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Baclofen Attenuates the Reinforcing Effects 
of Cocaine in Rats 
David C. S. Roberts, Ph.D., Monique M. Andrews, M.Sc., and Gary J. Vickers, M.Sc. 

The effect of the GABAB agonist baclofen on cocaine self
administration in the rat was investigated. In the first 
experiment, rats trained to self-administer IV cocaine (1.5 
mg/kg/inj) on a progressive ratio (PR) schedule were 
pretreated with various doses of baclofen (1.25, 2.5, or 5.0 
mg/kg). Baclofen produced a dose-dependent decrease in the 
break points. In the second experiment, baclofen (2.5 mg/kg) 
was found to decrease significantly break points across a 
series of unit injection doses of cocaine (0.18, 0.37, 0.75, 1.5 
mg/kg/inj). Baclofen produced only modest effects on food-
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The site of action for the reinforcing effects of cocaine 
appears to be on dopaminergic terminals within the nu
cleus accumbens and other mesocortical areas (Johan
son and Fischman 1989; Koob 1992; Roberts 1992; Wool
verton and Johnson 1992). Cocaine blocks the reuptake 
of catecholamines into the presynaptic element, thus 
acting as an indirect agonist at noradrenaline, serotonin, 
and dopamine (DA) synapses. Considerable data now 
indicate that the dopaminergic effect is of primary im
portance. Neurotoxic lesions of the DA innervation of 
the accumbens or elimination of the DA projection neu
rons within the ventral tegmental area dramatically dis
rupts cocaine self-administration in rats (Zito et al. 
1985; Roberts et al. 1977; Roberts et al. 1980). Pharmaco-

From the Institute of Neuroscience, Carleton University, Ottawa, 
Canada. 

Address correspondence to: Dr. D. C. S. Roberts, Life Sciences 
Research Centre, Carleton University, 1125 Colonel By Drive, 
Ottawa, Canada, KlS 5B6. 

Received September 25; revised December 14, 1995; accepted 
December 20, 1995. 

NEUROPSYCHOPHARMACOLOGY 1996-VOL. 15, NO. 4 

© 1996 American College of Neuropsychopharmacology 
Published by Elsevier Science Inc. 
655 Avenue of the Americas, New York, '.\JY 10010 

reinforced responding even at the largest dose tested (5.0 
mg/kg). These data suggest that baclofen may produce a 
specific attenuation of cocaine reinforcement. Baclofen 
produced no significant change in the rate of IV cocaine 
intake on a fixed ratio (FR 1) schedule. These data support a 
number of recent observations that rate of drug intake may 
be an insensitive measure of changes in the motivation to 
self-administer cocaine. [Neuropsychopharmacology 
15:417-423, 1996] 

logical evidence also supports a primary role for DA. 
Dopamine antagonists administered either systemically 
(Woolverton 1986; De Wit and Wise 1977; Hubner and 
Moreton 1991; Caine and Koob 1994; Roberts and Vick
ers 1984) or directly into the nucleus accumbens 
(McGregor and Roberts 1993; Maldonado et al. 1993) at
tenuate the reinforcing effects of cocaine. Furthermore, 
the relative reinforcing efficacy of various cocaine ana
logues correlates with their binding affinity to the 
dopamine transporter (Ritz et al. 1987). 

Whereas dopamine terminals may be the primary 
site of action, the reinforcing effects might be influenced 
by manipulation of other neurotransmitter systems that 
interconnect with DA systems. GABA is one such trans
mitter with extensive interactions with DA. Eighty per
cent of the neurons within the nucleus accumbens are 
GABAergic (Kita and Kitai 1988), and they presumably 
receive the cocaine-potentiated dopaminergic signal. 
GABA neurons also project back to DA cells within the 
ventral tegmental area (VTA) to regulate their activity. 
Pharmacological manipulation of GABA systems has 
powerful effects on DA release and on DA cell firing 
(Klitenick et al. 1992; Cameron and Williams 1993; Eng
berg et al. 1993; Seutin et al. 1994; Santiago et al. 1993a, 
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1993b, 1993c; Rick and Lacey 1994; Westerink et al. 1992; 
Yoshida et al. 1994). 

