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Vasorelaxant effects of oleamide in rat small mesenteric artery

indicate action at a novel cannabinoid receptor

"Pui Man Hoi & *'C. Robin Hiley

"Department of Pharmacology, University of Cambridge, Tennis Court Road, Cambridge CB2 1PD

1 Oleamide (cis-9-octadecenoamide) exhibits some cannabimimetic responses despite its low
affinities at the currently known cannabinoid receptors. Here we have investigated whether or not
it is a vasorelaxant in rat small mesenteric arteries.

2 Oleamide elicited vasorelaxation (ECs5=1.2+0.2uM, R,.x=99.1+3.9%, n=8) which was
reduced by endothelial removal. Nitric oxide synthase inhibition reduced the response
(EC50=5.3+1.6uM, Ryux=59.2+7.7%, n=7; P<0.01) as did blockade of Ca’*-sensitive K™
channels (Kc,) with apamin plus charybdotoxin (both 50nM) (ECs50=2.140.2puM,
Ruax=58.4+1.9%, n=35; P<0.05). Desensitisation of vanilloid receptors with capsaicin (10 uM for
30min) shifted the oleamide concentration—response curve ~ 30-fold to the right (n=7; P<0.01).
Pertussis toxin (400 ngml~! for 2 h) caused a two-fold shift in the response curve (ECsy=2.240.4 uM,
Ri.x =66.8+4.5%, n=6; P<0.01).

3 Rimonabant (CB, cannabinoid receptor antagonist; SR141716A; 3 uM) significantly inhibited
relaxation induced by oleamide (ECs5,=3.54+0.3 uM, Ry« =75.1£1.9%; n=8; P<0.05). In contrast,
neither the more selective CB, receptor antagonist, AM251 (1 uM), nor the CB, antagonist, SR144528
(1 um), had significant effects. O-1918 (10 uM), a putative antagonist at a novel endothelial
cannabinoid receptor (abnormal-cannabidiol site), markedly reduced the relaxation to oleamide
(n=7;, P<0.01).

4 It is concluded that oleamide responses in the rat isolated small mesenteric artery are partly
dependent on the presence of the endothelium, activation of Ca>*-sensitive K* channels (Kc,) and
involve capsaicin-sensitive sensory nerves. Oleamide may share a receptor (sensitive to rimonabant
and O-1918, and coupled to K¢, and G;;,) with anandamide in this vessel. This might be distinct from

both of the known cannabinoid receptors and the novel abnormal-cannabidiol site.
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Introduction

Cannabimimetic and related lipid mediators have aroused
great interest in their biological effects in the last decade.
Anandamide, which is an ethanol amide of arachidonic acid,
was proposed to be an endocannabinoid by Devane et al.
(1992). More recently, oleamide (cis-9-octadecenoamide) has
been identified in the cerebrospinal fluid of sleep-deprived
cats (Cravatt et al., 1995). It is structurally similar to the
prototypical endocannabinoid, anandamide (cf. Figure 1) and
is degraded by the same enzyme, fatty acid amide hydrolase
(FAAH; Bisogno et al., 1998). Thus, oleamide is likely to have
common, as well as perhaps distinct, pathways of action with
anandamide.

Like anandamide and some other CB, receptor agonists,
oleamide has cannabimimetic effects in vivo including hypo-
thermia (Ledent ef al., 1999; Huitron-Resendiz et al., 2001;
Lichtman et al., 2002) which has been proposed to be mediated
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through the activation of CB, receptors (Ledent et al., 1999).
However, several reports have indicated that oleamide exhibits
negligible interaction with the currently known CB, or CB,
receptors (Lichtman et al., 2002; Bradshaw & Walker, 2005).
Furthermore, in CB, receptor-knockout mice oleamide causes
hypothermia and some other effects that might be considered
cannabimimetic (Lichtman et al., 2002). More recently,
Leggett et al. (2004) have produced evidence that oleamide
acts as a full agonist at CB; receptors in vitro but the
concentrations required may not be of physiological impor-
tance (~3-100 uM; Fowler, 2004). As a result, the classifica-
tion of oleamide as an endocannabinoid has been very
controversial. Indeed, its low affinity at the currently known
cannabinoid receptors led Lambert & Di Marzo (1999) to put
forward the interesting proposal that oleamide shows some of
its cannabimimetic actions through an ‘entourage’ effect. That
is, since oleamide is a preferred substrate for FAAH, it might
potentiate or prolong the effects of endocannabinoids such as
anandamide by competitively inhibiting the enzyme FAAH.
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Figure 1 Structures of anandamide and oleamide.

