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Review Article

FIGHTING DRUG DEPENDENCE BY BLOCKING
CANNABINOID TYPE 1 RECEPTORS

Singh J1, Salil Budhiraja2

ABSTRACT
Drug dependence is a chronic relapsing brain disorder characterized by neurobiological changes
that lead to a compulsion to take a drug with loss of control over drug intake. Abused drugs
(cannabinoids, opioids, ethanol, nicotine and psychostimulants) by interacting with various
neural pathways in brain induces pleasant state and responsible for relapses. All abused drugs
have common property of elevating dopamine levels in nucleus accumbens. Currently the
treatments available for drug dependence are not satisfactory and the most successful smoking
cure clinic by using a combination of treatments achieve a success rate of less than 30%.
Cannabinoid receptors are coexpressed in the brain reward circuitry and recent preclinical and
human studies have suggested that ligands blocking the CB1 receptors offer a novel approach for
patients suffering from drug dependence that may be efficacious across different classes of
abused drugs. This review examines the role and current status of cannabinoid CB1 receptor
antagonist in drug dependence.
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INTRODUCTION

Drug dependence is a chronic, relapsing
disorder characterized by the compulsion for
drug and taking precedence over other needs.
It is widely recognized as serious health prob-
lem that is increasing in prevalence across the
worldwide. Addictive substances, such as can-
nabinoids, opioids, ethanol, nicotine and
psychostimulants (cocaine, amphetamine),
induce pleasant states, which contribute to their
recreational use. Common mechanism of

addictive drugs is thought to increase of
dopamine in brain reward pathways.1

Although drug dependence involves many
psychosocial, genetic and neuropharmacologi-
cal mechanisms; drug treatment is one of the
important components of the therapeutic ap-
proaches used for drug dependence. Currently
the treatments available for drug dependence
are not satisfactory. The most successful smok-
ing cure clinics, using a combination of psy-
chological and pharmacological treatments,
achieve a success rate of less than 30% after
one year of abstinence. It is obvious that addi-
tional resources will be needed to achieve con-
trol on drug dependence. Several therapeutic
targets to reduce craving are under investiga-
tion. From this perspective, great discoveries
of past decade were revelation of endocann-
abinoids and its role in reward pathway. The
exact patho physiological phenomena of drug
dependence remains elusive though many stud-
ies have shown that all commonly abused drugs
act upon the brain reward circuitry to ulti-
mately increase extracellular concentration of
the neurotransmitter dopamine in the nucleus
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accumbens and other forebrain areas. Many
drugs of abuse appear to increase dopamine
levels by dramatically increasing the firing and
bursting rates of dopamine neurons located in
the nucleus accumbens.1 There is evidence that
5-hydroxytryptamine (5-HT), glutamate and
gamma-aminobutyric acid (GABA) also influ-
ence the mesolimbic dopamine pathway.1 Also
GABAergic neurons projecting from nucleus
accumbens to ventral tegmental area has an
inhibitory influence on dopaminergic neurons
of nucleus accumbens.2 Cannabinoid receptors
are differentially co-localised with dopamine,
serotonin and opioid receptors in the forebrain
and interact to alter their levels.3 Involvement
of endogenous cannabinoid system in feeding,
antinociception, short term memory regulation
and movement control, immune and inflam-
matory responses has been documented.4

Recently, endocannabinoids has been shown
to have important role in reward pathway.
Clinical evidence in human and behavioral
studies in animals indicate that cannabinoid
receptor antagonist, rimonabant, can reduce
the self administration and craving for several
commonly addiction drugs.5 Cannabinoid and
endocannabinoids act on 2 types of cannab-
inoid receptors (CB1 and CB2). CB1 receptors
are predominantly present in the central ner-
vous system (cerebellum, basal ganglia, limbic
cortices, hippocampus, hypothalamus and dif-
ferent nuclei of extended amygdala). They are
also present in peripheral tissues. On the other
hand CB2 receptors are expressed mainly on
immune cells.6 Interestingly, an overlapping
distribution of CB1 receptors with D1, D2,
5HT3, and 5HT1A has been reported in several
brain areas such as caudate putamen, olfac-
tory tubercle, dentate gyrus, piriform and per-
irhinal cortex.3 CB1 receptors are also co-
localise with µ opioid receptors in brain area
relevant for opioid withdrawal.7 Mechanisms
of interactions between CB1 with these recep-
tors remain to be investigated. Interaction could
take place at the level of intracellular signaling
pathways, but recently heterodimerisation
between different neurotransmitter receptors
have also been reported. Thus arising the

possibility that CB1 could also form
heterodimers with this receptor.8 CB1 and CB2
receptors are G protein coupled receptors. CB1
receptors couple through Gi/o proteins,
negatively to adenylate cyclase and positively
to mitogen activated protein kinase. CB1
activation inhibits voltage gated L, N, and
P/Q calcium channel or activating K+ currents.
CB1 receptor has mainly inhibitory action on
neurons.6

