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Acute administration of g-aminobutyric acid B (GABAB) receptor agonists decreased nicotine, cocaine, ethanol, and heroin self-

administration. GABAB receptor agonists also decreased cue-induced cocaine craving or seeking in humans and animals, respectively. The

present study investigated the effects of repeated subcutaneous administration of the GABAB receptor agonist CGP44532 on nicotine-

and food-maintained responding under a fixed ratio 5 schedule of reinforcement. The second part of the study determined whether

contingent presentation of previously nicotine-associated cues reinstated extinguished nicotine-seeking behavior, and whether acute

subcutaneous CGP44532 administration affected cue-induced reinstatement of extinguished nicotine-seeking behavior. The results

indicated that repeated administration of 0.25 mg/kg CGP44532 selectively decreased nicotine self-administration compared to food-

maintained responding during the first 7 days of treatment. Repeated administration of 0.5 mg/kg/day CGP44532 nonselectively

decreased both nicotine- and food-maintained responding. Contingent presentation of previously nicotine-associated cues reinstated

extinguished nicotine-seeking behavior. Further, acute CGP44532 administration (0.125 and 0.25 mg/kg) decreased cue-induced

reinstatement of nicotine-seeking behavior. In summary, the present results indicated that 0.25 mg/kg/day CGP44532 selectively

decreased nicotine self-administration compared to food-maintained responding, and acute administration of CGP44532 (0.125 and

0.25 mg/kg) dose-dependently decreased cue-induced reinstatement of nicotine-seeking behavior.
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INTRODUCTION

g-Amino-butyric acid (GABA) is one of the major inhibitory
neurotransmitters in the central nervous system (Sivilotti
and Nistri, 1991), and has been implicated in the modula-
tion of central reward processes (Willick and Kokkinidis,
1995; Macey et al, 2001; Panagis and Kastellakis, 2002).
Mesolimbic dopaminergic neurons originating in the
ventral tegmental area receive inhibitory GABA-ergic
projections from the nucleus accumbens (Kalivas et al,
1993; Rahman and McBride, 2002) and the ventral pallidum
(Walaas and Fonnum, 1979; Sugita et al, 1992; Klitenick
et al, 1992; Kalivas et al, 1993). Inhibitory GABAB receptors

are present on dopaminergic and glutamatergic neurons in
the ventral tegmental area (Bowery et al, 1987; Margeta-
Mitrovic et al, 1999; Liang et al, 2000; Wirtshafter and
Sheppard, 2001). Further, there are inhibitory GABA-ergic
interneurons in the ventral tegmental area (Rahman and
McBride, 2002). Systemic administration of the GABAB

agonist baclofen decreased the firing rate and burst firing of
ventral tegmental area dopaminergic neurons (Olpe et al,
1977; Erhardt et al, 2002). Further, GABAB receptor
activation in the ventral tegmental area reduced extra-
cellular dopamine levels in the nucleus accumbens (Wester-
ink et al, 1996). Together, these data demonstrate the
inhibitory role of GABAB receptors in the mesolimbic
circuitry.

Either of two GABAB receptor agonists, (3-amino-2[S]-
hydroxypropyl)-methylphosphinic acid (CGP44532) or
baclofen, decreased self-administration of cocaine (Roberts
et al, 1996; Shoaib et al, 1998; Brebner et al, 1999, 2000a, b;
Corrigall et al, 2000; Di Ciano and Everitt, 2003; Campbell
et al, 2002), methamphetamine (Ranaldi and Poeggel, 2002),
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heroin (Xi and Stein, 1999), alcohol (Colombo et al, 2000,
2002), and nicotine (Corrigall et al, 2000, 2001; Fattore et al,
2002; Paterson et al, 2004) in rats. Further, baclofen
decreased morphine-induced locomotor stimulation
(Leite-Morris et al, 2002) and methamphetamine-induced
conditioned place preference (Li et al, 2001). In addition,
CGP44532 attenuated cocaine-induced facilitation of
brain reward function (Dobrovitsky et al, 2002). Finally,
baclofen attenuated nicotine-, cocaine- and heroin-induced
increases in nucleus accumbens dopamine levels
(Fadda et al, 2003).