Nevertheless, the possibility that oleamide acts through
activating specific receptors should not be excluded.

Modulation of vascular tone by cannabimimetic lipid
mediators has attracted much attention in the last few years
(for reviews, see Randall er al., 2002; Hiley & Ford, 2004).
Since the first investigations of the effects of anandamide,
many more cannabimimetic fatty acid derivatives have been
added to the family, including 2-arachidonyl glycerol, N-
arachidonoyl dopamine (NADA) and virodhamine (Mechoulam
et al., 1995; Bisogno et al., 2000; Porter et al., 2002). Since
anandamide and other endocannabinoids can relax rat isolated
small mesenteric arteries (Kagota et al., 2001; Randall et al.,
2002; O’Sullivan et al., 2004; Ho & Hiley, 2004), it is of interest
to investigate oleamide as a potential vasorelaxant in isolated
blood vessels.

In view of the fact that anandamide has been shown to cause
vasorelaxation by many mechanisms (Randall et al., 2002;
Hiley & Ford, 2004), this study has investigated the vascular
effects of oleamide in the rat small mesenteric artery. Oleamide
was found to be a vasorelaxant and so experiments were
carried out to determine involvement in the responses of the
endothelium, nitric oxide, and Ca’®*-sensitive K* channels
(Kca) as well as VRI1 vanilloid receptors and the putative
endothelial cannabinoid receptor sensitive to O-1918 (Begg
et al., 2003; Offertaler et al., 2003).

Methods
Myograph studies

Male Wistar rats (300400 g; Charles River U.K. Ltd, Kent)
were killed with an overdose of sodium pentobarbitone
(120mgkg~!, i.p.; Sagatal, Rhone Mérieux, Harlow, Essex,
U.K.); all animal care and use was in accordance with the U.K.
Animal (Scientific Procedures) Act 1986. The mesenteric
arterial bed was removed rapidly and placed into cold Krebs—
Henseleit buffer solution of the following composition (mM):
NaCl, 118; KCl 4.7; MgSO,, 1.2; KH,PO, 1.2; NaHCO;, 25;
CaCl,, 2.5; D-glucose, 5.5. The Krebs—Henseleit solution also
contained 10 uM indomethacin (unless otherwise stated) and
was bubbled with 95% O,:5% CO, to give a pH of 7.4.
Small (third generation) mesenteric arteries (internal dia-
meter, 31244 um; 136 vessels) were then dissected free and

cleaned of adherent tissue. Segments (2mm long) were
mounted in a Mulvany—Halpern-type wire myograph (Danish
Myo Technology, Aarhus, Denmark) maintained at 37°C in
gassed (95% O,:5% CO,) Krebs—Henseleit solution and
normalised as described previously (White & Hiley, 1997).
Tension was measured and recorded on a PowerLab recording
system (ADInstruments, Hastings, Sussex) connected to a
Macintosh personal computer. The presence of a functional
endothelium was tested by precontracting the vessels with
methoxamine (10 uM), and then relaxing by carbachol (10 um);
endothelial integrity was designated by relaxations >90% of
the methoxamine-induced precontraction. When the endothe-
lium was not required, vessels were denuded by rubbing the
intimal surface with a human hair, and successful endothelial
removal was confirmed by a lack of vasorelaxant response
(<10% of the precontraction) to carbachol.

Experimental protocols

After 30 min equilibration, vessels were precontracted with
a submaximal concentration of methoxamine (10 uM). When
a stable level of tone was achieved, a concentration—response
curve to oleamide was constructed by cumulative addition of
the drug; a vehicle control for oleamide was also obtained by
adding an appropriate amount of the ethanol vehicle to
precontracted vessels. Preliminary studies showed considerable
variation in the relaxation responses to oleamide between
vessels from different animals, with oleamide being less
efficacious in some animals than in others. As a result, animals
in which oleamide induced a reduced vasorelaxation (<20% at
30 uM) of the methoxamine-precontracted tone were discarded
from the analysis of the effects of oleamide, while all other
experiments were performed in a paired fashion, with control
and test experiments being carried out on arteries from the
same animal. No single preparation was exposed to more than
one agonist or used for the construction of more than one
concentration—response curve.

