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Abstract
The cannabinoid (CB) receptors, endocannabinoids 
(eCB) and their synthesizing and catabolizing enzymes 
and the proteins involved in their transport, constitute 
what is now recognized as the eCB system. The eCBs 
are a class of lipids that have been identified as retro-
grade messengers and produce their effects via  presyn-
aptic CB receptors. The major function of the eCBs has 
been suggested to be that of modulating the release 
of several neurotransmitters implicated in a number of 
biological functions that include reward and reinforce-
ment. There is now significant evidence to suggest 
that the eCB system plays an important role in the 
development of alcohol tolerance, dependence and re-

lapse. Recent studies suggest that the pharmacological 
manipulation of the eCB system has the potential not 
only to block the direct reinforcing properties of alcohol 
but also alleviate behavioral abnormalities associated 
with relapse. There is also accumulating evidence that 
points to the possible utility of the eCB system targeted 
drugs in the treatment of alcoholism-related behavioral 
disorders. The agents that block CB1 receptor function 
or inhibit the synthesis of eCBs are attractive candidate 
drugs that need to be explored. Further understanding 
of the role of the eCB system in molecular mechanism/s 
that underlies alcoholism-related behaviors should lead 
to a better treatment of this devastating disorder.
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INTRODUCTION
The endocannabinoid (eCB) system consists of  can-
nabinoid (CB) receptors, eCBs, anandamide (AEA) and 
2-arachidonyl glycerol (2-AG) and the enzymes involved 
in their synthesis, transport and degradation[1-4]. The 
eCBs mimic many of  the pharmacological and behavioral 
effects of  tetrahydrocannabinol (THC), a psychoactive 
component of  marijuana and are considered as a new 
class of  neuromodulators[5,6]. Unlike classical neurotrans-
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mitters, eCBs are not stored in the vesicles but are re-
leased upon demand from membrane phospholipids of  
postsynaptic neurons[7]. The eCBs have been shown to 
act as retrograde messengers and regulate neurotransmit-
ter release via binding to presynaptic CB1 receptors[8].

Alcoholism is a complex psychiatric disorder char-
acterized by impaired control over drinking, leading to 
tolerance, physical dependence and relapse. The mecha-
nisms underlying this disorder are poorly understood at 
the present time. Alcohol effects appear to be mediated 
through several intracellular signal transduction pathways 
involving many classical neurotransmitters and ion chan-
nels in different brain regions[9]. There is a growing body 
of  evidence now suggesting a significant role for the eCB 
system in a number of  alcohol-related behaviors that in-
clude voluntary alcohol consumption, alcohol tolerance 
and dependence and addiction to other drugs of  abuse. 
Recent studies have also shown that the drugs targeted 
against the components of  the eCB system may have 
therapeutic potential in the treatment of  a variety of  ill-
nesses including drug and alcohol addiction. 

The studies investigating the mechanisms underlying 
the addictive behavior mediated through eCB signal-
ing have been the subject of  intensive research. Our 
laboratory was the first to implicate the eCB system in 
the development of  tolerance to alcohol. Since our first 
publication in 1998, there have been significant new de-
velopments in understanding the role of  the eCB system 
in many of  the alcohol-related behaviors. As discussed in 
the following section, several laboratories including ours 
have investigated CB1 receptor-mediated mechanisms in 
explaining the behavioral effects of  alcohol that include 
tolerance and dependence, voluntary alcohol consump-
tion, and fetal alcohol spectrum disorders. 