Most previous studies investigating the effects of GABA-
ergic manipulations on drug self-administration focused on
acute administration of GABAB ligands (see above).
However, some studies investigated the effects of repeated
administration of baclofen. A 14-day baclofen administra-
tion selectively reduced alcohol consumption (Colombo
et al, 2000), and 3 days of baclofen administration decreased
cocaine self-administration (Shoaib et al, 1998) in rats. In
addition to animal studies, human studies also indicated
that repeated baclofen may reduce alcohol consumption
and cocaine use (Addolorato et al, 2000, 2002; Ling et al,
1998; Shoptaw et al, 2003). The first part of the present
study investigated the effects of repeated administration of
the GABAB receptor agonist CGP44532 on nicotine- and
food-maintained responding for two reasons. First, an
effective antismoking agent is likely to be administered
chronically; therefore, it is important to investigate the
potential for tolerance to the effects of CGP44532. Second,
the long time course (5–10 days) of extinction of nicotine-
seeking behavior seen in some studies (Corrigall and Coen,
1989; Donny et al, 1995; Chiamulera et al, 1996;
Shaham et al, 1997; however, see Watkins et al, 1999)
suggested that the effects of acute vs repeated administra-
tion of CGP44532 could differ. Two doses of CGP44532 were
selected based on previous work (Paterson et al, 2004); one
dose that nonselectively decreased nicotine- and food-
maintained responding (0.5 mg/kg) and another dose
(0.25 mg/kg) that had no effect on either nicotine
(0.03 mg/kg/infusion)- or food-maintained responding
when administered acutely.

When animals trained to self-administer a drug are given
access to saline rather than drug, response rates dramati-
cally decrease (Chiamulera et al, 1996; Shaham et al, 1997;
See et al, 1999; Watkins et al, 1999). If specific environ-
mental stimuli are present during drug self-administration
but are removed during the extinction phase, then
noncontingent (de Wit and Stewart, 1981) or contingent
(See et al, 2001) presentation of previously drug-associated
stimuli will induce responding levels similar to those seen
for the drug itself, even in the continued absence of the
drug. Shaham and co-workers classifed ‘cues’ into discrete
cues that are paired with drug infusions (See, 2002),
discriminative cues that predict the availability of drug
(Weiss et al, 2000), and contextual cues (Crombag and
Shaham, 2002) that are associated with drug availability. It
is hypothesized that drug-associated cues play an important
role in both relapse to drug use (for a review, see Shaham
et al, 2003) and at least for nicotine, acquiring and
maintaining self-administration behavior in rats (Caggiula
et al, 2001, 2002), and smoking in humans (Balfour et al,
2000).

The GABAB receptor agonist baclofen has been shown to
decrease cue-induced activation of limbic areas in abstinent
cocaine addicts (Childress et al, 2002). Further, acute
administration of baclofen either systemically (Di Ciano
and Everitt, 2003), or into the ventral tegmental area or
nucleus accumbens core (Di Ciano and Everitt, 2004)
decreased cue-maintained responding during the first
drug-free interval under a second-order schedule of
reinforcement in rats, demonstrating decreased drug-
seeking behavior. The present study set out to establish
first whether nicotine-seeking behavior was reinstated by
contingent presentation of previously nicotine-associated
cues, and second whether acute CGP44532 administration
affected cue-induced reinstatement.

In summary, the first part of the present study
determined the effects of repeated administration of the
GABAB receptor agonist CGP44532 on nicotine- and food-
maintained responding. The second part of the present
study determined whether contingent presentation of
previously nicotine-associated cues reinstated extin-
guished nicotine-seeking behavior, and the effects of
acute CGP44532 administration on cue-induced rein-
statement.

METHODS

Subjects

Male Wistar rats (Charles River, Raleigh, NC) weighing 300–
350 g upon arrival in the laboratory were group housed (two
per cage) in a temperature- and humidity-controlled
vivarium on a 12-h reverse light–dark cycle with unrest-
ricted access to water except during testing. Rats were food-
restricted to 12–20 g/day throughout the experiments (see
below), with the exception of the surgery recovery and
initial habituation periods. All behavioral testing occurred
during the dark phase of the light–dark cycle. For 1 week
after arrival in the vivarium, animals were allowed to
habituate to their new environment (rats were handled
twice during this week). All subjects, animal facilities, and
experimental protocols were in accordance with NIH
guidelines (1996) and guidelines from the Association for
the Assessment and Accreditation of Laboratory Animal
Care (AAALAC).

Drugs

(�)Nicotine hydrogen tartrate was purchased from Sigma
(St Louis, MO). Nicotine doses are reported as free base
concentrations. Nicotine hydrogen tartrate was dissolved in
saline and the pH adjusted to 7.0 (70.5) with sodium
hydroxide. The solution was then filtered through a 0.22 mm
syringe filter (Fisher Scientific, Pittsburgh, PA 15219) for
sterilization purposes. CGP44532 was kindly donated by
Novartis Pharma AG, dissolved in 0.9% saline and
administered subcutaneously in a volume of 1 ml/kg, with
a pretreatment time of 15 min.

