
Review

GABAB receptors in drug addiction

Ma³gorzata Filip, Ma³gorzata Frankowska

Laboratory of Drug Addiction Pharmacology, Department of Pharmacology, Institute of Pharmacology,

Polish Academy of Sciences, Smêtna 12, PL 31-343 Kraków, Poland

Correspondence: Ma³gorzata Filip, e-mail: filip@if-pan.krakow.pl

Abstract:

Preclinical studies and clinical trials carried out within the past few years have provided a premise that �-aminobutyric acid (GABA)

transmission and GABAB receptors play a modulatory role in the mechanism of action of different drugs of abuse. The present re-

view summarizes the contribution of GABAB receptors to the rewarding, locomotor and discriminative stimulus properties of drugs

of abuse and their withdrawal symptoms in laboratory animals. It also reviews the current knowledge about the GABAB receptor

ligands in clinical trials, with a focus on their effects on presentation of the drug-associated cues and withdrawal-induced drug

craving.
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Introduction

According to the World Health Organization (WHO),

drug addiction is a chronic disease of the central nerv-

ous system that is characterized by a loss of control

over impulsive behavior that leads to compulsive drug

seeking and taking and to relapses even after many

months of abstinence.

The clinical diagnosis of addiction is also defined

by the use of a psychoactive substance for a longer

period or at higher doses than initially prescribed,

drug cravings or unsuccessful attempts to cease the

drug use, use of the drug despite the negative effect on

one’s social and professional life, increasing toler-

ance, a withdrawal syndrome and desire to take the

drug to alleviate these symptoms (according to DSM

IV, American Psychiatric Society).

Recently published data (preclinical studies and

clinical trials) have provided a premise that �-amino-

butyric acid (GABA) and GABAB receptors play

a modulatory role in the mechanism of action of dif-

ferent drugs of abuse [4, 35, 70, 102, 132, 147, 158].

GABAB receptors

GABAB receptors, belonging to the metabotropic re-

ceptor family, were discovered at the end of the 1970s

by the Bowery’s research team [22] and were cloned

in 1997 by Bettler et al. [81]. These receptors are

composed of a heterodimer of GABAB1 and GABAB2

subunits [82, 116] (Fig. 1).
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Structure

The primary structure of both GABAB receptor

subunits has been established. They are proteins with

a molecular weight of 130 kDa and 110 kDa, respec-

tively, and are composed of a chain of 961 (GABAB1)

and 940-941 (GABAB2) amino acids. Both of them

have a long, extracellular amino terminus, seven

transmembrane domains and a short, intracellular car-

boxyl terminus forming a loop responsible for linking

both subunits [14, 82]. The GABAB1 subunit is en-

coded by a gene localized to chromosome 6p21.3

in humans [82, 113], 20p12 in rats [93] and 17B1 in

mice [118]. It is interesting to note that molecular bi-

ology techniques (cloning) have allowed researchers

to successfully distinguish at least eight biologically

important isoforms of this subunit (a–h), with the

a and b isoforms being indispensable for GABAB het-

erodimer formation [14]. The GABAB1 subunit con-

tains a long, extracellular amino acid chain, where

binding sites for the endogenous neurotransmitter and

ligands (agonists and antagonists) of GABAB recep-

tors are located [87].

The GABAB2 subunit is encoded by a gene local-

ized to 9q22.1-22.3 in humans [116], 5q24 in rats [93]

and 4B1 in mice [118]. It is known that this subunit

(so-called „orphan”) does not bind endogenous neuro-

transmitter or receptor ligands, but contains all the

molecular determinants required for the recognition

of G proteins and its activation [66, 123]. Moreover,

the GABAB2 subunit functions as a carrier of the

GABAB1 subunit and transports it from the endoplas-

mic reticulum to the cell surface [42]. The function of

the GABAB2 subunit is changed by so-called allosteric

modulators, i.e., substances that can attach to the intra-

membrane domain of the GABAB2 subunit [15, 154].

Interestingly, both GABAB receptor subunits inter-

act with many intra- and extracellular proteins. Re-

cently published studies on cell lines have demon-

strated that the C-terminal domain of the GABAB1

subunit binds ATF-4, 14-3-3 and tamalin, whereas

the C-terminal of the GABAB2 subunit binds the

MUPP-1, CHOP (Gadd 153) and �-filamin proteins.

These associated proteins fulfill different functions

which include transcription factors (ATF-4, CHOP)

that produce long-term metabolic changes implicating

new protein synthesis after GABAB receptor activa-

tion, structural proteins and proteins that are engaged

in migration (14-3-3, tamalin, MUPP-1), proteins re-

sponsible for receptor dimerization and synaptic lo-

calization, and proteins that anchor the GABAB re-

ceptor to the cell skeleton (�-filamin). Moreover, the
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N-terminal of the GABAB1 subunit has been shown to

bind fibulin and HNK-1, i.e., extracellular proteins.

The role of HNK-1 protein has not been elucidated,

but fibulin has been suggested to participate in the

synaptic localization of GABAB1a and GABAB1b iso-

forms [cf. 14].

Localization

GABAB receptors have been identified in both the

central and peripheral nervous system. Within the

central nervous system, the GABAB receptors are pre-

dominantly localized to neurons with their largest

density in the thalamic nuclei, cerebellum, amygdala

and cortex. Considerable densities of these receptors

have also been detected in the hippocampus, habe-

nula, substantia nigra, ventral tegmental area, nucleus

accumbens septi, globus pallidus and hypothalamus

[16, 23]. Other studies revealed that GABAB recep-

tors are expressed in the spinal cord (ventral and dor-

sal horns) [99]. It is important to emphasize that the

distribution pattern of the GABAB1 and GABAB2

subunit transcripts and proteins in many structures of

the central nervous system are similar, except for the

low expression of GABAB2 mRNA in the basal gan-

glia (caudate nucleus, putamen), hypothalamus, olfac-

tory bulb and spinal cord [34, 49].

Peripherally, GABAB receptors occur in the auto-

nomic ganglia, in the spleen, urinary bladder, small

intestine, lung, testis, stomach, pancreas, kidney, liver,

oviducts, myocardium and skeletal muscles [120].

GABAB receptors are localized presynaptically on

bodies and/or dendrites of GABAergic neurons (auto-

receptors) and non-GABAergic neurons (heterorecep-

tors) or postsynaptically on non-GABAergic neurons

[16, 82, 133] (Fig. 2). The presynaptic GABAB recep-

tors are composed of the GABAB1a and GABAB2

subunits, whereas the postsynaptic receptors are built

with the GABAB1b and GABAB2 subunits [16, 89].

Ligands

The discovery of the exogenous GABAB receptor

ligand, baclofen, i.e., p-chlorophenyl-GABA, was

a milestone in the characterization of these receptors.

Baclofen, which was synthesized by Heinrich Keberle

in 1962, 30 years before a GABAB receptor was

cloned, is a lipophilic GABA derivative that is active

after peripheral administration, and possesses a high

affinity for the GABAB receptors and has a strong in-

trinsic activity. Baclofen is an optically active com-
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pound, and its R isomer shows a three times greater

affinity for GABAB receptors and has a more efficient

action than the racemate. The next-generation

GABAB receptor agonists, which are still structural

baclofen analogues, were introduced in the 1980s and

1990s. These compounds, synthesized by the Swiss

pharmaceutical company, NOVARTIS, and desig-

nated with the symbol CGP, exhibit a three- to seven-

fold higher affinity for GABAB receptors compared to

(R)-baclofen, high selectivity and easy penetration of

the blood-brain barrier (Tab. 1) [62].

In the 1980s the first GABAB receptor antagonists,

phaclofen, saclofen and 2-hydroxysaclofen, were syn-

thesized. These compounds showed high receptor se-

lectivity, but their low affinity for GABAB receptors

(Tab. 1) and weak brain penetration after peripheral

administration limited their use in pharmacological

studies [84]. The first antagonists able to cross the

blood-brain barrier and remain active after peripheral

administration were compounds designated as CGP

35348, CGP 55845A and CGP 36742. However, their

very low affinity for GABAB receptors limited their

usability (Tab. 1) [63, 64]. Unlike the first-synthe-

sized antagonists, another series of GABAB receptor

blockers had a very high affinity for GABAB recep-

tors, but did not cross the blood-brain barrier. Hence,

they were used only for in vitro studies. The synthesis

of SCH 50911 [17], a high-affinity (Ki = 6.42 nM),

highly-selective and easily brain-penetrable (after oral

treatment in animals) GABAB receptor antagonist

was a breakthrough. Manipulations of the chemical

structure of this antagonist yielded other derivatives

(e.g., CGP 52432, CGP 54626, CGP 56999), which

had similar binding characteristics and in vivo activity

as SCH 50911 (Tab. 1).

It should be emphasized that like the endogenous

neurotransmitter, all the above-described GABAB re-

ceptor ligands (either agonists or antagonists) bind to

the GABAB1 subunit and the binding site is localized

to the extracellular domain (region) of the subunit [87].

Agonist binding closes and stabilizes this area and

then activates the subunit, while antagonist binding

prevents formation of the stable (closed) extracellular

region of the GABAB1 subunit [130].

GABAB receptor activity can be changed by so-

called allosteric modulators, i.e., substances that bind

to the intracellular domain of the GABAB2 subunit

and alter the GABAB receptor heterodimer in the

open or high affinity confirmation [15, 154]. A number

of compounds have been synthesized that fulfill the

role of positive allosteric modulators. These com-

pounds do not present with receptor affinity and in-

trinsic activity, but instead enhance both the affinity

of the endogenous ligand for the GABAB1 subunit

and the signal transduction efficacy following agonist

stimulation. GS 39783, CGP 7930 and its analogue,

CGP 13501, as well as BHF177 and (+)-BHFF are ex-
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Tab. 1. GABAB receptor ligands and their binding affinities

Drug GABAB receptor affinity

Ki (*IC50) (nM)

References

Agonists

(R)-Baclofen 4.57 cf. 129

(R,S)-Baclofen 14* 62

3-APPA (CGP 27492) 5 cf. 6

3-APMPA (SKF 97541,
CGP 35024)

16* cf. 129

CGP 44532 45* cf. 65

CGP 47656 85* 62

Antagonists

CGP 35348 4.92 cf. 129

CGP 36216 43000* 119

CGP 36742 (SGS 742) 4.84 cf. 129

CGP 46381 4900* 64

CGP 51176 6000* 64

CGP 52432 7.63 cf. 129

CGP 54626 8.85 cf. 129

CGP 55845 8.53 cf. 129

CGP 56999A 80* cf. 67

CGP 62349 2* cf. 6

CGP 64213 1.17* cf. 67

CGP 71978 124* 121

CGP 71979 1460* 121

CGP 71980 326* 121

CGP 71982 8* 121

CGP 76290A 1.85* 121

CGP 76291A 69* 121

Phaclofen 13000* cf. 20

2-OH-saclofen 11000* cf. 6

NCS 382 2500* cf. 129

Saclofen 26000* cf. 20

SCH 50911 6.42 cf. 129



amples of such allosteric modulators [71, 100, 155,

156]. The allosteric modulators are devoid of the side

effects typically associated with GABAB receptor

agonists, and therefore, may offer an attractive and

novel means to identify new leads for pharmacother-

apy of several disorders, including drug addiction.