In experiments where the effect of a vasorelaxant was
investigated in the presence of antagonists (rimonabant,
AM251, SR144528 or O-1918) or apamin, charybdotoxin,
arachidonyl trifluoromethyl ketone (ATFMK), N¢-nitro-L-
arginine methyl ester (L-NAME), or capsaicin, these agents
were added to the organ bath 30 min before, and then were
present during, the construction of the concentration—response
curve. However, in the case of pertussis toxin, the preincuba-
tion was for 2 h. In experiments where vessels were incubated
with these putative inhibitors, the tension of the precontraction
was normalised to that obtained in the endothelial integrity
test by lowering or increasing the concentration of methox-
amine before construction of the concentration-relaxation
curve to oleamide. The mean submaximal contraction with
methoxamine in the rat mesenteric artery segments was
129+0.7mN (34 vessels) in the test for endothelium as
compared with 12.6+0.7mN (34 vessels) when the putative
inhibitors were present. In some experiments, the arteries were
precontracted with high K™ (60mM KCI) Krebs—Henseleit
solution (prepared by equimolar substitution of NaCl for KCI
in the standard Krebs—Henseleit buffer, as described pre-
viously; White & Hiley, 1997). The mean tension generated by
60mM KCI (10.6 +1.5mN) was similar to the tone induced in
the same vessels by methoxamine in the test for endothelium
(12.1 £2.0 mN; six vessels).
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Data and statistical analysis

Relaxation responses are expressed as the percentage relaxa-
tion of the precontraction induced by 10uM methoxamine
or 60mM KCI. Data are given as the mean+s.e.m. and n
indicates the number of rats. When a defined maximum
relaxant response was observed, the data were fitted to a
logistic equation of the following form:

R = (RiyaxA™)/(ECsoA™ + A™)

where R is the reduction in tone, A the concentration of the
agonist, R,,., the maximal reduction of established tone, ny the
slope function and ECs, the agonist concentration giving half
the maximal relaxation. The curve fitting was carried out using
KaleidaGraph (Synergy Software, Reading, PA, U.S.A.).
Statistical comparisons of concentration-response curves were
made by two-way analysis of variance of the whole data set,
followed by the Bonferroni post hoc test for determining
significant differences between treatment groups (StatView 4.5
for the Macintosh; Abacus Concepts, Inc., Berkeley, CA,
U.S.A.). P-values less than 0.05 were considered to be
statistically significant.

Drugs

Methoxamine hydrochloride, carbachol, charybdotoxin,
L-NAME (NC-nitro-L-arginine methyl ester; Sigma Chemical
Company, Poole, Dorset, U.K.) and apamin (Calbiochem,
Nottingham, U.K.) were dissolved in deionised water.
Indomethacin (Sigma) was dissolved in 5% wv~' NaHCO;
solution. Arachidonoyl trifluoromethylketone (ATFMK;
Alexis Corporation, Nottingham) was dissolved in 100%
dimethyl sulphoxide (DMSO; Sigma). Oleamide (Tocris
Cookson, Bristol), capsaicin (Sigma), rimonabant (a generous
gift from Sanofi-Synthélabo, Montpellier, France), SR 144528
(N-[(1S5)-endo-1,3,3-trimethyl bicyclo [2.2.1] heptan-2-yl]-5-(4-
chloro-3-methylphenyl )-1-( 4-methylbenzyl )-pyrazole-3-carbox-
amide; also a generous gift from Sanofi-Synthélabo), AM 251
(N-(piperidin-1-yl )-5-(4-iodophenyl )-1-( 2,4-dichorophenyl )-4-
methyl-1H-pyrazole-3-carboxamide; Tocris Cookson) and
0-1918  ((—)-1,3-dimethoxy-2-(3-3,4-trans-p-menthadien-(1,8)-yl)-
orcinol; a generous gift from Dr George Kunos, National
Institute on Alcohol Abuse and Alcoholism, National Institutes
of Health, Bethesda, MD, U.S.A.) were dissolved in 100%
ethanol.

