British Journal of Pharmacology (2003) 140, 115-122

© 2003 Nature Publishing Group Al rights reserved 0007-1188/03 $25.00 @

www.nature.com/bjp

Role of cannabinoid CB, receptors and tumor necrosis factor-« in
the gut and systemic anti-inflammatory activity of SR 141716

(Rimonabant) in rodents
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1 We investigated the effect of the cannabinoid CB; receptor antagonist, SR 141716, on
indomethacin-induced small intestine inflammation and Escherichia coli lipopolysaccharide (LPS)-
induced plasma TNF-« (TNF) release in comparison to the cannabinoid CB, receptor antagonist, SR
144528, in rodents.

2 In rats, indomethacin induced significant ulcer formation in the small intestine; this was
accompanied by an increase in tissue TNF levels and myeloperoxidase (MPO) activity. SR 141716
prevented the ulcers and the rise in TNF levels (IDs, 3.3, 0.4 mgkg ™", respectively) and MPO activity.
SR 144528 prevented intestinal ulcers only.

3 The effect of SR 141716 against indomethacin-induced ulcers and increase of plasma TNF levels
after LPS was also studied in wild-type and CB, receptor knockout mice. Indomethacin induced
intestinal ulcers in mice, but not tissue TNF production and MPO activity. SR 141716 reduced the
ulcers to a similar extent in wild-type and CB, receptor knockout mice. In rats and wild-type mice, but
not in CB, receptor knockout mice, SR 141716 inhibited the LPS-induced increase in plasma TNF
levels.

4 These findings provide evidence that the indomethacin model of intestinal lesions differs in rat and
mouse and support the existence of several mechanisms for the antiulcer activity of SR141716, the
most important involving the inhibition of TNF production. The potent anti-inflammatory activity of
SR141716 in rodents indicated its potential therapeutic interest in chronic immune-inflammatory

diseases.
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Introduction

Cannabinoid agonists and antagonists display several phar-
macological effects through interactions with at least two
receptor subtypes, the cannabinoid CB; and CB, receptors
(Howlett, 1995; Pertwee, 1997). The cannabinoid CB, receptor
subtype accounts for most of the central effects of marijuana
and synthetic cannabinoid agonists. It is not only abundant in
the central nervous system (Devane er al., 1988; Wilson &
Nicoll, 2002), but is also present in several peripheral organs,
including the gut, where it appears to modulate gastroprotec-
tion, gastrointestinal motility and secretion (Croci et al., 1998;
Izzo et al., 2001; Mancinelli ez al., 2001; Pertwee, 2001; Landi
et al., 2002; Pinto et al., 2002).

In vitro functional evidence of prejunctional neuronal
cannabinoid CB, receptors in the human ileum longitudinal
smooth muscle and colon has been provided (Croci et al.,
1998; Manara et al., 2002). Cannabinoid CB;-binding sites
(Pertwee, 1997) and immunoreactivity (Kulkarni-Narla &
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Brown, 2000) and cannabinoid CB, transcripts have also been
reported in peripheral tissues (Bouaboula ez al., 1993; Galiegue
et al., 1995). The cannabinoid CB, receptor subtype is virtually
absent from the brain, but largely distributed in the periphery
and on the surface of immune cells, where it exerts important
modulatory functions (Munro et al., 1993; Galiegue et al.,
1995; Klein et al., 2000). There is substantial evidence that in
different in vitro and in vivo inflammatory conditions, both
endogenous and synthetic cannabinoid receptor agonists
downregulate mast cells and granulocytes, and reduce cytokine
release by acting mainly at cannabinoid CB, receptors (Aloe
et al., 1993; Mazzari et al., 1996; Richardson et al., 1998;
Parolaro, 1999; Klein et al., 2000; Massi et al., 2000; Sacerdote
et al., 2000; Smith ez al., 2000; 2001a; Conti et al., 2002). The
importance of the cannabinoid CB, receptor in immunological
and inflammatory events is less clearly established than the
cannabinoid CB, receptor, in spite of the expression and
presence of CB, receptors on the surface of immune cells
(Kaminski et al., 1992; Galiegue et al., 1995). SR 141716
(Rimonabant) is a potent and highly selective cannabinoid CB,
receptor antagonist with potential therapeutic properties in
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obesity (Le Fur et al., 2001); it is now widely used as a
pharmacological tool to block cannabinoid CB,; receptors
selectively in vitro and in vivo (Rinaldi-Carmona et al., 1994;
Bouaboula et al., 1997).

