995; Pratt et al., 1998), whilst endothelium-derived
factors (Jarai et al., 1999) and gap junction communication
(Chaytor et al., 1999) have also been implicated.

Zygmunt et al. (1999) provided a major breakthrough in
understanding of the effects of anandamide, by showing that
it could cause vasorelaxation by activating vanilloid VRI1
receptors, thereby stimulating CGRP release from perivas-
cular sensory nerves. Indeed, vanilloid receptor activation
represents the predominant mechanism for anandamide
relaxation in the rat mesenteric, rat hepatic and guinea-pig
basilar arteries (Zygmunt ez al., 1999; Ralevic et al., 2000).
Interestingly, however, Jarai et al. (1999) found that
anandamide had no effect on mean arterial blood pressure
when administered to cannabinoid CB,; receptor knockout
mice, even though anandamide was still able to evoke
vanilloid receptor-dependent relaxation in mesenteric beds
from the same mice. These results suggest that the vanilloid
receptor-mediated effects of anandamide may be important in
regulating regional blood flow without affecting blood



922 R. White et al

Anandamide relaxation of rat coronary artery

pressure, hence the effects of anandamide may show
pronounced regional as well as species variation.

Interest in the effects of cannabinoids on the heart has
recently been stimulated by Lagneux & Lamontagne (2001),
who showed that endogenous cannabinoids might mediate
cardiac preconditioning induced by lipopolysaccharide in rat
hearts. Previous work has shown that anandamide caused
vasorelaxation in isolated rat hearts (Randall & Kendall,
1997; Fulton & Quilley, 1998) which was sensitive to the
cannabinoid receptor antagonist, SR 141716A and therefore
attributed to activation of cannabinoid receptors. However we
have demonstrated that the effects of SR 141716A on
anandamide relaxation are not consistent with an action at
cannabinoid receptors, and that this agent may have non-
specific effects in vascular smooth muscle (White & Hiley,
1998a,b), thus casting some doubt as to whether the coronary
effects of anandamide actually involve cannabinoid receptor
activation. Arachidonic acid did not mimic the actions of
anandamide in the rat coronary circulation (Randall &
Kendall, 1997; Fulton & Quilley, 1998), hence it seems
unlikely that metabolism of anandamide to vasoactive
arachidonic acid derivatives is involved in the relaxant effect
of the cannabinoid. Activation of vanilloid receptors,
however, represents a possible mechanism for the coronary
effects of anandamide, since capsaicin-induced neuropeptide
release from sensory nerve endings has been demonstrated in
the heart and may play a role in the modulation of regional
blood flow (Franco-Cereceda et al., 1989; Kallner et al., 1999).

The aim of the present study was to examine the
mechanism by which anandamide causes vasorelaxation of
rat isolated coronary arteries. The possible roles of
endothelium-derived factors, activation of cannabinoid
receptors, activation of vanilloid receptors on sensory nerves,
and metabolism in anandamide-induced relaxation were
investigated in myograph-mounted rat isolated left anterior
descending coronary arteries. The effectiveness of capsaicin
and capsazepine as inhibitors of sensory nerve-mediated
actions of anandamide was assessed in rat isolated small
mesenteric arteries in order to confirm the effectiveness of the
protocols and the results obtained by Zygmunt et al. (1999).

Methods
Myograph studies

Male Wistar rats (250—350 g; Tucks, Rayleigh, Essex, U.K.)
were killed with an overdose of sodium pentobarbitone
(120 mg kg~!, i.p., Sagatal, Rhone Mérieux, Harlow, U.K.).
The left anterior descending coronary or small (third
generation) mesenteric arteries were then removed and
cleaned of adherent tissue (Otley et al., 1996). Segments
(2 mm) were mounted in a Mulvany-Halpern type wire
myograph and normalized as described previously (White &
Hiley, 1997) in gassed (95% 0,/5% CO,) Krebs-Henseleit
solution of the following composition (mM): NaCl, 118; KCl
4.7; MgS0y4, 1.2; KH,PO4 1.2; NaHCO;, 25; CaCl,, 2.5; D-
glucose, 5.5 (mesenteric arteries) or 11 (coronary arteries);
except where stated, all experiments were carried out in the
presence of 10 uM indomethacin (Sigma). In all vessels, the
presence of a functional endothelium was tested by
precontracting with either 5-HT (coronary arteries) or

methoxamine (mesenteric arteries), and adding 10 um
carbachol; relaxations >65% (coronary) or >90% (mesen-
teric) denoted endothelium-intact vessels. Where the endothe-
lium was not required, vessels were denuded by rubbing the
intimal surface with a human hair, and successful endothe-
lium removal was confirmed by a lack of vasodilator response
(< 10%) to carbachol.