Apparati

Intravenous nicotine self-administration and food-main-
tained responding took place in Plexiglas experimental
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chambers (25� 31� 24 cm; Med Associates, St Albans, VT),
each housed in a sound-attenuated box (San Diego
Instruments, San Diego, CA). One wall of the chamber
contained two levers, measuring approximately 3 cm in
width, and located approximately 3 cm above the metal grid
floor of the chamber. All data collection and test session
functions were controlled by a microcomputer and in-house
software.

Surgery

Rats were anaesthetized with an isoflurane/oxygen mixture
(1–3% isoflurane) and prepared with a catheter inserted
into the right jugular vein. Catheters were constructed from
a 14 cm piece of Silastic tubing (0.3 mm inside dia-
meter� 0.63 mm outside diameter, Dow Corning) attached
to a 22-gauge stainless steel guide cannula (Plastics One,
Roanoke, VA), and attached to a molded base (Teets
Denture Material, Co-Oral-Lite Mfg. Co., Diamond Springs,
CA) and mesh (Small Parts Inc., Miami Lakes, FL). The
mesh anchored the catheter base underneath the skin at the
level of the scapulae. Animals were given 7 days to recover
from surgery prior to being trained to lever press for 45 mg
food pellets (described below). All animals received a 1-
week course of antibiotic treatment, consisting of daily
0.2 ml infusions of Timentin (100 mg/ml). In addition,
animals received a 0.1 ml infusion of heparinized saline
(33.3 U/ml) before and after each self-administration
session.

Food Training and Testing

Approximately 1 week after preparation with catheters,
rats were food-restricted (5 g/day) for 48 h prior to
starting food training. After the initiation of food
training, animals received 12 g rat chow/day, at least 1 h
after the end of the food training session. Initially, the
animals received 45 mg food pellets at fixed intervals
(one pellet every 12 s for 5 min, then 5 min break; this
sequence was repeated during the initial 30 min session;
total number of pellets delivered was 75) with no
requirement to lever press. After this session, rats were
allowed to press a lever to receive the food pellets on a fixed
ratio 1 time-out 1 s (FR1 TO1 s) schedule of reinforcement.
The schedule was progressively changed according to the
sequence FR1 TO1 s, FR1 TO10 s, FR2 TO20 s, FR5 TO20 s,
with sessions lasting 30 min. Animals moved through
the sequence only after the successful acquisition of the
previous schedule (defined as earning 50 pellets within the
30 min session).

An identical training procedure was used for the food-
maintained responding subjects, except that after successful
acquisition of food-maintained responding, the rats were
allowed to respond for food (45 mg Noyes food pellet) on a
FR5 TO20 s schedule (session length 1 h) 7 days/week,
during which two levers (active and inactive) were present
in the box. This testing procedure was identical in all
parameters to the nicotine self-administration procedure.
After successful acquisition of food-maintained responding,
all rats were maintained on 20 g rat chow/day, given at least
1 h after testing.

Nicotine Self-Administration

After the successful completion of food training, rats were
allowed to self-administer nicotine (0.03 mg/kg/infusion;
free base) by switching the delivery of a food pellet for the
delivery of a nicotine infusion. This dose of nicotine was
selected because it leads to reliable and stable self-
administration rates (Watkins et al, 1999). There were two
levers present in the box, only one of which (the lever
previously paired with food delivery) was paired with the
delivery of a nicotine infusion (the active lever). Responses
on the other lever were recorded but had no consequence
(the inactive lever). Responding on the active lever resulted
in delivery of the nicotine solution in a volume of 0.1 ml
over a 1 s period (Razel syringe pump model A, Razel
Scientific Instruments Inc., Stamford, CT). The delivery of
an infusion was paired with a cue light, which was lit
simultaneously with the initiation of the nicotine infusion
and remained illuminated throughout the 20 s time-out
period, during which responding was recorded but not
reinforced. The delivery of an infusion was earned by
responding five times on the active lever (FR5 TO 20 s). Rats
were considered to have acquired stable nicotine self-
administration when they pressed the active lever more
than twice the number of times they pressed the inactive
lever and received a minimum of six infusions/1 h session,
with less than 20% variation in the number of infusions
earned per session over three consecutive sessions. Rats
were allowed to self-administer nicotine 7 days/week.

