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Abstract:

The present study was designed to find out whether pharmacological activation of GABA� receptors played a role in cocaine sensiti-

zation. To this end, male Wistar rats were injected with baclofen or 3-aminopropyl(methyl)phosphinic acid (SKF 97541), the potent

and selective GABA� receptor agonists. The rats, which were repeatedly (for 5 days) administered with cocaine (10 mg/kg) and then

challenged with cocaine (10 mg/kg) after 5-day withdrawal period, showed significantly higher locomotor hyperactivity in compari-

son with the effect observed in saline-pretreated and cocaine challenged rats. Baclofen (1.25, 2.5 and 5 mg/kg), administered for 5

days prior to cocaine, dose-dependently attenuated cocaine sensitization. When injected in the same treatment regimen, SKF 97541

(0.03 mg/kg) reduced the development of cocaine sensitization. To examine the effects of baclofen and SKF 97541 on the expression

of cocaine sensitization, the drugs were given acutely before a challenge dose of cocaine (10 mg/kg) on day 10. Either baclofen (2.5

and 5 mg/kg) or SKF 97541 (0.1 mg/kg) decreased sensitization to cocaine. Our findings implicate a role of GABA� receptors in lo-

comotor responses to cocaine. More specifically, they show that stimulation of GABA� receptors exerted inhibitory actions on acute

locomotor responses to cocaine and on the expression of cocaine sensitization, what may offer a therapeutic potential of GABA� re-

ceptor agonists in the treatment of cocaine dependence.
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Introduction

In humans, repeated abuse of cocaine and other psy-

chostimulants lead to addiction and psychosis. In ro-

dents, repeated exposure to such drugs induces among

others enhancement of stimulating effects on locomo-

tor activity (i.e., behavioral sensitization), the model

thought to reflect neuroadaptations that contribute to

addiction [27, 30]. A number of data indicate that the

major role in cocaine locomotor responses including

development of behavioral sensitization plays the

mesocorticolimbic dopamine system [12, 20, 28] con-

sisting of the dopamine cell bodies and terminals lo-

cated in the ventral tegmental area and inter alia in the

nucleus accumbens, respectively. Locomotor hyper-

activity in rats may mimic cocaine-induced hyperexcit-

ability in humans, while cocaine sensitization is be-

lieved to reflect the cocaine-induced paranoia in human

cocaine addicts and to be one of the main cause of drug

relapse [30, 37, 38]. Thus, finding drugs that modulate

the development and/or expression of sensitization to

cocaine might be theoretically and clinically important.

However, dopaminergic system is only one compo-

nent of the neuronal circulatory that mediates cocaine
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behavioral sensitization, recent finding indicate that

a significant effects of other neurotransmitter systems,

e.g., excitatory amino acids or �-aminobutyric acid

(GABA) [40, 42], in this phenomenon. Regarding the

latest neurotransmitter, it is the major inhibitory trans-

mitter in the mammalian central nervous system

where acts on two receptor classes: ionotropic

(GABAA and GABAC) and metabotropic GABAB re-

ceptors. GABAB receptors have been found in every

brain region including the mesocorticolimbic circula-

tion [4, 5, 29] where play a primary role in decreasing

dopamine release [8, 9, 29, 36]. In fact, preclinical

findings show that the GABAB receptor stimulation in

the ventral tegmental area decreases extracellular do-

pamine in the terminal areas [43, 44] and antagonizes

cocaine-induced dopamine release in the nucleus ac-

cumbens [15]. Furthermore, in rodents the GABAB

receptor agonist baclofen blocks cocaine-induced hy-

perlocomotion [27] and the drug developed condi-

tioned hyperlocomotion [25]. Importantly, pharma-

cological stimulation of GABAB receptors attenuates

cocaine-reinforced responding in a self-administration

procedures [10, 11, 19, 39] as well as both cocaine-

induced and cocaine-associated cue-induced reinstate-

ment of seeking behavior [11, 13, 16]. Recent findings

indicate several modulations (increases or decreases) in

GABAB receptor binding in limbic regions during rein-

statement of cocaine seeking behavior in rats [21].

The present study was undertaken to investigate

whether GABAB receptor stimulation may also con-

trol expression of locomotor and sensitizing effects by

cocaine in male Wistar rats. In pharmacological analy-

ses we used baclofen [6, 17, 22] and 3-aminopropyl

(methyl)phosphinic acid (SKF 97541) [17, 22], the

potent (Ki = 4.57 nM and IC50 = 16 nM, respectively)

and selective GABAB receptor agonists, and adminis-

tered them either acutely in the cocaine-induced locomo-

tor hyperactivation and before the cocaine challenge dose

that induces cocaine sensitization (expression of locomo-

tor sensitization) or concurrently with chronic cocaine

treatment (development of locomotor sensitization).