Experimental protocols

After 30 min equilibration, vessels were precontracted sub-
maximally with either 5-HT (coronary arteries) or methox-
amine (mesenteric arteries). When a stable level of tone was
achieved, concentration-response curves were generated by
cumulative addition of the agent under investigation. In
experiments where the effect of a vasorelaxant was investigated
in the presence of antagonists (SR 141716A, AM 251, AM 630,
capsazepine) or other agents (capsaicin, arachidonyl trifluor-
omethyl ketone), these were added to the organ bath 30 min
before, and were present during, construction of the concentra-
tion-response curve; some experiments with capsaicin used a
60 min preincubation followed by a 20 min washout before
determination of a concentration/response curve.

In all experiments where vessels were incubated with
putative inhibitors, the level of tone for precontraction was
normalized to the amount of tone obtained in the test for
endothelial integrity, by lowering or increasing the concen-
tration of methoxamine (mesenteric) or 5-HT (coronary
arteries). Indeed, preliminary experiments revealed that
10 uM capsazepine inhibited arterial contraction in both
mesenteric and coronary arteries which could not be
controlled for by increasing the concentration of precontract-
ing agent (methoxamine or 5-HT). Hence this agent was used
at the highest possible concentration which did not cause
insurmountable inhibition of contraction (5 uM in coronary
vessels; 3 uM in mesenteric arteries). The overall mean tension
developed by rat coronary arteries in response to 5-HT in the
test for endothelium was 3.3+0.2 mN as compared with
33402 mN (n=97) after preincubation with inhibitors.
Similarly, the mean contraction to methoxamine in the rat
mesenteric segments was 15.3+1.0 mN in the test for
endothelium as compared with 16.8+ 1.1 mN (n=35) when
putative inhibitors were present.

Control responses to anandamide throughout the study
generally exhibited a potency in the submicromolar range
(pECsy approximately 7). However for two separate periods
during the study, animals exhibited either no response to
anandamide or responded with reduced sensitivity (pECsg
approximately 6). Non-responder animals were discarded
from the data analysis, whilst experiments performed on rats
exhibiting reduced sensitivity (anandamide/methanandamide
comparison) were carried out in paired fashion, with control
and test experiments both being carried out on segments from
the same artery. In all cases where paired experiments were
not possible, control values were obtained in vessels obtained
from the same batch of animals as those vessels used for the
treatment under investigation.

Drugs

All solutions were prepared on the day of the experiment.
Arachidonyl ethanolamide (anandamide; Tocris Cookson,
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Bristol, U.K.) was supplied as a water soluble emulsion. :: ] eric art
. . . at small mesenteric arter
Methoxamine hydrochloride, 5-hydroxytryptamine (5-HT) o Y
creatinine sulphate, carbachol, tetracthylammonium chloride (ne]ES)'O"

(TEA) and iberiotoxin (Sigma Chemical Company, Poole,
Dorset, U.K.) were dissolved in distilled water. AM 251 (N-
(piperidin - 1 - yl) - 5 -(4-iodophenyl)-1- (2, 4-dichlorophenyl) -4-
methyl-1H-pyrazole-3-carboxamide; Tocris Cookson), arachi-
donyl trifluoromethyl ketone (ATFMK; Alexis Corporation,
Nottingham, U.K.), 18a-glycyrrhetinic acid (Sigma) and AM
630 (6-iodo-2-methyl-1-[2-(4-morpholinyl) ethyl]-1H-indol-3-
yl (4-methoxyphenyl)methanone; Tocris) were dissolved in
dimethylsulphoxide (Sigma). SR 141716A (N-(piperidin-1-yl)-
5-(4-chlorophenyl)-1- (2, 4-dichlorophenyl) - 4-methyl-1 H-pyr-
azole-3-carboxamide hydrochloride; Research Biochemicals
International, Natick, MA, U.S.A.), R-(+)-methanandamide
(Tocris Cookson; supplied as 100% ethanol solution),
capsaicin (Sigma) and palmitoylethanolamide (Tocris Cook-
son) were dissolved in 100% ethanol. Capsazepine (Sigma)
was dissolved in 100% methanol. All dilutions were made in
distilled water.

