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Abstract Rationale: A cannabinoid hypothesis of schi-
zophrenia has been proposed according to which cogni-
tive dysfunction could be associated with dysregulation
of an endogenous cannabinoid system. Objective: The
present study investigated whether SR 141716, a selec-
tive CB1 receptor antagonist, was able to reduce the hy-
peractivity induced in gerbils by various stimulant drugs
known to produce or exacerbate schizophrenic symp-
toms. Methods. Cocaine, d-amphetamine, morphine, and
Win 55212-2 were administered intraperitonealy (IP) ei-
ther immediately before placing the animals in the test
apparatus (non-habituated gerbils) or after a 2- to 3-h ha-
bituation period in the actimeter (habituated gerbils). SR
141716 was given |P 30 min before the injection of stim-
ulant drugs. Horizontal activity was recorded every 10
min for 1 h in Digiscan activity monitor. Results: SR
141716 (0.3-3 mg/kg) dose-dependently suppressed the
enhanced locomotor activity induced by each stimulant
drug in habituated gerbils, but not in non-habituated ani-
mals. Clozapine, an atypical antipsychotic compound, but
not haloperidol, shared with SR 141716, the ability to dif-
ferentially affect drug-induced hyperactivity in habituated
versus non-habituated gerbils. Conclusion: The activation
of cannabinoid systems is a required, permissive element
in the ability of cocaine, d-amphetamine, morphine, and
Win 55212-2 to reinstate behaviour, i.e., to override stim-
ulus satiation.
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Introduction

Marijuana (Cannabis sativa) is one of the oldest and
most widely used drugs in the world. The identification
and cloning of the cannabinoid CB1 and CB2 receptors
(Matsuda et al. 1990; Munro et al. 1993) and the dis-
covery of putative endogenous ligands, anandamide
(Devane et al. 1992) and sn-2-arachidonylglycerol
(Mechoulam et al. 1995; Stella et al. 1997) opened new
avenues of cannabinoid research aimed at understanding
the physiological role of this neurochemical system.

SR 141716 has been characterized as a selective CB1
versus CB2 ligand acting as an antagonist against a vari-
ety of pharmacological and behavioural cannabinoid ef-
fectsin rodents (Rinaldi-Carmonaet a. 1994; Shire et al.
1996). The observation that by itself this antagonist may
markedly affect several behavioural or physiological pa-
rameters, including slegp-waking cycle (Santucci et al.
1996), rate of forgetting (Terranova et al. 1996), sucrose
intake (Arnone et a. 1997) and incentive learning
(Chaperon et al. 1998), further reinforces the possibility
of spontaneously active endogenous cannabinoid sys-
tems. Although current data converge to suggest that
such systems play a magjor role in synaptic regulation
(Aceto et al. 1995; Collins et a. 1995; Terranova et al.
1995; Tsou et al. 1995), little is known about their poten-
tial involvement in pathopsychological conditions.

Recently, Emrich et al. (1997) proposed a cannabi-
noid hypothesis of schizophrenia according to which
cognitive dysfunction could be associated with dysregu-
lation of an endogenous cannabinoid system. This hy-
pothesis was mainly based on the observation of high
CB1 receptor density in brain structures involved in
higher cognitive and emotional functions and the associ-
ation between cannabis abuse and production, exacerba-
tion or relapse of schizophrenic symptomatology.

Using SR 141716 as a tool, the present study investi-
gated whether endogenous cannabinoid systems may op-
erate in rodent behavioural models classically used to
predict antipsychotic activity (Moore and Gershon 1989)
such as enhanced locomoation elicited by drugs able to



produce or exacerbate schizophrenic symptoms (Bell
1973; Snyder 1973; Segal and Schuckit 1983). The drugs
chosen to produce hyperactivity were cocaine, d-amphet-
amine, morphine, and a cannabinoid receptor agonist,
Win 55212-2, each drug being given either when the ani-
mals were placed in the test apparatus or after a 2- to 3-h
period of habituation.