Materials and Methods

Animals

The experiment was performed on male Wistar rats

(derived from licensed breeder, Warszawa, Poland)

weighing 280–300 g. The animals were kept at a room

temperature of 20 ± 1°C and at 50% humidity under

a 12-h light/dark cycle (the lights on at 6.00 a.m.),

8 per cage in standard plastic rodent cages (57 × 35 ×

20 cm). The animals had free access to food (Labo-

feed pellets) and water during the 7-day habituation

period. All experiments were conducted during the

light phase of the light-dark cycle (between 8.00 a.m.

–3.00 p.m.) and were carried out in compliance with

the Animal Protection Bill of August 21, 1997 (pub-

lished in Dziennik Ustaw no. 111/1997 item 724), and

according to the NIH Guide for the Care and Use of

Laboratory Animals. They also received approval

from the Local Ethical Committee. Six to eight rats

per group were used.

Drugs

The following drugs were used (in parentheses suppli-

ers): cocaine hydrochloride (Sigma-Aldrich, USA),

baclofen (Tocris Cookson, Bristol, UK) and SKF

97541 (Tocris Cookson, Bristol, UK). The drugs were

dissolved in 0.9% NaCl and were injected in a volume

of 1 ml/kg ip. Baclofen, SKF 97541 and their vehicles

were given 30 min, while cocaine was given immedi-

ately before behavioral tests.

Locomotor activity measurement

The locomotor activity of rats was recorded individu-

ally for each animal as described previously [47].

Briefly, the rats’ behavior was measured in Opto-

Varimex cages (Columbus Instruments, USA) linked

on-line to compatible IBM-PC. Each cage (43 × 44 ×

25 cm) was surrounded with a 15 × 15 array of photo-

cell beams located 3 cm from the floor surface. Hori-

zontal locomotor activity, defined as distance trav-

elled, was expressed in cm. Before locomotor activity

was recorded, rats were habituated in the test cages

for 2 h/day on each of the two days before the start of

the experiment, and on the test day for 1 h before the

start of the test session; afterwards they were taken

out, injected with the drugs and put back into the

cages. Locomotor activity was recorded for 1 h and

analyzed using Auto-track software (Columbus In-

struments, USA).
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Basal and cocaine-induced locomotor activation

Animals were tested only once, and separate groups

of animals were pretreated with either the appropriate

vehicle, baclofen (1.25, 2.5 and 5 mg/kg) or SKF

97541 (0.01, 0.03 and 0.1 mg/kg) before injection of

either saline or cocaine (10 mg/kg). Measurements of

locomotor activity began immediately after saline or

cocaine injection.

Development of cocaine sensitization

During the first 5 days of experiment, the animals

received the following injections: vehicle + saline,

vehicle + cocaine (10 mg/kg), baclofen (1.25, 2.5 and

5 mg/kg) + cocaine (10 mg/kg) or SKF 97541 (0.01,

0.03 and 0.1 mg/kg) + cocaine (10 mg/kg). On days

6–9, they remained drug-free in their home cages. On

day 10, the animals received a challenge dose of co-

caine (10 mg/kg) and locomotor activity was recorded

immediately after cocaine injection.

Expression of cocaine sensitization

During the first 5 days of the experiment, the animals

received saline or cocaine (10 mg/kg). On days 6–9,

the animals remained drug-free in their home cages.

On day 10 (a test for expression of sensitization), they

received vehicle + cocaine (10 mg/kg), baclofen

(1.25, 2.5 and 5 mg/kg) + cocaine (10 mg/kg) or SKF

97541 (0.01, 0.03 and 0.1 mg/kg) + cocaine (10 mg/kg)

and locomotor activity was recorded immediately af-

ter cocaine injection.

Statistical analyses

The data are expressed as the mean total activity

counts (± SEM) for the 1-h observation period. The

one-way analysis of variance (ANOVA), followed by

post-hoc Dunnett’s test, was applied to evaluate the

treatment group on day 1 (acute treatments) or on day

10 (repeated treatments). To evaluate behavioral sen-

sitization, the response to cocaine on day 10 was com-

pared with the response to the test drug injection (day

10) of animals treated with repeated saline, using

a one-way ANOVA.

Results

Basal locomotor activity

Following injection of baclofen in a dose of 5 mg/kg

(but not in doses of 1.25 or 2.5 mg/kg), a significant

decrease in basal locomotor activity was observed,

while SKF 97541 (0.01, 0.03 and 0.1 mg/kg) did not

alter the basal locomotor activity in rats (Tab. 1).

Cocaine-induced hyperactivity

Cocaine (10 mg/kg) significantly (at least two-fold)

enhanced the locomotor activity of rats as compared

to the effect of saline-treated animals (Fig. 1).

