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In the present study, we attempted to determine the effects of an atypical
antipsychotic drug clozapine on the locomotor activation as well as sensiti-
zation to cocaine in male Wistar rats. When given acutely to rats, cocaine (10
mg/kg, ip) increased 4-fold the animals’ locomotor activity. Repeated ad-
ministration (1–5 days) of cocaine (10 mg/kg, ip) to rats significantly en-
hanced on day 10 the locomotor activation induced by its challenge dose
given after 5-day withdrawal (sensitization). When given in combination
with acute cocaine, clozapine (10 mg/kg, but not 2.5–5 mg/kg) attenuated
the locomotor effects of the psychostimulant. In animals pretreated with clo-
zapine (5–10 mg/kg, but not 2.5 mg/kg) before each of the 5 daily cocaine
injections, a significant dose-dependent reduction of the locomotor response
of animals to the challenge dose of cocaine (10 mg/kg) was observed on day
10. A decrease in that response was also found in animals treated repeatedly
with cocaine (days 1–5) and challenged with the psychostimulant combined
with clozapine (10 mg/kg, but not 2.5–5 mg/kg) on day 10. The obtained re-
sults indicate the ability of clozapine to reduce both acute and sensitizing lo-
comotor responses to cocaine. These findings seem to be in line with recent
clinical reports showing that clozapine may be useful in the treatment of co-
caine abuse, even in schizophrenic patients.

Key words: clozapine, cocaine, locomotor activation, behavioral sensiti-
zation, rats

# correspondence; e-mail: filip@if-pan.krakow.pl

Copyright © 2003 by Institute of Pharmacology
Polish Academy of Sciences

Polish Journal of Pharmacology

Pol. J. Pharmacol., 2003, 55, 1125–1130
ISSN 1230-6002



INTRODUCTION

Cocaine is a potent psychostimulant drug of
abuse, whose dependence still remains a serious
pharmacotherapeutic problem [14]. In experimen-
tal animals, this drug produces numerous behav-
ioral effects including locomotor hyperactivity and
sensitization [11]. Being of special interest, beha-
vioral sensitization to cocaine is a widely used ani-
mal model which is believed to reflect the drug-
induced paranoia, craving and relapse in humans
[28]. The above phenomenon is characterized by an
augmentation of, among others, locomotor activity
after discontinuing the regimen of repeated, inter-
mittent drug injections [28].

A great many studies have demonstrated that
brain dopamine (DA) neurotransmission is critical
for the generation of cocaine effects in rats, includ-
ing locomotor activation and behavioral sensitiza-
tion [28]. In fact, the drug inhibits DA reuptake
[15] and increases the extracellular levels of the
neurotransmitter in terminal areas, mainly of the
mesolimbic DA pathway [17]. Moreover, it has
been found that several DA receptor antagonists
with a preferential action on DA D1-like (e.g. SCH
23390) or D2-like (e.g. raclopride) receptors de-
crease locomotor effects of acute cocaine [e.g. 18,
Filip et al., submitted]. On the other hand, neither
DA D1-like nor D2-like receptor antagonists attenu-
ate the development phase of cocaine sensitization
[22, 41, Filip et al., submitted], while with regard to
the expression of cocaine sensitization, the results
obtained with several DA receptor antagonists have
been equivocal [e.g. 21, 24, 37, Filip et al., submit-
ted].

Several recent reports have demonstrated that
the locomotor stimulating and sensitizing respon-
ses of cocaine can be modified by ligands of other
neurotransmitter systems, of which 5-hydroxytryp-
tamine (5-HT) seems to be of particular interest [3,
6, 12, 13, 30, 31]. The latter observation is not sur-
prising, since cocaine also inhibits the reuptake of
5-HT [33] and several 5-HT receptor subtypes are
densely located in the DA mesolimbic pathway
[10]. Among others, it has been observed that the
locomotor hyperactivity induced by cocaine is re-
duced by antagonists of 5-HT1B [23, 30], 5-HT2A
[6, 25, Filip et al., submitted] and 5-HT3 receptors
[32] in rodents. On the other hand, expression of
cocaine sensitization is blocked by the 5-HT2A and

5-HT3 receptor antagonists [13, Filip et al., submit-
ted].

In the present study, we investigated the effects
of the 5-HT2/D2-like receptor antagonist, clozap-
ine, on the locomotor hyperactivation and sensiti-
zation induced by cocaine in rats. Clozapine is
a clinically available drug with high efficiency in
reducing both positive and negative symptoms of
schizophrenia [26, 29]. Among cocaine abusers,
a great many patients are those who suffer from
schizophrenia; importantly, such dual-diagnosis sub-
jects are the treatment-resistant population associa-
ted with faster relapses and resistance to a conven-
tional antipsychotic therapy [20, 27], as well as with
comorbid common cocaine abuse [27]. Few clini-
cal reports also show that clozapine can diminish
subjective responses to cocaine [5] and cocaine
craving [42] in cocaine-abusing patients with schi-
zophrenia.