The aim of this study is to investigate the role of
cannabinoid CB, receptors in inflammation and to character-
ize the actions of SR 141716 further in the indomethacin
toxicity model in the gut. Indomethacin-induced small
intestinal injury in the rat is a simple inflammatory model in
which local tumor necrosis factor-o (TNF-o) tissue production
is clearly involved in the early stage of the mechanism leading
to the lesions (Bertrand et al., 1998; Konaka et al., 1999).
We compared the effect of SR 141716 with that of the
selective cannabinoid CB, receptor antagonist, SR 144528
(Rinaldi-Carmona et al., 1998; Bouaboula et al., 1999) on
indomethacin-induced intestinal ulcers, TNF-o production and
myeloperoxidase (MPO) tissue activity in rats and mice. We
also investigated the action of SR 141716 on plasma TNF-«
levels after systemic administration of Escherichia coli lipopo-
lysaccaride (LPS): (a) in rats, to see whether the inhibitory
effect of SR141716 on local intestinal TNF-« production is not
just a consequence, but rather one of the major steps in ulcer
healing; (b) in wild-type and CB,-receptor knockout mice, to
understand the role of cannabinoid CB, receptors in the anti-
inflammatory activity of SR141716.

A preliminary account of this study was presented at
the 2002 Symposium on the cannabinoids (Croci et al.,
2002).

Methods

Animals

Male Crl:CD BR rats weighing 210+30g were purchased
from Charles River, Italy. Male C57BL/6N,Crl BR mice (wild
type) and cannabinoid CB, receptor knockout mice, weighing
28+3g, were bred at the Sanofi-Synthelabo animal care
facility (Montpellier, France), according to the method of
Robbe et al. (2002). All the animals were treated according to
internationally accepted principles for care of laboratory
animals (E.E.C. Council Directive 86/609, OJ L1358, 1,
December 12, 1987). The experimental protocol was approved
by the local Animal Care and Use Committee of Sanofi-
Synthelabo Recherche. Animals were housed under controlled
environmental conditions (224 1°C, 55+ 15% relative humid-
ity, 12h light from 630 to 1830 h) for at least 7 days before the
experiment and had free access to filtered tap water and pellet
diet (4RF 21, Mucedola, Italy).

Indomethacin-induced small intestine ulcers in rats and
mice

Small intestine ulcers were induced by indomethacin according
to the method of Bertrand ez al. (1998) in rats and of Ettarh &
Carr (1993) in mice, with minor modifications.

Overnight fasted rats, with water ad [libitum, were
treated subcutaneously with 20mgkg~' of indomethacin or
vehicle (3% NaHCO; in distilled water) and euthanized
by cervical dislocation 24h later. Food was made available
only 6h after indomethacin treatment, just after oral
treatment with SR141716 (0.3-30mgkg™"), SR144528

(0.3-30mgkg™") or the vehicle 2mlkg™'; 9% Tween 80 in
ultrapure water).

To study compound interaction, SR 144528 (1, 3,
10mgkg™') and SR141716 (3mgkg™") were given orally,
either alone or together, 6h after indomethacin (20 mgkg™'
s.c.), and rats were killed 24 h later.

Mice, with water ad libitum, were treated subcutaneously
once a day for two consecutive days, with 100mgkg™" of
indomethacin or vehicle (10mlkg™', body weight). Oral
SR141716 (10mgkg~" day~') was given 6h after each dose
of indomethacin. Food was withdrawn after the last dose of
SR141716. At 24 h after the last indomethacin injection, the
animals were euthanized by cervical dislocation, the small
intestine was excised, from the ileo-cecal valve to the pylorus,
rinsed with saline, opened along its length and stretched over a
filter paper for identifying and counting ulcers.