Statistical analysis

Relaxation responses in myograph experiments are expressed
as the percentage relaxation of the tone induced by 5-HT
(coronary artery) or methoxamine (mesenteric artery). Data
are given as the meansts.e.mean. E.,, represents the
maximum effect and pECsy the negative logarithm of the
concentration of relaxant giving half the maximal relaxation;
these values were determined directly from individual
concentration-response curves. Statistical comparisons of
concentration-response curves were made by two-way
ANOVA of the whole data set, followed by the Bonferroni/
Dunn post-hoc test for determining significant differences
between treatment groups. n indicates the number of animals
used. P values less than 0.05 were considered to be
statistically significant.

Results
Rat isolated left anterior descending coronary artery

Anandamide-induced relaxation of rat isolated coronary
arteries Anandamide caused concentration-dependent re-
laxation of endothelium-intact 5-HT-precontracted coronary
arteries (pECs50=6.84+0.4, E.x=45+5%, n=5). A trace
from a typical experiment is shown in Figure la, where it can
be seen that the time course of the effect is broadly similar to
the actions of anandamide in rat isolated mesenteric arteries.
Anandamide-induced relaxations were not significantly
affected by removal of the endothelium (pECs50=6.0+0.2,
Emax=56+8%, n=06).

Figure 1b shows that relaxations to anandamide were not
significantly different in the presence of 10 uM indomethacin
(pEC50=6.8+0.4, E,.x=56+8%, n=5) or in its absence
(PECs50=6.5+0.3, E,a;x=631+9%, n=>5).

Effects of cannabinoid receptor antagonists and inhibition
of anandamide breakdown on anandamide-induced relax-
ation Figure 2a shows that relaxation of 5-HT-precon-
tracted coronary arteries by anandamide (pECsy=7.3+0.2,
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Figure 1 (a) Original recording showing anandamide-induced
relaxation of methoxamine-precontracted rat mesenteric arteries
(top panel) and 5-HT-precontracted rat coronary arteries (lower
panel). Vertical lines denote addition of drugs at the concentrations
indicated. AEA represents anandamide. (b) Concentration-response
curves for the relaxation of 5-HT-precontracted rat isolated coronary
arteries by anandamide in the absence or presence of indomethacin
(10 um). pECsy and E,.. values are given in the text. Data are
presented as the mean with the vertical bars showing the s.e.mean;
n=>5 for both.

Enax=605+11%, n=9) was significantly (P<0.001) attenu-
ated by SR 141716A (3 uM; anandamide pECs,=6.6+0.3,
Einax=47+9%, n=15). However the CB, receptor antagonist,
AM 251 (1 um) had no significant effect (anandamide
PECs50=7.34+0.2, E,.x=62+13%, n=4; Figure 2a).

Figure 2b shows that anandamide-induced relaxation
(pEC50=6.94+0.3, E.x=77+8%, n=6) was also unaf-
fected by AM 630 (1 uM), which is an inverse agonist at
CB, receptors (anandamide pECs50=7.140.2, E.x=
72+11%, n=5). ATFMK (10 uM), which inhibits ananda-
mide hydrolysis, similarly had no significant effect on
relaxation to anandamide (pECs5o=7.140.2, E,.x=87+5%,
n=4).
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Figure 2 (a) Concentration-response curves for the relaxation of 5-
HT-precontracted rat isolated coronary arteries by anandamide in the
absence or presence of SR 141716A (3 um) or AM 251 (1 um). (b)
Concentration-response data for anandamide relaxation of precon-
tracted rat isolated coronary arteries in the absence or presence of
ATFMK (10 um) or AM 630 (1 um). pECsy and E, .« values are
given in the text. Data are presented as the mean with the vertical
bars showing the s.e.mean. In (a), control, =9; with SR 141716A,
n=>35; with AM 251, n=4. In (b), control, n=735; with ATFMK, n=4;
with AM 630, n=>5.