MATERIALS and METHODS

Animals

The experiment was performed on male Wistar
rats (280–300 g). The animals had free access to
food (Labofeed pellets) and water, and were kept at
a room temperature of 20 ± 1°C on a 12-h light/
dark cycle (the light on between 6.00–18.00 h). All
the experiments were approved by the Committee
for the Welfare and Ethics of Laboratory Animals
and met the International Guidelines for Care and
Use of Laboratory Animals.

Drugs

The following drugs were used (in parentheses:
pre-session injection times, route of injections and
suppliers): cocaine hydrochloride (–5 min; ip; Merck,
Germany) and clozapine (–65 min; ip; Anpharm
S.A., Warszawa, Poland). Cocaine was dissolved in
saline (0.9% NaCl), while clozapine was diluted
with a few drops of 8% acetic acid and then saline.
The drugs were injected in a volume of 1 ml/kg.

Locomotor activity measurement

The locomotor activity of rats was recorded in-
dividually for each animal as described previously
[7, 30]. Briefly, the rats’ behavior was measured in
Opto-Varimex cages (Columbus Instruments, USA).
Locomotor activity associated with horizontal lo-
comotion was defined as a distance traveled (cm).
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Before recording the locomotor activity, the
animals were allowed a 60-min habituation period
after which they were taken out, injected with the
drugs, and placed back in the boxes. Locomotor ac-
tivity was recorded for 60 min. Eight rats per group
were used.

Behavioral sensitization to cocaine

Development

During the first 5 days of the experiment, the
animals received the following injections: vehicle
+ vehicle, vehicle + cocaine (10 mg/kg) or clozapi-
ne (2.5–10 mg/kg) + cocaine (10 mg/kg). On day 10,
the rats were challenged with cocaine (10 mg/kg).
Locomotor activity was recorded on days 1 and 10.
Seven to eight rats per group were used.

Expression

During the first 5 days of the experiment, the
animals received the injections of: vehicle or co-
caine (10 mg/kg). On day 10, the rats were chal-
lenged with vehicle + cocaine (10 mg/kg) or cloza-
pine (2.5–10 mg/kg) + cocaine (10 mg/kg). Loco-
motor activity was recorded on days 1 and 10.
Seven to eight rats per group were used.

Statistical analyses

The data are expressed as mean total activity
counts (± SEM) for the 60-min observation period.
To evaluate behavioral sensitization, the response
to cocaine on day 10 was compared with the re-
sponse to the test drug injection (day 10) of animals
treated with repeated vehicle, using a one-way
ANOVA. The one-way ANOVA, followed by post
hoc Dunnett’s test, was applied to evaluate the
treatment group effect on days 1 and 10.

RESULTS and DISCUSSION

Cocaine (10 mg/kg) induced a 4-fold increase
in rats’ locomotor activity (Fig. 1). Following clo-
zapine (2.5–10 mg/kg) no significant change in ba-
sal locomotor response was observed (data not
shown).

When given in combination with cocaine (10
mg/kg), clozapine at a dose of 10 mg/kg (but not
2.5–5 mg/kg) attenuated the locomotor effects of
cocaine by 68% (Fig. 1).

On day 10, cocaine challenge of rats previously
repeatedly treated with the psychostimulant (days

1–5) produced an increase in locomotor hyperac-
tivity (about 4-fold) compared to the effect of acute
cocaine in vehicle-treated (days 1–5) animals (Figs.
2–3). Successive investigations were conducted on
rats treated repeatedly (days 1–5) with cocaine.

When those animals were pretreated with clo-
zapine (5–10 mg/kg, but not 2.5 mg/kg) before
each of the 5 daily cocaine injections, a significant
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Fig. 1. Effects of clozapine on the locomotor hyperactivity of
cocaine. Rats were treated with cocaine (10 mg/kg) following
vehicle or clozapine (2.5–10 mg/kg) injections. An ANOVA
showed a significant treatment effect F(4,33) = 5.1, p < 0.05.
* p < 0.01 vs. vehicle-treated group; # p < 0.05 vs. cocaine-
treated group
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Fig. 2. Effects of clozapine on the development of cocaine sen-
sitization. Rats were treated repeatedly (days 1–5) with vehicle
(VEH), cocaine (COC; 10 mg/kg) or clozapine (CLO; 2.5–10
mg/kg) + cocaine (10 mg/kg). On day 10, they were challenged
with cocaine (10 mg/kg). An ANOVA showed a significant
treatment effect F(4,33) = 24.2, p < 0.001.* p < 0.001 vs.
vehicle-treated and cocaine-challenged group; # p < 0.01, ## p <
0.001 vs. cocaine-treated and cocaine-challenged group



reduction in their locomotor response to the chal-
lenge dose of cocaine (10 mg/kg) was observed on
day 10 (Fig. 2).

A decrease in locomotor response to the chal-
lenge with cocaine (10 mg/kg) was found in ani-
mals treated repeatedly with cocaine (days 1–5)
and challenged with the psychostimulant combined
with clozapine (10 mg/kg, but not 2.5–5 mg/kg) on
day 10 (Fig. 3).