A piece of small intestine in the area reflecting the severity of
ulceration of each rat or mouse was dissected (about 300 mg)
and immediately cooled on dry ice for MPO and TNF-«
assays.

Intestinal transit in mice

Small intestine transit was assessed 20 min after a standard
charcoal meal (distilled water suspension containing 10% gum
arabic, 10% vegetable charcoal and 20% starch) given by
gavage (0.1 ml per 10 g body weight). Mice were euthanized by
cervical dislocation and the percentage of small intestine
traversed by the front of the test meal was measured. (+ )-
WIN 55212-2, dissolved in 10% propylene glycol acid solution,
was injected i.p. in a volume of 10 mlkg~! immediately before
the test meal. SR141716, dissolved in 9% Tween 80 in
ultrapure water, was given orally 60 min before the agonist,
in a volume of 10mlkg™".

LPS treatment and TNF-a assay in the small intestine or
plasma of rats and mice

A submaximal effective dose of lipopolysaccharide from E. coli
(dissolved in sterile water) was given either i.v. in rats
(Imgkg™'ml™!, body weight) or i.p. in mice (10mgkg™
10ml~") 120min after oral SR141716, SR144528 or vehicle
(9% Tween 80 in ultrapure water). Blood was drawn by
cardiac puncture 90min after LPS injection in animals
anesthetized with 60mgkg~', i.p. of pentobarbital. Blood
was collected in tubes containing approximately 1/10 (vv~') of
0.106 M sodium citrate. Plasma was obtained by centrifugating
blood at 1400 x g for 20 min, and was then stored at —20°C
until TNF-o assay.

The frozen intestinal samples were first homogenized in
20vol of 0.05M phosphate buffer (pH 6) in a Polytron
homogenizer (24,000r.p.m. for 40s) and centrifuged at
10,000 x g. The supernatants were kept frozen (—20°C)
until TNF-o assay. TNF-a protein in the plasma and small
intestine of rats and mice was measured with ELISA Kkits
specific for rat or mouse TNF-a (BIOTRAK, Amersham
Pharmacia Biotech).

MPO activity in small intestine samples

MPO activity, as an index of leukocyte infiltration into the
intestinal mucosa, was measured following the method of
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Bradley et al. (1982), with minor modifications. The frozen
intestinal sample was first homogenized in 20vol of 0.05M
phosphate buffer (pH 6) in a Polytron homogenizer
(24,000 r.p.m. for 40s). After taking two 0.5ml aliquots for
the protein and TNF-« assays, the homogenate was centri-
fuged at 40,000 x g for 20 min at 4°C in an L-70 Beckman
ultracentrifuge. The pellet was suspended in hexadecyl-
trimethylammonium (0.5% in 0.05m phosphate buffer) and
again homogenized (24,000 r.p.m. for 20s), and then sonicated
for 20s. An aliquot of this homogenate was frozen at —80°C,
and then subjected to three alternating freezing—thawing
cycles and finally centrifuged at 18,000 x g for 16 min. The
supernatant was assayed spectrophotometrically for MPO
activity.

The assay was carried out on a 96-well microplate at 4°C. A
volume of 50 ul of each sample, or an equivalent volume of
standard solution of horseradish peroxidase, was combined
with 200 ul solution containing 26.32 ug of tetramethylbenzene
and 22.5nmol of H,O, in 0.1 M acetate buffer and added to
each well. The kinetics of absorbance at A=630nm was
followed from 5 to 50 min in a spectrophotometer at 4°C. The
reaction was stopped with 50 ul of 1M H,SO, at 50 min, and
10 min later a further reading was taken at 41 =450nm. For
each sample, the change in absorbance (MPO activity) was
expressed in microunits (uU)mg ™! of total protein, measured
according to the method of Bradford (1976). The calculation
of microunits was based on a standard curve of horseradish
peroxidase in the same experimental conditions. One interna-
tional unit (IU) of MPO activity degrades 1 umol of peroxide
per min.

