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Abstract

Recently, the gastrointestinal pharmacology of cannabinoid CB; receptors has been extensively explored. We employed western blotting and
immunohistochemistry techniques to study the distribution of the cannabinoid CB; receptor protein in the mouse gastroenteric tract. The
cannabinoid CB; receptor peptide was detected by western blotting only in its glycosylated form (63 kDa) with a significant differential
distribution. The highest levels of expression were detected in the stomach and in the colon, while the pyloric valve was devoid of any
cannabinoid CB; receptor protein. The immunohistochemical study showed intense cannabinoid CB; receptor immunoreactivity in ganglia
subadjacent to the gastric epithelium and in the smooth muscle layers of both the small and large intestine. Only the small intestine showed (-)-3-
[2-hydroxyl-4-(1,1-dimethylheptyl)-phenyl]-4-(3-hydroxylpropyl) cyclohexan-1-ol) ((*H]CP 55,940) specific binding (27%). These receptors
mediated pharmacologically significant effects since the cannabinoid CB; receptor agonist R(-)-7-hydroxy-delta-6-tetra-hydrocannabinol-
dimethylheptyl (HU 210) dose dependently inhibited gastrointestinal transit up to 70%, while the cannabinoid CB, receptor antagonist N-
piperidino-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methylpyrazole-3-carboxamide (SR 141716A) increased gastrointestinal transit.
Moreover, the dose of 0.3 pg/kg of HU 210, devoid per se of any activity on mouse intestinal propulsion, blocked the increased gastroenteric

transit induced by the cannabinoid CB; antagonist SR 141716A.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Cannabis sativa preparations were used for centuries in
the medicinal treatment of gastrointestinal disorders (Merck
& Co., 1899; Grinspoon and Bakalar, 1997). Delta (9)-
tetrahydrocannabinol, 1 of the more than 60 cannabinoids
contained in Cannabis, has been shown to inhibit defaeca-
tion (Dewey et al., 1972) and decrease spontaneous (Rosell
et al., 1976; Shook and Burks, 1989) as well as electrically
evoked (Pertwee et al.,, 1996) gastrointestinal motility in
rodents.

Two cannabinoid receptor types CB; and CB, have
been cloned (Matsuda et al., 1990; Munro et al., 1993)
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and characterized both biochemically and pharmacologi-
cally (Pertwee, 1997). Their distribution has been mapped
using different techniques (Herkenham et al., 1991; Lynn
and Herckenham, 1994; Galiegue et al., 1995). From
these studies, it becomes clear that the widespread dis-
tribution of cannabinoid receptors from the brain through-
out the periphery mirrors the variety of effects produced
by Delta (9)-tetrahydrocannabinol or by synthetic or
endogenous cannabinoids such as anandamide (Devane
et al., 1992).

A large body of evidence has demonstrated that (a)
cannabinoids inhibit electrically evoked contraction of iso-
lated small intestine; (b) enteric cannabinoid CB, receptors
mediate inhibition of evoked acetylcholine release; and (c)
cannabinoids delay gastric emptying, inhibit gastric acid
secretion and intestinal motility in the whole animal
(reviewed in Pertwee, 2001).
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Very little is known, however, about the precise local-
ization of cannabinoid CB; receptor distribution in the
mammalian gastrointestinal system. The presence of canna-
binoid CB; receptor mRNA in the enteric ganglia of rat
embryos (Buckley et al., 1998) and of cannabinoid CB;
receptor immunoreactivity in ganglionated neurons and
fibers of porcine ileum (Kulkarni-Narla and Brown, 2000)
has been reported. The purpose of the present study was to
characterize the anatomical distribution of cannabinoid CB;
receptor protein in the gastroenteric tract of the mouse. In
addition, we wanted to extend previous observations from
this laboratory (Colombo et al., 1998; Carai et al., 2000) on
the inhibiting effect of cannabinoid CB; receptor agonists
on mouse gastrointestinal motility by studying the effect of
the potent cannabinoid agonist HU 210.