The present investigations were performed with
Mongolian gerbils because locomotion in this species is
reportedly less dependent upon fear-related reactions
than in rats or mice, and thus may represent a more valu-
able index of information processing and stimulus satia-
tion, i.e. of exploration (Thompson and Lippman 1972;
Osborne 1977; Cheal 1983).

Materials and methods

Animals

Adult male Mongolian gerbils (Meriones unguiculatus) weighing
60-80 g, (CERJ, France) were used. One week before experi-
ments, gerbils were caged in groups of six, in aroom at constant
temperature (21+1°C) on an automatic dark/light schedule (light 7
am. to 7 p.m.) with food and water freely available. All proce-
dures were approved by the Comité d’ Expérimentation Animale of
Sanofi Recherche (Animal Care and Use Committee of Sanofi Re-
cherche) and were carried out in accordance with French legisla-
tion (décret no. 87-848, 19 Octobre 1987; and arrété, 19 Auvril
1988) which implemented the European directive 86/609/EEC.

Fig. 1 Dose-€ffect relationship
of cocaine, d-amphetamine,
morphine and Win 55212-2

on locomotor activity
(mean+SEM). Locomotor ac-
tivity was measured during a
60-min test period. Non-habitu-
ated gerbils (o ) were placed in
the test apparatus immediately
after being administered (1P)
with stimulant drugs. Habituat-
ed gerbils (o ) were given (IP)
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SR 141716 [N-piperidino-5-(4-chlorophenyl)-1-(2,4-dichlorophe-
nyl)-4-methylpyrazole-3-carboxamide] (Sanofi Recherche, Mont-
pellier, France), Win 55212-2 mesylate (RBI) and clozapine
(Sandoz) were suspended with 0.01% Tween 80 in distilled water.
Cocaine chlorhydrate, d-amphetamine sulphate, (Coopérative
pharmaceutique francaise), and morphine chlorhydrate (Franc-
opia), were dissolved in distilled water. Haloperidol chlorhydrate
(Sigma) was dissolved in tartaric acid (0.1%) and distilled water.
The injection volume for the IP route was 0.5 ml/100 g body
weight.

Apparatus

Horizontal activity was measured for gerbils individually placed
in a Digiscan animal activity monitor (Omnitech Electronics,
Columbus, Ohio, USA). Each monitor consisted of a 42x42x30.5
cm clear Plexiglas box with a grid of 16 infrared beams 2.5 cm
apart from front to back and from side to side. Monitors were con-
nected to a Digiscan Analyzer that transmitted the activity data to
a microcomputer.

Procedure

SR141716 (0.3-1-3-10 mg/kg I1P) was administered 30 min be-
fore IP administration of cocaine, d-amphetamine, morphine, and
Win 55212-2 in non-habituated and habituated gerbils. Non-habit-
uated gerbils were administered cocaine, d-amphetamine, mor-
phine or Win 55212-2 and immediately placed in the Digiscan
cage. Habituation consisted of a 2- to 3-h drug-free period (neces-
sary period to extinguish spontaneous locomotor activity) before
cocaine, d-amphetamine, morphine, and Win 55212-2 administra-
tion. Locomotor activity (number of beams interruptions on the
horizontal sensors) was measured every 10 min for 1 h, beginning
immediately after the stimulant drug administration. Groups of
8-25 animals were used.

stimulant drugs after a 2- to 3-h
drug-free period in the actime-
ter. ++++ Represents vehicle
control level (mean+SEM).
*P<0.05; **P<0.01; ns, hon-
significant versus vehicle con-
trol group (Dunnett’s t-test)
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Statistical analyses were performed using ANOVA followed
by Dunnett’'s t-test. Calculation of 1Dg, values with 95% fiducial
limits were calculated using a Probit method. Linear regressions
for the antagonistic effect of SR 141716 against each stimulant
drug were calculated using ANOVA.