Calculation and statistical analysis

Results are expressed as means+s.e.m. The IDs, with their
95% confidence limits were obtained using the four-parameter
logistic model according to Ratkowsky & Reedy (1986).
Adjustment was carried out by nonlinear regression analysis
using the Levenberg—Marquandt algorithm in RS/1 software
(B.B.N., Cambridge, MA, U.S.A.). The means were compared
by a completely randomized one-way analysis of variance
(ANOVA), followed by Duncan’s test for multiple compar-
isons using RS/1 software. A probability of less than 0.05 was
considered significant.

Chemicals

N-piperidino-5-(4-chlorophenyl)-1-(2,4-dichlorophenyl)-4-me-
thylpyrazole-3-carboxamide (SR 141716) and N-(1S5)-[1,3,3-
trimethylbicyclo(2.2.1)-hept-2-endoyl)-5-(4-chloro-3-methylphe-
nyl)-1-(4-methylbenzyl)pyrazole-3-carboxamide (SR 144528)
were synthesized at Sanofi-Synthelabo Recherche, Montpel-
lier, France. The following chemicals were purchased from
the commercial sources indicated: Sigma-Aldrich S.r.l
(Milan, Italy): indomethacin, (+)-WIN 55,212-2 (R(+)-
[2,3-dihydro-5-methyl-3-[(4-morpholinyl)methyl]pyrrolo[1,2,3-
de]-1,4-benzoxazinyl]-(1-naphthalenyl)methanone = mesylate,
E. coli LPS (lot.51K4115); Calbiochem-Novabiochem
GmbH (Schwalbach, Germany): horseradish peroxidase,
230 Umg .

Results

Effects of SR 141716 and SR 144528 on intestinal ulcers,
TNF-a. production and M PO activity induced by
indomethacin in the rat ileum

Indomethacin (20mgkg™' s.c.) induced the formation of
107+5 (mean+s.e.m., n=232) ulcers along the rat small
intestine 24h after the treatment. The lesions appeared as
rounded or slightly elongated hemorrhagic lesions covering the
entire small intestine. These were accompanied by an increase
of tissue TNF-a levels and MPO activity; the basal values
were: MPO 0.20+0.05 xUmg ! protein, TNF-0 25+ 4 pgmg~!
protein, in the vehicle-treated rats; MPO 0.68+0.06 uUmg™"
protein, TNF-o 1424+ 13pgmg~' protein, in indomethacin-
treated rats.

The effects of the cannabinoid CB, and CB, receptor
antagonists SR 141716 and SR 144528 on indomethacin-
induced ulcers, TNF-« levels and MPO activity in the rat small
intestine are shown in Figures 1 and 2. The IDs, on the above
parameters are reported in Table 1. Oral SR 141716 (0.3—
30mgkg™! given 6h after indomethacin) dose-dependently
prevented the ulcers (IDsy, 3.32mg kg~' with maximal effect at
10mgkg™") and produced a significant reduction of TNF-«
levels (IDs, 0.43mgkg~' with maximal effect at 3mgkg™").
SR141716 also reduced intestinal MPO activity (50% inhibi-
tion at 30mgkg™"). As shown in Figure 2 and Table 1, SR
144528 was less potent (IDso~7mgkg™") than SR 141716 in
preventing the ulcerogenic action of indomethacin (maximal
inhibition: ~60% at 30mgkg'). At doses up to 30mgkg™", it
also failed to inhibit TNF-o and MPO activity. As shown in
Figure 3, the antiulcer effect of a submaximal dose of SR
141716 was additive with that of submaximal doses of SR
144528.