Despite the clear evidence for DA/GABA interac
tions, little is known about the effects of GABA drugs 
on cocaine reinforcement. Three types of GABA recep
tors are known. The bicuculline-sensitive GABAA re
ceptor is coupled to a chloride channel and is associated 
with multiple binding sites with high affinities for ben
zodiazepines, barbiturates, picrotoxin, and centrally ac
tive steroids. The bicuculline-insensitive GABA8 recep
tor is coupled to potassium and calcium channels through 
G-proteins and second messengers. A pharmacologi
cally distinct GABAc receptor has also been described 
(Bormann and Feigenspan 1995). There have been no 
reports on the effects of direct GABA agonists or antag
onists on cocaine reinforcement. A modulatory role for 
the GABAA receptor is suggested by the demonstration 
that the benzodiazepines, chlordiazepoxide and alpra
zolam, both reduce the rate of cocaine self-administra
tion reinforced on fixed ratio schedules (Goeders et al. 
1989, 1993). This appears to represent a potentiation of 
the reinforcing efficacy of cocaine, because animals will 
respond to higher break points on a progressive ratio 
(PR) schedule for cocaine reinforcement after chlordiaz
epoxide pretreatment (Roberts and Vickers, in prepara
tion). The effects of pharmacological manipulation of 
GABA8 receptors on cocaine reinforcement have not yet 
been described. 

In the present experiments we examined the effect of 
the GABA8 agonist baclofen on cocaine self-administra
tion behavior in rats reinforced on a PR schedule. 

METHODS 

Subjects were male Wistar rats (Charles River Farms, 
Quebec) weighing 275 to 300 g at the start of the experi
ment. One week after their arrival from the supplier, 
rats were food deprived for 24 hours then trained to 
press a lever for food reinforcement on a fixed ratio 
(FRI) schedule. Thereafter food was available ad libi
tum. Each rat was implanted with a chronically in
dwelling Silastic jugular cannula that exited through 
the skin on the dorsal surface in the region of the scapu
lae (Roberts and Goeders 1989). After cannulation, each 
rat was singly housed in 25 X 25 X 25 cm operant test
ing apparatus. The cannula was mounted on a counter
balanced swivel apparatus, which allowed free move
ment within the operant chamber. 

Rats were given access to a response lever for a 
5-hour period each day. Each lever response activated 
an injection pump, delivering 0.12 ml of saline solution 
containing 0.6 mg/ml of cocaine HCl over a 5-second 
period. Concurrent with the start of the injection, a 
stimulus light was activated that signaled a 20-second 
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post-infusion time-out period during which time re
sponses produced no programmed consequence. 

Experiment 1 

Twelve rats that had demonstrated a constant rate of re
sponding on the FR 1 schedule (>30 inj/5 hours and 
regular postinfusion pauses) were given access to co
caine (1.5 mg/kg/inj) on a PR schedule. Each rat re
ceived one priming injection at the start of each daily 
session. The next reinforcement was contingent on a 
single lever response; thereafter the number of re
sponses required to obtain subsequent infusions was in
cremented through the following progression: 1, 2, 4, 6, 
9, 12, 15,20,25,32,40,50, 62, 77,95, 118,145,178,219, 
268, 328, 402, 492, 603. This implementation has been 
described in detail elsewhere (Roberts and Richardson 
1995). The session continued until the subject failed to 
obtain an infusion for a 1-hour period. Break point was 
defined by the number of completed increments in the 
schedule. 

The effect of (±)-baclofen pretreatment (1.25, 2.5 or 
5.0 mg/kg, IP, 30 minutes before the session) was inves
tigated in animals that showed stable performance of 
the PR schedule. Stable performance was defined as 4 
consecutive days of cocaine self-administration with 
break points within a range of four. The testing order of 
the various dosages of baclofen was counterbalanced 
according to a latinized design. At least 4 days of base
line training separated baclofen test days. 

Experiment 2 

Subjects (N = 10) were trained on the PR schedule as 
described above. The effect of ( ± )-baclofen pretreat
ment (2.5 mg/kg/ IP, 30 minutes before the session) 
was examined across four unit injection doses of co
caine (0.18, 0.38, 0.75, 1.5 mg/kg/inj). The testing order 
of the cocaine doses was counterbalanced according to 
a latinized design. Extensive experience with the PR 
schedule has shown that the doses of cocaine selected 
represent the ascending limb of the dose/response 
curve. The 0.18 mg/kg/inj dose is near threshold and 
usually supports a total of 30 to 40 responses/session. 
The highest dose can be expected to support about 300 
to 400 responses/session, which is equivalent to a final 
ratio of about 77. Doses above 1.5 mg/kg/inj can be 
toxic and generally do not support higher break points. 
The effect of baclofen was examined after a stable base
line (see above) was established at each dose. 