A significant group effect was detected by ANOVA

for pretreatment with baclofen (F(4,30) = 2.63, p < 0.05.

Pretreatment with baclofen, 5 mg/kg (but not 1.25 or

2.5 mg/kg) significantly attenuated the hyperactiva-

tion of acute cocaine (Fig. 1, upper panel).

A significant group effect was detected by

ANOVA for pretreatment with SKF 97541 (F(4,30) =

4.12, p < 0.01). Pretreatment with SKF 97541, 0.1

mg/kg (but not 0.01 or 0.03 mg/kg) significantly

reduced the hyperactivation induced by acute cocaine

(Fig. 1, lower panel).

1044 �����������	��� 
������ ����� ��� ���������

Tab. 1. +������ �� �������� ��� � ' ,-.�� �� ��� ����� ���������
���/�� � ����

Treatment Horizontal
distance traveled

(cm)/60 min

ANOVA

Vehicle 416 ± 99

Baclofen (1.25) 606 ± 154

Baclofen (2.5) 516 ± 92

Baclofen (5) 298 ± 98* F(3,28) = 4.02, p < 0.05

Vehicle 450 ± 62

SKF 97541 (0.01) 580 ± 102

SKF 97541 (0.03) 409 ± 81

SKF 97541 (0.1) 498 ± 76 F(3,27) = 0.274, NS

* � 0 1*1. ��* /�����



Development of cocaine sensitization

On day 10 of the experiment, the challenge dose of

cocaine induced a 2–2.5-fold increase in the locomo-

tor activity of rats treated repeatedly with cocaine

(days 1–5) compared to the effect of acute cocaine in

saline-treated animals (days 1–5) (Fig. 2).

A significant group effect was detected by ANOVA

for pretreatment with baclofen (F(4,30) = 7.65, p < 0.01).

A substantial decrease in the locomotor response to

cocaine challenge was observed in rats treated repeatedly

with baclofen (1.25, 2.5 or 5 mg/kg) in combination

with cocaine (Fig. 2, upper panel).

Expression of cocaine sensitization

On day 10 of the experiment, cocaine challenge of

rats treated repeatedly with cocaine (days 1–5) pro-

duced an increase in locomotor hyperactivity com-

pared to the effect of acute cocaine in saline-treated

(days 1–5) animals (Fig. 3).

A significant group effect was detected by ANOVA

for pretreatment with baclofen (F(4,34) = 10.28, p < 0.001).

Pretreatment with baclofen (1.25, 2.5 or 5 mg/kg) in

a dose-dependent manner decreased the locomotor

effects to a cocaine challenge in rats repeatedly

treated with cocaine. A significant reduction almost to
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the control level was seen following baclofen in doses

of 2.5 and 5 mg/kg (Fig. 3, upper panel).

A significant group effect was detected by ANOVA

for pretreatment with SKF 97541 (F(4,32) = 4.25, p < 0.01).

A significant decrease in the locomotor response to

cocaine challenge was found in rats treated repeatedly

with cocaine after pretreatment with SKF 97541 in

a dose of 0.1 mg/kg, but not in doses of 0.01 and

0.03 mg/kg (Fig. 3, lower panel).

Discussion

The findings of the present study indicate that mecha-

nisms dependent on pharmacological stimulation of

GABAB receptors seem to engaged in the locomotor

behaviors induced by acute and repeated treatment

with cocaine. In fact, the selective GABAB receptor

agonists baclofen [6, 17, 22] and SKF 97541 [17, 22]

attenuated the acute locomotor responses to cocaine

and counteracted the development and expression of

cocaine sensitization.

Our present results that GABAB receptor agonists

attenuated both the development and expression of

sensitization to cocaine extent previous data showing

that baclofen [40] and the positive allosteric modula-

tor of GABAB receptors GS 39783 [33] blocked the

development of sensitization to cocaine. Moreover,

the inhibitory action of baclofen is true also for loco-

motor responses induced by repeated exposure to

other abused substances such as amphetamine [1, 2,

35] or morphine [3, 32, 46]. Current literature indicate

also that several drugs that enhance synaptic GABA

levels, i.e., �-vinyl GABA (an irreversible inhibitor of

GABA breakdown by GABA transaminase) and ga-

bapentin (a cyclic analogue of GABA) inhibit the be-

havioral sensitization to cocaine in rodents [18, 23,

26], and such an inhibitory action of these drugs may

be related to indirect stimulation of GABAB recep-

tors. Sensitization is dependent on procedural vari-

ables, among which the dose and route of drug ad-

ministration, as well as specific environmental cues

(associated with repeated and challenge treatments)

and the withdrawal time are of importance [41], and

in this context it is worth to underlie that – independ-

ently of the way of its development – sensitization

phenomenon is under control of GABAB receptors.