110 1

100 —0O— Ulcers
—— TNFa

—— MPO

90 1
80 1
70
60 1
50

40 1
30 1
20
10 1

% Effect of Indomethacin

SR141716 (mg kg™ )

Figure 1 Effect of oral SR 141716 on ulcers, TNF-o production
and MPO activity induced by indomethacin in the rat small
intestine. SR 141716 (0.3-30mgkg™") was given 6h after indo-
methacin (20mgkg™' s.c.) and rats were killed 24 h later. Results are
expressed as mean % +s.e.m. of indomethacin effect (100%), from
five independent experiments, each including at least five animals.
The basal values were: number of ulcers 0, MPO 0.1940.05 uU mg ™"
protein, TNF-o 25+4pgmg~! protein, in the vehicle-treated rats;
number of ulcers 10444, MPO 0.7040.06 xUmg™" protein, TNF-o
1424+ 13 pgmg~" protein, in indomethacin-treated rats. *P<0.01,
**P<0.05 vs control vehicle (Duncans’s test).
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Figure 2 Effect of oral SR 144528 on ulcers, TNF-o production
and MPO activity induced by indomethacin in the rat ileum. SR
144528 (0.3-30mgkg™") was given 6h after indomethacin
(20 mgkg ' s.c.) and rats were killed 24 h later. Results are expressed
as mean % =+s.e.m. of indomethacin effect (100%) from at least 12
animals per dose. Basal values were: number of ulcers 0, MPO
0.21+0.06 xUmg~' protein, TNF-o. 25+4pgmg~' protein, in the
vehicle-treated  rats; number of ulcers 111+4, MPO
0.65+0.05uUmg ' protein, TNF-o. 1424+ 13pgmg~" protein, in
indomethacin-treated rats. **P<0.01 vs control vehicle (Duncans’s
test).

Table 1 Inhibition (IDs,mgkg™"', p.o.) of IND-in-
duced ulcers, TNF-a production and myeloperoxidase
(MPO) activity in the rat small intestine by SR 141716
and SR 144528

Ulcers TNF-o. MPO
SR 141716  3.32 (2.84-3.95)  0.43 (0.17-0.62) ~30*
SR 144528 ~7° >30 >30

In parentheses, 95% confidence limits. “Maximal inhibition
50%. "Maximal inhibition 60%.

Effects of SR 141716 and SR 144528 on E. coli LPS-
induced increased levels of TNF-o in rat plasma

As shown in Figure 4, oral SR 141716 (0.3—10mgkg™") dose-
dependently prevented the increase of TNF-a levels in rat
plasma induced by LPS (1 mgkg™"' i.v.) with an IDs, value of
0.38mgkg™! (95% confidence limits 0.2—0.7). A peak effect
was seen at a dose of 3mgkg™": (mean+s.e.m.) percentage
inhibition 68+9. In contrast, oral SR 144528 (10 mgkg ') had
no effect on the increase in plasma TNF-« levels induced by
the endotoxin (mean pgml™' +s.e.m.): control vehicle 23+ 16;
LPS 3388+97; LPS plus SR144528, 3350+201.

Effects of SR 141716 on ulcers, TNF-o. production and
MPO activity induced by indomethacin in the small
intestine of wild-type (+/+ ) and cannabinoid CB,
receptor knockout (—/—) mice

In a preliminary experiment, we verified whether CB, receptor
knockout mice totally lacked CB,; receptor-mediated func-
tional responses. As shown in Figure 5, the knockout mice,

SR144528 mg kg™

Indomethacin
3mg kg1 SR141716

Figure 3 Additive effects of SR 141716 and SR 144528 on
indomethacin ulcer prevention in rats. SR 144528 (1, 3, 10mgkg™")
and SR 141716 (3mgkg™') were given orally, either alone or
together, 6 h after indomethacin (20 mgkg™' s.c.) and rats were killed
24 h later. Results are expressed as mean % +s.e.m. of indomethacin
effect (100%), from three independent experiments, each including
at least five animals. *P<0.05, **P<0.01 vs indomethacin;
OP<0.05, ©©P<0.01 vs SR 144528 alone (Duncan’s test).
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Figure 4 Effect of oral SR 141716 and SR 144528 on LPS-induced
increase of plasma TNF-o in rats. SR 141716 (0.3—10mgkg™') and
SR 144528 (10mgkg™") were given orally 120 min before LPS or
vehicle. Plasma was collected 90 min later. Results are mean+s.e.m.
of at least six rats. ©©P<0.01 vs vehicle; *P<0.05, **P<0.01 vs
LPS (Duncan’s test).