Results

Preliminary experiments indicated that oleamide was less
efficacious in some rats than in others, with considerable
variation in the maximal relaxation between individual rats.
Therefore, when the relaxation induced by 30 uM oleamide was
<20% of the methoxamine-induced tone, the results for those
animals in respect of oleamide were discarded; approximately
30% of the animals fell into this category. All other
experiments were performed in a pairwise fashion, with
control and test experiments being carried out on arteries
from the same animal.

Effect of endothelial removal, nitric oxide synthase
inhibition and K* channel blockers

In those rats that were responsive to oleamide it caused a
concentration-dependent relaxation of methoxamine-induced
tone in the endothelium-intact small mesenteric artery
(ECs=1.2402uM, R,.x=99.1+3.9%, n=38; Figure 2a).
Removal of the endothelium markedly reduced the sensitivity
of the vessels to oleamide, with about a 10-fold shift of the
curve to the right (n=38; Figure 2a; P<0.01). Figure 2a also
shows that the ethanol vehicle (up to 0.6% vv~! final
concentration in myograph bath) had a negligible relaxant
effect.
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Figure 2 Concentration—response curves for relaxation of the
methoxamine-induced tone by oleamide in the isolated small
mesenteric artery of the rat. (a) Relaxation was determined in the
presence and absence of a functional endothelium; »=28 for both.
The effects of the appropriate amounts of ethanol (EtOH) vehicle
are also shown, the final concentration of ethanol at the greatest
volume used was 0.6% vv~!' (n=8). (b) Concentration-response
curves for relaxation by oleamide were determined in the presence of
L-NAME (300 uM, n=7) or the combination of charybdotoxin plus
apamin (both 50nM, n=5) with intact endothelium. Values are
shown as means and vertical lines represent the s.e.m.
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On the other hand, Figure 2b shows that the presence
of the nitric oxide synthase inhibitor L-NAME (300 um)
alone significantly reduced the oleamide-induced relaxation
(control: ECs5o=14+02uM, R,.x=90.7+29%, n=7,
L-NAME: ECs5,=534+0.7uM, R,.x=592+7.7%, n=7,
P<0.01). Similarly, the combination of apamin (a blocker
of small conductance Kc,; 50nM) with charybdotoxin
(a blocker of intermediate and large conductance Kcg;
50nM) caused significant inhibition of the relaxation
(EC5=2.1+0.2uM, R,.x=584+19%, n=5; Figure 2b;
P<0.05). The relaxation induced by oleamide was
also markedly reduced when the vessels were contracted
by 60mM KCI instead of 10 uM methoxamine (data not
shown).

Effects of indomethacin and arachidonoyl trifluoromethyl
ketone

Omission of indomethacin from the bathing solution
had no significant effect on the response neither did
inclusion of the fatty acid amide hydrolase inhibitor, ATFMK
(10 uMm), affect the response. Combination of the two
agents also had no significant effect on the relaxation to
oleamide in endothelium-intact vessels (control: ECs,=
1.1+£0.2 uM, Ry = 84.2+3.5%; in the absence of indomethacin:
ECso=19+1.4uM, R,.x, =90.0+8.2%, n=4; in the presence
of ATFMK alone: ECs5=0.94+0.2uM, R,.,=81.6+5.2%,
n=4; in the absence of indomethacin and presence of
ATFMK: EC5p=1.14+0.2 uM, R,1.x=93.6+4.9%; n=4).

Effects of pretreatment with capsaicin or pertussis toxin

In experiments in vessels with an intact endothelium,
functional desensitisation of the vanilloid receptor system
by capsaicin (pretreatment with 10 uM for 30 min) markedly
reduced the relaxation induced by oleamide. Figure 3a
shows that there was an approximate 30-fold shift to the
right of the concentration-response curve to oleamide
after pretreatment with the vanilloid receptor agonist
(n=7, P<0.01). Capsaicin pretreatment did not have any
significant effect in the residual vasorelaxation induced by
oleamide in endothelium-denuded experiments (control
without endothelium: ECsy= 7.940.5 uM, R,,,, =49.7+9.5%;
after capsaicin and without endothelium: ECs5o=8.0+2.0 uM,
Rimax=50.3+5.4%, n=56).