Functions

As mentioned above, the metabotropic GABAB re-

ceptors transmit intracellular signals via adaptor pro-

teins of the Gi or Go type (see Fig. 1). Ligand binding

alters the conformation of the GABAB1 subunit and

then of the whole GABAB1-GABAB2 complex, which

promotes the binding of a subunit of Gi or Go protein

to its intracellular domain, finally produces functional

changes in the respective effectors, including intracel-

lular enzymes (adenylate cyclase and phospholipase C)

and ion channels (potassium and calcium channels).

GABAB receptor stimulation usually inhibits adeny-

late cyclase activity and blocks cAMP synthesis

[112]. Such an effect has been described for type I, II

or V adenylate cyclase. GABAB receptor stimulation

and adenylyl cyclase type III, IV or VII activation

produces the opposite effect, namely, it raises the in-

tracellular cAMP level. There is also evidence that the

further activation of phospholipase C-coupled Gi�/Go�
proteins by GABAB receptor agonists increases Ca2+

release from intracellular stores and enhances meta-

botropic glutamate receptor function.

Apart from the functional alterations of intracellu-

lar enzymes, GABAB receptor stimulation modifies

ion channel function. In particular, the ligand-GABAB

receptor-Gi/o protein interaction promotes changes in

neuronal membrane permeability to potassium ions.

K+ ions exit neuronal cells via different routes, includ-

ing Kir3 potassium channels, SK calcium-activated

potassium channels, and barium-sensitive Kir3 potas-

sium channels. The most characteristic change induced

by GABAB receptor stimulation is cell membrane hy-

perpolarization and IPSP generation [115, 131, 139].

The next group of GABAB receptor effectors com-

prises calcium ion channels [82]. As demonstrated in

many in vitro systems, GABAB receptor stimulation

and activation of the G�� subunit of the Gi/o protein

led to both the blockade of Ca2+ influx into the cell

through voltage-dependent N-type and P/Q-type cal-

cium channels [167], and the modulation of voltage-

dependent L- and T-type calcium channel activity

[105, 141]. The former mechanism leads to a reduced

release of different neurotransmitters from the pre-

synaptic membrane.

Presynaptic GABAB receptors inhibit the release of

GABA (as presynaptic autoreceptors) or acetylcho-

line, noradrenaline, serotonin, glutamic acid and do-

pamine (as presynaptic heteroreceptors) [18, 22, 75,

76, 85]. Most data have focused on the regulatory ef-

fect of presynaptic GABAB heteroreceptors on dopa-

minergic neuronal activity. It has been demonstrated

that iontophoretically administration of the GABAB

receptor agonist, baclofen, or peripheraly blocked the

ventral tegmental area dopaminergic neuronal activity

and its inhibitory effects were reversed by the GABAB

receptor antagonist, CGP 35348 [50]. Similar inhibi-

tory effects of baclofen on dopaminergic neuronal ac-

tivity were observed in rat substantia nigra slices cul-

tured in vitro [160]. A microdialysis study proved the

inhibitory effect of baclofen on the release of dopa-

mine in the striatum, nucleus accumbens septi and

frontal cortex in mice [117] and rats [168], whereas

a selective GABAB receptor antagonist, SCH 50911,

increased dopamine release in the substantia nigra [51].

GABAB receptors control many other physiologi-

cal functions in mammals. Experimental studies on

animals have revealed that GABAB receptor agonists

(but not their allosteric modulators) decrease muscu-

lar tension, suppress locomotor activity, lower body

temperature and cause memory deficits [14, 21]. The

contribution of the GABAB receptors in the above ef-

fects was corroborated by the lack of myorelaxation

and hypothermic effects after baclofen administration

to GABAB receptor knockout mice. Moreover, these

animals showed spontaneous seizures leading to pre-

mature death, a decreased pain threshold, increased lo-

comotor activity when exposed to a novel environ-

ment, cognitive deficits and retardation [14, 157].

Other studies have documented that the GABAB1 or

GABAB2 subunit knockout had an antidepressant ef-

fect, but the anxiety level was elevated [106, 107].

The GABAB receptor is implicated in different

pathological states associated with GABAergic neu-

rotransmission deficits (e.g., status epilepticus, anxi-

ety) [24, 41, 44, 59, 68, 125] and dopaminergic neuro-

transmission disruption (e.g., schizophrenia, addic-

tion) [41]. By causing appropriate changes in animals’

organisms, GABAB receptor agonists can also play

the role of a stimulus in the discrimination test [32].

Baclofen is the most widely used GABAB receptor

ligand. It acts on the spinal cord nerves and decreases

the number and severity of muscle spasms caused by
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multiple sclerosis or spinal cord diseases. It also im-

proves muscle movement and is an efficient treatment

for neuropathic pain, epilepsy or migraine [19, 21,

61]. Moreover, clinical trials of baclofen efficacy in

bronchospasm (e.g., asthmatic dyspnea, [48]), gastro-

intestinal disturbances (e.g., gastroesophageal reflux

or gastric hypersecretion, [40]) and urinary tract dis-

orders (e.g., urination disturbances, [7]) are under

way. Phase II clinical trials are also in progress to

evaluate the use of GABAB receptor antagonists

SGS742 (CGP 36742) as a memory-improving agent

in patients diagnosed with Alzheimer’s disease [cf. 57].

GABAB receptors and drugs of abuse

Preclinical studies

Preclinical studies of addiction are carried out on ex-

perimental animal models based either on the symp-

toms of abuse and addiction (psychomotor stimula-

tion, subjective effects, rewarding/reinforcing proper-

ties, relapses), on the diagnostic criteria of addiction

(compulsive drug use, drug craving) or on the analy-

sis of different reinforcers (drug of abuse, cue-related

conditioned stimuli, stress). It is important to note that

there is no single animal model that can wholly reflect

the complex symptomatology of addiction.

The most frequently used model in addiction stud-

ies is the self-administration paradigm. It allows re-

searchers to investigate the principal components of

addiction, i.e., spontaneous initiation, persistence and

relapse to drug abuse; thus, it is the best simulation of

drug abuse in humans. In this model, based on the

positive reinforcement of instrumental reactions, the

reaction of an animal (e.g., lever pressing) is re-

warded by a dose of the drug (e.g., via intravenous

route). Addiction intensity is easily quantifiable by

measuring the number of drug injections and response

rate to the drug-associated lever [142].

Another instrumental model used to study the re-

warding properties of drugs of abuse in laboratory

animals is the self-stimulation model. In this model,

animals lever-press for trains of impulses delivered by

a stimulator to an electrode implanted in a specific

brain structure (e.g., medial forebrain bundle). The

persistent drug-appropriate lever responding indicates

that the animal has experienced pleasure. Drugs of

abuse enhance the self-stimulation reaction, more pre-

cisely speaking, they lower the self-stimulation thresh-

old. The rewarding properties of drugs of abuse can

also be investigated by the conditioned place prefer-

ence test. In this test, an animal is trained for several

sessions to associate the injection of a drug of abuse

and its vehicle with the environmental cues, as the test

chambers differ in color, odor and/or surface struc-

ture. Thereafter, one can investigate to what degree

the animal prefers to spend more time in the chamber

paired with the reinforcing drug [142].

Some addictive substances increase locomotor ac-

tivity in rodents, and a repeated intermittent drug ad-

ministration induces sensitization to this effect, while

constant exposure to the drug produces tolerance.

Neuroadaptations underlying sensitization are thought

to resemble those that are responsible for addictive

behaviors. An increased understanding of the molecu-

lar mechanisms of sensitization could lead to im-

proved treatments for addiction [142].

Extinguishing of an instrumental reaction and in-

duction of reinstatement (by the unconditioned stimu-

lus, i.e., the drug of abuse or a conditioned stimulus

associated with the intravenous drug injections during

the acquisition stage in trained animals), along with

expression of sensitization or expression of condi-

tioned place preference to drugs of abuse, are also

used to investigate drug craving and relapses after re-

peated exposure to the drug of abuse [142].

Apart from the above-described behavioral effects,

drugs of abuse produce an interoceptive stimulus that

allows animals to distinguish the psychoactive drug

from its vehicle in the drug discriminations test. In

this model, an animal is trained to perform a certain

instrumental reaction (e.g., lever pressing) in response

to a conditioned stimulus, signaling availability of

the reinforcer (e.g., water in water-deprived animals).

After a long training, animals discriminate between

the training substance and its vehicle. The drug dis-

crimination model can be used to study the behavioral

and pharmacological effects of different drugs, and

the discriminative properties of drugs of abuse in ani-

mals seem to be closely related to the self-reported ef-

fects in humans. What is more, the use of different

drugs of abuse in this model (several times a week, in-

termittently) can resemble, to some extent, the addic-

tion cycle with the alternating phases of maintenance

and reinstatement of drug abuse. In the drug discrimi-

nation model, examination of another drug than the

training substance aims to determine whether it is able
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to elicit the same reaction as the training drug (in the

substitution tests – when drugs substituted for the

training substance “mimic” its effects) or whether it

can change the discriminating effects of the training

drug during combined treatment in the augmentation

or antagonism tests [142].