BRAIN REWARD CIRCUITS AND
CANNABINOID RECEPTOR

The central neuronal circuits known to be
involved in mediating the rewarding aspects
of most abused drugs originate with a sub-
group of dopamine neurons located in an area
of ventral tegmental area (VTA). These dopam-
inergic neurons target GABAergic neurons
located in nucleus accumbens (NA) as well as
neurons in frontal cortex.9 VTA dopaminergic
neurons are also inhibited by local circuit neu-
rons.10 NA sends reward relevant information
to the ventral globus pallidus (GP). VTA, NA,
GP are also interconnected via reciprocal
collaterals that are critical for reward phenom-
ena. In recent years, it has become clear that
these brain reward nuclei also receive
glutamergic inputs necessary for drug related
reward behaviour.11 Researchers have studied
the ability of THC to increase dopaminergic
function in the NA and its ability to alter
dopaminergic neurons activity in the VTA.12

Further studies demonstrated that THC and
synthetic agonist of cannabinoid receptor WIN
55,212-2, HU 210, and CP 55940 increased
neuronal firing rates in dopaminergic neurons
in anesthetized and unanesthetized rats as
well as in brain slices containing the VTA13,14

These studies also reported that the effects of
cannabinoid could be blocked with the CB1
receptor antagonist rimonabant. Cheer et al,14

demonstrated cannabin increase the dopam-
inergic neuron firing directly as well as indi-
rectly by affecting the local circuitry to increase
dopaminergic neuron activity. This study also
reported that GABAA receptor antagonist,
bicuculline, blocked the effects produced by
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HU 210. Studies examining the effects of
cannabinoids on VTA dopaminergic neurons
suggest that the activation of CB1 receptors
within the VTA may account for some of the
reward relevant aspects of cannabinoid expo-
sure, additional sites within and external to
reward pathway must also be considered.
Clearly, more data are needed before firm con-
clusions regarding the effects of cannabinoid
and their activation of dopaminergic neurons
in the VTA can be reached.

In recent years, it has become apparent that
many of the abused drugs affect the reward
relevant brain areas with other than NA
dopaminergic neurotransmission. Many of
these drugs have been shown to inhibit GABA
and glutamate neurotransmission in the NA.1

Hoffman et al,15 demonstrated that WIN
55,212-2 could reduce GABA release in the rat
NA via CB1 receptors. Robbe et al,16 reported
glutamate release onto NA is also inhibited by
cannabinoid agonist. They suggested that the
reduction of glutamergic input to the NA by
CB1 receptor activation would reduce the ex-
citation of GABAergic NA neurons projecting
to dopamine neurons in the VTA and thereby
decreasing the inhibition of the dopaminergic
neurons. Several recent studies have demon-
strated that synaptic plasticity in brain reward
circuits can be modified by commonly abused
drugs.17 Wilson et al,18 demonstrated that
endocannabinoid and CB1 receptors were re-
quired to observe the long term depression of
glutamergic cortical synaptic input. This phe-
nomenon is also present in NA. Further stud-
ies are needed to describe the significance of
synaptic plasticity in reward relevant circuits
and role in drug addiction. With further
expansion in knowledge of the mechanisms of
cannabinoid in the brain and precise descrip-
tion of action of endocannabinoids in the
reward circuit more developments are under-
way in addictive process of drug.
Animal studies: A variety of animal models are
used to study the cardinal feature of drug de-
pendence. Drug discrimination, self adminis-
tration, conditioned place preference; intrac-
ranial self stimulation and withdrawal state