Experiment 3 

Subjects (N = 5) were trained to self-administer cocaine 
(1.5 mg/kg/inj) on an FR 1 schedule during daily 5-hour 
sessions. The effect of baclofen (2.5 mg/kg, IP, 30 min-
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utes before the session) or vehicle injections (saline) was 
examined. The dependent measure was the number of 
injections self-administered during each hour period. 

Experiment 4 

Subjects (N = 8) were food deprived and trained to re
spond on a PR schedule for food reinforcement (45 mg 
Noyes pellets). Animals were given access to food (Pu
rina Rat Chow) for 1 hour after each training session. 
Rats on this deprivation schedule remain healthy and 
gain weight at approximately 1 g/ day, yet are highly 
motivated to respond for food. The testing apparatus 
was identical to that used in self-administration experi
ments described above. The PR schedule was also iden
tical to that described above. That is, delivery of the first 
reinforcement was contingent on a single lever re
sponse, thereafter the ratio of responses required to ob
tain the food pellet was incremented through the pro
gression: 1, 2, 4, 6, 9, 12, 15, 20, 25, 32, 40, 50, 62, 77, 95, 
118, 145,178,219,268,328,402,492,603. The session du
ration was 3 hours. Break point was defined by the 
number of completed increments in the schedule. The 
effect ofbaclofen (1.25, 2.5 and 5.0, IP, 30 minutes before 
the session) or vehicle (saline) was examined in a ran
dom order. Drug test days were separated by at least 
three baseline sessions. 

Statistics 

Data for each experiment were subjected to a repeated 
measures ANOVA, followed, when appropriate, by 
Neuman-Keuls analysis. 

RESULTS 

Figure 1 shows the effect of various doses of baclofen 
(1.25, 2.5, 5.0 mg/kg) on cocaine self-administration be
havior reinforced on a PR schedule. Repeated measures 
ANOVA revealed a significant effect of DOSE (F = 13.5, 
df = 3.21, p < .01), indicating a dose-dependent de
crease in the break point produced by baclofen. 

Figure 2 illustrates the effect of baclofen (2.5 mg/kg) 
on cocaine self-administration behavior in a representa
tive animal. Baseline responding (Figure 2, top) is char
acterized by an alternating pattern of postinfusion 
pauses and bursts of the requisite number of responses. 
Baclofen pretreatment (Figure 2, bottom) reduced the 
break point without affecting the general response pat
tern. 

Figure 3 shows the effect of baclofen pretreatment 
(2.5 mg/kg) across a series of unit injection doses of co
caine. Repeated measures ANOVA revealed a signifi
cant effect of DRUG (F = 25.6, df = 1,18, p < .01). Neu-
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Figure 1. Effect of baclofen on responding for either 
cocaine or food reinforcement. Points represent the mean 
(:'::SEM) break points established on a PR schedule for sepa
rate groups of animals trained to respond for either cocaine 
(N = 12) or food (N = 8) reinforcement. Animals received 
various doses of baclofen or vehicle 30 minutes before the 
test session. Baclofen pretreatment produced a dose-depen
dent decrease in break points for cocaine and food reinforce
ment, although by comparison, the effect on food reinforced 
responding was quite small. 

man-Keuls analysis revealed a significant decrease in 
break point at each of the unit doses of cocaine (0.18, 
0.38, 0.75, 1.5, mg/kg/inj). 

Figure 1 illustrates the effect of baclofen on food rein
forced responding. Baclofen produced modest but sta
tistically significant effects on responding on a PR 
schedule (F = 4.5, df = 3,21, p < .05). Table 1 shows the 
effect of baclofen on cocaine self-administration rein
forced on an FR 1 schedule. Repeated measures 
ANOVA revealed no significant effects of baclofen on 
rate of drug intake (F < 1). 