Laboratory animals that are repeatedly treated with

drugs of abuse and then withdrawn from this treat-

ment exhibit behavioral symptoms of withdrawal

(anxiety, depression, anhedonia, dysphoria, sleep dis-

turbances, hyperphagia, decreased locomotor activity),

which correlates well with the deficits observed in hu-

mans during an abstinence period. Dysphoric symptoms

have been detected in the conditioned place prefer-

ence model during cocaine withdrawal [52]. The an-

hedonic symptoms have been identified in the intra-

cranial self-stimulation model, in which cocaine-, am-

phetamine- and nicotine-withdrawn rats exhibited an

increased rewarding stimulus threshold (electrical

stimulation) [73, 103]. In the modified forced swim

test in rats [45], withdrawal from chronic continuous

infusion of amphetamine (via minipump) [43] or

withdrawal from cocaine self-administration [60] re-

sulted in a prolonged immobility time indicative of an

increase in “depressive-like” behavior. In the mouse

tail suspension test, withdrawal from chronic continuous

infusion of amphetamine (via minipump) induced in-

creases in immobility scores, indicative of “depressive-

like” behavior [43].

GABAB receptors and rewarding effects of drugs
of abuse

Recently published data have provided a premise for

a modulatory role of GABA and its B type receptors

in the mechanism of the rewarding action of different

drugs of abuse. Numerous observations indicate that

a tonic activation of the GABAB receptors is irrele-

vant to the rewarding effects of morphine and co-

caine, since selective antagonists of these receptors

(CGP 56433A, SCH 50911) changed neither the dose

of intravenously self-administered cocaine [28, 56]

nor the expression of morphine-induced conditioned

place preference [153]. On the other hand, pharmacol-

ogical stimulation of these receptors by agonists did

modify the rewarding effects of cocaine. For exam-

ples, peripherally administered baclofen prevented the

acquisition of cocaine self-administration, peripheral

or local (into the ventral tegmental area or nucleus ac-

cumbens septi) administration of GABAB receptor

agonists (baclofen, CGP 44532, SKF 97541) or posi-

tive allosteric modulators of these receptors (CGP

7930, GS 39783) suppressed the rewarding effects of

cocaine in different self-administration models in rats

and baboons (see Tab. 2; [146]) and reversed the ef-

fects of cocaine in the intracranial self-stimulation

model, and repeated administration (three days) of ba-

clofen to rats had an inhibitory effect on the reward-

ing effects of cocaine [143]. The inhibitory effects of

baclofen, SKF 97541 and CGP 7930 did not develop

in animals that had previously received the GABAB

receptor antagonist, SCH 50911, which indicates that

the GABAB receptors are implicated in the above-

mentioned effects of agonists and positive modulators.

Stimulation of the GABAB receptor with agonists

and positive modulators also prevented or weakened

the rewarding effects of many other drugs of abuse,

including methamphetamine in the self-administration

model and the conditioned place preference paradigm,

nicotine in the self-administration and conditioned

place preference model, heroin or morphine in the

self-administration model, and morphine in the condi-

tion place preference procedure, and suppressed etha-

nol self-administration (see Tab. 2; [94, 97, 122, 128]).

Summarizing the obtained data, the tonic activation

of the GABAB receptors is not a prerequisite for the

rewarding properties of cocaine and morphine, but

their pharmacological stimulation weakens the rein-

forcing properties of cocaine and other drugs of abuse.

It is worth emphasizing that GABAB receptor ago-

nists are characterized by low selectivity (only three-

fold) for the motivational behaviors (cocaine vs. food)

[10, 27, 56, 114], which indicates that these com-

pounds provoke a general motivational decline. Unlike

the GABAB receptor agonists, administration of the

positive allosteric modulator of GABAB receptors,

CGP 7930, at doses that are able to inhibit the reward-

ing effects of cocaine did not modify food self-

administration [56].

GABAB receptors and reinstatement of drug-
seeking behavior

Studies addressing the implication of the GABAB re-

ceptor in the reinstatement of drug-seeking behavior

have revealed that tonic activation of the GABAB

receptors was essential for the expression of drug-

seeking after cocaine withdrawal, since the antagonist

of these receptors, SCH 50911, reduced cocaine-
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appropriate lever responding reinstated by the cocaine

challenge (10 mg/kg, ip) or by a conditioned stimulus

[55]. Considering the significant similarities between

the conditioned stimulus-induced reinstatement of

drug-seeking behavior in animals and the relapses of

drug abuse in humans [33, 77], it appears that the

stronger inhibitory effect of SCH 50911 on the condi-

tioned stimulus-induced reinstatement than on the co-

caine challenge-induced relapse corroborates the use

of this antagonist in relapse prevention strategies.

The alleviation of cocaine-seeking behavior by

SCH 50911 seems to rely on its influence on the rein-

statement induced by cocaine self-administration rather

than on other processes, e.g., locomotor activity or

discriminating stimulus [56], which could nonspecifi-

cally change the animals’ reactions. It appears that the

contribution of the amnestic properties of SCH 50911

can also be excluded, since other GABAB receptor

antagonists (CGP 35742, CGP 56433, CGP 61334)

quicken learning and enhance the acquisition phase in

animals [69, 109]. Additionally, SCH 50911 did not

alter the number of active lever-pressing responses

during the food-induced reinstatement of seeking be-

havior, which provides further evidence for the speci-

ficity of this compound for the reinstatement in ani-

mals with an extinguished cocaine self-administration

reaction.

Furthermore, the ability of GABAB receptor stimu-

lation to both weaken or block the cocaine challenge- or

conditioned stimulus-induced reinstatement of drug-

seeking in rats and baboons in the extinguishing phase

of cocaine self-administration, and abate the locomotor

stimulation in rats exposed to the environmental cues

associated with repeated cocaine exposure (Tab. 2)

provides additional support for the involvement of the

GABAB receptor in the reinstatement of drug-seeking

behavior. Baclofen also inhibits the heroin challenge-

and conditioned incentive-induced reinstatement of

drug-seeking behavior in animals trained to self-ad-

minister heroin, the alcohol-induced relapse in rats

self-administering alcohol and the reinstatement elicited

by nicotine self-administration-associated cues (Tab. 2).

It is interesting to note that GABAB receptor ago-

nists (baclofen, SKF 97541) have been shown to pre-

762 Pharmacological Reports, 2008, 60, 755–770

Tab. 2. Preclinical evaluation of the GABAB receptor agonists in the behavioral responses to drugs of abuse

Model Drug of abuse

Cocaine Amphetamines Nicotine Opiates Alcohol

Self-administration:

– acquisition

– maintenance

� [31]

� [29, 56, 137, 143]

� [25, 135] � [54, 104, 127] � [26, 168, 169] � [8, 36, 38, 39, 78,
98, 110, 151, 161]

Reinstatement of drug-seeking:

– drug-induced

– cue-induced

� [31, 55]

� [46, 55, 162]

� [126] � [46, 149] � [36, 39]

� [39, 96]

Self-stimulation � [145]

Conditioned place preference:

– acquisition

– expression

� [92]

� [92]

� [80]

� [108]

� [46, 153]

Conditional locomotion � [74]

Behavioral sensitization:

– acquisition

– expression

� [124]

� [124]

� [11]

� [12]

� [166]

� [13, 91]

Drug discrimination � [10, 55, 114] � [148]

� – attenuation; � – lack of effect



vent the cocaine challenge-induced relapse at doses

that are two to three times lower than the doses

needed to block the effect of the conditioned stimulus

[55]. The opposite effect was observed with the posi-

tive allosteric modulator of GABAB receptors, CGP

7930, which was more efficient in preventing the ef-

fects of the cue than cocaine [55].

The GABAB receptor agonists, baclofen and SKF

97541, both suppressed the reinstatement of drug-

seeking behavior induced by food presentation, but

those inhibitory effects were observed only after ad-

ministering four or ten times higher doses than those

required to alleviate drug seeking after cocaine with-

drawal [55]. The observation that baclofen induces

a lowering of basal locomotor activity provides addi-

tional evidence that indicates that the influence of this

compound on the expression of drug-seeking behavior

after cocaine withdrawal is nonspecific [55]. Taken

together, the results from all of these studies suggest

that the antagonist, agonists and positive allosteric

modulators of the GABAB receptors temper the

cocaine-seeking behavior. Pharmacological stimula-

tion of GABAB receptors by baclofen and SKF 97541

(but not CGP 7930) also suppressed the reinstatement

of food intake [55], indicating that the intensification

of GABAergic neurotransmission via these receptors

deteriorates general motivation. The above results

substantiate the use of GABAB receptor antagonists to

alleviate drug cravings and relapses in cocaine abus-

ers, whereas the inhibitory effects of the agonists and

positive allosteric modulators of these receptors are

due either to a nonspecific action by baclofen and

SKF 97541 or to the blockade of the rewarding effect

of cocaine by CGP 7930 [55, 56].

The GABAB receptor agonist, baclofen, results in

the complete suppression of the extra-amount of alco-

hol consumed during the re-access to alcohol seven

days after deprivation [37] or attenuates the cue-in-

duced reinstatement of alcohol-seeking behavior [96]

in selectively-bred Sardinian alcohol-preferring rats.

GABAB receptors and locomotor effects of drugs
of abuse

Baclofen inhibits the acquisition and expression of

amphetamine, cocaine and opiate sensitization in rats

(Tab. 2).

GABAB receptors and discriminative effects
of drugs of abuse

A multitude of literature data indicates that the dis-

criminative effects of cocaine in rats were not changed

by the GABAB receptor antagonist (SCH 50911),

agonists (baclofen and SKF 97541) or the positive

allosteric modulator (CGP 7930) (Tab. 2, [56]). Addi-

tionally, baclofen also did not alter the discriminative

effects of heroin in rats (Tab. 2). These data, along

with the inabilities of SCH 50911, SKF 97541 or CGP

7930 to substitute for cocaine [56] and of baclofen to

substitute for cocaine [56] or heroin [148] in the sub-

stitution test (maximum 15% of drug-appropriate

lever responding), seem to exclude the possibility of

a GABAB receptor-cocaine and a GABAB receptor-

heroin interaction.

GABAB receptors and withdrawal symptoms

Baclofen inhibited the naloxone-induced withdrawal

syndrome in mice that were chronically treated with

morphine [47, 83] and counteracted the withdrawal-

induced anxiety in rats that were chronically exposed

to ethanol [86]. Baclofen, SKF 97541, CGP 7930 and

SCH 50911 diminished the withdrawal-related pro-

longation of the immobility time in the forced swim

test in rats exhibiting depressive behavior during

withdrawal from cocaine self-administration [58].

The GABAB receptor antagonist, SCH 50911, was the

most efficient in the latter paradigm. These results

suggest that both of the GABAB receptor ligands pos-

sess therapeutic efficacy in inhibiting the withdrawal

symptoms in drug abusers.