due to abrupt termination of action are com-
monly used animal models. Several interactions
have been described between nicotine and can-
nabinoids in animals. Nicotine not only poten-
tiates acute responses induced by THC but also
at sub threshold dose of THC, which is unable
to induce reward effects in CPP, it induces
rewarding effects in this model. Also, nicotine
enhances the effects of THC on c-FOS expres-
sion, which is a good index of neuronal activ-
ity, in various brain areas.19 Studies have also
shown that blockade of CB1 by rimonabant
prevented the acquisition of nicotine induced
CPP. Forget et al,20 demonstrated rimonabant
hampered the motivational value of nicotine
in rats as well as short term capacity of nico-
tine paired conditioned stimuli. They suggested
blockade of CB1 receptor can oppose tobacco
dependence and withdrawal. In contrast,
another study with CB1 knockout mice, nico-
tine was unable to produce positive place pref-
erence suggesting all actions of nicotine are not
through CB1 receptor.21 There is increased
brain contents of endogenous ligand
anandamide in the limbic forebrain on chronic
exposure to alcohol and nicotine.22 This
increased endocannabinoid in reward system
may be responsible for reinforcing properties
of habit forming drugs. Interestingly SR141716
dose dependently blocked the dopamine releas-
ing effects of nicotine in the nucleus accumbens
and since dopamine release in nucleus
accumbens is thought to play a major role in
positive reinforcing effect of nicotine, this find-
ing support a role for CB1 receptor in nicotine
induced reward effects.23 Specific interactions
of the opioid and cannabinoid system are pos-
tulated which affects the reward related
events. Evidence is available showing a func-
tional cross talk between the cannabinoid and
opioid systems in modulating the addiction
behaviour. This interaction is bidirectional and
involves release of opioid peptides by cannab-
inoids or release of endocannabinoids by opio-
ids or involves interactions at the receptor level
and/or their signal transduction mechanisms.
In a study in mice opioid antagonist pretreat-
ment reduced the self administration of
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cannabinoid receptor agonist.24 Further study
showed development of a preference for a dis-
tinctive compartment associated with THC
administration is lost in µ receptor knockout
mice.25

Human studies: It  were also undertaken to es-
tablish role of CB1 receptors in opioid induced
reward. Mas-Nieto et al,26 demonstrated CB1
antagonist, SR141716A, treatment induces
withdrawal in chronically morphine treated
mice similar to naloxone. CB1 receptor antago-
nist, SR141716A, has ability to abolish the re-
warding effects of morphine by antagonizing
the acquisition of morphine induced CPP. In
another study opioid antagonist, naloxone was
unable to induce withdrawal in morphine de-
pendent CB1 knockout animals.27 Reduction
in the reinforcing effects of morphine was also
observed in these knockout animals in intra-
venous self administration model. Recently, it
has been reported that administration of the
CB1 receptor antagonist SR 141716A can re-
duce heroin self administration in animals.
Solinas et al,28 demonstrated that blockade of
CB1 receptor by SR141716 markedly reduced
responding for intravenous heroin injection
under an FR5 schedule of reinforcement and
to a greater extent under a progressive ratio
schedule of reinforcement in rats. Mascia et al,29

demonstrated stimulation of dopamine release
in mesolimbic system, in particular in the
nucleus accumbens was absent upon morphine
treatment in CB1 knockout mutants. Although
the sites of action for ethanol’s effect in the brain
are poorly understood, ethanol’s rewarding ef-
fects seems to be mediated through dopamine
reward pathway. There is evidence also sup-
porting the involvement of endocannabinoid
system and CB1 receptor in some of the phar-
macological and behavioural effects of etha-
nol. Increase in endogenous cannabinoid ago-
nist anandamide has been found in response
to chronic ethanol exposure in rodent model.22

Chronic ethanol exposure has also been asso-
ciated with downregulation of CB1 receptor
number in rodents which may be due to
overstimulation of receptors. CB1 receptor an-
tagonist, rimonabant, reduced alcohol intake

and craving in animals.30 Houchi et al,31 dem-
onstrated CPP due to repetitive administration
of ethanol was absent in CB1 knockout mice
whereas cocaine induced place preference was
not affected in knockout animals. In the same
experiment they showed that there was ab-
sence of ethanol induced dopamine release in
the nucleus accumbens in CB1 knockout mice.
In another study disruption of CB1 receptor in
mice resulted in decrease ethanol consumption
and preference. Decrease ethanol self admin-
istration was also associated with increased
sensitivity to acute intoxicating effects of etha-
nol.32 All these findings suggest that CB1 re-
ceptor blockade may be an effective approach
to the treatment in alcohol dependence in hu-
mans. Although less extensive investigations
regarding the involvement of cannabinoid sys-
tem in psychostimulant (cocaine and amphet-
amine) addiction has been done, evidence
exists for interaction between cocaine and CB1
receptor. In this regard, Centonze et al,33