Results

Drug-induced hyperactivity in non-habituated
and habituated gerbils

Figure 1 shows that cocaine, d-amphetamine, morphine,
and Win 55212-2 dose-dependently increased horizontal
activity. The first doses producing a significant increase
in locomotor activity were: in non-habituated gerbils 15,
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Fig. 2A, B Effect of SR 141716 (IP) on cocaine (5 mg/kg IP)-in-
duced hyperactivity (A) and cocaine (10 and 15 mg/kg IP)-in-
duced hyperactivity (B) in habituated gerbils evaluated during
60 min. Insert (A) represents the time-course of the reinstatement
of locomotor activity by 10 min fractions during 1 h. n=number
of gerbils. **P<0.01 versus vehicle control group (C), UP<0.05;
UUP<0.01, ns, non-significant versus cocaine aone group.
(Dunnett’s t-test)

10, 16 and 3 mg/kg and in habituated gerbils 5, 2.5, 4
and 1 mg/kg for cocaine, d-amphetamine, morphine and
Win 55212-2, respectively.

Effect of SR 141716

Figure 2A shows that SR 141716 (0.3-3 mg/kg) signifi-
cantly and dose-dependently antagonized cocaine (5
mg/kg)-induced hyperactivity in habituated gerbils [linear
regression, F(1,72)=14.74; P<0.001] with an ID, of 0.38
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Fig. 3A, B Effect of SR 141716 (IP) on d-amphetamine (2.5 mg/kg
IP)-induced hyperactivity (A) and on morphine (4 mg/kg IP)-in-
duced hyperactivity (B) in habituated gerbils evaluated during
60 min. Insert (A and B) represents the time-course of the rein-
statement of locomotor activity by 10-min fractions during 1 h.
n=number of gerbils. **P<0.01 versus vehicle control group (C),
UUP<0.01, ns, non-significant versus d-amphetamine alone or
morphine alone group. (Dunnett’s t-test)
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Fig. 4 Effect of SR 141716 (IP) on Win 55212-2 (1 mg/kg IP)-in-
duced hyperactivity in habituated gerbils evaluated during 60 min.
Insert represents the time-course of the reinstatement of locomotor
activity by 10-min fractions during 1 h. n=number of gerbils.
**P<(0.01 versus vehicle control group (C), UUP<0.01, ns, non-
significant versus Win 55212-2 alone group. (Dunnett’s t-test)

mg/kg (0.26-0.49, 95% fiducial limits). Doses of cocaine
higher than 5 mg/kg, such as 10 and 15 mg/kg, induced
strong hyperactivities that were aso significantly antago-
nized by 3 mg/kg SR 141716 (Fig. 2B). In non-habituated
gerbils, SR 141716 (0.3-3 mg/kg IP) did not antagonize
cocaine (15 mg/kg)-induced hyperactivity (see Table 1).
Figures 3 and 4 show that SR 141716 (0.3-3 mg/kg)
significantly and dose-dependently antagonized d-amphet-
amine (2.5 mg/kg)-, morphine (4 mg/kg)- and Win 55212-2
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(1 mg/kg)-induced hyperactivity in habituated gerbils with
linear regressions of F(1,53)=20.24, P<0.001; F(1,50)=
33.69, P<0.001; and F(1,40)=21.90, P<0.001, respectively,
and IDggs of 0.39 mg/kg (0.003-1.7, 95% fiducia limits),
0.28 mg/kg (0.23-0.33, 95% fiducia limits) and 0.55
mg/kg (0.49-0.62, 95% fiducial limits), respectively.

In contrast, in non-habituated gerbils, SR 141716 did
not antagonize d-amphetamine (10 mg/kg)- or morphine
(16 mg/kg)-induced hyperactivity (Table 1). Win 55212-
2 (3 mg/kg)-induced hyperactivity was significantly an-
tagonized by only 10 mg/kg SR 141716 (see Table 1).

SR 141716 (3-10 mg/kg) did not significantly modify
spontaneous locomotor activity in non-habituated ani-
mals (controls=9298+852; SR 3 mg/kg=8257+1439; SR
10 mg/kg=8195+906) or habituated gerbils (controls=
3549+395; SR 3 mg/kg=3670+677; SR 10 mg/kg=
4029+1115).