Effect of capsaicin and capsazepine on relaxations induced by
anandamide and capsaicin  Figure 3a shows that ananda-
mide-induced relaxations were not significantly affected by
inhibition of sensory nerve transmission with capsaicin
(10 um  for 30 min; anandamide pECs5y=7.140.6,
Eax=60+9%, n=06), or by the vanilloid receptor antago-
nist, capsazepine (5 uM; anandamide pECs5,=6.1+0.7,
Eax=76+10%, n=4). Increasing the preincubation time
with capsaicin (to 60 min, with 20 min washing out) did not
reveal any inhibitory effect (anandamide pECsy=7.5+0.2,
Enax=601+10%, n=4).
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Figure 3 (a) Concentration-response curves for the relaxation of 5-
HT-precontracted rat isolated coronary arteries by anandamide in the
absence or presence of capsaicin (10 um pretreatment for 30 or
60 min) or capsazepine (5 uM). Control data are reproduced from
Figure 2a for clarity. (b) Concentration-response data for the
relaxation of precontracted rat coronary arteries by capsaicin in the
absence or presence of capsazepine (5 uMm). pECsy and E,., values
are given in the text. (c) Original recording from a vessel exhibiting
no response to methanandamide (methAEA), anandamide (AEA) or
palmitoylethanolamide (PalmitoylEA). Nevertheless the ability of
capsaicin to cause relaxation indicates the presence of functional
sensory nerves in this preparation. Vertical lines denote addition of
drugs at the concentrations indicated. In (a) and (b) data are
presented as the mean with the vertical bars showing the s.e.mean.;
with capsaicin (30 min), n=06; with capsaicin (60 min), n=4; with
capsazepine, n=4. In (b), control, n=6; with capsazepine, n=4.

The effectiveness of capsaicin and capsazepine was then
tested. Figure 3b shows that capsaicin caused concentration-
dependent relaxation of 5S-HT-precontracted coronary arteries
(PECs50=5.1£0.1, E,.x=95+7%, n=6). Figure 3b also
shows that capsaicin-induced relaxations were significantly
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(P<0.001) inhibited by preincubation of vessels with 5 uM
capsazepine (capsaicin pECso=4.7+0.1, E .,=64+8%,
n=4).

Crucially, we were able to test the effectiveness of capsaicin
in vessels which were unresponsive to anandamide or
methanandamide. Figure 3c shows a representative trace of
such an experiment. In all instances, capsaicin caused
concentration-dependent relaxation even though previous
addition of anandamide, methananamide or palmitoyletha-
nolamide had not evoked relaxation in the same vessel
(n=4).

Effect of anandamide, methanandamide and palmitoylethano-
lamide on 5-HT-precontracted rat coronary arteries The
relaxant effects of anandamide and methanandamide, a stable
analogue of anandamide, were compared in matched vessels
taken from the same animal. Methanandamide caused
relaxation of rat coronary arteries (pECs0=5.1+0.2,
Einax=53+6%, n=28) but was significantly (P<0.001) less
potent when compared with anandamide (pECsy=6.24+0.3,
Enax=56+6%, n=38; Figure 4).

Palmitoylethanolamide, which is an agonist at CB,
cannabinoid receptors, elicited no appreciable relaxation of
precontracted coronary arteries (n=135; Figure 4).

Effect of K" channel blockers and gap junction inhibition on
anandamide-induced relaxation of rat coronary arteries Figure
5 shows that anandamide-induced relaxation of rat coronary
arteries (pECs50=6.8+0.4, E .x=56+8%, n=5) was sig-
nificantly (P<0.001) attenuated in the presence of 1 mMm
TEA (Epax=23+13%, n=4) and further inhibited by 10 mm
TEA (Epnax=6+1%; n=4). Iberiotoxin (50 nM), a selective
inhibitor of large conductance Ca®"-activated K" channels
(BKc.), also inhibited anandamide relaxations (P<0.001) to
the same extent as 1 mM TEA (anandamide E,, . =23+7%:;
n=4).