2. Materials and methods
2.1. Animals

Male CD-1 mice (Charles River, Calco, LC, Italy)
weighing from 20 to 35 g were used. After delivery to our
animal facility, the mice were left undisturbed for 7 days to
adapt to the new housing conditions. The mice were housed
20/cage in standard plastic cages (55 X 33 X 19 (k) cm) with
wood chip bedding under a 12 h artificial light—dark cycle
(lights on at 8:00 a.m.) at a constant temperature of 22 &+ 2
°C and relative humidity of 60%. Tap water and standard
laboratory rodent chow (MIL Morini, San Polo D’Enza, RE,
Italy) were provided ad libitum. All experimental protocols
were approved by the Ethical Committee at the University
of Cagliari and performed in strict accordance with the EC
regulation for care and use of experimental animals (EEC
N°86/609).

2.2. One-dimensional western blotting

Mice were killed by cervical dislocation and stomach,
small intestine, caecum, colon and liver were rapidly
removed and placed on an ice-cold plate. In brief, tissue
samples were homogenized at 4 °C with a homogenizer
system (GlasCol, Terre Haute, IN, USA), 200 pl of 20 mM
HEPES buffer (pH 7.9) containing in mM: NaCl, 125;
MgCl,, 5; glycerol, 12%; ethylenediaminetetracetic acid
(EDTA), 0.2; Nonidet P-40, 0.1%; dithithreitol, 5; phenyl-
methylsulphonyl fluoride, 0.5; leupeptin, 0.5 pg/ml; and
pepstatin A, 0.7 pug/ml. The extracts were then centrifuged at
15000 x g (at 4 °C) for 20 min and the resulting supernatant
was collected as total cell extracts. An aliquot was analysed
for protein concentration with a Protein assay kit II (Bio-
Rad Laboratories, Hercules, CA, USA), and the rest was
frozen at — 80 °C until assayed.

Sodium dodecyl sulfate (SDS)-stop solution (final con-
centration, 2% SDS, 10% glycerol and 5% {3-mercaptoetha-
nol) was added to aliquots of total gastroenteric preparation

extracts containing 30 pg of total protein. Samples were
then treated as previously described (Porcella et al., 2000).
The blot was blocked with 4% nonfat dry milk and
incubated with diluted (8 pg/ml) CB; rabbit polyclonal
antibody from Biosource International (Camarillo, CA,
USA) followed by peroxidase-labelled anti-rabbit antibody
(1:1500; Amersham Life Science, Milan, Italy). Immunor-
eactivity was visualized as enhanced chemiluminescence. A
specificity control was run by pre-absorbing (1 h) and co-
incubating the antiserum (8 pg/ml) with the immunizing
protein (50 pg/ml).

2.3. Analysis of immunoblots

Gels were visualized on a transilluminator and the
images were processed with the aid of western blotting
gel analysis software (Media Cybernetics, Silver Spring,
MD, USA). Each sample was measured on the basis of total
absorbance in arbitrary units of optical density (OD).

2.4. Immunohistochemistry

Mice were perfused transcardially with 4% paraformal-
dehyde in 0.1% phosphate buffer (PB) at pH 7.4. The
gastroenteric tract and cerebellum were subsequently post-
fixed in the same fixative for 2 h and then cryoprotected
overnight with a solution of 30% sucrose in 0.1 M PB at 4
°C. Transverse sections (10 pm) of different gastroenteric
tracts and cerebellum were cut on a cryostat (Leica CM
3050, Leica Microsystems, Nussloch, Germany), mounted
on gelatin-coated glass slides and cytochemical staining was
performed. Briefly, after rinsing in phosphate buffered saline
with 0.2% Triton X-100 (PBS+T), the sections were
incubated with 0.3% H,O, to eliminate endogenous perox-
idase activity and after extensive washing in a blocking
solution containing 1% bovine serum albumin and 20%
normal goat serum in PBS + T. Sections were then incubated
overnight at 4 °C with a cannabinoid CB; receptor poly-
clonal antiserum (40 pg/ml) from Biosource International.
After rinsing, the sections were incubated with goat anti-
rabbit biotinylated IgG (1:200; Vector, Burlingame, CA,
USA) for 1 h followed by an avidin—biotin complex (1:500;
Vectastain ABC kit, Vector) for an additional hour. The
sections were then exposed to 3,3’ diaminobenzidine
(Sigma, St. Louis, MO) containing cobalt chloride and
nickel ammonium sulfate for 15 min. Immunostaining was
developed by adding 5 pl of H,O, (0.1% in PBS) to each
500 pl of 3,3 diaminobenzidine. Finally, after washing in
PBS+T, all sections were dehydrated in ascending concen-
trations of ethanol, cleared with xylene and cover slipped
with Entellan before observation under light microscopy
(Olympus BX60, Olympus Optical, Hamburg, Germany). A
specificity control was run by pre-absorbing (1 h) and co-
incubating the antiserum (40 pg/ml) with the immunizing
protein used in 200-fold M excess as suggested by Bio-
source International (76 pg/ml).
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2.5. PH]CP 55,940 binding