Figure 3b shows that preincubation with pertussis toxin
(400ngml~" for 2h) significantly inhibited the relaxation to
oleamide, causing an approximate two-fold shift in the
concentration—response curve (control: ECso=1.0+0.8 uM,
Ry =83.1+2.5%; pertussis toxin: ECsy=2.24+0.4uM,
Rinax = 66.8+4.5%, n=6; Figure 3b; P<0.01).

Effects of receptor antagonists on relaxations to oleamide

The cannabinoid receptor antagonist rimonabant (3 uM)
significantly inhibited relaxation induced by oleamide as
shown in Figure 4a, giving about a two-fold shift of
the ECs, and a slight reduction in maximal response
(control: ECso=1.64+0.3 uM, R.x =96.3+5.1%; rimonabant:
ECs5=3.5+0.3uM, R,.x=751+19%; n=38; Figure 4a;
P <0.05). Lower concentrations of rimonabant (100nM and
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Figure 3 Concentration—response curves for relaxation of methox-
amine-induced tone in rat mesenteric vessels with an intact
endothelium by oleamide after pretreatment (a) with capsaicin
(10 uM for 30 min, n=7) or (b) with pertussis toxin (400 ngml~" for
2h, n=06). Values are shown as the mean and vertical lines represent
the s.e.m.

1 uM) did not produce any significant effects on the relaxation
(100nM  control: ECso=54+1.3uM, Ry.=76.0+7.6%;
100nM rimonabant: ECsq=7.0+1.6 uM, Ry =77.4+3.6%;
n=35; 1uM control: EC5,=5.7+0.5uM, Ry.«=81.8+2.4%;
luM rimonabant: ECs50=6.6+0.5uM, R,..=74.8+6.9%;
n=>5).

In contrast, neither the more selective CB; receptor
antagonist, AM 251 (1 uM), nor the CB, receptor antagonist,
SR 144528 (1 uM) had any significant effect on the relaxation
induced by oleamide (control for AM 251: EC5=1.640.3 uM,
Ripax=95.146.3%; AM 251: ECs=1.940.6 uM, R =
98.0+9.5%, n=4; P>0.1; control for SR 144528: ECs,=
1.04+0.4 uM, R =95.1+4.1%; SR 144528: EC5o= 1.2+0.9 uM,
Riyax=98.6+5.9%, n=4; P>0.5).

However, Figure 4b shows that O-1918 (10 uM), the putative
antagonist for the novel endothelial cannabinoid receptor
(abnormal-cannabidiol site), also produced a marked shift
(approximately 25-fold) in the concentration—relaxation curve
for oleamide (n="7; Figure 4b; P<0.01).

British Journal of Pharmacology vol 147 (5)
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Figure 4 Concentration—response curves for relaxation of methox-
amine-induced tone in rat mesenteric vessels with an intact
endothelium by oleamide in the presence of (a) 3 uM rimonabant
(n=28) or (b) 10 uM O-1918 (n=7). Values are shown as the mean
and vertical lines represent the s.e.m.

Effects in vessels from rats in which oleamide showed
a reduced efficacy

As noted above, oleamide was found to be less efficacious in
vessels from some rats. Figure 5 contrasts the typical relaxant
response induced by oleamide in rats where it exhibited a
normal efficacy with that in rats which showed the lesser
response. Low-response rats gave less than 20% relaxation of
the induced tone at 30 uM oleamide, a concentration that
usually induced near complete relaxation. When separate
vessels from these same low-response rats were tested with
anandamide, Figure 6a shows that reduced effects were also
observed; anandamide showed a reduced potency and a
significantly reduced relaxant response at a concentration of
30 uM, which usually causes complete relaxation, for example
see White & Hiley (1997). In vessels with normal oleamide
efficacy, the ECs, was 4.1 +1.3 uM and the relaxation at 30 uM
was 87.2+1.0% (n=6), while in rats showing reduced
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Figure 5 Typical traces of the relaxant responses induced by
oleamide (ODA) in the small mesenteric artery from sensitive rats
and lower sensitivity rats. (a) Responses recorded in a vessel from a
rat in which oleamide showed normal efficacy. (b) Responses
recorded in a vessel from a rat in which oleamide showed reduced
efficacy.

oleamide efficacy, the R, was 63.4+7.4% (n=5; P<0.01).
However, vessels from these low-response rats relaxed
completely to abnormal-cannabidiol (Figure 6b, normal
oleamide efficacy: ECs5,=2.3+0.2uM, R.,=89.3+2.8%,
n="7, reduced oleamide efficacy: ECs5y=2.54+0.2uM,
R =98.34+2.5%, n=06; P>0.5).