DISCUSSION 

The PR schedule provides a sensitive paradigm with 
which to study cocaine self-administration. The depen
dent variable, break point, yields a robust dose/re
sponse curve on which pharmacological and neurotoxic 
manipulations can be assessed. Break point is linearly 
proportional to unit injection dose of cocaine up to 1.5 
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Figure 2. Representative records illustrating the effect of 
baclofen on cocaine self-administration reinforced on either 
a PR or FR schedule of reinforcement. The top two lines rep
resent cumulative records of cocaine self-administration on a 
PR schedule. Upward increments in the record represent 
lever responses. Short vertical lines represent cocaine infu
sions. The top record illustrates a baseline pattern of intake. 
In this case, the animal self-administered 16 injections, which 
corresponds to a final ratio of 118. After baclofen treatment 
(2.5 mg/kg), the same animal self-administered 10 injec
tions, which corresponds to a final ratio of 32. In this exam
ple, the break points occurred at approximately the same 
time into the session. In other animals, baclofen may have 
produced a break point earlier (if there were no substantial 
pauses) or later (if the pattern was interrupted). The bottom 
two lines illustrate the regular pattern of cocaine intake on 
an FR 1 schedule. Tick marks indicate the time of each 
cocaine injection (1.5 mg/kg/inj). Baclofen pretreatment had 
minimal effects on the pattern. 

mg/kg/inj (Depoortere et al. 1993; Richardson and 
Roberts 1995), past which performance declines or be
comes variable. Responding on the PR schedule has 
been shown to be affected either by ibotenic acid lesions 
(Robledo and Koob 1993) or by 6-hydroxydopamine le
sions of the nucleus accumbens (Koob et al. 1987), me
dial prefrontal cortex, or amygdala (McGregor and Rob
erts 1994, 1995a), as well as systemic (Hubner and 
Moreton 1991; Depoortere et al. 1993; Roberts et al. 
1989b; Smith et al. 1995; Richardson et al. 1994) and in-
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Figure 3. Effect of baclofen (2.5 mg/kg) on cocaine self
administration reinforced on a PR schedule. Points represent 
the mean ( ::':: SEM) break point for a single group of rats (J'J = 
10) during baseline testing (circles) or after baclofen pretreat
ment (2.5 mg/kg IP). Break points were defined by the num
ber of completed increments in the PR series. The final ratios 
corresponding to the break points are shown on the abscissa. 

tracerebral injections (McGregor and Roberts 1993, 
1995b) of dopamine antagonists. 

To date, few experiments have investigated the effects 
of GABA manipulations on cocaine reinforcement. The 
present results show that acute pretreatment with the 
GABA8 agonist baclofen decreases cocaine self-admin
istration on a PR schedule in rats. Experiment 1 demon
strated a dose-dependent effect of baclofen. The two 
higher doses (2.5 and 5 mg/kg) produced significant 
decreases in break point when tested against a single 
unit injection dose of cocaine. In experiment 2, a single 
dose of baclofen (2.5 mg/kg) was tested across the co
caine dose-response curve. Baclofen was found to re
duce break point at every cocaine dose tested. 

It should be considered that the baclofen-induced 
decrease in cocaine self-administration might be due to 
a sedative or debilitating effect on performance. Whereas 
baclofen is known to have some depressant properties, 
it is unlikely that this would explain the magnitude of 
the effect on cocaine-reinforced responding, particu
larly at the 2.5 mg/kg dose. Baclofen was found to pro
duce a statistically significant but relatively modest ef
fect on break points when food was used as a reinforcer, 
even at a relatively high dose of 5.0 mg/kg (see Figure 
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Table 1. Effect of Baclofen (2.5 mg/kg) on Cocaine Self-Administration Reinforced on a 
Fixed Ratio 1 Schedule 

Vehicle 
Baclofen 

1 

8.4 ±: 0.5 
7.2 ±: 0.8 

2 

7.1 ±: 0.8 
7.2 ±: 0.4 

Hour 

3 

7.1 ±: 0.5 
7.0 ±: 0.4 

4 

6.9 ±: 0.5 
7.0 ± 0.4 

5 

7.0 ±: 0.6 
7.2 ±: 0.5 

Data represent the mean ( ± SEM) number of injections self-administered during each hour of a 5-hour ses
sion. The same group of rats (N = 5) was pretreated with either baclofen (2.5 mg/kg) or vehicle (saline) 20 
minutes before the session. The unit injection dose of cocaine was 1.5 mg/kg/inj. No statistically significant 
differences were observed. 