Mice were killed by cervical dislocation and brain
(minus cerebellum), stomach, small intestine, caecum
and colon were rapidly removed and placed on an ice-
cold plate. After thawing, the tissues were homogenised
in 20 vol. (w/v) of ice-cold TME buffer (50 mM of Tris—
HCL, 1 mM of EDTA and 3.0 mM of MgCl,, pH 7.4)
with an Ultra-Turrex homogenizer. The homogenates were
centrifuged at 1086 X g for 10 min at 4 °C, and the
resulting supernatants were centrifuged at 45,000 x g for
30 min at 4 °C.

[H]CP 55,940 binding was performed by a modifica-
tion of the method previously described (Rinaldi-Carmona
et al., 1994). Briefly, the membranes (30—100 pg of
protein) were incubated with 0.5 nM of [*H]CP 55,940
for 1 h at 30 °C in a final volume of 0.5 ml of TME
buffer containing 5 mg/ml of fatty acid-free bovine serum
albumin. Specific binding of [PH]CP 55,940 was defined
as the difference between the binding that occurred in
presence and absence of 10 uM of CP 55,940. All binding
studies were performed in disposable glass tubes pre-
treated with Sigmacote (Sigma, Poole, UK) in order to
reduce non-specific binding. The reaction was terminated
by rapid filtration through Whatman GF/C filters pre-
soaked in 0.5% polyethyleneimine using a Brandell 96-
sample harvester (Gaithersburg, MD, USA). Filters were
washed five times with 4 ml of ice-cold Tris—HCI buffer
(pH 7.4) containing 1 mg/ml of fatty acid-free bovine
serum albumin. The filter bound radioactivity was meas-
ured in a liquid scintillation counter (Tricarb 2900, Pack-
ard, Meridien, USA) with 4 ml of scintillation fluid
(Ultima Gold MYV, Packard). Protein determination was
performed with the Bradford (1976) protein assay using
bovine serum albumin as a standard according to the
protocol of the supplier (Bio-Rad, Milan, Italy). All
experiments were performed in triplicate and results were
confirmed in at least four independent experiments. In
saturation binding assays, the concentrations of the radio-
labelled ligands used ranged between 0.05 and 3 nM.

The dissociation constant of [PH]JCP 55,940 (K4) and the
concentration of specific binding sites (B.x) were calcu-
lated using the GraphPad Prism program (GraphPad Soft-
ware, San Diego, CA, USA).

2.6. Gastrointestinal transit

Gastrointestinal transit in mice was measured according
to a procedure validated by Nagakura et al. (1996). HU 210
(0.1, 0.3, 1, 3, 10, 30, 100, 300 and 1000 pg/kg) was
administered i.p. 20 min before the i.g. administration of
the marker (0.3 ml/mouse carmine) to groups of n=9-10
mice. Twenty minutes later, the mice were killed by
cervical dislocation, the stomach and small intestine were
removed and the omentum separated, avoiding stretching.
The distance travelled by the head of the marker was

measured and expressed as percent of the total length of
the small intestine (from the pyloric sphincter to the
ileocecal junction). In the antagonism test, the cannabinoid
antagonist SR 141716A (0.3 mg/kg) was administered i.p.
10 min prior to the injection of HU 210 (0.3 pg/kg). The
marker was administered i.g. 20 min afterwards. Twenty
minutes later, the mice were killed by cervical dislocation,
and the stomach and small intestine were removed as
described above.