SR141716 (mg kg™1)

unlike the wild type, were fully resistant to the inhibitory effect
on gastrointestinal transit of the cannabinoid agonist (+)-
WIN 55,212-2, as well as to SR141716’s intrinsic effect, for
example, stimulation of gastrointestinal transit.

Mice were much less sensitive than rats to indomethacin as
they had fewer, almost punctiform small intestinal ulcers more
concentrated in the ileum, near the cecum. As shown in
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Figure 5 Effect of (+)-WIN 55,512-2 and SR 141716 on the
intestinal propulsion of a charcoal meal in wild-type and CB;,
receptor knockout mice. The values on the ordinate are the
percentages of small intestine traversed by the charcoal meal during
20 min. SR 141716 (10mgkg~") was given orally, 60 min before (+ )-
WIN 55,512-2, which was injected (0.5mgkg™" i.p.) immediately
before the charcoal meal. Results are mean+s.e.m. of at least six
mice. *P<0.05, **P<0.01 vs vehicle (Duncan’s test).
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Figure 6 Prevention of indomethacin-induced intestinal ulcers by
SR 141716 in wild-type and CB, receptor knockout mice. Mice were
given vehicle or indomethacin 100mgkg~"' s.c. once a day for two
consecutive days. SR 141716 (10mgkg~"'day~') was administered
orally 6 h after each indomethacin injection. The ulcers were counted
24 h after the second dose of indomethacin. Results are mean+
s.e.m. of at least 10 mice. **P<0.01 vs indomethacin (Duncan’s
test).

Figure 6, indomethacin (100mgkg's.c., once a day for two
consecutive days) induced small intestinal ulcers to a similar
extent in wild-type and CB, receptor knockout mice; (mean
number+s.em.): 12.84+1.5; 13.1+1.0. Oral SR 141716
(10mgkg™" day™' for 2 days), given 6 h after the indomethacin
dose, produced a similar inhibitory effect on the lesions in
wild-type and knockout mice, mean % inhibition+s.e.m.
being 71+4 and 7646, respectively (Figure 6). However,
indomethacin did not increase intestinal MPO activity and
TNF-oo production in both wild-type and CB,; receptor
knockout mice; they were both below the limit of detection
(10pgmg~! protein and 0.05 xUmg~! protein) in vehicle- and
indomethacin-injected mice.
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Figure 7 Effect of oral SR 141716 and SR 144528 on TNF-o
plasma levels increased by LPS in wild-type and CB,; receptor
knockout mice. SR 141716 (10mgkg™") or SR 144528 (10 mgkg™")
was given orally 120 min before LPS (10mgkg™', i.p.). Mice were
anesthetized and euthanized 90min after LPS. Results are
mean+s.e.m. of 8—11 mice from two independent experiments,
calculated as a percentage of the mean wild-type value (100%).
**P<().01 vs vehicle, ©P<0.01 vs LPS (Duncan’s test).

Effect of SR 141716 on LPS-induced increase of plasma
TNF-q levels in wild-type ( + |+ ) and CB; receptor
knockout (—/—) mice

As shown in Figure 7, LPS (10mgkg™' i.p.) substantially
raised plasma TNF-o levels similarly in wild-type and CB,
receptor knockout mice (meanpgml '+s.em.): wild-type
mice, vehicle 18+7, LPS 483+99; CB, receptor knockout
mice, vehicle 2349, LPS 465+100. Oral SR141716
(10mgkg™") significantly (P<0.01) antagonized the increase
of plasma TNF-a levels induced by LPS in wild-type mice, but
not in CB, receptor knockout mice (mean % inhibition+
s.e.m. 77+ 6 and 22+ 18). SR144528 (10 mg kg™') had no effect
in both wild-type and CB, receptor knockout mice.