Discussion

The present study shows that oleamide induces vasorelaxation
in the rat isolated small mesenteric artery. The response is
partly endothelium-dependent and the amide acts through
a number of different mechanisms involving not only the
endothelium but also the vascular smooth muscle layer
and the sensory nerves. Although oleamide shares its degra-
dative enzyme, FAAH, with anandamide (Bisogno et al.,
1998; Lambert & Di Marzo, 1999), and is potentially
able to be metabolised rapidly, this study shows that the
presence of neither the cyclooxygenase inhibitor indo-
methacin nor the FAAH inhibitor ATFMK, alone or in com-
bination, had any significant effect on the relaxation induced
by oleamide in responsive vessels. This suggests that vaso-
active metabolites, such as prostanoid-like compounds,
resulting from the metabolism of oleamide are not the
major means of relaxation employed unlike as has been
suggested for anandamide in bovine coronary artery (Pratt
et al., 1998).

In endothelium-intact vessels, the presence of the nitric
oxide synthase inhibitor L-NAME attenuated the relaxant
response, suggesting that oleamide stimulates formation of
nitric oxide by the endothelial cells. In many studies, it has
been shown that nitric oxide is not involved in vasorelaxation

British Journal of Pharmacology vol 147 (5)
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Figure 6 Concentration—response curves for relaxation of methox-
amine-induced tone in rat mesenteric vessels with an intact
endothelium by (a) anandamide in rats in which oleamide showed
normal efficacy (n=6) and reduced efficacy (n=35) and by (b)
abnormal-cannabidiol in rats in which oleamide showed normal
efficacy (n=7) and reduced efficacy (n=6).

to anandamide in rat small mesenteric artery (e.g. White &
Hiley, 1997; O’Sullivan et al., 2005) although some studies
have reported a role for nitric oxide, for example in the
rat renal artery (Deutsch er al., 1997) or the rabbit isolated
aorta (Mukhopadhyay et al., 2002). Nitric oxide also seems
not to be involved in the relaxation responses produced by the
putative endocannabinoids virodhamine (Ho & Hiley,
2004) and NADA (O’Sullivan et al., 2004). It is noteworthy
that the oleamide homologue, oleoylethanolamide, is an
agonist at the nuclear peroxisome proliferator-activated
receptor-o. (PPARa; Fu er al., 2003). PPARa has been
identified in different vascular cell types including endothelial
cells and smooth muscle cells, and Tabernero et al. (2002) have
suggested that the activation of PPAR« can lead to the
generation of endothelial relaxant factors including nitric
oxide in the mouse mesenteric bed. This might explain the
sensitivity of the oleamide-induced relaxation to L-NAME
although the time scale of responses to PPARo activation

might be too slow relative to that of the responses reported
here.

The sensitivity of relaxation to the combination of the
K¢, inhibitors apamin and charybdotoxin indicates that
these channels also play a role in the vasorelaxation res-
ponses to oleamide and suggest that oleamide can act
through the mechanisms attributed to the endothelium-
derived hyperpolarising factor (EDHF). This conclusion is
supported by the further observation that the relaxant
response to oleamide was greatly reduced if the vessels
were precontracted with KCl rather than methoxamine.
This characteristic sensitivity to the combination of apamin
and charybdotoxin is shared by vasorelaxant agonists which
act by causing endothelium-dependent relaxation and is a
feature of the vasorelaxant actions of anandamide (White &
Hiley, 1997). Indeed, Randall et al. (1996) proposed
that anandamide was EDHF but this has been discounted
(Plane et al., 1997, White & Hiley, 1997). Therefore, both
anandamide and oleamide appear to be able to bring about
vasorelaxation which is mediated in part by vascular smooth
muscle hyperpolarisation that reduces Ca>* influx through
voltage-gated Ca>* channels and hence vasorelaxation (Busse
et al., 2002).