GABAB receptor ligands and neurochemical effects
of drugs of abuse

It is commonly accepted that the behavioral responses

(i.e., reinforcing and locomotor effects) of several

abused substances are strongly related to increases in

dopamine concentrations in the nucleus accumbens

[cf. 88, 165]. Microdialysis experiments have demon-

strated that baclofen attenuates the non-contingent co-

caine-, nicotine- and morphine-induced increases in

accumbal dopamine levels [53, 111]. Furthermore,

following systemic administration of baclofen, a sig-

nificant decrease in accumbal dopamine efflux was

observed in rats trained to self-administer ampheta-

mine [25]. A suggested mechanism by which baclofen
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may inhibit activity in the dopamine system could in-

volve stimulation of the GABAB receptors located on

the cell bodies of dopamine neurons in the ventral teg-

mental area [23, 95, 164] that project into the nucleus

accumbens. Baclofen-induced hyperpolarization of

these dopamine cell bodies could potentially inhibit

dopamine release in the nucleus accumbens. To con-

firm such a hypothesis, it was reported that local infu-

sion of baclofen into the ventral tegmental area re-

duced dopamine efflux in the nucleus accumbens in

cocaine [29] or heroin [163, 168, 170] self-admini-

stered rats. To summarize, the data from neurochemi-

cal studies suggest that baclofen may inhibit the in-

creases in mesolimbic dopamine transmission caused

by drugs of abuse.

Apart from effects of baclofen on dopamine neuro-

transmission, its effects on other neurotransmitters in

other brain regions implicated in drug reinforcement

should be also taken into account. Thus, baclofen at-

tenuates the extracellular glutamate levels in the nu-

cleus accumbens in rats during conditioned locomo-

tion to cues associated with cocaine administration

[74]. Steninger and Kretschmer [150] reported that

baclofen infused into the pedunculopontine tegmental

nucleus – an area receiving glutamatergic and GABA-

ergic input – decreases local dopamine release. Both

dopaminergic and glutaminergic systems have been

suggested to have a significant role in drug-seeking

behavior (for review see [79, 90, 102, 136, 138, 140]).

GABAB receptors are widely distributed in several

brain areas related to drug seeking where they modu-

late both the excitatory and the inhibitory components

of pre- and postsynaptic mechanisms [152]. In the

ventral tegmental area, GABAB receptors act as heter-

oreceptors present on dopamine and glutamatergic

neurons [23, 95, 164] as well as presynaptic autore-

ceptors on GABA interneurons [134]. Activation of

these receptors by local injection of baclofen sup-

presses extracellular dopamine levels in the nucleus

accumbens [53] and prefrontal cortex [163, 168, 170].

In the prefrontal cortex, GABAB receptors are local-

ized on the presynaptic terminals of the glutamatergic

nerve endings and/or cell bodies [101] and on GABA

neurons where they act as autoreceptors [30].

Clinical trials

Preliminary clinical trials have revealed that baclofen,

a GABAB receptor agonist, reduces cocaine use in co-

caine addicts [144], cocaine self-administration in

non-opioid dependent cocaine smokers [72] and lim-

bic (amygdala) system activation during presentation

of the cocaine use-associated cues [26, 159]. On the

other hand, baclofen did not change the subjective ef-

fects of cocaine (the “high” feeling) [72], while data

on its effects toward withdrawal-induced cocaine crav-

ings are inconsistent [26, 144]. Baclofen was effective

in reducing the subjective effects of nicotine in smok-

ers and promoting abstinence from nicotine [cf. 41] as

well as attenuating opiate withdrawal in dependent

subjects [9].

In the preliminary, double-blind studies, baclofen

was found to decrease the obsessive and compulsive

components of craving [3] as well as alcohol intake

[1–3] in subjects totally abstinent from alcohol. Addi-

tionally, some recent limited clinical trials show that

baclofen was able to suppress alcohol withdrawal

symptoms, including state anxiety (but not depressive

symptoms) [3] and delirium tremens [5]. Baclofen is

currently finding use in treating addiction as an effec-

tive medication in inducing abstinence from alcohol

and reducing alcohol craving and consumption in al-

coholics [3] and seems to be generally well-tolerated

[cf. 3]. Further clinical investigations are needed to

determine if long-term treatment with baclofen results

in off-target effects and tolerance.

Conclusions

The currently-available knowledge of GABAB recep-

tors supports the opinion that pharmacological ma-

nipulation of this receptor heterodimer can efficiently

counteract the effects of drugs of abuse-induced with-

drawal and prevent reinstatement of the abuse. Baclo-

fen, the GABAB agonist, is currently finding use in

treating addiction, but its off-target effects and the de-

velopment of tolerance to it may limit its utility. Fur-

ther intensive studies are needed to precisely define

both the effects of antagonists and positive allosteric

modulators of the GABAB receptor and the modes of

implication for the mechanism of drugs of abuse.

References:

1. Addolorato G, Caputo F, Capristo E, Colombo G, Gessa

GL, Gasbarrini G: Ability of baclofen in reducing alco-

764 Pharmacological Reports, 2008, 60, 755–770



hol craving and intake: II-preliminary clinical evidence.

Alcohol Clin Exp Res, 2000, 24, 67–71.

2. Addolorato G, Caputo F, Capristo E, Domenicali M,

Bernardi M, Janiri L, Agabio R et al.: Baclofen efficacy

in reducing alcohol craving and intake: a preliminary

double-blind randomized controlled study. Alcohol

Alcohol, 2002, 37, 504–508.

3. Addolorato G, Caputo F, Capristo E, Domenicali M,

Bernardi M, Janiri L, Agabio R et al.: Rapid suppression

of alcohol withdrawal syndrome by baclofen. Am J Med,

2002, 112, 226–229.

4. Addolorato G, Leggio L, Abenavoli L, DeLorenzi G,

Parente A, Caputo F, Janiri L et al.: Baclofen: a new drug

for the treatment of alcohol dependence. Int J Clin Pract,

2006, 60, 1003–1008.

5. Addolorato G, Leggio L, Agabio R, Colombo G,

Gasbarrini G: Suppression of alcohol delirium tremens

by baclofen administration: a case report. Clin Neuro-

pharmacol, 2003, 26, 258–262.

6. Alexander S, Peters J, Mathie A, Mackenzie G,

Smith A: Nomenclature Supplement. Trends Pharma-

col Sci (Suppl) 12th edn., 2001, 118–125.

7. Andersson KE, Pehrson R: CNS involvement in overac-

tive bladder: pathophysiology and opportunities for phar-

macological intervention. Drugs, 2003, 63, 2595–2611.

8. Anstrom KK, Cromwell HC, Markowski T, Woodward

DJ: Effect of baclofen on alcohol and sucrose self-

administration in rats. Alcohol Clin Exp Res, 2003, 27,

900–908.

9. Assadi SM, Radgoodarzi R, Ahmadi-Abhari SA: Baclo-

fen for maintenance treatment of opioid dependence:

a randomized double-blind placebo-controlled clinical

trial [ISRCTN32121581]. BMC Psychiatry, 2003, 3, 16.

10. Barrett AC, Negus SS, Mello NK, Caine SB: Effect of

GABA agonists and GABA-A receptor modulators on

cocaine- and food-maintained responding and cocaine

discrimination in rats. J Pharmacol Exp Ther, 2005, 315,

858–871.

11. Bartoletti M, Gubellini C, Ricci F, Gaiardi M: Baclofen

blocks the development of sensitization to the locomotor

stimulant effect of amphetamine. Behav Pharmacol,

2005, 16, 553–558.

12. Bartoletti M, Gubellini C, Ricci F, Gaiardi M:

The GABAB agonist baclofen blocks the expression

of sensitisation to the locomotor stimulant effect of

amphetamine. Behav Pharmacol, 2004, 15, 397–401.

13. Bartoletti M, Ricci F, Gaiardi M: A GABAB agonist

reverses the behavioral sensitization to morphine in rats.

Psychopharmacology, 2007, 192, 79–85.

14. Bettler B, Kaupmann K, Mosbacher J, Gassmann M:

Molecular structure and physiological functions of

GABAB receptors. Physiol Rev, 2004, 84, 835–867.

15. Binet V, Goudet C, Brajon C, Le Corre L, Acher F,

Pin JP, Prezeau L: Molecular mechanisms of GABAB

receptor activation: new insights from the mechanism

of action of CGP7930, a positive allosteric modulator.

Biochem Soc Trans, 2004, 32, 871–872.

16. Bischoff S, Leonhard S, Reymann N, Schuler V, Shige-

moto R, Kaupmann K, Bettler B: Spatial distribution of

GABABR1 receptor mRNA and binding sites in the rat

brain. J Comp Neurol, 1999, 412, 1–16.

17. Bolser DC, Blythin DJ, Chapman RW, Egan RW, Hey

JA, Rizzo C, Kuo SC, Kreutner W: The pharmacology

of SCH 50911: a novel, orally-active GABA-� receptor

antagonist. J Pharmacol Exp Ther, 1995, 274,

1393–1398.

18. Bonanno G, Fassio A, Schmid G, Severi P, Sala R,

Raiteri M: Pharmacologically distinct GABAB receptors

that mediate inhibition of GABA and glutamate release

in human neocortex. Br J Pharmacol, 1997, 120, 60–64.

19. Bowery NG: GABAB receptor: a site of therapeutic

benefit. Curr Opin Pharmacol, 2006, 6, 37–43.

20. Bowery NG: GABAB receptors and their significance

in mammalian pharmacology. Trends Pharmacol Sci,

1989, 10, 401–407.

21. Bowery NG, Bettler B, Froestl W, Gallagher JP, Marshall

F, Raiteri M, Bonner TI, Enna SJ: International Union of

Pharmacology. XXXIII. Mammalian �-aminobutyric

acidB receptors: structure and function. Pharmacol Rev,

2002, 54, 247–264.

22. Bowery NG, Hill DR, Hudson AL, Doble A, Middlemiss

DN, Shaw J, Turnbull M: (–)Baclofen decreases neuro-

transmitter release in the mammalian CNS by an action

at a novel GABA receptor. Nature, 1980, 283, 92–94.

23. Bowery NG, Hudson AL, Price GW: GABAA and

GABAB receptor site distribution in the rat central

nervous system. Neuroscience, 1987, 20, 365–383.

24. Brambilla P, Perez J, Barale F, Schettini G, Soares JC:

GABAergic dysfunction in mood disorders. Mol Psy-

chiatry, 2003, 8, 721–737.