The antagonism exerted by SR 141716 appeared to be
independent of the time-course effect of stimulant drugs.
The effects of SR 141716 were as marked when hyperac-
tivity was rapid in onset and stable (d-amphetamine and
cocaine) or rapidly declining (Win 55212-2) or when hy-
peractivity was slow in onset and progressively increas-
ing (morphine). Rough observations of the animals
showed that reinstatement of locomotion after stimulant
drugs in habituated gerbils corresponded with a pattern
of locomotor activity indistinguishable from that pro-
duced by these same drugs in non-habituated animals.

Effect of antipsychotic drugs
Figure 5A shows that clozapine at a dose (3 mg/kg 1P)

producing no significant effect on spontaneous |ocomo-
tor activity (controls=3551+333; clozapine 3 mg/kg=

Table1 Effect of SR 141716

. SR 141716 Stimulant drugs Horizontal activity n

on cocaine (15 mg/kg)-, d-am-

phetamine (10 mg/kg)-, mor- (mg’kg IP) (mg/kg IP) (mean+SEM)

phine (16 mg/kg)- and Win . .

55212-2 (3 mg/kg)-induced hy- 8 (fé)caj neo %&%,?1‘7121%%1* . 1?1

peractivity in non-havituated 5 15 3205044237 ns 12

gerbils evaluated during 60— 1 15 30949+3746 ns 13

min. n=number of gerbils. 3 15 31320£3220 ns 13

*P<0.05; **P<0.01 versus ve- ) -

hicle control group, go P<Ool’ 0 d-Amphetarnl ne0 7115+1497 12

ns, non-significant versuswin 0 10 12535+1567* 12

55212-2 aone group (Dun- 0.3 10 12851+2076 ns 12

nett’s t-test) 1 10 11216+1262 ns 12
3 10 1014541347 ns 12
10 10 1325142011 ns 12
0 Morphine 0 1654541349 14
0 16 41803+4701** 14
0.3 16 40012+4970 ns 14
1 16 3672316737 ns 14
3 16 32532+7509 ns 14
10 16 41497+5017 ns 14
0 Win 55212-2 0 11220+697 12
0 3 15917+1651* 12
3 3 12097+1814 ns 12
10 3 9117+92300 12
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Fig. 5A, B Effect of clozapine Morphine 4 mg/kg

Cocaine 5 mg/kg Win 55212-2 1 mg/kg

(A) and haloperidol (B) on g . 6 1 129
morphine (4 mg/kg)-, cocaine = 20 * ns
(5 mg/kg)- and Win 55212-2 = * 9
(1 mg/kg)-induced hyperactivi- £ 15 4
ty in habituated gerbilsevaluat- 5 6 -
ed during 60 min. n=number of < 10 - o
gerbils. *P<0.05; **P<0.01 € 24 3
versus vehicle control group 2 54
(C), UP<0.05; UUP<0.01, ns, ] .
non-significant versus mor- 0- 3 0 - 0-
phine alone, cocaine alone or c o 1 3 c o 1 3
Win 55212-2 alone group. A Clozaplne mg/kg
(Dunnett’s t-test)
Morphine 4 mg/kg Cocaine 5 mg/kg Win 55212-2 1 mg/kg
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;ﬁg lﬁalZOpEJrfi%(a c())fnclc%zcglprl]rée Compounds Stimulant drugs Horizontal activity n
glv?try"ﬂ’]kr?g;][';ggfgdat%pge?g,s Clozapine 0 Cocaine 0 12822+934 14
evaluated during 60 min. 0 15 19612+2207* 20
n=number of gerbils. *P<0.05; 3 15 27073£5722 ns 12
**P<(0.01 versus vehicle con- 0 Morphine O 15534+3055 9
trol group, UP<0.05; "UP<0.01; O 16 44257+5896* * 9
ns, non-significant versus co- 3 16 50521+6402 ns 9
caine aone or morphine alone . .
ot Haloperidol O Cocaine 0 10490+1265 9
group (Dunnett's t-tes) 0 15 23683+3696* 13
0.1 15 197473199 ns 11
0.3 15 12536+3168- 8
0 Morphine O 11065+1271 12
0 16 45816+5517** 12
0.1 16 31483+4636 ns 12
0.3 16 201594394200 12