2.7. Chemicals and drugs

All drugs were suspended in saline with 0.1% Tween 80
and injected in a 12.5 ml/kg volume. Carmine (Sigma) was
suspended at the concentration of 6% (w/v) in distilled water
containing 0.5% methylcellulose. HU 210 (R(-)-7-hydroxy-
delta-6-tetra-hydrocannabinol-dimethylheptyl) and CP
55,940 ((-)-3-[2-hydroxyl-4-(1,1-dimethylheptyl)-phenyl]-
4-(3-hydroxylpropyl) cyclohexan-1-0l)) were purchased
from Tocris Cookson (Bristol, UK), SR 141716A ((N-piper-
idino-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-methyl-
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Fig. 1. Diagrammatic scheme (Panel A), western blotting of whole cell
extracts (Panel B) and relative differences of CB; peptide (Panel C) of the
mouse gastroenteric tract: 1 =stomach greater curvature; 2 =stomach lesser
curvature; 3 =pyloric valve; from 4 to 11=small intestine (each number
represents a section 6 cm in length); 12 =caecum; 13 =colon; 14 =rectum;
NC =negative control (liver). Differences in CB; peptide were expressed in
arbitrary units of OD; each OD value represents the mean + S.E.M. for four
mice.
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pyrazole-3-carboxamide)) was a generous gift from Sano- from New England Nuclear (Boston, MA, USA). All other
fi ~ Synthélabo Recherche (Montpellier, France). [’H]CP chemicals were from commercial sources and were of ana-
55,940 (specific activity of 180 Ci/mmol) was purchased lytical grade.

Stomach

Fig. 2. A dense CB; receptor immunoreactivity was found in the ganglia subadjacent to the gastric epithelium (A, long arrow). Non-specific labelling persisted
in preabsorption control in the gastric epithelium (B, short arrow) and no positive staining was present in the omission control (C). In the small intestine, CB;
receptor immunoreactivity was present in the smooth muscle layers (D, arrow). No positive staining was present in preabsorption and omission control in the
smooth muscle layers (E—F). Non-specific labelling was present in the epithelial cells of the villi of the small intestine (G, arrow) persisting in preabsorption
and omission controls (H—1, arrow). Intense CB; receptor immunoreactivity was also found in the large intestine in the smooth muscle layers (L, arrow). No
positive staining was shown in preabsorption and omission control in the smooth muscle layers (M—N). Non-specific labelling was present in the epithelial
cells of the villi of the large intestine (O, arrow) persisting in preabsorption and omission controls (P—Q, arrow). Scale bar=20 um.
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2.8. Data analyses

In each experiment, statistical evaluation of the gastro-
intestinal transit, expressed as percentage of the distance
travelled by the head of the marker over the total length of
the small intestine, was performed with a one-way analysis
of variance (ANOVA) followed by the Newman—Keuls test
for post hoc comparisons. The inhibitory effects of cannabi-
noids on gastrointestinal transit are also expressed as percen-
tages of inhibition of transit in cannabinoid-treated animals
(test gastrointestinal transit) compared with the mean transit
obtained in a group of vehicle-treated mice: percent inhi-
bition=[(vehicle gastrointestinal transit — test gastrointesti-
nal transit)/(vehicle gastrointestinal transit)]x 100.

3. Results
3.1. Western blotting

The cannabinoid CB; receptor protein was differentially
expressed in the sections (Fig. 1 Panel A) of mouse gastro-
enteric tract analysed. Panel B of Fig. 1 shows a represen-
tative western blotting with affinity-purified polyclonal
antibody raised against the N-terminus of the cannabinoid
CB, receptor, detecting only one major band of approxi-
mately 63 kDa which corresponds to the expected molecular

weight of the glycosylated form of the cannabinoid CB;
receptor (Song and Howlett, 1995; Porcella et al., 2000). A
specificity control experiment (data not shown), done by
incubating the cannabinoid CB; receptor antibody with the
immunizing protein as previously described (Porcella et al.,
2000), showed no immunoreactivity. The 63-kDa band gave
an OD reading (Fig. 3C) of 100 £ 4.8 and 108 & 4.0 in the
greater and lesser curvature of the stomach, respectively. In
the small intestine, the immunoreactivity OD reading ranged
between 12 + 1.7 and 24 + 1.9, while in caecum, proximal
colon and rectum, it was 40 +£ 3.2, 116 + 6.5 and 20 + 1.8,
respectively. Each OD value represents the mean + S.E.M.
from four mice.