25. Brebner K, Ahn S, Phillips AG: Attenuation of d-amphet-

amine self-administration by baclofen in the rat: behav-

ioral and neurochemical correlates. Psychopharmacol-

ogy, 2005, 177, 409–417.

26. Brebner K, Childress AR, Roberts DC: A potential role

for GABAB agonists in the treatment of psychostimulant

addiction. Alcohol Alcohol, 2002, 37, 478–484.

27. Brebner K, Froestl W, Andrews M, Phelan R, Roberts

DC: The GABAB agonist CGP 44532 decreases cocaine

self-administration in rats: demonstration using a pro-

gressive ratio and a discrete trials procedure. Neurophar-

macology, 1999, 38, 1797–1804.

28. Brebner K, Froestl W, Roberts DC: The GABAB antago-

nist CGP56433A attenuates the effect of baclofen on

cocaine but not heroin self-administration in the rat.

Psychopharmacology, 2002, 160, 49–55.

29. Brebner K, Phelan R, Roberts DC: Effect of baclofen

on cocaine self-administration in rats reinforced under

fixed-ratio 1 and progressive-ratio schedules. Psycho-

pharmacology, 2000, 148, 314–321.

30. Calver AR, Davies CH, Pangalos M: GABAB receptors:

from monogamy to promiscuity. Neurosignals, 2002, 11,

299–314.

31. Campbell UC, Lac ST, Carroll ME: Effects of baclofen

on maintenance and reinstatement of intravenous cocaine

self-administration in rats. Psychopharmacology, 1999,

143, 209–214.

32. Carter LP, Chen W, Coop A, Koek W, France CP:

Discriminative stimulus effects of GHB and GABAB

agonists are differentially attenuated by CGP35348.

Eur J Pharmacol, 2006, 538, 85–93.

Pharmacological Reports, 2008, 60, 755–770 765

GABAB receptors and addiction
Ma³gorzata Filip et al.



33. Childress AR, Ehrman RN, Robbins SJ, McLelan AT,

O’Brien CP: Cue reactivity and cue reactivity interven-

tions in drug dependence. NIDA Res Monogr, 1993, 137,

73–95.

34. Clark JA, Mezey E, Lam AS, Bonner TI: Distribution

of the GABAB receptor subunit gb2 in rat CNS. Brain

Res, 2000, 860, 41–52.

35. Clemens KJ, McGregor IS, Hunt GE, Cornish JL:

MDMA, methamphetamine and their combination:

possible lessons for party drug users from recent pre-

clinical research. Drug Alcohol Rev, 2007, 26, 9–15.

36. Colombo G, Agabio R, Carai MA, Lobina C, Pani M,

Reari R, Addolorato G et al.: Ability of baclofen in re-

ducing alcohol intake and withdrawal severity: I-Pre-

clinical evidence. Alcohol Clin Exp Res, 2000, 24,

58–66.

37. Colombo G, Serra S, Brunetti G, Vacca G, Carai MA,

Gessa GL: Suppression by baclofen of alcohol depriva-

tion effect in Sardinian alcohol-preferring (sP) rats.

Drug Alcohol Depend, 2003, 70, 105–108.

38. Colombo G, Serra S, Vacca G, Carai MA, Gessa GL:

Baclofen-induced suppression of alcohol deprivation

effect in Sardinian alcohol-preferring (sP) rats exposed

to different alcohol concentrations. Eur J Pharmacol,

2006, 550, 123–126.

39. Colombo G, Vacca G, Serra S, Brunetti G, Carai MA,

Gessa GL: Baclofen suppresses motivation to consume

alcohol in rats. Psychopharmacology, 2003, 167,

221–224.

40. Coron E, Hatlebakk JG, Galmiche JP: Medical therapy

of gastroesophageal reflux disease. Curr Opin Gastroen-

terol, 2007, 23, 434–439.

41. Cousins MS, Roberts DC, de Wit H: GABAB receptor

agonists for the treatment of drug addiction: a review

of recent findings. Drug Alcohol Depend, 2002, 65,

209–220.

42. Couve A, Filippov AK, Connolly CN, Bettler B, Brown

DA, Moss SJ: Intracellular retention of recombinant

GABAB receptors. J Biol Chem, 1998, 273,

26361–26367.

43. Cryan JF, Hoyer D, Markou A: Withdrawal from chronic

amphetamine induces depressive-like behavioral effects

in rodents. Biol Psychiatry, 2003, 54, 49–58.

44. Cryan JF, Kaupmann K: Don’t worry ‘B’ happy!: a role

for GABA(B) receptors in anxiety and depression.

Trends Pharmacol Sci, 2005, 26, 36–43.

45. Detke MJ, Wieland S, Lucki I: Blockade of the

antidepressant-like effects of 8-OH-DPAT, buspirone and

desipramine in the rat forced swim test by 5-HT1A recep-

tor antagonists. Psychopharmacology, 1995, 119, 47–54.

46. Di Ciano P, Everitt BJ: The GABAB receptor agonist

baclofen attenuates cocaine- and heroin-seeking behavior

by rats. Neuropsychopharmacology, 2003, 28, 510–518.

47. Diaz SL, Kemmling AK, Rubio MC, Balerio GN:

Lack of sex-related differences in the prevention by

baclofen of the morphine withdrawal syndrome in mice.

Behav Pharmacol, 2001, 12, 75–79.

48. Dicpinigaitis PV: Effect of the GABA-agonist baclofen

on bronchial responsiveness in asthmatics. Pulm Phar-

macol Ther, 1999, 12, 257–260.

49. Durkin MM, Gunwaldsen CA, Borowsky B, Jones KA,

Branchek TA: An in situ hybridization study of the dis-

tribution of the GABAB2 protein mRNA in the rat CNS.

Brain Res Mol Brain Res, 1999, 71, 185–200.

50. Erhardt S, Mathé JM, Chergui K, Engberg G, Svensson

TH: GABAB receptor-mediated modulation of the firing

pattern of ventral tegmental area dopamine neurons in

vivo. Naunyn Schmiedebergs Arch Pharmacol, 2002,

365, 173–180.

51. Erhardt S, Nissbrandt H, Engberg G: Activation of nigral

dopamine neurons by the selective GABAB-receptor an-

tagonist SCH 50911. J Neural Transm, 1999, 106,

383–394.

52. Ettenberg A, Raven MA, Danluck DA, Necessary BD:

Evidence for opponent-process actions of intravenous

cocaine. Pharmacol Biochem Behav, 1999, 64, 507–512.

53. Fadda P, Scherma M, Fresu A, Collu M, Fratta W:

Baclofen antagonizes nicotine-, cocaine-, and morphine-

induced dopamine release in the nucleus accumbens of

rat. Synapse, 2003, 50, 1–6.

54. Fattore L, Cossu G, Martellotta MC, Fratta W: Baclofen

antagonizes intravenous self-administration of nicotine

in mice and rats. Alcohol Alcohol, 2002, 37, 495–498.

55. Filip M, Frankowska M: Effects of GABAB receptor

agents on cocaine priming, discrete contextual cue and

food induced relapses. Eur J Pharmacol, 2007, 571,

166–173.

56. Filip M, Frankowska M, Przegaliñski E: Effects of

GABAB receptor antagonist, agonists and allosteric

positive modulator on the cocaine-induced self-admi-

nistration and drug discrimination. Eur J Pharmacol,

2007, 574, 148–157.

57. Foster AC, Kemp JA: Glutamate- and GABA-based

CNS therapeutics. Curr Opin Pharmacol, 2006, 6, 7–17.

58. Frankowska M, Filip M, Go³da A, Zaniewska M,

Przegaliñski E: GABAB receptor stimulation protects

against the “depressive-like” effects in rats withdrawn

from cocaine self-administration. NIDA Mini-conven-

tion, Atlanta, 2006.

59. Frankowska M, Filip M, Papp M, Przegaliñski E: Effects

of GABAB receptor ligands in animal tests of depression

and anxiety. Pharmacol Rep, 2007, 59, 645–655.

60. Frankowska M, Filip M, Papp M, Przegaliñski E: With-

drawal from cocaine self-administration or chronic mild

stress increases immobility in the forced swim test in

rats. Eur Neuropsychopharmacol, 2006, 16, Suppl 1, 44.

61. Froestl W, Bettler B, Bittiger H, Heid J, Kaupmann K,

Mickel SJ, Strub D: Ligands for expression cloning and

isolation of GABAB receptors. Farmaco, 2003, 58,

173–183.

62. Froestl W, Mickel SJ, Hall RG, von Sprecher G, Strub D,

Baumann PA, Brugger F et al.: Phosphinic acid ana-

logues of GABA. 1. New potent and selective GABAB

agonists. J Med Chem, 1995, 38, 3297–3312.

63. Froestl W, Mickel SJ, von Sprecher G, Bittiger H, Olpe

HR: Chemistry of new GABAB antagonists. Pharmacol

Comm, 1992, 2, 52–56.

64. Froestl W, Mickel SJ, von Sprecher G, Diel PJ, Hall RG,

Maier L, Strub D et al.: Phosphinic acid analogues of

GABA. 2. Selective, orally active GABAB antagonists.

J Med Chem, 1995, 38, 3313–3331.

766 Pharmacological Reports, 2008, 60, 755–770



65. Froestl W, Mickel SW: Chemistry of GABAB modula-

tors. In: The GABA Receptors. Ed. Enna SJ & Bowery

NG, Humana Press, Totowa, 1997, 271–296.

66. Galvez T, Duthey B, Kniazeff J, Blahos J, Rovelli G,

Bettler B, Prezeau L, Pin JP: Allosteric interactions

between GB1 and GB2 subunits are required for optimal

GABAB receptor function. EMBO J, 2001, 20,

2152–2159.

67. Galvez T, Urwyler S, Prézeau L, Mosbacher J, Joly C,

Malitschek B, Heid J et al.: Ca2+ requirement for high-

affinity �-aminobutyric acid (GABA) binding at GABAB

receptors: involvement of serine 269 of the GABABR1

subunit. Mol Pharmacol, 2000, 57, 419–426.

68. Gambardella A, Manna I, Labate A, Chifari R, La Russa

A, Serra P, Cittadella R et al.: GABAB receptor 1 poly-

morphism (G1465A) is associated with temporal lobe

epilepsy. Neurology, 2003, 60, 560–563.

69. Getova D, Bowery NG, Spassov V: Effects of GABAB

receptor antagonists on learning and memory retention

in a rat model of absence epilepsy. Eur J Pharmacol,

1997, 320, 9–13.