Importantly, the present study showed that clo-
zapine (10 mg/kg) given concurrently with cocaine
significantly reduced the acute locomotor effects of
the psychostimulant. Furthermore, we observed di-
minished locomotor sensitization to hyperactivity
effect of cocaine in the rats that were treated for
5 days with clozapine + cocaine, as well as in ani-
mals challenged with clozapine + cocaine on day
10. In other words, our results indicated that clo-
zapine reduced both development and expression
phases of cocaine sensitization. Such reduction was
seemingly specific, since clozapine alone, did not
decrease the basal locomotor activity of the ani-
mals.

Apart from our present findings, many other
authors have regarded clozapine as a potent modu-
lator of the behavioral responses to cocaine [2, 16,
19, 34, 40]. For example, clozapine was found to pre-
vent the development of cocaine place preference
[16], as well as to decrease the rats’ rate of cocaine
self-administration on a fixed ratio 1 schedule of

reinforcement [34]. Furthermore, clozapine re-
versed established cocaine sensitization in rats [2].
The latter inhibitory effect of clozapine was re-
ported for its lower dose (3 mg/kg; [2]) than ob-
served in the present study (10 mg/kg). Such differ-
ences might be due to the treatment protocol and/or
rat strain differences in our (acute clozapine treat-
ment before the cocaine challenge on the cocaine
sensitization already established in Wistar rats) and
in Davidson et al. [2] (7-daily clozapine treatment
following cocaine injections in the second cocaine
challenge week in Sprague-Dawley rats) studies.

In contrast to those observations and our pres-
ent data, clozapine only partially attenuated the co-
caine discriminative stimulus in monkeys [40] and
was inactive in rats [38]. Moreover, this drug has
elevated breaking points on a progressive ratio sche-
dule reinforced by intravenously administered co-
caine [19], what indicates that clozapine strength-
ened motivation for self-administered cocaine.

By attenuation of the acute or sensitizing effects
of cocaine, clozapine shares the same behavioral
profile with some DA D2 and 5-HT2A receptor an-
tagonists (see Introduction). Accordingly, clozap-
ine displays a high affinity (Ki) for DA D2 (82 nM)
and 5-HT2A (3 nM) receptors in rat brain tissue
[36], and possesses both DA and 5-HT antagonistic
properties [26]. This pharmacological profile of
clozapine may be responsible for its responses to
locomotor hyperactivation of acute cocaine, as well
as the expression of cocaine sensitization (present
paper). Interestingly, neither DA D2 nor 5-HT2A re-
ceptor antagonism was sufficient to block the de-
velopment of cocaine sensitization [6, Filip et al.,
submitted], the latter effect of cocaine being attenu-
ated by clozapine (present paper). The above effect
of clozapine may be due to its blocking activity on
other than DA D2 or 5-HT2A receptors. In fact, clo-
zapine also binds (in parantheses Ki) to rat 5-HT1A
(150 nM), 5-HT2C (4 nM), �1- (3.6 nM) and �2-
adrenergic (156 nM), muscarinic (10 nM), DA D1
(183 nM), DA D3 (214 nM), DA D4 (32 nM) and
histamine H1 (41 nM) receptors [8, 35, 36]; more-
over, it potently interacts with rat cloned 5-HT6 and
5-HT7 binding sites (ca. 13 nM [1]). Regarding the
development of cocaine sensitization, the muscari-
nic antagonist scopolamine given jointly with co-
caine for 5 days prevents – like clozapine – the sen-
sitizing locomotor effects of the psychostimulant
[9]. The latter observation may testify to the in-
volvement of muscarinic cholinergic transmission
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Fig. 3. Effects of clozapine on the expression of cocaine sensiti-
zation. Rats were treated repeatedly (days 1–5) with vehicle
(VEH) or cocaine (COC; 10 mg/kg). On day 10 they were chal-
lenged with vehicle + cocaine (10 mg/kg) or clozapine (2.5–10
mg/kg) + cocaine (10 mg/kg). An ANOVA showed a significant
treatment effect F(4,33) = 5.4, p < 0.05. * p < 0.05 vs. vehicle-
treated and cocaine-challenged group; # p < 0.05 vs. cocaine-
treated and cocaine-challenged group



in the development of cocaine sensitization [cf. 9].
On the other hand, such inhibitory effects in the de-
velopment of cocaine sensitization were not ob-
served for antagonists of 5-HT2C (SDZ SER-082
[Filip et al., submitted]), DA D1 (SCH 23390 and
SCH 39166 [Filip et al., submitted]), DA D3 (nafa-
dotride [Filip et al., submitted]), �1-adrenergic (pra-
zosin [6, 39, but to the contrary see: 4]), �2-adrener-
gic (clonidine [39]) receptors.

In conclusion, our results indicate the ability of
clozapine to reduce both acute and sensitizating lo-
comotor responses to cocaine in rats. These find-
ings seem to be in line with recent clinical reports
(see Introduction) showing that clozapine may be
useful in treatment of cocaine abuse, even in schi-
zophrenic patients.
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