3.2. Immunocytochemistry

Intense cannabinoid CB; receptor immunoreactivity was
observed in all tracts of the mouse gut. In the stomach, a
dense CB; receptor immunoreactivity was found in the
ganglia subadjacent to the gastric epithelium (Fig. 2A).
Non-specific labelling persisted in the pre-absorption con-
trol in the gastric epithelium (Fig. 2B) and no positive
staining was present in the omission control (Fig. 2C). In
the small intestine, CB; receptor immunoreactivity was
present in the smooth muscle layers (Fig. 2D). No positive
staining was present in pre-absorption and omission controls
in the smooth muscle layers (Fig. 2E—F). Nevertheless, non-

Fig. 3. Uniform intense CB; staining was exhibited in the cerebellum molecular layer (A, arrow) while moderate positivity was present in the granular layer. At
high magnification, the intense CB, receptor immunoreactivity surrounds the Purkinje cell bodies (C, arrow). Moreover, the negative control experiment with
the immunizing protein showed the absence of positive staining in the molecular layer of the cerebellum (B—D). Scale bar=100 pm (A-B), 20 um (C-D).
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Table 1
Distribution of [*HJCP 55,940 binding in mouse gastroenteric trait and
forebrain

Tissue Binding (pmol/mg protein)
Total Non-specific Specific  Specific
binding (%)
Stomach 0.14 £ 0.005 0.124+0.005 0.016 11

Small intestine ~ 0.22 £0.010 0.160 £ 0.005 0.060 27
Caecum+colon 0.25+0.020 0.225+0.030 0.025 10
Forebrain 0.60 £0.050 0.095+0.010 0.505 84

Values are means + S.E.M. of at least four different experiments, each
performed in triplicate.

specific labelling was present in the epithelial cells of the
villi of the small intestine (Fig. 2G) persisting in pre-
absorption and omission controls (Fig. 2H-1). A CB,
receptor immunoreactivity was also found in the large
intestine in the smooth muscle layers (Fig. 2L). No positive
staining was shown in pre-absorption and omission controls
in the smooth muscle layers (Fig. 2M—N). Non-specific
labelling was present in the epithelial cells of the villi of the
large intestine (Fig. 20) persisting in preabsorption and
omission controls (Fig. 2P—Q). Standard hematoxylin and
eosin staining was also performed in order to check the
histological pattern of the intestinal tract that we used for
this study (data not shown). In addition, uniform intense
CB, staining was seen in the cerebellum molecular layer
(Fig. 3A) that we used as a positive control since the
cerebellum has a high CB, receptor density while moderate
positivity was present in the granular layer. At high magni-
fication, the intense CB; receptor immunoreactivity sur-
rounds the Purkinje cell bodies (Fig. 3C). Moreover, the
negative control experiment with the immunizing protein

showed the expected absence of positive staining in the
molecular layer of the cerebellum (Fig. 3B—D).

3.3. PH]CP 55,940 binding

The total [PH]CP 55,940 specific binding and the specific
binding percent in the different tissues examined are pre-
sented in Table 1. A lower level of [PH]CP 55,940 specific
binding (27%, n=4) was found in the small intestine crude
homogenates when compared to the forebrain (84%, n=4),
while no other tissue examined had specific binding greater
than 11%. As shown in Fig. 4, binding of [’H]CP 55,940 to
the small intestine was dose-dependent and saturable, yield-
ing a K4=0.41 £0.084 nM and B.=42 £ 6 fmol/mg
protein, while in the forebrain, the kinetic parameters were
K4=0.32 £ 0.052 nM and B, =805 *+ 57 fmol/mg protein
(graph not shown). No significant differences were detected
in the K4 values between the small intestine and forebrain
(P=0.3770, Student’s #-test). V,ax values were much higher
in the forebrain than in small intestine (£ <0.001, Student’s
t-test). We were unable to increase the specific binding
percent by using sucrose gradient fractionation (data not
shown) as reported for the guinea pig small intestine (Ross
et al., 1998).