70. Gorelick DA, Gardner EL, Xi ZX: Agents in develop-

ment for the management of cocaine abuse. Drugs, 2004,

64, 1547–1573.

71. Guery S, Floersheim P, Kaupmann K, Froestl W: Synthe-

ses and optimization of new GS39783 analogues as posi-

tive allosteric modulators of GABAB receptors. Bioorg

Med Chem Lett, 2007, 17, 6206–6211.

72. Haney M, Hart CL, Foltin RW: Effects of baclofen on

cocaine self-administration: opioid- and nonopioid-

dependent volunteers. Neuropsychopharmacology, 2006,

31, 1814–1821.

73. Harrison AA, Liem YT, Markou A: Fluoxetine combined

with a serotonin-1A receptor antagonist reversed reward

deficits observed during nicotine and amphetamine with-

drawal in rats. Neuropsychopharmacology, 2001, 25,

55–71.

74. Hotsenpiller G, Wolf ME: Baclofen attenuates condi-

tioned locomotion to cues associated with cocaine ad-

ministration and stabilizes extracellular glutamate levels

in rat nucleus accumbens. Neuroscience, 2003, 118,

123–134.

75. Hwang AS, Wilcox GL: Baclofen, gamma-aminobutyric

acidB receptors and substance P in the mouse spinal

cord. J Pharmacol Exp Ther, 1989, 248, 1026–1033.

76. Ikarashi Y, Yuzurihara M, Takahashi A, Hirohisa I,

Shiobara T, Maruyama Y: Modulation of acetylcholine

release via GABAA and GABAB receptors in rat stria-

tum. Brain Res, 1999, 816, 238–240.

77. Jaffe JH, Cascella NG, Kumor KM, Sherer MA:

Cocaine-induced cocaine craving. Psychopharmacology,

1989, 97, 59–64.

78. Janak PH, Michael Gill T: Comparison of the effects

of allopregnanolone with direct GABAergic agonists

on ethanol self-administration with and without concur-

rently available sucrose. Alcohol, 2003, 30, 1–7.

79. Kalivas PW, McFarland K: Brain circuitry and the rein-

statement of cocaine-seeking behavior. Psychopharma-

cology, 2003, 168, 44–56.

80. Kaplan GB, Leite-Morris KA, Joshi M, Shoeb MH,

Carey RJ: Baclofen inhibits opiate-induced conditioned

place preference and associated induction of Fos in corti-

cal and limbic regions. Brain Res, 2003, 987, 122–125.

81. Kaupmann K, Huggel K, Heid J, Flor PJ, Bischoff S,

Mickel SJ, McMaster G et al.: Expression cloning of

GABAB receptors uncovers similarity to metabotropic

glutamate receptors. Nature, 1997, 386, 239–246.

82. Kaupmann K, Malitschek B, Schuler V, Heid J, Froestl

W, Beck P, Mosbacher J et al.: GABAB-receptor sub-

types assemble into functional heteromeric complexes.

Nature, 1998, 396, 683–687.

83. Kemmling AK, Rubio MC, Balerio GN: Baclofen

prevents morphine withdrawal irrespective of seasonal

variation. Behav Pharmacol, 2002, 13, 87–92.

84. Kerr DI, Ong J: GABA agonists and antagonists. Med

Res Rev, 1992, 12, 593–636.

85. Klitenick MA, DeWitte P, Kalivas PW: Regulation of

somatodendritic dopamine release in the ventral tegmen-

tal area by opioids and GABA: an in vivo microdialysis

study. J Neurosci, 1992, 12, 2623–2632.

86. Knapp DJ, Overstreet DH, Breese GR: Baclofen blocks

expression and sensitization of anxiety-like behavior in

an animal model of repeated stress and ethanol with-

drawal. Alcohol Clin Exp Res, 2007, 31, 582–595.

87. Kniazeff J, Galvez T, Labesse G, Pin JP: No ligand

binding in the GB2 subunit of the GABAB receptor is

required for activation and allosteric interaction between

the subunits. J Neurosci, 2002, 22, 7352–7361.

88. Koob GF, Bloom FE: Cellular and molecular mecha-

nisms of drug dependence. Science, 1988, 242, 715–723.

89. Koulen P, Malitschek B, Kuhn R, Bettler B, Wässle H,

Brandstätter JH: Presynaptic and postsynaptic localiza-

tion of GABAB receptors in neurons of the rat retina.

Eur J Neurosci, 1998, 10, 1446–1456.

90. LaLumiere RT, Kalivas PW: Glutamate release in the

nucleus accumbens core is necessary for heroin seeking.

J Neurosci, 2008, 28, 3170–3177.

91. Leite-Morris KA, Fukudome EY, Shoeb MH, Kaplan

GB: GABAB receptor activation in the ventral tegmental

area inhibits the acquisition and expression of opiate-

induced motor sensitization. J Pharmacol Exp Ther,

2004, 308, 667–678.

92. Li SM, Yin LL, Ren YH, Pan LS, Zheng JW: GABAB

receptor agonist baclofen attenuates the development

and expression of d-methamphetamine-induced place

preference in rats. Life Sci, 2001, 70, 349–356.

93. Li SP, Park MS, Yoon H, Rhee KH, Bahk JY, Lee JH,

Park JS, Kim MO: Differential distribution of GABAB1

and GABAB2 receptor mRNAs in the rat brain. Mol

Cells, 2003, 16, 40–47.

94. Liang JH, Chen F, Krstew E, Cowen MS, Carroll FY,

Crawford D, Beart PM et al.: The GABAB receptor

allosteric modulator CGP7930, like baclofen, reduces

operant self-administration of ethanol in alcohol-

preferring rats. Neuropharmacology, 2006, 50, 632–639.

95. Liang F, Hatanaka Y, Saito H, Yamamori T, Hashikawa

T: Differential expression of �-aminobutyric acid type B

receptor-1a and -1b mRNA variants in GABA and non-

GABAergic neurons of the rat brain. J Comp Neurol,

2000, 416, 475–495.

96. Maccioni P, Bienkowski P, Carai MA, Gessa GL,

Colombo G: Baclofen attenuates cue-induced reinstate-

Pharmacological Reports, 2008, 60, 755–770 767

GABAB receptors and addiction
Ma³gorzata Filip et al.



ment of alcohol-seeking behavior in Sardinian alcohol-

preferring (sP) rats. Drug Alcohol Depend, 2008, 95,

284–287.

97. Maccioni P, Pes D, Orrù A, Froestl W, Gessa GL, Carai

MA, Colombo G: Reducing effect of the positive al-

losteric modulator of the GABAB receptor, GS39,783,

on alcohol self-administration in alcohol-preferring rats.

Psychopharmacology, 2007, 193, 171–178.

98. Maccioni P, Serra S, Vacca G, Orrù A, Pes D, Agabio R,

Addolorato G et al.: Baclofen-induced reduction of alco-

hol reinforcement in alcohol-preferring rats. Alcohol,

2005, 36, 161–168.

99. Maggi CA, Furio M, Santicioli P, Conte B, Meli A:

Spinal and supraspinal components of GABAergic

inhibition of the micturition reflex in rats. J Pharmacol

Exp Ther, 1987, 240, 998–1005.

100. Malherbe P, Masciadri R, Norcross RD, Knoflach F,

Kratzeisen S, Zeener RT, Kolb Y et al.: Characterization

of (R,S)-5,7-di-tert-butyl-3-hydroxy-3-trifluoromethyl-

3H-benzofuran-2-one as a positive allosteric modulator

of GABAB receptors. Br J Pharmacol, 2008, 154,

797–811.

101. Margeta-Mitrovic M, Mitrovic I, Riley RC, Jan LY,

Basbaum AI: Immunohistochemical localization of

GABAB receptors in the rat central nervous system.

J Comp Neurol, 1999, 405, 299–321.

102. Markou A: Review. Neurobiology of nicotine depend-

ence. Philos Trans R Soc Lond B Biol Sci, 2008, 363,

3159–3168.

103. Markou A, Koob GF: Postcocaine anhedonia. An animal

model of cocaine withdrawal. Neuropsychopharmacology,

1991, 4, 17–26.

104. Markou A, Paterson NE, Semenova S: Role of gamma-

aminobutyric acid (GABA) and metabotropic glutamate

receptors in nicotine reinforcement: potential pharmaco-

therapies for smoking cessation. Ann NY Acad Sci,

2004, 1025, 491–503.

105. Matsushima T, Tegnér J, Hill RH, Grillner S: GABAB

receptor activation causes a depression of low- and

high-voltage-activated Ca2+ currents, postinhibitory

rebound, and postspike afterhyperpolarization in lamprey

neurons. J Neurophysiol, 1993, 70, 2606–2619.

106. Mombereau C, Kaupmann K, Gassmann M, Bettler B,

van der Putten H, Cryan JF: Altered anxiety and

depression-related behaviour in mice lacking GABAB2

receptor subunits. Neuroreport, 2005, 16, 307–310.

107. Mombereau C, Kaupmann K, van der Putten H, Cryan

JF: Altered response to benzodiazepine anxiolytics in

mice lacking GABAB1 receptors. Eur J Pharmacol, 2004,

491, 119–120.

108. Mombereau C, Lhuillier L, Kaupmann K, Cryan JF:

GABAB receptor-positive modulation-induced blockade

of the rewarding properties of nicotine is associated with

a reduction in nucleus accumbens DeltaFosB accumula-

tion. J Pharmacol Exp Ther, 2007, 321, 172–177.

109. Mondadori C, Möbius HJ, Borkowski J: The GABAB

receptor antagonist CGP 36,742 and the nootropic oxi-

racetam facilitate the formation of long-term memory.

Behav Brain Res, 1996, 77, 223–225.

110. Moore EM, Serio KM, Goldfarb KJ, Stepanovska S,

Linsenbardt DN, Boehm SL 2nd: GABAergic modula-

tion of binge-like ethanol intake in C57BL/6J mice.

Pharmacol Biochem Behav, 2007, 88, 105–113.

111. Morgan AE, Dewey SL: Effects of pharmacologic

increases in brain GABA levels on cocaine-induced

changes in extracellular dopamine. Synapse, 1998, 28,

60–65.

112. Morishita R, Kato K, Asano T: GABAB receptors couple

to G proteins Go, Go* and Gi1 but not to Gi2. FEBS Lett,

1990, 271, 231–235.

113. Mungall AJ, Palmer SA, Sims SK, Edwards CA, Ashurst

JL, Wilming L, Jones MC et al.: The DNA sequence and

analysis of human chromosome 6. Nature, 2003, 425,

805–811.