It can also be seen from Figure 5 that inhibition of gap
junction function with 18a-glycyrrhetinic acid (100 pm) did
not significantly affect relaxation to anandamide
(pECs50=6.8+0.3, E,.x=44+7%, n=35).

Rat isolated mesenteric artery

Effect of capsaicin and capsazepine on relaxations induced by
anandamide and capsaicin - Anandamide-induced relaxations
of precontracted mesenteric arteries (pECsy=6.7+0.1,
Enmax=91+4%, n=6) were significantly inhibited (P <0.001)
after incubation of vessels for 30 min with either 10 uM
capsaicin (anandamide pECs50=5.840.3, E_..,=63+1%,
n=23) or 3 uM capsazepine (pECso=6.11+0.2, E .., =88 +3%,
n=4; Figure 6a). Figure 6a also shows that increasing the
incubation time with capsaicin (to 60 min, with 20 min
washing out) did not produce further inhibition of the
anandamide  response (anandamide pECs5,=5.2+0.3,
Emax=681+8%, n=4).

Capsaicin caused concentration-dependent relaxation of
methoxamine-precontracted mesenteric arteries (pECso=
5240.2, Enax=914+1%, n=8; Figure 6b). Figure 6¢ shows
that the vasorelaxant effects of capsaicin were significantly
(P<0.01) inhibited after preincubation of vessels for 30 min
with either capsaicin (10 uM; capsaicin pECs5y=4.7+0.1,
Enax=94+1%, n=4) or -capsazepine (3 uM; capsaicin
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Figure 4 Concentration-response data for the relaxation of 5-HT-
precontracted rat isolated coronary arteries by anandamide,
methanandamide and palmitoylethanolamide. pECso and E,,,, values
are given in the text. Data are presented as the mean with the vertical
bars showing the s.e.mean. Anandamide and methanandamide
responses were evaluated in paired segments taken from the same
animals, n=38. Palmitoylethanolamide never exhibited vasorelaxant
effects (n=5).
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Figure 5 Concentration-response data for the relaxation of 5-HT-
precontracted rat isolated coronary arteries by anandamide in the
presence of TEA (I mM or 10 mMm), iberiotoxin (50 nM) or 18a-
glycyrrhetinic acid (100 uM). pECsq and E,,.x values are given in the
text. Data are presented as the mean with the vertical bars showing
the s.e.mean. Control anandamide responses, and responses in the
presence of 18a-glycyrrhetinic acid, n=35; anandamide responses in
the presence of TEA or iberiotoxin, n=4.

pPECso=4.8+0.1, E,.x=92+1%, n=4). A longer preincu-
bation period with capsaicin (60 min, with 20 min wash out)
did not produce further inhibition of the capsaicin response
(PECs50=4.840.1, E,.x=90+2%, n=4).
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different vessels. Vertical lines denote addition of drugs at the concentrations indicated. (c) Concentration-response data for the
relaxation of precontracted rat mesenteric arteries by capsaicin in the absence or presence of capsaicin (10 uMm, pretreatment for 30
or 60 min) or capsazepine (3 um). pECso and E,,,, values are given in the text. Data in (a) and (c) are presented as the mean with
the vertical bars showing the s.e.mean. In (a), control, n==6; with capsaicin (30 min pretreatment), n=3; with capsaicin (60 min
pretreatment), n=4; with capsazepine, n=4. In (c), control, n=38; with capsaicin (30 min pretreatment), n=4; with capsaicin

(60 min pretreatment), n=4; with capsazepine, n=4.
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Discussion

The major finding of the present study is that anandamide
causes relaxation of rat isolated small coronary arteries
through a mechanism distinct from those which have
previously been ascribed to this cannabinoid. Thus, ananda-
mide-induced relaxation does not involve endothelium-
derived factors, metabolism of the cannabinoid into
vasoactive derivatives, cannabinoid CB; or CB, receptors,
or activation of vanilloid receptors on sensory nerves.