3.4. Gastrointestinal transit

Administration of HU 210 (0.1-1000 pg/kg i.p.) re-
sulted in a dose-dependent reduction, up to approximately
70%, at doses equal to or greater than 100 png/kg in com-
parison to vehicle-treated mice of the propulsive activity
in the small intestine [one-way ANOVA F(9,89)=19.75,
P<0.01] (Fig. 5A). In addition, SR 141716A (0.3 mg/kg)
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Fig. 4. Saturation of [PH]CP 55,940 specific binding to mouse small intestine. Different concentrations of [PH]CP 55,940 were incubated with membrane
suspension (30— 100-pg protein) for 60 min at 30 °C. Each point represents the mean of triplicate determinations obtained in a single representative experiment.

Inset represents a Scatchard transformation of the same data.
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Fig. 5. Panel A: effect of the cannabinoid CB; receptor agonist HU 210
(0.1-1000 pg/kg, i.p.) on gastrointestinal transit in CD-1 mice. HU 210
was administered 20 min prior to the i.g. administration of the marker.
Gastrointestinal transit was evaluated 20 min after the administration of the
marker. Each point is the mean + S.E.M. from 9 to 10 mice. ¥*P <0.01 with
respect to vehicle-treated mice (Newman—Keuls test). Panel B: effect of
HU 210 (0-0.3 png/kg, i.p.) alone or in combination with SR 141716A (0.3
mg/kg, i.p.). SR 141716A was given 10 min before the administration of
HU 210, the latter 20 min before the marker. Gastrointestinal transit was
evaluated 20 min after the administration of the marker. Each bar represents
the mean + S.E.M. from 10 to 15 mice. *P<0.01 with respect to 0 mg/kg
HU 210+0 mgkg SR 141716A-treated mice (Newman—Keuls test).
*P<0.05 with respect 0.3 pg/kg HU 210+0.3 mg/kg SR 141716A-treated
mice (Newman—Keuls test).

produced an increase in gastrointestinal transit [one-way
ANOVA F(3,43)=8.91, P<0.01] (Fig. 5B) to an extent
comparable to that previously observed in other studies
from this laboratory using the same procedure (Colombo et
al., 1998; Carai et al., 2000). HU 210, administered at the
dose of 0.3 pg/kg, which per se did not affect propulsion in
the small intestine, reversed the propulsive effect of SR
141716A (Fig. 5B).

4. Discussion

In this study, we demonstrated the presence of functional
cannabinoid CB; receptors in the mouse gastroenteric tract.

In the mouse gut, the cannabinoid CB; receptor protein
was detected by western blotting with a differential expres-
sion supporting the recognised link between cannabinoids
and the gastroenteric system (reviewed in Pertwee, 2001). In
accord with the present western blotting experiments, poly-

merase chain reaction, performed on cDNA prepared from
human stomach and colon (Shire et al., 1995), guinea pig
small intestine (Griffin et al., 1997) and from the myenteric
and submucosal plexus of the rat embryo digestive tract
(Buckley et al., 1998), demonstrated the presence of canna-
binoid CB; receptor mRNA. The absence of CB,; protein
signal in the pyloric valve, a dense muscular ring, is
consistent with the reported lack of a Delta (9)-tetrahydro-
cannabinol effect on antro-duodenal intraluminal pressure
(Shook and Burks, 1989). This would suggest that the
stomach epithelial wall rather than the muscle layer might
indirectly reduce the frequency of stomach contractions
produced by cannabinoids (Shook and Burks, 1989; 1zzo
et al., 1999).

When we studied the cannabinoid CB; receptor cellular
distribution in the mouse gut by immunohistochemistry,
using the same antibody which identified the cannabinoid
CB; receptor protein in the western blotting experiments,
we found intense positive CB, receptor immunoreactivity in
all regions of the mouse gut.

A dense CB; receptor immunoreactivity was found in
the ganglia subadjacent to the gastric epithelium. More-
over, to confirm neuronal morphology, several studies
showed CB, receptor immunoreactivity on acetylcholine-
containing neurones that innervate smooth muscle, mucosa
and submucosal blood vessels of the rat stomach (Izzo et
al., 2000a; Adami et al., 2002). It is consistent with this
that cannabinoid receptor agonists have been reported to
delay gastric emptying (Izzo et al., 1999) and to inhibit
gastric acid secretion stimulated either by pentagastrin
(Adami et al., 2000) or by stress (Germano et al., 2001)
in rats.