114. Munzar P, Kutkat SW, Miller CR, Goldberg SR: Failure

of baclofen to modulate discriminative-stimulus effects

of cocaine or methamphetamine in rats. Eur J Pharmacol,

2000, 408, 169–174.

115. Nathan T, Jensen MS, Lambert JD: The slow inhibitory

postsynaptic potential in rat hippocampal CA1 neurones

is blocked by intracellular injection of QX-314. Neurosci

Lett, 1990, 110, 309–313.

116. Ng GY, Clark J, Coulombe N, Ethier N, Hebert TE,

Sullivan R, Kargman S et al.: Identification of a GABAB

receptor subunit, gb2, required for functional GABAB

receptor activity. J Biol Chem, 1999, 274, 7607–7610.

117. Nissbrandt H, Engberg G: The GABAB-receptor antago-

nist, CGP 35348, antagonises gamma-hydroxybutyrate-

and baclofen-induced alterations in locomotor activity

and forebrain dopamine levels in mice. J Neural Transm,

1996, 103, 1255–1263.

118. Okazaki Y, Furuno M, Kasukawa T, Adachi J, Bono H,

Kondo S, Nikaido I et al.: Analysis of the mouse tran-

scriptome based on functional annotation of 60,770

full-length cDNAs. Nature, 2002, 420, 563–573.

119. Ong J, Bexis S, Marino V, Parker DA, Kerr DI, Froestl

W: CGP 36216 is a selective antagonist at GABAB pre-

synaptic receptors in rat brain. Eur J Pharmacol, 2001,

415, 191–195.

120. Ong J, Kerr DI: GABA-receptors in peripheral tissues.

Life Sci, 1990, 6, 1489–1501.

121. Ong J, Kerr DI, Bittiger H, Waldmeier PC, Baumann PA,

Cooke NG, Mickel SJ, Froestl W: Morpholin-2-yl-phos-

phinic acids are potent GABAB receptor antagonists in

rat brain. Eur J Pharmacol, 1998, 362, 27–34.

122. Orru A, Lai P, Lobina C, Maccioni P, Piras P, Scanu L,

Froestl W et al.: Reducing effect of the positive allosteric

modulators of the GABAB receptor, CGP7930 and

GS39783, on alcohol intake in alcohol-preferring rats.

Eur J Pharmacol, 2005, 525, 105–111.

123. Pagano A, Rovelli G, Mosbacher J, Lohmann T, Duthey

B, Stauffer D, Ristig D et al.: C-terminal interaction is

essential for surface trafficking but not for heteromeric

assembly of GABAB receptors. J Neurosci, 2001, 21,

1189–1202.

124. Papla I, Jungersmith K, Filip M, Czepiel K, Przegaliñski

E: Effects of baclofen, a GABAB receptor agonist, on

the cocaine-evoked locomotor, sensitizing and discrimi-

native stimulus effects in rats. Eur Neuropsychopharma-

col, 2003, 16, Suppl 1, 25–26.

125. Partyka A, K³odzinska A, Szewczyk B, Wieroñska JM,

Chojnacka-Wójcik E, Librowski T, Filipek B et al.:

768 Pharmacological Reports, 2008, 60, 755–770



Effects of GABAB receptor ligands in rodent tests of

anxiety-like behavior. Pharmacol Rep, 2007, 59,

757–762.

126. Paterson NE, Froestl W, Markou A: Repeated admini-

stration of the GABAB receptor agonist CGP44532

decreased nicotine self-administration, and acute

administration decreased cue-induced reinstatement

of nicotine-seeking in rats. Neuropsychopharmacology,

2005, 30, 119–128.

127. Paterson NE, Froestl W, Markou A: The GABAB recep-

tor agonists baclofen and CGP44532 decreased nicotine

self-administration in the rat. Psychopharmacology,

2004, 172, 179–186.

128. Paterson NE, Vlachou S, Query S, Kaupmann K, Froestl

W, Markou A: Positive modulation of GABAB receptors

decreased nicotine self-administration and counteracted

nicotine-induced enhancement of brain reward function

in rats. J Pharmacol Exp Ther, 2008, 326, 306–314.

129. Pilc A, Nowak G: GABAergic hypotheses of anxiety

and depression: focus on GABAB receptors. Drugs

Today, 2005, 41, 755–766.

130. Pin JP, Kniazeff J, Binet V, Liu J, Maurel D, Galvez T,

Duthey B et al.: Activation mechanism of the heterodi-

meric GABAB receptor. Biochem Pharmacol, 2004, 68,

1565–1572.

131. Pozza MF, Manuel NA, Steinmann M, Froestl W, Davies

CH: Comparison of antagonist potencies at pre- and

post-synaptic GABAB receptors at inhibitory synapses

in the CA1 region of the rat hippocampus. Br J Pharma-

col, 1999, 127, 211–219.

132. Preti A: New developments in the pharmacotherapy of

cocaine abuse. Addict Biol, 2007, 12, 133–151.

133. Princivalle AP, Pangalos MN, Bowery NG, Spreafico R:

Distribution of GABAB1a, GABAB1b and GABAB2

receptor protein in cerebral cortex and thalamus of adult

rats. Neuroreport, 2001, 12, 591–595.

134. Rahman S, McBride WJ: Involvement of GABA and

cholinergic receptors in the nucleus accumbens on feed-

back control of somatodendritic dopamine release in the

ventral tegmental area. J Neurochem, 2002, 80, 646–654.

135. Ranaldi R, Poeggel K: Baclofen decreases methampheta-

mine self-administration in rats. Neuroreport, 2002, 13,

1107–1110.

136. Rebec GV, Sun W: Neuronal substrates of relapse to

cocaine-seeking behavior: role of prefrontal cortex.

J Exp Anal Behav, 2005, 84, 653–666.

137. Roberts DC, Andrews MM, Vickers GJ: Baclofen attenu-

ates the reinforcing effects of cocaine in rats. Neuropsy-

chopharmacology, 1996, 15, 417–423.

138. Schmidt HD, Anderson SM, Famous KR, Kumaresan V,

Pierce RC: Anatomy and pharmacology of cocaine

priming-induced reinstatement of drug seeking. Eur J

Pharmacol, 2005, 526, 65–76.

139. Schuler V, Luscher C, Blanchet C, Klix N, Sansig G,

Klebs K, Schmutz M et al.: Epilepsy, hyperalgesia,

impaired memory, and loss of pre- and postsynaptic

GABAB responses in mice lacking GABAB1. Neuron,

2001, 31, 47–58.

140. See RE: Neural substrates of cocaine-cue associations

that trigger relapse. Eur J Pharmacol, 2005, 526,

140–146.

141. Shen W, Slaughter MM: Internal calcium modulates

apparent affinity of metabotropic GABA receptors.

J Neurophysiol, 1999, 82, 3298–3306.

142. Shippenberg TS, Koob GF: Recent advances in animal

models of drug addiction. In: Neuropsychopharmacology:

The Fifth Generation of Progress. Ed. Davis KL,

Charney D, Coyle JT, Nemeroff C, Lippinctt, Williams

and Wilkins, Philadelphia, 2002, 1381–1397.

143. Shoaib M, Swanner LS, Beyer CE, Goldberg SR,

Schindler CW: The GABAB agonist baclofen modifies

cocaine self-administration in rats. Behav Pharmacol,

1998, 9, 195–206.

144. Shoptaw S, Yang X, Rotheram-Fuller EJ, Hsieh YC,

Kintaudi PC, Charuvastra VC, Ling W: Randomized

placebo-controlled trial of baclofen for cocaine depend-

ence: preliminary effects for individuals with chronic

patterns of cocaine use. J Clin Psychiatry, 2003, 64,

1440–1448.

145. Slattery DA, Markou A, Froestl W, Cryan JF:

The GABAB receptor-positive modulator GS39783

and the GABAB receptor agonist baclofen attenuate

the reward-facilitating effects of cocaine: intracranial

self-stimulation studies in the rat. Neuropsychopharma-

cology, 2005, 30, 2065–2072.

146. Smith MA, Yancey DL, Morgan D, Liu Y, Froestl W,

Roberts DC: Effects of positive allosteric modulators

of the GABAB receptor on cocaine self-administration

in rats. Psychopharmacology, 2004, 173, 105–111.

147. Sofuoglu M, Kosten TR: Emerging pharmacological

strategies in the fight against cocaine addiction. Expert

Opin Emerg Drugs, 2006, 11, 91–98.

148. Solecki W, Krówka T, Filip M, Przew³ocki R: Role of

opioidergic mechanisms and GABA uptake inhibition

in the heroin-induced discriminative stimulus effects

in rats. Pharmacol Rep, 2005, 57, 744–754.

149. Spano MS, Fattore L, Fratta W, Fadda P: The GABAB

receptor agonist baclofen prevents heroin-induced rein-

statement of heroin-seeking behavior in rats. Neurophar-

macology, 2007, 52, 1555–1562.

150. Steiniger B, Kretschmer BD: Glutamate and GABA

modulate dopamine in the pedunculopontine tegmental

nucleus. Exp Brain Res, 2003, 149, 422–430.

151. Stromberg MF: The effect of baclofen alone and in com-

bination with naltrexone on ethanol consumption in the

rat. Pharmacol Biochem Behav, 2004, 78, 743–750.

152. Thompson SM, Gahwiler BH: Comparison of the actions

of baclofen at pre- and postsynaptic receptors in the rat

hippocampus in vitro. J Physiol, 1992, 451, 329–345.

153. Tsuji M, Nakagawa Y, Ishibashi Y, Yoshii T, Takashima

T, Shimada M, Suzuki T: Activation of ventral tegmental

GABAB receptors inhibits morphine-induced place pref-

erence in rats. Eur J Pharmacol, 1996, 313, 169–173.

154. Urwyler S, Gjoni T, Koljatic J, Dupuis DS: Mechanisms

of allosteric modulation at GABAB receptors by

CGP7930 and GS39783: effects on affinities and effica-

cies of orthosteric ligands with distinct intrinsic proper-

ties. Neuropharmacology, 2005, 48, 343–353.

155. Urwyler S, Mosbacher J, Lingenhoehl K, Heid J,

Hofstetter K, Froestl W, Bettler B, Kaupmann K:

Positive allosteric modulation of native and recombinant

gamma-aminobutyric acid(B) receptors by 2,6-di-tert-

Pharmacological Reports, 2008, 60, 755–770 769

GABAB receptors and addiction
Ma³gorzata Filip et al.



butyl-4-(3-hydroxy-2,2-dimethyl-propyl)-phenol

(CGP7930) and its aldehyde analog CGP13501. Mol

Pharmacol, 2001, 60, 963–971.