Our initial experiments showed that anandamide caused
concentration-dependent relaxations of S-HT-precontracted
rat isolated coronary arteries that were independent of the
presence of an intact endothelium. These results contrast
markedly with the effects of anandamide in the bovine
coronary circulation (Pratt et al., 1998), where relaxation to
the cannabinoid was shown to be entirely endothelium-
dependent and due to the metabolism of anandamide (by
fatty acid amide hydrolase, FAAH) into arachidonic acid and
thence into vasodilator eicosanoids. Convincing evidence that
metabolic products of anandamide are not important in its
vasorelaxant effects in rat coronary arteries is provided by
our observation that methanandamide, a non-hydrolysable
analogue of anandamide (Abadji er al., 1994), also caused
relaxation of precontracted vessels. Moreover, ATFMK,
which inhibits anandamide hydrolysis by FAAH (Koutek et
al., 1994), did not affect anandamide-induced relaxation, in
marked contrast with the ability of diazomethylarachidonyl
ketone, another FAAH inhibitor, to abolish anandamide
relaxations in bovine coronary arteries (Pratt er al., 1998).
The lack of endothelium-dependence in the anandamide
responses rules out any role of endothelium-derived factors,
which have been implicated in anandamide relaxation in rat
mesenteric arteries (Jarai et al., 1999), and our finding that
anandamide relaxations were unaffected by 18x-glycyrrhetinic
acid also precludes any role for gap junction communication
in the anandamide response (Chaytor ez al., 1999). Moreover,
anandamide relaxation was unchanged in the absence or
presence of indomethacin, ruling out any major involvement
of prostanoid synthesis, which underpins the effects of
anandamide in rabbit mesenteric arteries (Fleming er al.,
1999).

We have previously examined the actions of anandamide in
rat isolated mesenteric arteries (White & Hiley, 1997; 1998a).
Our results showed that anandamide-induced vasorelaxation
was sensitive to the cannabinoid receptor antagonist, SR
141716A, but only at micromolar concentrations, and that
this, in addition to the relative potencies of synthetic
cannabinoid receptor agonists, was not consistent with
anandamide activating either classical CB; or CB, receptors
(White & Hiley, 1998a). In the present study, SR 141716A
was used at a concentration (3 uM) below those at which we
have shown it to cause non-selective effects in mesenteric
arteries (White & Hiley, 1998b). SR 141716A antagonized the
effects of anandamide in rat isolated coronary arteries, results
which are consistent with previous findings in the mesenteric
(Randall ez al., 1996; White & Hiley, 1997) and coronary
(Randall & Kendall, 1997) circulations.

Nevertheless our finding that micromolar concentrations of
SR 141716A were required to antagonize anandamide
responses argues against the involvement of CB; receptors
(K; of SR 141716A=11.8 nm; Felder et al., 1995). We

therefore tested the effects of another CB; receptor
antagonist, AM 251, which is a potent (K;=7.49 nM) and
more selective (306 fold over CB, receptors) antagonist at
CB, receptors (Lan et al., 1999). AM 251 did not antagonize
anandamide-induced relaxation in rat isolated coronary
arteries, indicating that the effect of SR 141716A does not
involve antagonism of CB, receptors.

The effectiveness of SR 141716A at micromolar concentra-
tions would seem consistent with an action at CB, receptors
(K; of SR 141716A=702 nMm; Showalter et al., 1996).
However the selective CB, inverse agonist, AM 630
(Hosohata et al., 1997; Ross et al., 1999) did not affect
anandamide responses even at a concentration of 1 uM,
which is more than 30 fold higher than its affinity for CB,
receptors (K; 31.2 nM; Ross et al., 1999). Moreover the CB,
receptor agonist, palmitoylethanolamide (Facci et al., 1995),
was found to be ineffective at causing relaxation of 5-HT-
precontracted rat coronary arteries in the present study.
Taken together, these findings are convincing evidence
against involvement of CB, receptors in the effects of
anandamide in rat coronary arteries.