Experimental Procedures

Experiment 1: the effects of repeated CGP44532 admin-
istration on nicotine- and food-maintained responding.
After successful acquisition of stable nicotine- or food-
maintained responding, rats were assigned to one of six
groups, balanced for mean daily operant response rates and
body-weights. The groups were as follows: 0 mg/kg/day
CGP44532 (nicotine: n¼ 9; food: n¼ 9), 0.25 mg/kg/day
CGP44532 (nicotine: n¼ 8; food: n¼ 8), and 0.5 mg/kg/day
CGP44532 (nicotine: n¼ 10; food: n¼ 7). CGP44532 was
administered subcutaneously 15 min before daily testing
sessions for 14 consecutive days. The pretreatment time was
based on results from a previous study from our laboratory
indicating reliable effects of CGP44532 on nicotine self-
administration when administered 15 min prior to testing
(Paterson et al, 2004), and another study indicating that
CGP44532 (0.5 mg/kg i.p.), administered 10 min prior to
testing, decreased cocaine-maintained responding for 4 h
post-treatment (Brebner et al, 1999). Rats were allowed to
respond for food or nicotine for 4 days after CGP44532
administration ceased.

Experiment 2: the effects of acute CGP44532 administra-
tion on cue-induced reinstatement of nicotine self-
administration. After successful completion of experiment
1, nine rats were not allowed any access to nicotine self-
administration for 9 days. Three rats were from the saline
treatment group, four from the 0.25 mg/kg/day CGP44532
group, and one from the 0.5 mg/kg/day CGP445342 group,
for a total of eight rats (one rat was excluded due to
infection). The rats were again given access to nicotine for 5
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days to re-establish stable nicotine self-administration
under baseline conditions. After another 2 days with no
access to nicotine self-administration, rats were once again
allowed access to the self-administration apparatus on a
daily basis but lever-pressing had no consequences (ie no
infusion, no cue light illumination, and no syringe pump
activation and noise). After all animals reached the
predetermined criterion of extinction (defined as less than
30% of average nicotine-maintained responding per session
for 3 consecutive days; extinction criterion selected based
on previous nicotine self-administration extinction studies
(Chiamulera et al, 1996; Shaham et al, 1997)), previously
nicotine-associated cues were once again presented con-
tingently (ie upon responding on the active lever) in the
absence of nicotine for 1 day. Rats were then returned to the
nicotine- and cue-absent condition until the re-establish-
ment of extinction (less than 30% of average nicotine-
maintained responding for 3 consecutive days). After
re-establishment of extinction, testing with contingent cue
delivery was conducted for 1 day. This process was repeated
a total of three times. CGP44532 (0, 0.125, and 0.25 mg/kg)
was administered subcutaneously 15 min before the test
session, according to a randomized-order within-subjects
design. The procedure used here was modified from the one
used by See et al (2001), where repeated test sessions (two)
consisting of contingent presentation of previously drug-
associated cues with preceding and intervening periods of
responding under extinction conditions were used to
examine the effects of pharmacological manipulations on
conditioned reinstatement of drug-seeking behavior. In
summary, the time-line in the present study was as follows:
9 days ‘wash-out’ period after chronic CGP44532/saline
administration; 5 days nicotine self-administration; 12 days
extinction; 1 day test; 4–6 days extinction; 1 day test
(CGP44532); 4–6 days extinction; 1 day test (CGP44532);
4–6 days extinction; 1 day test (CGP44532).

Data Analyses

In Experiment 1, active lever data were expressed as percent
of baseline (mean of last 3 days of nicotine self-adminis-
tration prior to treatment), while the inactive lever data
were expressed as absolute number of responses. Body-
weight data were also expressed as percent of baseline. In
Experiment 2, all lever response data were expressed as
absolute number of responses.

For Experiment 1, data were analyzed using two three-
way analyses of variance (ANOVAs) with CGP44532 Dose
(three levels) and Reinforcer (two levels) as between-
subjects factors, and Days (18 levels; nine levels for body
weight data) as the within-subjects factor. Also, a one-way
ANOVA was used to further analyze inactive lever data with
CGP44532 Dose (three levels) defined as the between-
subjects factor. In addition, body-weight data were analyzed
with two one-way ANOVAs with CGP44532 Dose (three
levels) as between-subjects factors, and Days (9 levels) as
the within-subjects factor. For Experiment 2, two one-way
ANOVAs and a two-way ANOVA were used to analyze the
extinction and reinstatement data, respectively. In the first
ANOVA, Days (13 levels: baseline day, 12 days extinction)
was the within-subjects factor. In the second one-way
ANOVA, Cue (two levels) was the within-subjects factor. In

the two-way ANOVA, CGP44532 Dose (three levels) and
Cues (two levels) were the within-subjects factors. The two
levels of Cue were the test days (cue present) and the
mean response rate over the preceding 3 baseline days
(nicotine- and cue-absent). Finally, a one-way ANOVA was
used to compare baseline nicotine self-administration prior
to CGP44532 treatment with self-administration prior to
extinction for the eight rats used in both experiments to
assess possible drift in responding levels during the course
of the study. Where indicated by significant main or
interaction effects, one- or two-way way follow-up ANOVAs
or Newman–Keuls posthoc tests were conducted (Winer,
1971).