Discussion

We found that the highly potent and selective cannabinoid CB,
receptor antagonist SR 141716 dose-dependently prevented
indomethacin-induced small intestinal ulcers in the rat; this
effect was associated with a marked dose-related inhibition of
tissue TNF-o levels and MPO activity. In previous in vivo and
in vitro studies, SR 141716 has been used to demonstrate the
role of peripheral cannabinoid CB, receptors in gastrointest-
inal motility and propulsion (Croci et al., 1998; 1zzo et al.,
1999; Pertwee, 2001; Landi ez al., 2002).

The prevention of indomethacin-induced intestinal injury in
rats by relatively low oral doses indicates that this compound
may interfere peripherally with the immune-inflammatory
pathogenic mechanisms underlying indomethacin’s ulcero-
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genic action. There is, in fact, substantial evidence that
indomethacin and other nonsteroidal anti-inflammatory
agents may paradoxically cause intestinal damage in rats by
local tissue production and release of inflammatory cytokines
and other components of the inflammation cascade, such as
prostaglandins and nitric oxide (Bertrand et al., 1998; Konaka
et al., 1999). Low doses of indomethacin are able to enhance
TNF-o production in rat paw inflammed tissue and pleural
exudate (Pinheiro & Calixto, 2002). Exogenous TNF-a
injection has been reported to induce ileum inflammation with
necrosis of villi and endothelial cell damage (Tracey et al.,
1986; Remick et al., 1987). It is also worth noting that the
systemic, but not central, administration of SR 141716 has
been reported to improve rat survival and hypotension induced
by LPS, through macrophage and platelet-derived endogenous
cannabinoids acting on CB, receptors (Varga et al., 1998).
Indomethacin-induced small intestinal ulcers in rats may
therefore serve as a good model to test the anti-inflammatory
action of drugs with potential inhibitory action on TNF-«
production and/or release.

In our experiments, the ulcerogenic action of indomethacin
was accompanied by a six-fold increase of tissue levels of TNF-
o and a three-fold increase of MPO activity, indicating an
inflammatory reaction with recruitment and local participa-
tion of immune cells. SR 141716 was more potent in
preventing TNF-o production (IDsy, 0.4mgkg™") than ulcers
(IDsy, 3.3mgkg™"), indicating that TNF-o synthesis and
release, as suggested by Bertrand ez al. (1998), may be key
events in ulcer formation.

In the same experimental model, the selective cannabinoid
CB, antagonist, SR 144528 (Rinaldi-Carmona et al., 1998;
Bouaboula et al., 1999) also prevented indomethacin lesions,
but was less potent than SR141716. However, unlike SR
141716, it did not affect intestinal TNF-¢ and MPO activity,
suggesting that these two antagonists have protective effects
against indomethacin toxicity through different mechanisms.
This conclusion is also supported by the fact that SR 141716
and SR 144528 have additive effects on ulcer healing. It is
likely that SR 141716, unlike SR 144528, prevented indo-
methacin lesions mainly through its inhibition of tissue TNF-o
production. In the indomethacin model of small intestinal
lesions, the cannabinoid agonists, (+)-WIN 55, 212-2 and CP
55940, had no effects; they neither increased ulcers nor
counteracted the curative action of SR141716 (data not
shown). This result apparently seems to exclude the involve-
ment of cannabinoid CB, receptors on indomethacin-induced
intestinal lesions. However, the nonselective agonist activity on
cannabinoid receptors (CB; vs CB,) and most probably their
less-persistent effect relative to SR 141716 prevent us from
drawing any conclusion.

In our study, SR 141716 not only prevented the intestinal
TNF-a formation associated with indomethacin ulcers in rats,
but also significantly reduced the plasma TNF-« increase in
rats challenged with LPS, an established model for testing
drugs active on the cytokines involved in inflammation and
immunity. The cannabinoid CB, antagonist SR 144528, unlike
SR 141716, did not prevent the increase in TNF-« induced by
the endotoxin. This further supports the above findings on
indomethacin toxicity, where cannabinoid CB;, but not
cannabinoid CB, receptors, are involved in the effect on
TNF-o levels. Smith er al. (2000) found that two synthetic
nonselective cannabinoid agonists, (4 )-WIN 55, 212-2 and