In rat mesenteric arteries, most of the vasorelaxant effects
of anandamide can be explained by its ability to stimulate
release of CGRP from capsaicin-sensitive sensory nerves
through the activation of vanilloid VRI1 receptors (Zygmunt
et al., 1999; Ralevic et al., 2000). These results were
confirmed in the present study, where anandamide-induced
relaxation of endothelium-denuded rat mesenteric arteries
was sensitive either to inhibition of sensory nerves by prior
treatment (10 uM) with capsaicin, or to vanilloid receptor
antagonism with capsazepine (3 uM). Moreover, the presence
of a functional capsaicin-sensitive sensory nervous system in
the isolated mesenteric arteries was confirmed by the ability
of capsaicin to cause vasorelaxation which was sensitive to
capsazepine, and was inhibited after prior exposure of the
vessels to capsaicin. It should be noted that the potency of
capsaicin as a vasorelaxant in the present study was much
lower than was found by Zygmunt er al. (1999), yet
consistent with earlier work in isolated mesenteric arteries
(Ahluwalia & Vallance, 1996). The reasons for these
discrepancies are not clear, however it is unlikely to be due
to a lack of functional sensory nerves in the tissue, since
responses to anandamide in the present study were very
similar to those obtained by Zygmunt er al. (1999). The
inability of capsazepine or capsaicin pretreatment to inhibit
relaxations induced by high concentrations (>10 uMm) of
capsaicin is most likely to reflect the ability of this agent to
induce relaxation through sensory nerve-independent path-
ways at such concentrations (Yeon et al., 2001).

Strikingly, neither capsaicin nor capsazepine affected
anandamide-induced relaxation of isolated coronary arteries,
even though the effectiveness of these agents was confirmed in
our own experiments on rat mesenteric arteries. Nevertheless,
capsaicin caused concentration-dependent relaxation of 5-
HT-precontracted coronary arteries which was sensitive to
vanilloid receptor inhibition by capsazepine. Moreover,
capsaicin was able to evoke relaxation in vessels which had
previously shown no response to anandamide or methanan-
damide. These results provide strong evidence that the
vasorelaxant effects of anandamide in rat isolated coronary
arteries do not involve the activation of vanilloid receptors on
sensory nerves, even though a functional sensory nervous
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system is present in these arteries. The exact reasons for this
are not clear. However, recent work suggests that ananda-
mide activates vanilloid receptors by acting at an intracellular
site, hence a functional membrane transporter for the
cannabinoid is required for it to act (De Petrocellis et al.,
2001). It may therefore be possible that there is no membrane
transporter present in rat coronary arteries, preventing access
of anandamide to the vanilloid receptors.

In considering the possible mechanisms by which ananda-
mide might cause relaxation of coronary arteries, it is
important to note that the sensitivity of preparations to the
cannabinoid showed some variation between individual
animals over the course of the study. Thus, of a total of 60
animals tested, 18 did not respond to anandamide or
methanandamide at all, even though the viability of the
preparations was confirmed by their ability to contract
normally in response to 5-HT, and relax in response to the
addition of carbachol or capsaicin. It therefore seems unlikely
that the vasorelaxant effects of the cannabinoids are under-
pinned by a non-selective action to inhibit the contractile
mechanism (for example, inhibition of voltage-activated Ca**
channels, or inhibition of Ca®" sensititization mechanisms),
since this mechanism is common to all of the vessels under
investigation. Differential metabolism of anandamide, for
example due to varying degrees of expression of hydrolase
enzymes such as FAAH in different vessels, can also be ruled
out as a possible explanation, since preparations which did
not respond to anandamide were also insensitive to
methanandamide, the non-hydrolysable derivative of ananda-
mide (Abadji et al., 1994). Moreover, the lack of response to
anandamide in coronary arteries was not correlated with a
similar lack of response in mesenteric vessels from the same
animal, providing further circumstantial evidence that the
respective relaxant mechanisms are not the same in the two
blood vessel types. We hypothesize that the most likely
explanation for the effects of anandamide is that it acts at a
site which is antagonized by SR 141716A, but is distinct from
the existing CB; and CB, receptor subtypes. Indeed, Jarai et
al. (1999) showed that just such an ‘anandamide receptor’
might explain the effects of anandamide and SR 141716A in
the rat perfused mesenteric bed, whilst Ralevic & Kendall
(2001) have also recently demonstrated effects of SR 141716A
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