RESULTS

Experiment 1: the Effects of Repeated CGP44532
Treatment on Nicotine- and Food-Maintained
Responding

Table 1 shows the mean levels of responding by all
experimental groups and for all reinforcers prior to the
start of CGP44532 treatment. A three-way ANOVA indi-
cated that CGP44532 treatment affected nicotine- and
food-maintained responding differently across days (Rein-
forcer�Dose�Days interaction: F(34, 731)¼ 1.76, po0.05).
Furthermore, there were significant interaction effects of
Days�Dose (F(34, 731)¼ 5.07, po0.01), Days�Reinforcer
(F(17, 731)¼ 9.71, po0.01), and significant main effects
of Days (F(17, 731)¼ 14.66, po0.01) and Dose
(F(2, 43)¼ 29.22, po0.01). The Newman–Keuls post hoc
comparisons indicated that 0.25 mg/kg/day CGP44532
decreased nicotine-maintained responding relative to the
saline group on days 1, 4, 5, 6, and 7 (see Figure 1a).
Further, nicotine-maintained responding was significantly
decreased in the 0.5 mg/kg/day CGP44532 group relative to
the saline group on days 1 through 14 of treatment (see
Figure 1a). Food-maintained responding was not signifi-
cantly decreased in the 0.25 mg/kg/day CGP44532 group
compared to the saline group at any time point. Food-
maintained responding was significantly decreased in the
0.5 mg/kg/day CGP44532 group compared to the saline-

Table 1 Body Weights and Baseline Absolute Number of
Reinforcers (Nicotine or Food) Earned Prior to the Start of
CGP44532 Treatment

CGP44532 dose Reinforcer
Number of

rewards earned
Body weight

(g)

Saline Nicotine 12.671.7 380.67711.39

0.25 mg/kg/day Nicotine 13.571.65 332.7574.2

0.5 mg/kg/day Nicotine 12.271.0 386.6712.47

Saline Food 143.978.0 352.29710.39

0.25 mg/kg/day Food 130.979.0 364.2579.24

0.5 mg/kg/day Food 135.677.0 372.57715.93

Data are expressed as mean (7SEM) of the last 3 days prior to CGP44532
treatment.
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treated group on treatment days 1 through 14, and on post-
treatment day 1 (see Figure 1b).

Finally, analysis of inactive lever data indicated a
significant main effect of CGP44532 Dose (decreased
responding; F(2, 43)¼ 3.85, po0.05), but no other signifi-
cant main or interaction effects (data not shown). Further
analysis of inactive lever data using a one-way ANOVA with
Dose defined as the between-subjects factor indicated a
significant main effect of Dose (F(2, 46)¼ 4.7, po0.05). The
Newman–Keuls post hoc comparisons indicated that in-
active lever responding was significantly decreased in the
0.5 mg/kg/day CGP44532 group compared to both the saline
and the 0.25 mg/kg/day CGP44532 groups (data not shown).

Table 1 shows the mean body weights for all experimental
groups prior to the start of CGP44532 treatment. A three-
way ANOVA indicated that CGP44532 treatment affected
body weights in the different treatment groups differently
across days (Reinforcer�CGP44532 Dose�Days interac-
tion: F(16, 344)¼ 3.42, po0.01). Furthermore, there were
significant interaction effects of Days�Dose (F(16, 344)¼
2.53, po0.05), Dose�Reinforcer (F(2, 43)¼ 8.81, po0.01),
and Days�Reinforcer (F(8, 344)¼ 37.07, po0.01).
Finally, there were significant main effects of Days
(F(8, 344)¼ 316.34, po0.001), Dose (F(2, 43)¼ 13.26,

po0.01)], and Reinforcer (F(1, 43)¼ 132.21, po0.001)];
(see Figure 2). A follow-up one-way ANOVA indicated that
body weights in the nicotine-responding groups increased
over time (significant main effect of Days F(8, 192)¼ 83.47,
po0.01) regardless of CGP44532 Dose administered (no
significant main effect of CGP44532 Dose or interaction
effect). In contrast, body weights in the food-responding
groups increased over time (Days: F(8, 152)¼ 297.22,
po0.01)], with different rates of increase in different
treatment groups (CGP44532 Dose: F(2, 19)¼ 47.87,
po0.01; CGP44532 Dose�Days: F(16, 152)¼ 3.93, po0.01).