3210+349, ns) suppressed morphine (4 mg/kg)- and co-
caine (5 mg/kg)- but not Win 55212-2 (1 mg/kg)-in-
duced hyperactivity in habituated gerbils. In contrast,
clozapine (3 mg/kg) did not counteract morphine
(16 mg/kg)- or cocaine (15 mg/kg)-induced hyperactivity
in non-habituated gerbils (Table 2). Haloperidol (0.1 or
0.3 mg/kg) significantly antagonized morphine- cocaine-
and Win 55212-2-induced hyperactivity in habituated
(Fig. 5B) and non-habituated gerbils (Table 2). At these
doses however, haloperidol produced deleterious effects
on spontaneous locomotor activity (controls=3281+258;
halo. 0.03 mg/kg=3000£624, ns, halo. 0.06 mg/kg=
2079+379, P<0.05; halo. 0.1 mg/kg=1832+264, P<0.01
and hao. 0.3 mg/kg=1430+270 P<0.01 in habituated
gerbils and controls=15007+1549; halo. 0.1 mg/kg=
8593+1412, P<0.05; halo 0.3 mg/kg=8157+1614, P<
0.05 in non-habituated gerbils).

Discussion

The main finding of the present study is that blockade of
CB1 receptors exerts a differential effect on drug-in-
duced hyperactivity depending on whether the animals
were habituated or not to the test situation.

SR 141716, a selective cannabinoid CB1 receptor an-
tagonist dose-dependently suppressed the stimulation of
locomotor activity produced by d-amphetamine, cocaine,
morphine in habituated gerbils. Remarkably, SR 141716
was found to suppress drug-induced locomotion even
when the absolute level of performance of the animals
was very high.

Conversely, hyperlocomotion produced by these same
drugs in naive animals was impervious to CB1 receptor
blockade. Indeed, SR 141716, even at doses able to abol-
ish drug-induced hyperactivity in habituated animals,



was almost totally ineffective in reducing the ability of
morphine, d-amphetamine or cocaine to enhance loco-
motion in naive gerbils. Thisis unlikely to be simply due
to the higher dose of drug used to enhance locomotion in
non-habituated versus habituated animals. Indeed, in a
control experiment, performed using cocaine at the high
dose of 15 mg/kg to enhance locomotion in habituated
gerbils, we found that SR 141716 retained its antagonis-
tic activity.

In the range of doses tested, SR 141716 was found
not to affect spontaneous locomotor activity, whether the
animals were habituated or not to the test situation. It is
thus unlikely that non-specific factors such as motor im-
pairment or enhanced anxiety (Navarro et al. 1997) may
contribute to the effects of SR 141716 reported in the
present study. Finally, the active doses of SR 141716 to
reduce drug-induced hyperactivity in habituated animals
were in the range of those found to prevent the main ef-
fects of cannabinoid agonists in rats and mice including
hypothermia, analgesia, cannabinoid cue (Rinadi-Car-
mona et al. 1994; Pério et al. 1996) and to reduce Win
55212-2-induced hyperactivity in gerbils (present study).
Thus, hyperactivity produced in habituated animals by
drugs known to facilitate dopaminergic (DA) transmis-
sion is likely to require activation of endogenous canna-
binoid systems. This proposal would be consonant with
the reported ability of cannabinoid agonists, given at rel-
atively low dosages, to enhance spontaneous locomotion
in rodents (McGregor et al. 1996; present study) and to
facilitate DA transmission, especially in mesocorticolim-
bic dopaminergic systems (Navarro et al. 1993; Gessa et
al. 1997, 1998; Tanda et al. 1997).

Several hypotheses can be raised concerning the
mechanisms involved in the profoundly different sensi-
tivity to CB1 receptor blockade of drug-induced hyper-
activity in habituated versus naive animals.