1). However, a survey of the literature shows that ba
clofen can affect performance in some laboratory situa
tions. Doses as low as 1.25 mg/kg have been shown to 
reduce locomotor activity in rats with 5.0 mg/kg pro
ducing about a 70% reduction in spontaneous activity 
(Paredes and Agmo 1989; McManus and Greenshaw 
1991). Significant effects of baclofen (2.5 and 5.0 mg/kg) 
were found on some aspects of precopulatory behavior, 
although a dose of 5.0 mg/kg was necessary to inhibit 
copulation. Grech and Balster (1993) reported that the 
ED50 for the response rate decreasing effects of baclofen 
was 5.0 mg/kg in a two-lever drug discrimination task. 
It appears that baclofen can produce disruptive effects 
on performance, particularly at high doses. However, 
the ability of animals to perform relatively well in oper
ant tasks at the lower doses seems to indicate that a 
drug-induced motor impairment cannot account for the 
effect on cocaine self-administration reported here. In 
summary, it appears that low doses of baclofen may 
produce a relatively specific reduction in the motivation 
of animals to self-administer cocaine. 

It should be noted that baclofen may have reinforc
ing effects on its own and this property could interact 
with cocaine reinforcement. Griffiths et al. (1991) exam
ined baclofen self-administration in baboons and re
ported that baclofen maintained intermediate rates of 
self-injection, although these "were variable and did 
not show consistent dose related changes across ani
mals." Given that there have been few reports of ba
clofen abuse in the human population, it is unlikely that 
the reinforcing effects of baclofen are particularly robust. 

Baclofen pretreatment had no effect on cocaine self
administration reinforced on an FR 1 schedule. A sub
stantial literature has been based on evaluating drug ef
fects by examining changes in rate of drug intake. How
ever, it now appears that changes in rate of drug intake 
may be insensitive to changes in reinforcing efficacy as 
measured by the PR schedule. In general, break point 
and rate are inversely related. For example, decreases in 
break point and increases in rate are observed when the 
unit injection dose of cocaine is reduced or when ani
mals are pretreated with dopamine antagonists (De
poortere et al. 1993; Hubner and Morton 1991; Loh et al. 
1992; Richardson and Roberts 1994). However, treat-

ments have now been observed that dramatically in
crease or decrease break point, yet have no effect on rate 
of drug intake (Koob et al. 1987; Roberts et al. 1989a; Hub
ner and Koob 1990; Richardson and Roberts 1991; Smith et 
al. 1995; McGregor and Roberts 1995a). This disparity is 
particularly evident if the treatment is nondopaminer
gic. The fact that baclofen had no effect on rate of drug 
intake is not unexpected in light of the growing litera
ture showing a dissociation between changes in reinforc
ing efficacy and rate of drug intake (Roberts et al. 1989a; 
Loh and Roberts 1990; McGregor et al. 1993; Smith et al. 
1995). 

It is presently unclear how GABA8 agonists produce 
an apparent reduction in the reinforcing efficacy of co
caine. After systemic injections, the drugs would gain 
access to GABA receptors, which are distributed ubiq
uitously throughout the neural axis. However, given 
the importance of the mesolimbic DA system to cocaine 
reinforcement and given the powerful interactions be
tween DA and GABA (see Kalivas 1993), it is possible 
that the effects are mediated through an interaction 
with VTA neurons. Both GABAA and GABA8 receptors 
are present in the VTA, and pharmacological manipula
tion of these receptors has been reported to affect rein
forced behavior. Willick and Kokkinidis (1995) have 
shown that intra-VTA injections of baclofen signifi
cantly increase current thresholds for medial forebrain 
bundle self-stimulation. Although these authors re
ported no specific effect of the GABAA agonist musci
mol on reward thresholds, Nazzaro and Gardner (1980) 
have previously reported that intra-VTA injections of 
the GABAA antagonist picrotoxin decreased current 
thresholds. The present results suggest that modulation 
of GABA8 receptors can affect cocaine reinforcement. 
These findings have been replicated with another 
GABA8 agonist, SKF 97541, which reduces cocaine self
administration on a PR schedule at doses that do not af
fect food reinforced responding. Muscimol, a GABAA 
agonist, has similar but less specific effects (in prepara
tion). Thus, both receptor subtypes may modulate re
ward function, although the GABAA effect appears to 
be more robust. 

No substantially effective treatment is presently 
available for cocaine dependence (Kleber 1995). The 
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major emphasis in medication development has focused 
on dopaminergic compounds. The present data suggest 
that nondopaminergic agents, particularly GABA-related 
drugs, should also be considered for their pharmaco
therapeutic potential in cocaine addiction. 
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