Experiment 2: the Effects of Acute CGP44532
Administration on Cue-Induced Reinstatement of
Nicotine-Seeking Behavior

Comparison of nicotine self-administration during the
baseline periods prior to the initiation of CGP44532
treatment (Experiment 1) and prior to extinction (Experi-
ment 2) indicated no significant difference in baseline
nicotine-maintained responding over the course of the
study (F(1, 7)¼ 3.8, NS). One-way ANOVA indicated that
lever-pressing on the active lever significantly decreased
during nicotine- and cue-absent extinction sessions (Days:
F(12, 84)¼ 16.16, po0.001). The Newman–Keuls compar-
isons indicated that responding was significantly decreased
compared to the last day of nicotine-maintained responding
on days 2 through 12 of extinction in the absence of cues.
Responding was significantly increased when previously
drug-associated cues were presented contingently in the
absence of nicotine (significant main effect of Cue: F(1, 7)¼
41.67, po0.001; see Figure 3a). In contrast, analysis of
inactive lever data indicated no significant main effect of
Days (F(12, 84)¼ 2.5, NS) or Cues (F(1, 7)¼ 0.8, NS; data
not shown).

A two-way ANOVA indicated that contingent cue-
presentation consistently increased active lever responding
(Cues: F(1, 14)¼ 6.75, po0.05), and that administration of
CGP44532 significantly decreased lever-pressing on the
active lever when previously nicotine-associated cues were

Figure 1 The effects of repeated administration of the GABAB receptor
agonist CGP44532 on nicotine- and food-maintained responding (Experi-
ment 1). Panels a and b show the effects of 0, 0.25, and 0.5 mg/kg/day
CGP44532 on responding for nicotine and food, respectively. The data are
expressed as percentage of baseline performance (mean7SEM). Asterisks
(*po0.05, **po0.01) indicate significant differences from the saline-
treated group. Pound sign (#po0.05) indicates significantly decreased
responding for food on the first post-CGP44532 treatment day, compared
to the vehicle control group. Arrows indicate the start and end of
CGP44532 treatment.

Figure 2 The effect of repeated administration of the GABAB receptor
agonist CGP44532 on body weight (Experiment 1). The graph shows
body-weight data expressed as a percentage of pretreatment baseline body
weights over nine time points (corresponding to body weight assessed
every second day). See Results section for description of statistically
significant effects.
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presented contingently in the absence of nicotine
(Cues�CGP44532 Dose: F(2, 28)¼ 5.06, po0.05). There
was no significant main effect of CGP44532 (F(2, 28)¼ 2.39,
NS). The Newman–Keuls comparisons indicated that
responding after administration of 0.125 or 0.25 mg/kg
CGP44532 was significantly decreased compared to res-
ponding after saline administration (see Figure 3b). Further,
responding after saline administration was significantly
increased compared to pretest baseline, unlike responding
after administration of either CGP44532 Dose (see
Figure 3b).

DISCUSSION

The present results indicate that repeated administration of
the GABAB receptor agonist CG44532 decreased nicotine-
and food-maintained responding at the highest dose tested,
although the lower dose of CGP44532 selectively decreased
nicotine self-administration compared to food-maintained
responding. In the second experiment, nicotine-seeking
behavior that was extinguished in the absence of nicotine
and previously nicotine-associated cues was reinstated
when those cues were presented contingently, although no
nicotine was available. Importantly, cue-induced reinstate-
ment of nicotine-seeking behavior was significantly de-
creased after acute CGP44532 administration.

In a previous study from this laboratory (Paterson et al,
2004), 0.25 mg/kg CGP44532 administered acutely had no
significant effect on self-administration of 0.03 mg/kg/
infusion nicotine, but did significantly and selectively
decrease self-administration of 0.01 mg/kg/infusion nicotine
compared to food-maintained responding. In the present
study, nicotine self-administration was significantly de-
creased on day 1 and days 4–7 of treatment with 0.25 mg/kg/
day CGP44532, while food-maintained responding was
unaffected. Further, administration of 0.5 mg/kg/day
CGP44532 significantly decreased nicotine self-administra-
tion and food-maintained responding throughout the 14
days of repeated CGP44532 administration, consistent with
the nonspecific effect of acutely administered 0.5 mg/kg
CGP44532 (Paterson et al, 2004). After termination of
repeated administration of CGP44532, nicotine self-admin-
istration immediately returned to levels close to pre-
CGP44532 levels of responding. In summary, administra-
tion of 0.25 mg/kg CGP445342 significantly decreased
nicotine self-administration for the majority of the first 7
days of treatment, without affecting food-maintained
responding at any time point. In contrast, 0.5 mg/kg/day
CGP44532 consistently decreased both nicotine self-admin-
istration and food-maintained responding during the entire
14 days of repeated CGP44532 treatment. The nicotine self-
administration data in the present study indicate the
development of tolerance to the effects of repeated
administration of CGP44532. The effects of 0.25 mg/kg/day
CGP44532 were no longer significant after day 7 of
treatment. The effects of 0.5 mg/kg/day CGP445342 re-
mained significant throughout the 14 days of treatment,
although nicotine self-administration behavior increased
slowly over the last 4 or 5 days of treatment. Previous
studies indicated that repeated administration of the GABAB