After habituation, i.e. when response decrement has
occurred in association with stimulus satiation, the main
effect of cocaine, morphine and amphetamine is less to
further enhance ongoing exploratory activity, than to “re-
instate” locomotor activity. Interestingly, the doses of
stimulant required to enhance locomotion were consis-
tently (3- to 4-fold) lower in habituated versus non-ha-
bituated animals, even though the stimulant-induced pat-
tern of locomotion was very similar in both cases. Such a
response-reinstating effect may be associated with the
drug-induced disruption of attentional processes operat-
ing to refrain the animal from responding to irrelevant
stimuli as evidenced in various paradigms of information
processing including pre-pulse inhibition or latent inhibi-
tion (Killcross et al. 1994; Ellenbroek et a. 1996). Rein-
statement of behaviour produced by morphine, cocaine
and amphetamine might also reflect modifications in the
perception of the incentive value of the environment
linked to the drug-induced motivational changes. Inter-
estingly, SR 141716 has been shown to counteract the
conditioned place preference supported by classical rein-
forcers including food, cocaine and morphine (Chaperon
et al. 1998). Thus, it can be proposed that activation of
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cannabinoid systems is a required, permissive element in
the ability of amphetamine, morphine and cocaine to re-
instate behaviour, i.e. to override stimulus satiation.
Conversely, cannabinoid activation appeared to have no
role in the enhancement of exploratory activity induced
by these same drugs in non-habituated animals. Such a
proposal is consonant with our observation that Win
55212-2 was more potent and effective in reinstating lo-
comotion in habituated gerbils than to enhance explor-
atory activity in non-habituated animals. Interestingly,
McGregor et a. (1996) reported that the cannabinoid ag-
onist CP 55-940 (at low doses) increased rat locomotor
activity mainly during the second half of a 90-min test-
session.

Together these data might also suggest that endoge-
nous cannabinoid systems preferentially modulate brain
circuits (e.g. mesocortical limbic pathways) involved in
cognitive or motivational processes rather than brain
structures involved in the mere expression of behaviour
(e.g. nigrostriatal pathways). One of the most striking ar-
guments in support of this possihility is the observation
(Tanda et al. 1997) that in awake animals with microdial-
ysis probes implanted in the nucleus accumbens, canna-
binoid agonists were much more potent in stimulating
DA release in the limbic part of the nucleus (shell) than
in its striatal subdivision (core). Moreover in rats, SR
141716 was found to stimulate Fos expression in meso-
corticolimbic areas including the prefrontal cortex, the
ventro-lateral septum, the shell of the nucleus accumbens
but not in motor related areas such as the core of the nu-
cleus accumbens and the dorso-lateral part of the caudate
putamen (Alonso et al. 1999).

Interestingly, the atypical antipsychotic drug cloza-
pine, which exhibits preferential impact on corticolimbic
structures (Robertson et a. 1994) shared with SR
141716 the ability to differentialy affect drug-induced
reinstatement versus stimulation of locomotion. Indeed,
although clozapine (3 mg/kg) was found not to affect
Win 55212-2-induced hyperactivity, it abolished mor-
phine- and cocaine-induced hyperactivity in habituated
gerbils, whereas it was totally ineffective in non-habitu-
ated animals. Conversely, haloperidol was found to re-
duce drug-induced hyperactivity in habituated and non-
habituated gerbils in the same dose range to that produc-
ing deleterious effects on spontaneous locomotion in this
Species.

In conclusion, the results of the present study may
have several implications. As distinct from direct DA re-
ceptor blockade (classical neuroleptic drugs), but like
atypical antipsychotic compounds, inhibition of CB1 re-
ceptors may result in dissociating putative motivational
and cognitive from motor effects of psychostimulants.
This implies that studies designed to investigate antago-
nism of drug-induced hyperactivity should more system-
atically consider locomation of both naive and habituat-
ed animals. The antagonistic activity of SR 141716
against the cognition disrupting or reward enhancing
properties of drugs such as morphine, amphetamine, co-
caine known to provoke or exacerbate schizophrenic
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symptomatology suggests that blockade of CB1 recep-
tors could have beneficial effects on this pathology and
in particular on cognitive dysfunction.
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