demonstrated increased levels of the
endocannabinoid anandamide in the striatum
of rats in response to cocaine administration.
Increased levels of anandamide were attributed
to stimulation of its synthesis and inhibition of
degradation. CB1 receptor antagonist blocked
effect of cocaine on reward pathway. In
another study synthetic cannabinoid agonist,
HU210, administration was associated with
relapse to cocaine after prolonged withdrawal
in rats. Relapse associated by re-exposure was
attenuated by selective CB1 receptor antago-
nist, SR141716A,34 similarly the reward effects
of methamphetamine in intravenous self ad-
ministration model in rats was blocked by
SR141716A.35 In the same study attenuation
of reinstatement inducing dose of methamphet-
amine was done by THC. Anggadiredja et al,35

suggested that the endocannabinoid system,
through arachidonic acid cascade, serves as a
modulator of the reinstating effects of meth-
amphetamine. Further experiments are needed
to clarify the involvement of endogenous can-
nabinoid system in rewarding effects of
psychostimulants.The development of animal
model for THC has so far been unsuccessful.
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Drug discrimination model is widely used for
studying the cannabinoid effects in animals.
SR141716A produces reversible, dose depen-
dently antagonism effects of stimulant effect
of THC.36 This selective cannabinoid antago-
nist also precipitated withdrawal syndrome in
cannabinoid dependent animals.37 Recently, a
squirrel monkey model of THC intravenous self
administration has been developed. SR141716
entirely blocked the self administration of THC
in squirrel monkeys.38 In summary, these
rodent models were instrumental in laying the
initial groundwork pointing to further investi-
gation into the effects of CB1 antagonism in
humans. Most importantly, no significant toxic
effects were associated with rimonabant
administration in rodents.
Human studies: Role of CB1 antagonist,
rimonabant, in drug dependence especially
smoking cessation has been evaluated through
human trials. Studies with rimonabant and
tobacco use (STRATUS) program is prospec-
tive, randomized, multicenter, double blind,
placebo controlled trials. This program enrolled
more than 6,500 patients worldwide in three
clinical trials (STRATUS-US, STRATUS-EU,
STRATUS-WW) designed to explore the role
of rimonabant in smoking cessation and long-
term abstinence and prevention of weight gain
upon smoking cessation.39 STRATUS-US is a
double-blind, placebo-controlled study,
conducted in 11 sites in the United States. It
enrolled 787 moderate to heavy smokers who
smoked average 23 cigarettes a day. Patients
received rimonabant (5mg or 20mg) or placebo
for ten weeks.

Results of the study indicate that rimonabant
20mg doubled the odds of quitting vs. placebo
(p=0.002). Among patients completing the
study, prolonged abstinence was significantly
higher in the patients treated with 20mg of
rimonabant (36.2%) when compared with
patients treated placebo (20.6%).39 SRATUS-
US also studied the effect of rimonabant on
post cessation weight gain and metabolic
syndrome and results are encouraging
STRATUS- EU is one year. Phase-III clinical
trial conducted throughout Europe at 32 clini-

cal trial sites whereas STRATUS-WW is one
year maintenance study conducted world wide
in 54 sites.39 Results of these trials are not
available.
Current status of cannabinoid CB1 receptor
antagonism in drug dependence: Despite advances
in the understanding of neurobiological and
behavioural mechanisms that lead to drug de-
pendence effective treatment is still lacking.
Moreover, treatments available for commonly
abused drug are unsatisfactory and relapse
rate is very high. Most of the patients relapse
even after best treatment. Cannabinoid CB1
receptor antagonists represent a potential tar-
get for blocking the direct reinforcement effects
of nicotine, ethanol and various other drugs of
abuse. By reducing the motivational effects of
drug, CB1 receptor antagonists might provide
an effective means for preventing relapse to
drug abusers. Currently the drug has been
applied for FDA approval for drug dependence
and the results are awaited.

CONCLUSION

Since our neurobiological understanding of
the mechanisms of cannabinoid actions in the
brain has increased dramatically in recent
years, it is likely that more precise description
of the actions of THC and of the
endocannabinoids in these critical reward cir-
cuits will further improve our understanding
of the addictive process in the future.
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