receptor agonist baclofen resulted in downregulation of
GABAB receptor function in rat cortex, spinal cord
(Malcangio et al, 1995), and hippocampus (Wetherington
and Lambert, 2002) without associated decreases in GABAB

binding sites, mRNA, or protein levels for specific GABAB

receptor subtypes (Lehmann et al, 2003). These data suggest
a possible explanation for the tolerance to the effects of
CGP44532 observed in the present study. Alternatively,
nicotine may exert effects on GABAB receptor function or
number. Nicotine exerts effects on GABA-ergic neurotrans-
mission (Mansvelder et al, 2002) via nicotinic receptors
located on GABA-ergic interneurones in the ventral
tegmental area, and repeated nicotine administration
decreases GABAB receptor expression (Li et al, 2002).

Figure 3 The effect of acute administration of the GABAB receptor
agonist CGP44532 on cue-induced reinstatement of nicotine-seeking
behavior (Experiment 2). Panel a shows the extinction of nicotine-seeking
behavior over 12 days (open square, ‘B’ on abscissa axis: nicotine self-
administration; closed square: nicotine- and cue-absent nicotine-seeking),
and the effect of contingent presentation of drug-associated cues on day 13
(open circle, ‘CSþ ’ on abscissa axis). The dotted line indicates the level of
the predetermined criterion for extinction (ie 30% of nicotine self-
administration active-lever-pressing). Asterisks (*po0.05) indicate signifi-
cant differences from nicotine self-administration baseline. The pound sign
(#po0.05) indicates significant difference between extinction (days 10, 11,
and 12) and cue-induced reinstatement test day. Panel b shows the effects
of acute administration of CGP44532 on cue-induced reinstatement of
nicotine-seeking behavior. Asterisks (*po0.05, **po0.01) indicate
significant differences from saline pretreatment. The pound sign
(#po0.05) indicates significant differences between the test day and the
preceding 3-day baseline. In both panels, data are expressed as mean
number of lever presses7SEM.
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Repeated administration of psychostimulants such as
cocaine or amphetamine is associated with decreased
functional coupling of GABAB receptors to G-proteins
(Kushner and Unterwald, 2001; Zhang et al, 2000),
decreases in G-proteins levels (Nestler et al, 1990; Striplin
and Kalivas, 1992, 1993), increased presynaptic GABAB

heteroreceptor function (Giorgetti et al, 2002), and elevated
extracellular GABA levels (Xi et al, 2003). Thus, it is possible
that nicotine self-administration in the present study
decreased GABAB receptor function or number prior to,
and during, CGP44532 treatment, resulting in the develop-
ment of tolerance.

The food responding group exposed to 0.5 mg/kg/day
CGP44532 exhibited significantly decreased responding on
the first post-treatment day, in contrast to the nicotine self-
administration groups that returned to pre-CGP44532 levels
of responding. Although the effects of the GABAB receptor
agonist baclofen on food-maintained responding have been
mixed (Ebenezer and Pringle, 1992; Brebner et al, 1999;
Colombo et al, 2000; Paterson et al, 2004), these prior
studies have generally focused on acute rather than repeated
baclofen administration. The observed post-treatment
decrease in food-maintained responding in the present
study may be explained by a conditioning effect that was
not occurring with for nicotine or by CGP44532-induced
changes in GABAB receptor activity (see above) in the
absence of nicotine-induced changes in GABAB receptor
activity. The greater body weights in the food- vs nicotine-
responding groups, and the greater body weights exhibited
in the saline- vs CGP44532-treated food-responding groups,
are most likely due to the additional food obtained via
operant responding and the suppression of food-main-
tained responding during CGP44532 treatment, respec-
tively, because all groups were maintained on 20 g rat chow/
day throughout the entire experiment.

The present data are similar to the suppressant effects of
repeated baclofen administration on alcohol self-adminis-
tration in rats (Colombo et al, 2000) that appeared to
decrease over the course of a 14-day treatment. In contrast
to the present data, however, food-maintained responding
in the Colombo study was initially decreased in the high
dose baclofen group, but this effect disappeared after
approximately 7 days of treatment. The observed differ-
ences in the effects of repeated baclofen on food-maintained
responding between the Colombo study (2000) and the
present study is likely due to the fact that the rats in the
Colombo study were entirely dependent on operant
responding to obtain food. Similarly, a previous study that
indicated a selective effect of baclofen on cocaine- vs food-
maintained responding used a procedure in which rats
relied on operant responding for all food (Brebner et al,
1999). In the present study, all rats received 20 g of rat
chow/day throughout the testing phase. Finally, the present
results are consistent with the decreases in nicotine self-
administration observed after acute administration of
baclofen (Corrigall et al, 2000, 2001; Fattore et al, 2002;
Paterson et al, 2004), CGP44532 (Paterson et al, 2004), or
the GABA transaminase inhibitor g-vinyl-GABA (vigabatrin;
Paterson and Markou, 2002).