HU-210, prevented the increases in serum TNF-o and IL-12
levels in mice challenged with an LPS injection, and that both
agonists modulated LPS responses through the cannabinoid
CB, receptors. The selective cannabinoid CB; receptor
antagonist SR 141716 not only inhibited the agonist’s action
but also, surprisingly, at high doses, had an intrinsic activity
partially modulating cytokine responses similar to the ago-
nists; the author suggested that SR 141716 partial agonism at
the cannabinoid CB, receptor may account for such effects.
However, the real role of the cannabinoid CB, receptor in
inflammatory conditions is still far from clear.

Therefore, in order to characterize the potential anti-
inflammatory properties of SR 141716 better and to confirm
the involvement of cannabinoid CB, receptors, we compared
its effects in indomethacin- or LPS-treated CB;-receptor
knockout mice, in which the function of the gene encoding
for the CB, receptor is suppressed.

Cannabinoid CB, receptor knockout mice show poor
responses in a number of behavioral and physiological tests
(Ledent et al., 1999; Zimmer et al., 1999), but little is known
about their response in immune-inflammatory tests (Smith
et al., 2001a,b). Mice are less sensitive than rats to the
ulcerogenic action of indomethacin. In mice, 100 mgkg~'
indomethacin for two consecutive days was necessary to
induce a minimal ulcer response compared to rats in which a
significant response was obtained with a single dose of
20mgkg™"' (mean number of ulcers: 107 in rats, 13 in mice).
However, indomethacin lesions were similar in wild-type and
CB, receptor knockout mice. SR 141716 significantly reduced
the number of lesions, to a similar extent in wild-type and CB;
knockout mice, suggesting that its antiulcerogenic action does
not depend on its antagonism at cannabinoid CB, receptors.
However, indomethacin did not significantly increase intestinal
TNF-o levels in mice, suggesting that their lower sensitivity
than rats to indomethacin toxicity is linked to its reduced
ability to increase local tissue TNF-o levels.

By contrast, LPS increased plasma TNF-o¢ to similar
measurable levels in wild-type and CB, receptor knockout
mice. As in rats, SR144528 had no effect on plasma TNF-« in
either type of mice, while SR 141716 completely prevented the
endotoxin-induced increase of plasma TNF-o levels in wild-
type mice, but not in the knockout mice; these results indicate
that the immune-inflammatory response to LPS challenge
involves the cannabinoid CB; receptor.

In conclusion, our study not only shows that the indo-
methacin model of intestinal lesions substantially differs in
rats and mice, but also strongly supports the existence of two
different mechanisms to explain the SR 141716 ulcer-prevent-
ing effect. The first is based on TNF-« inhibition, whereas the
second is totally independent and may be similar to that
activated by the CB, receptor antagonist SR 144528 in the rat,
only partially preventing indomethacin toxicity. SR 144528
has been reported to have anti-inflammatory properties in a
mouse peritonitis model, apparently not through the
cannabinoid CB,/CB, receptors (Smith et al., 2001a,b). The
existence of a new cannabinoid receptor subtype has been
recently postulated in order to explain several non-CB;, —
non-CB, — receptor responses elicited by endogenous and
synthetic cannabinoids (Howlett er al., 2002). The effects of
SR 141716 on the immune system should be further
investigated, using these and other established in vivo and in
vitro models of inflammation and immunity in which the
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cannabinoid system and TNF-« are involved (Mazzari et al.,
1996; Berdyshev et al., 1998; Ross et al., 2000; Sacerdote et al.,
2000). Thus, SR 141716 and generally cannabinoid CB,
receptor antagonists could be potential new anti-inflammatory
therapeutic agents to be used in acute and chronic diseases
such as arthritis, pulmonary inflammation and Crohn’s
disease, as well as other pathologies in which inflammation
and cytokines play an important role. SR 141716 (Rimona-
bant) has also been shown to be effective in human obesity (Le
Fur et al., 2001) and it is now under investigation on a large
number of patients. The inhibition of TNF-o production by
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