Another similarity with anandamide is that the relaxation
response to oleamide was significantly reduced by functional
desensitisation of sensory nerves. Zygmunt et al. (1999) and
White et al. (2001) have shown that capsaicin, the pungent
ingredient of chilli peppers, which causes activation of TRPV1
vanilloid receptors, reduces the vasorelaxation to anandamide
in some (e.g. mesenteric artery), but not all (e.g. coronary
artery), rat blood vessels. The stable analogue of anandamide,
methanandamide, also acts through a similar mechanism
(Ralevic et al., 2000) which suggests that it is not a breakdown
product or metabolite that acts on the nerve endings. The
present results suggest that activation of TRPV1 receptors,
which are likely to be situated on perivascular sensory nerves,
and the subsequent release of the vasoactive calcitonin gene-
related peptide (CGRP), is also contributing to the relaxation
responses induced by oleamide.

A residual relaxant response was observed after pretreat-
ment with capsaicin, which shows that it must be acting
through mechanisms other than TRPVI receptor activation.
Interestingly, the residual relaxation response produced by
oleamide in endothelium-denuded vessels was not affected by
the functional desensitisation of sensory nerves by capsaicin.
The relationship between CGRP-induced vasodilatation and
the endothelium is not entirely understood, nevertheless this
evidence further supports the proposal that oleamide works
through vasorelaxation mechanisms independent of both the
endothelium and the sensory nerves. Oleamide has been shown
to have negligible activity at both CB, and CB, receptors
(Lichtman et al., 2002; Bradshaw & Walker, 2005) except,
perhaps, at high concentrations in vitro (Leggett et al., 2004).
Here it was found that, in the rat isolated small mesenteric
artery, both AM 251 (a selective CB, receptor antagonist; Lan
et al., 1999) and SR 144528 (a CB, receptor antagonist, used
at a concentration 300-fold greater than the published K;
for CB, receptors; Rinaldi-Carmona et al., 1998) had no
significant effect on oleamide-induced relaxation. This further
supports findings that oleamide does not mediate its major
actions through currently known CB; or CB, cannabinoid
receptors.
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More interestingly, the relaxation to oleamide is sensitive
to rimonabant (formerly SR 141716A) at a concentration
(3uM) below those at which it has been shown to cause
nonspecific effects in the rat mesenteric artery (White & Hiley,
1998) but at which it antagonises the vascular relaxant effects
of anandamide (White & Hiley, 1997). Rimonabant, apart
from being a CB, receptor antagonist (Showalter et al., 1996),
is also an antagonist at the recently defined abnormal-
cannabidiol receptor in the rat mesenteric artery (Jarai
et al, 1999; Ho & Hiley, 2004). However, responses to
both anandamide (Randall et a/., 1996; White & Hiley,
1997) and abnormal-cannabidiol (Ho & Hiley, 2003) were
antagonised by 1uM rimonabant, whereas this lower
concentration had no significant effect on the responses to
oleamide. The lack of effect of either 1 uM rimonabant, or of
the lower concentration of 0.1 uM further shows that the
receptor at which oleamide is acting is not the CB,
cannabinoid receptor as rimonabant shows a Ky of 12.3nM
for this receptor (Showalter et al., 1996), which means that
these two concentrations should give shifts of approximately
80- and 7-fold, respectively.

Oleamide-induced relaxation was also significantly attenu-
ated by O-1918, a structural analogue of cannabidiol that acts
as an antagonist of the abnormal-cannabidiol receptor (Begg
et al., 2003; Offertaler et al., 2003). The concentration of
0-1918 used (10 uMm) does not bind to cloned CB; or CB,
receptors and has been shown to cause a 10-fold rightward
shift of the concentration-relaxation curve for abnormal-
cannabidiol in the rat isolated small mesenteric artery
(Offertaler et al., 2003). This suggests that the abnormal-
cannabidiol receptor might be involved in the oleamide
vasorelaxant response. In this regard, it is noteworthy that
anandamide has also been shown to cause mesenteric
vasorelaxation by mechanisms apparently independent of
CB, and CB, receptors (Ho & Hiley, 2003) and has been
suggested to activate the abnormal-cannabidiol receptor (Jarai
et al., 1999; Offertaler et al., 2003).