Although the effects of 0.25 mg/kg/day CGP44532 ap-
peared to be selective for nicotine-maintained responding
over the first 7 days of treatment, it should be noted that

responding for basic physiologically relevant reinforcers,
such as food, has previously been found to be more difficult
to disrupt than responding for drug rewards (eg Negus and
Mello, 2003; for a review, see McMillan and Katz, 2002).
Nonetheless, there has not been a thorough evaluation of
the predictive validity of these apparent reinforcer-specific
effects (McMillan and Katz, 2002). Thus, it is difficult to
draw conclusions regarding the wider implications of effects
on drug- vs food-maintained responding. Food-maintained
responding occurred at much higher rates than nicotine-
maintained responding in the present study, and therefore
may have been differentially affected by the drug manip-
ulations. Pioneering work by Dews (1955) indicated that the
effects of drug pretreatments depended on the schedules of
reinforcement used, and the rates of responding (for a
review, see McMillan and Katz, 2002). Thus, the specific
effect of 0.25 mg/kg/day CGP44532 on nicotine- vs food-
maintained responding observed in the present study may
be due to differences in the rates of reinforced responding
or to selective blockade of nicotine vs food reward.
Considering only the nicotine self-administration data in
the present study, however, 0.25 mg/kg/day CGP44532
(which selectively decreased nicotine-maintained respond-
ing) had no effect on inactive lever presses; in contrast,
0.5 mg/kg/day CGP44532 (which nonselectively decreased
nicotine-maintained responding) significantly decreased
inactive lever presses also.

The results in the second part of the present study
indicated that nicotine-seeking behavior is reinstated by
contingent presentation of previously drug-associated cues,
as shown previously for cocaine (eg See et al, 1999, 2001).
The long time course of extinction seen in the present study
(12 days) is consistent with previous reports (Corrigall and
Coen, 1989; Donny et al, 1995, 1999; Chiamulera et al, 1996).
It has also been shown previously that nicotine-seeking
behavior was reinstated by noncontingent delivery of
nicotine and by physical stress (Chiamulera et al, 1996;
Shaham et al, 1997), again similarly to cocaine self-
administration (for a review, see Shaham et al, 2003). The
demonstration of reinstatement of nicotine-seeking induced
by contingent presentation of nicotine-associated cues in
the present study is consistent with a previous study in rats
(Caggiula et al, 2001), and with the role of cues in
maintaining smoking behavior (Rose et al, 1985, 1993)
and contributing to relapse (Droungas et al, 1995; Niaura
et al, 1998; Due et al, 2002) in humans. Administration of
CGP44532 in the present study significantly decreased cue-
induced reinstatement of nicotine-seeking behavior in rats.
Similarly, baclofen was recently shown to decrease cocaine-
and heroin-seeking behavior during the first, drug-free,
interval of responding under a second-order schedule of
reinforcement (Di Ciano and Everitt, 2003). Interestingly,
baclofen administration decreased cue-induced craving for
cocaine in humans (Childress et al, 2002). Although the
subjects were receiving repeated baclofen treatment, two
patients who had not taken their medication on the test day
exhibited cue-induced craving at a level similar to controls,
perhaps suggesting an acute rather than repeated effect of
baclofen.

In summary, the results of the present study indicated
that repeated administration of CGP44532 had different
effects on nicotine- vs food-maintained responding. Taken

GABAB agonist, nicotine self-administration, nicotine-seeking
NE Paterson et al

125

Neuropsychopharmacology



together, the results indicated that 0.25 mg/kg/day
CGP44532 selectively decreased nicotine self-administration
compared to food-maintained responding during the
majority of the first 7 days of treatment, while 0.5 mg/kg/
day CGP44532 consistently decreased both nicotine- and
food-maintained responding throughout the 14 days of
treatment. Further, contingent presentation of previously
nicotine-associated cues reinstated extinguished nicotine-
seeking behavior. Finally, acute administration of CGP44532
significantly attenuated cue-induced reinstatement of nico-
tine-seeking behaviour. Thus, the present data suggest that
GABAB receptor agonists may have potential as a medica-
tion for smoking cessation and for preventing relapse in
human smokers triggered by previously nicotine-associated
cues.
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