156. Urwyler S, Pozza MF, Lingenhoehl K, Mosbacher J,

Lampert C, Froestl W, Koller M, Kaupmann K: N,N’-

Dicyclopentyl-2-methylsulfanyl-5-nitro-pyrimidine-4,6-

diamine (GS39783) and structurally related compounds:

novel allosteric enhancers of �-aminobutyric acidB

receptor function. J Pharmacol Exp Ther, 2003, 307,

322–330.

157. Vacher CM, Gassmann M, Desrayaud S, Challet E,

Bradaia A, Hoyer D, Waldmeier P et al.: Hyperdopamin-

ergia and altered locomotor activity in GABAB1-deficient

mice. J Neurochem, 2006, 97, 979–991.

158. van den Brink W, van Ree JM: Pharmacological treat-

ments for heroin and cocaine addiction. Eur Neuropsy-

chopharmacol, 2003, 13, 476–487.

159. Volkow ND, Wang GJ, Telang F, Fowler JS, Logan J,

Childress AR, Jayne M et al.: Cocaine cues and dopa-

mine in dorsal striatum: mechanism of craving in co-

caine addiction. J Neurosci, 2006, 26, 6583–6588.

160. Waldmeier PC: The GABAB antagonist, CGP 35348,

antagonizes the effects of baclofen, gamma-butyrolactone

and HA 966 on rat striatal dopamine synthesis. Naunyn

Schmiedebergs Arch Pharmacol, 1991, 343, 173–178.

161. Walker BM, Koob GF: The gamma-aminobutyric acid-B

receptor agonist baclofen attenuates responding for etha-

nol in ethanol-dependent rats. Alcohol Clin Exp Res,

2007, 31, 11–18.

162. Weerts EM, Froestl W, Griffiths RR: Effects of GABA-

ergic modulators on food and cocaine self-administration

in baboons. Drug Alcohol Depend, 2005, 80, 369–376.

163. Westerink BH, Kwint HF, de Vries JB: Eating-induced

dopamine release from mesolimbic neurons is mediated

by NMDA receptors in the ventral tegmental area: a

dual-probe microdialysis study. J Neurochem, 1997, 69,

662–668.

164. Wirtshafter D, Sheppard AC: Localization of GABAB

receptors in midbrain monoamine containing neurons in

the rat. Brain Res Bull, 2001, 56, 1–5.

165. Wise RA: Neurobiology of addiction. Curr Opin Neuro-

biol, 1996, 6, 243–251.

166. Woo SH, Kim HS, Yun JS, Lee MK, Oh KW, Seong YH,

Oh SK, Jang CG: Inhibition of baclofen on morphine-

induced hyperactivity, reverse tolerance and postsynaptic

dopamine receptor supersensitivity. Pharmacol Res,

2001, 43, 335–340.

167. Wu LG, Saggau P: GABAB receptor-mediated presynap-

tic inhibition in guinea-pig hippocampus is caused by re-

duction of presynaptic Ca2+ influx. J Physiol, 1995, 485,

649–657.

168. Xi ZX, Stein EA: Baclofen inhibits heroin self-admi-

nistration behavior and mesolimbic dopamine release.

J Pharmacol Exp Ther, 1999, 290, 1369–1374.

169. Yoon SS, Lee BH, Kim HS, Choi KH, Yun J, Jang EY,

Shim I et al.: Potential roles of GABA receptors in mor-

phine self-administration in rats. Neurosci Lett, 2007,

428, 33–37.

170. Yoshida M, Yokoo H, Tanaka T, Emoto H, Tanaka M:

Opposite changes in the mesolimbic dopamine metabo-

lism in the nerve terminal and cell body sites induced by

locally infused baclofen in the rat. Brain Res, 1994, 636,

111–114.

Received:

June 10, 2008; in revised form: November 11, 2008.

770 Pharmacological Reports, 2008, 60, 755–770


	755	Review Œ GABAB receptors in drug addiction.
	Ma³gorzata Filip, Ma³gorzata Frankowska
	771	Review Œ Antiapoptotic action of lithium and valproate.
	Anna M. Bielecka, Ewa Obuchowicz

	783	Review Œ Experimental asthma in rats.
	Iwona Kucharewicz, Anna Bodzenta-£ukaszyk, W³odzimierz Buczko

	789	Review Œ Caffeine as a marker substrate for testing cytochrome P450 activity in human and rat.
	Marta Kot, W³adys³awa A. Daniel
	798	Effects of serotonin (5-HT)1B receptor ligands on cocaine-seeking behavior in rats.
	Edmund Przegaliñski, Anna Go³da, Ma³gorzata Filip

	811	Inhibition of neophobia-stimulated c-Fos expression in the dorsomedial part of the prefrontal cortex in rats pretreated with midazolam.
	Aleksandra Wis³owska-Stanek, Ma³gorzata Lehner, Anna Skórzewska, Andrzej Bidziñski, Danuta Turzyñska, Alicja Sobolewska, Piotr Maciejak, Janusz Szyndler, Adam P³a�nik

	817	Repeated co-treatment with fluoxetine and amantadine induces brain-derived neurotrophic factor gene expression in rats.
	Zofia Rogó¿, Gra¿yna Skuza, Beata Legutko

	827	Repeated administration of the dopaminergic agonist apomorphine: development of apomorphine aggressiveness and changes in the interaction between dopamine D2 receptors and G-proteins.
	Ruth Rudissaar, Jaanus Harro, Katrin Pruus, Ago Rinken, Lembit Allikmets

	834	Alterations in g-aminobutyric acidB receptor binding in the rat brain after reinstatement of cocaine-seeking behavior.
	Ma³gorzata Frankowska, Karolina Wydra, Agata Faron-Górecka, Magdalena Zaniewska, Maciej Kuœmider, Marta Dziedzicka-Wasylewska, Ma³gorzata Filip

	844	Olfactory bulbectomy and amitriptyline treatment influences mGlu receptors expression in the mouse brain hippocampus.
	Joanna M. Wieroñska, Beata Legutko, Dorota Dudys, Andrzej Pilc

	856	Detrimental effect of postnatal blockade of N-methyl-D-aspartate receptors on sensorimotor gating is reversed by neuroleptic drugs.
	Krzysztof Wêdzony, Katarzyna Fija³, Marzena Maækowiak, Agnieszka Chocyk

	865	Antidepressant treatments-induced modifications of glutamatergic transmission in rat frontal cortex.
	Bartosz Bobula, Grzegorz Hess

	872	Chronic treatment with fluoxetine and sertraline prevents forced swimming test-induced hypercontractility of rat detrusor muscle.
	Sirri Bilge, Ayhan Bozkurt, Duygu B. Bas, Elif Aksoz, Evren Savli, Fatih Ilkaya, Yuksel Kesim

	880	Effects of co-administration of fluoxetine or tianeptine with metyrapone on immobility time and plasma corticosterone concentration in rats subjected to the forced swim test.
	Zofia Rogó¿, Gra¿yna Skuza, Monika Leœkiewicz, Bogus³awa Budziszewska

	889	Effects of selective s receptor ligands on glucocorticoid receptor-mediated gene transcription in LMCAT cells.
	Gra¿yna Skuza, Zofia Rogó¿, Magdalena Szymañska, Bogus³awa Budziszewska

	896	Central interaction between physostigmine and histamine during yawning in rats.
	Esmaeal Tamaddonfard, Hamid Soraya, Nasrin Hamzeh-Gooshchi

	904	Pharmacological preconditioning of the brain: a possible interplay between opioid and calcitonin gene related peptide transduction systems.
	Ashish K. Rehni, Thakur G. Singh, Amteshwar S. Jaggi, Nirmal Singh

	914	Increased synphilin-1 expression in human elderly brains with substantia nigra Marinesco bodies.
	Anna Krygowska-Wajs, Tomasz Lenda, Dariusz Adamek, Marek Moska³a, Katarzyna Kuter, Jerzy Kunz, Maria „mia³owska, Krystyna Ossowska

	925	Effects of new antiepileptic drugs and progabide on the mitogen-induced proliferative activity of mouse splenocytes.
	Agnieszka Basta-Kaim, Bogus³awa Budziszewska, Monika Leœkiewicz, Marta Kubera, Grzegorz Jag³a, Wojciech Nowak, Stanis³aw J. Czuczwar, W³adys³aw Lasoñ

	933	Heme oxygenase (HO-1) is involved in the negative regulation of contact sensitivity reaction.
	Monika Majewska, Katarzyna Zaj¹c, Józef Dulak, Marian Szczepanik

	941	Adaptive vasoactive response to modulatory effects of endothelin-1 in spontaneously hypertensive rats.
	Soòa Èaèányiová, Frantiıek Kristek

	950	Characteristics of adrenaline-driven receptor-mediated signals in human microvessel-derived endothelial cells.
	Anna Wiktorowska-Owczarek, Magdalena Namieciñska, Ma³gorzata Bereziñska, Jerzy Z. Nowak

	957	Effect of selected antidepressant drugs on cytochrome P450 2B (CYP2B) in rat liver. An in vitro and in vivo study.
	Anna Haduch, Jacek Wójcikowski, W³adys³awa A. Daniel

	966	Identification of factors mediating the effect of the brain dopaminergic system on the expression of cytochrome P450 in the liver.
	Jacek Wójcikowski, W³adys³awa A. Daniel

	972	Limited applicability of 7-methoxy-4-trifluoromethylcoumarin as a CYP2C9-selective substrate.
	Pálma Porrogi, László Kóbori, Krisztina Kõhalmy, Judit Gulyás, László Vereczkey, Katalin Monostory


	SHORT COMMUNICATIONS
	980	Effect of cocaine on responsiveness of a1-adrenergic receptors in rat cerebral cortex: modulation by GABA-mimetic drugs.
	Krzysztof Wieczerzak, Tadeusz Witarski, Marta Kowalska, Dominika Nawrat, Adam Roman, Adam Bielawski, Irena Nalepa


	985	Interaction between tobacco smoke and alcohol in animal models.
	Ewa Florek, Wojciech Piekoszewski, Maksymilian Kulza, Tamar Szind¿ikaszwili, Ewa Gomó³ka, Marek Chuchracki, Anna Sêdziak