It should be noticed some differences in baclofen

and SKF 97541 contributions to acute and repeated

treatments with cocaine. Thus, co-treatment with baclofen

during the repeated cocaine regimen (development of

sensitization) or only its acute injection after this

regimen before the challenge dose of cocaine

(expression of sensitization) decreased locomotor

hyperactivity induced by cocaine 5 days after termination

of the sensitizing cocaine regimen. However, it should

be underlined that when given alone baclofen in

a dose of 5 mg/kg (but not 1.25 or 2.5 mg/kg)

decreased basal locomotor activity of rats. The locomotor

reducing effect of the GABAB receptor agonist alone

may be inhibitory to stimulant effect of cocaine and

may thus explain the observed decrease of behavioral

responses after the baclofen treatment following acute

treatment with cocaine or its expression of sensitiza-

tion resulting from behavioral competition. However,
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the fact that all used doses of baclofen given jointly

with cocaine during development of cocaine sensiti-

zation decreased the locomotor effects of the challenge

dose of cocaine after a 5-day withdrawal (i.e., also in

the absence of baclofen) as well as a non-sedative dose

(2.5 mg/kg) of baclofen reduced the expression of

locomotor sensitizing effect to cocaine gives evidence

that stimulation of GABAB receptors by this agonist

inhibit both the development and the expression of

cocaine sensitization.

In contrast to baclofen, SKF 97541 exerted an in-

hibitory influence on the development and expression

of cocaine sensitization in the middle (0.03 mg/kg)

and the highest dose (0.1 mg/kg), respectively, and

such reduction may be considered as a specific re-

sponse unrelated to its own effect on locomotion.

Moreover, inhibition of the expression of behavioral

sensitization to cocaine by SKF 97541 may stem from

its similar effect on the locomotor hyperactivity pro-

duced by a single dose of the psychostimulant. In

other words, the above observations indicate that the

SKF 97541-induced activation of GABAB receptors

contributes not only to the development of behavioral

sensitization to cocaine, but also to the locomotor hy-

peractivity response to a single dose of the psy-

chostimulant in drug-naive rats.

In line with a role of GABAB receptors in cocaine

sensitization, several GABAB receptor agonists have

been shown to reduce the reinstatement of cocaine

seeking behaviors [13, 16] and reverse the reward im-

pairment produced by cocaine withdrawal [8]. Further-

more, stimulation of GABAB receptors has been found

to inhibit the initiation of cocaine self-administration

[9, 11, 16, 36, 39].

The mechanism by which GABAB receptor ago-

nists altered behavioral responses to cocaine follow-

ing their acute and repeated administration is likely

mediated through modulation of dopaminergic and/or

glutamatergic neurotransmission. It was shown that

the expression of both acute and sensitizing locomo-

tor effects of cocaine are coincident with functional

changes in mesolimbic dopaminergic neurotransmis-

sion [12, 20, 28] while activation of ventral tegmental

dopamine neurons is strongly modulated by glutama-

tergic afferents and glutamate participates in involve-

ment in behavioral sensitization [25]. The concentra-

tion of GABAB receptor mRNA and the density of

GABAB receptors are found in the mesocorticolimbic

system [7, 34, 45], and functional data indicate that

GABA (through GABAB receptors) and dopamine in-

teract in an antagonistic and reciprocal pattern. Thus,

systematic or intra-tegmental application of GABAB

receptor antagonists increased firing of the ventral

tegmental dopamine neurons and/or increased extra-

cellular dopamine levels [14, 24], while baclofen lo-

cally injected into the ventral tegmental area reduced

somatodendritic [31] and terminal [43, 44] dopamine

release. Furthermore, when co-treated with cocaine,

baclofen simultaneously blocked cocaine-induced hy-

perlocomotion and decreased dopamine release in the

nucleus accumbens [15]. The inhibitory effects of ba-

clofen and SKF 97541 on cocaine-induced hyperloco-

motor activity as well as behavioral sensitization seen

in the present paper may be connected with decreas-

ing tegmental dopamine excitability and decreasing

release dopamine in the nucleus accumbens and/or the

prefrontal cortex. On the other hand, systematic acti-

vation of GABAB receptor agonist by baclofen de-

creased glutamate release in the nucleus accumbens

[25], the mechanism what may also be connected with

the inhibitory effects of the drug-induced on cocaine

behavioral responses.

In conclusion, the results of the present study im-

plicate a role of GABAB receptors in locomotor re-

sponses to cocaine. More specifically, they show that

stimulation of GABAB receptors exerted inhibitory

actions on acute locomotor responses to cocaine and

on the expression of cocaine sensitization, what may

offer a therapeutic potential of GABAB receptor ago-

nists in the treatment of cocaine dependence.
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