However, during the course of the study, it was noticed that
oleamide was more efficacious in some rats than in others. In
some rats, oleamide produced reduced relaxation responses
(i.e. relaxation to 30uM oleamide was <20% of the
methoxamine-induced tone) and it is very noteworthy that,
when the small mesenteric arteries from these rats were
exposed to anandamide, a reduction in vasorelaxation
response was also observed. This phenomenon could not be
due to desensitisation as no vessel was exposed to more than
one agonist. In contrast, responses produced by abnormal-
cannabidiol were unchanged in the vessels from the same rats.
It is unclear why oleamide and anandamide are less efficacious
in some rats than in others. However, the lack of effect of the
FAAH inhibitor ATFMK on responses to oleamide suggests
that metabolism by FAAH, by which both anandamide and
oleamide are degraded, does not limit the size of the response
to the amide, at least in those vessels found to be responsive to
it. However, it is possible that the nonresponsive rats might be
characterised by a high rate of FAAH activity that could give
rise to the observed differential efficacy of oleamide. The lack
of effect of ATFMK on the responses to oleamide provides

further evidence that the effects of oleamide are not likely to be
just an ‘entourage effect’ by which fatty acid endocannabi-
noids, such as anandamide, or their analogues act by
competitively inhibiting the enzyme FAAH to potentiate or
prolong the effects of endocannabinoids (Lambert & Di
Marzo, 1999).

Several strands of evidence therefore suggest that oleamide
might not act at the receptor for abnormal-cannabidiol in the
rat mesenteric artery. Firstly, there is the differential effective-
ness of oleamide, anandamide and abnormal-cannabidiol as
vasorelaxants between individual rats. All rat vessels were
relaxed by abnormal-cannabidiol but not all by oleamide.
However, in those rats in which oleamide showed very low or
no efficacy as a vasorelaxant, anandamide was a less potent
vasorelaxant (Figure 6b). Secondly, there is the lesser
antagonism by 1uM rimonabant of responses to oleamide
(it had no significant effect) and anandamide (it produces a
two-fold shift; White & Hiley, 1997) relative to abnormal-
cannabidiol (where it gave an eight-fold shift in the concentra-
tion—relaxation curve; Ho & Hiley, 2003). Also, O-1918 (at
a concentration of 10 uM) gives a 10-fold shift to the right
in the concentration—response curve of abnormal-cannabidiol
while it gave a shift of about 26-fold in the case of
anandamide (Offertaler et al., 2003) and about 25-fold
for oleamide (this study). Together these points lead us to
the suggestion that the abnormal-cannabidiol receptor might
not be the endothelial receptor at which oleamide acts. The
similarity of the shifts observed with 10uM O-1918 in
the concentration—relaxation curves for oleamide and ananda-
mide suggest the possibility that oleamide might share a
receptor with anandamide.

Oleamide-induced vasorelaxation was also found to be
sensitive to pertusis toxin (an inhibitor of G;;, protein activity),
indicating that its receptor shares similar downstream
pathways with other cannabinoid receptors (Felder et al.,
1995). Recently, an orphan G-protein-coupled receptor,
GPR55, has attracted interest as a potential novel cannabi-
noid receptor, although the limited characterisation of it so
far suggests that it does not couple through G; (see Baker
et al., 2006). Thus it seems unlikely at first sight that this
orphan is the receptor for oleamide, but more rigorous
investigation of the pharmacology of GPRSS5 will reveal if
this is correct.

In conclusion, the present study shows that oleamide is a
potent vasorelaxant in the isolated rat small mesenteric artery
and, like anandamide, it shows multiplicity with regard to the
mechanisms by which it produces its effects. The relaxation it
induces is partly dependent on the presence of a functional
endothelium and the activation of K, channels, as well as
involving perivascular capsaicin-sensitive sensory nerves.
Further, results with rats which showed reduced responses
induced by oleamide suggest that it might share a receptor
with anandamide in the rat mesenteric artery which is
distinct from both the currently known cannabinoid receptors
as well as the putative endothelial abnormal-cannabidiol
site in the rat mesenteric artery. This receptor is sensitive to
both rimonabant and O-1918, and is possibly coupled to Kc,
and Gj.
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