We also found an intense CB, receptor immunoreactivity
in the smooth muscle layers of mouse small and large
intestine. CB, receptor immunoreactivity has been observed
in the myenteric and submucosal ganglionated plexus of
porcine ileum (Kulkarni-Narla and Brown, 2000) and of
mouse colon (Pinto et al., 2002) where it was coexpressed
with a cholinergic marker.

These findings, together with the results of the pharma-
cological study, further support the role of cannabinoid
receptors in the inhibition of intestinal motility in the mouse
upper gastrointestinal tract (Chesher et al., 1973; Shook and
Burks, 1989; Calignano et al., 1997; Colombo et al., 1998;
Carai et al., 2000; Izzo et al., 2000b) and electrically evoked
peristaltic activity of the mouse isolated distal colon (Man-
cinelli et al., 2001). Moreover, the presence of CB; receptor
immunoreactivity in the mouse intestinal mucosa supports
the results of studies in the rat where cannabinoid CB;
receptors were found to be involved in the regulation of
small intestinal water and electrolyte transport (Tyler et al.,
2000).

To further characterize the expression of the cannabinoid
CB, receptor in the mouse gastrointestinal tract, we per-
formed [*H]CP 55,940 binding on crude membrane homo-
genates. [PH]CP 55,940 specific binding was present in the
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various mouse gut tracts, even if, only in the small intestine,
the specific binding percent was sufficient to allow a kinetic
parameter study. It should be noticed that the percentage of
specific binding (27%) found in the crude homogenate
fraction of mouse small intestine was similar to what has
been observed in guinea pig small intestine (21.6%) (Ross et
al., 1998). However, Ross et al. (1998), who used mem-
branes separated by sucrose gradient fractionation from the
myenteric plexus-longitudinal muscle preparation of the
guinea pig small intestine, found an increase of [*H]CP
55,940 specific binding percentage (65.2%). One notable
difference between the present binding experiments and the
results reported by Ross et al. (1998) is that we were unable
to enrich the specificity of binding by using sucrose gra-
dients. This is most likely due to the technical difficulties of
obtaining sufficient amounts of myenteric plexus-longitudi-
nal muscle preparation from the mouse gastroenteric tract.
Although, we found a low specific-binding percent in the
small intestine, our results indicated that the [°’H]JCP 55,940
affinity was similar to that observed in the forebrain, a
region known to highly express cannabinoid CB; receptors.
The binding site density was, however, much lower in the
small intestine than in the mouse forebrain.

The low receptor density observed in the mouse gut and
the related technical problem might explain the different
receptor distribution found when using western blotting and
[PH]CP 55,940 binding in the different gastrointestinal
tracts.

The results of the study investigating the effect of HU
210 on mouse gastrointestinal transit are in agreement with
previous reports showing that the endogenous cannabinoid,
anandamide (Calignano et al., 1997) and the cannabinoid
receptor agonists WIN 55,212-2 and CP 55,940 (Colombo
et al.,, 1998; Izzo et al., 2001; Carai et al., 2000) inhibit
gastrointestinal transit in a dose-dependent manner. HU 210
proved to be more potent to inhibit mouse gastrointestinal
transit than other receptor agonists such as WIN 55,212-2
(Colombo et al., 1998; Carai et al., 2000) and CP 55,940
(Izzo et al., 2001). The fact that SR 141716A per se
increased the gastrointestinal transit suggests the existence
of an inhibitory, cannabinoid receptor-mediated endogenous
tone in the mouse gastroenteric tract. Further, a dose of HU
210 devoid per se of any activity on mouse intestinal
propulsion blocked the increased gastroenteric transit
induced by the cannabinoid CB; receptor antagonist SR
141716A.

The cellular and pharmacological evidence shown here
supports the notion that cannabinoids may have a direct
influence on the whole mouse gastroenteric tract. In addi-
tion, the identification of the gastroenteric regions where
cannabinoids receptors are expressed will permit further
investigation of their differential physiology and their pos-
sible role in pathological states. We confirm that cannabi-
noid agonists or antagonists may have therapeutic
applications as potential modulators of gastrointestinal
physiopathology.
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