ALCOHOL TOLERANCE AND 
DEPENDENCE
We have previously demonstrated: (1) a downregulation 
of  CB1 receptors and CB1 receptor function in chronic 
alcohol exposed (alcohol tolerant) mouse synaptic plasma 
membranes[10,11]; and (2) an increase in the levels of  the 
eCBs, AEA and 2-AG in chronic alcohol exposed neuro-
nal cells in culture in vitro[12,13], and in the levels of  AEA in 
chronic alcohol exposed mouse brain in vivo[14,15]. In addi-
tion, the CB1 receptor density and function were found to 
be significantly downregulated in the cortex, hippocampus, 
striatum and cerebellum of  Swiss-Webster mice that were 
made alcohol tolerant following 72 h chronic continuous 
alcohol vapor exposure[15], which returned to normal level 
24 h after withdrawal from alcohol[15]. Consistent with 
rodent studies, the levels of  CB1 receptors, CB1 receptor-
mediated G-protein signaling and fatty acid amide hydro-
lase (FAAH) activity were also found to be significantly 
lower in the postmortem ventral striatum of  alcohol-
dependent subjects compared to the control group[16]. 

It has also been demonstrated that co-administration 
of  CB1 receptor antagonist SR141716A during chronic 
alcohol exposure significantly reduces severity of  alco-

hol withdrawal-induced handling-induced convulsions 
(HIC) in both alcohol-preferring (AA) C57BL/6J (B6) 
and alcohol-avoiding DBA/2J (D2) mice[17]. We also have 
shown that the mice lacking CB1 receptor gene (CB1 
KO) chronically exposed to alcohol had reduced HIC[17] 
consistent with the results reported by Racz et al[18]. Acute 
administration of  SR141716A has also been shown to 
completely abolish the alcohol deprivation effect (ADE) 

and alcohol’s motivational properties in AA sP rats[19-21]. 
The mice lacking FAAH (FAAH-KO), an enzyme that 
regulates brain AEA levels, has also been shown to dis-
play reduced severity of  HIC following withdrawal from 
chronic continuous 72 h alcohol vapor exposure com-
pared to WT littermates[22], while no differences were 
found in acute alcohol-induced HIC between FAAH KO 
and WT mice[23]. These studies strongly suggest that the 
eCB system plays a critical role in the development of  
tolerance to and dependence on alcohol.

eCB SYSTEM AND ALCOHOL 
CONSUMMATORY BEHAVIOR
Significant differences in both the density and function 
of  brain CB1 receptors between AA B6 and alcohol-
avoiding D2 mice have been reported[17,24,25]. There is also 
evidence suggesting that the genetic deletion or phar-
macologic manipulation of  CB1 receptors result in re-
duced alcohol consumption in rodent models[17,26-36]. For 
example, the mice lacking the CB1 receptor gene con-
sume significantly less alcohol compared to their wild-
type counterparts[17,26-31] similar to the effect produced 
by pharmacological antagonism of  CB1 receptor[32-36]. 
On the other hand, administration of  the agonists 
CP-55940 and WIN55212 has been shown to enhance 
alcohol intake in rodents[17,37,38], which was reversed by 
co-administration of  the antagonist SR141716A[17,39]. The 
FAAH KO mice are severely impaired in their ability to 
degrade the eCB, AEA, and have been shown to have 
approximately 15-fold higher brain levels of  AEA com-
pared to WT mice[40]. These mice consume significantly 
more alcohol compared to WT mice[22,41] and these find-
ings have been replicated by another group[23]. In a recent 
study, a comparison of  the expression of  the eCB-related 
genes in AA and alcohol non-preferring (ANA) rats re-
vealed a decrease in the expression of  FAAH activity in 
prefrontal cortex (PFC) of  AA rats[42]. The association of  
impaired FAAH function with alcohol self-administration 
was further confirmed by the following observations: (1) 
SR141716A administration dose dependently suppressed 
self-administration in AA rats when given systemically 
or locally into PFC; and (2) intra-PFC injection of  the 
competitive FAAH inhibitor URB597 increased alcohol 
self-administration in non-selected Wistar rats[42]. An 
increased vulnerability to drug and alcohol abuse in hu-
mans has also been suggested to be due to polymorphism 
in the FAAH gene and reduced FAAH expression and 
activity[43,44]. These studies suggest that the eCB system 
at least in part may play a role in many of  the alcohol-
related behaviors. 
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INTERACTION OF MESOLIMBIC 
DOPAMINERGIC AND eCB SYSTEMS; 
A POSSIBLE MECHANISM/S FOR 
DEVELOPMENT OF TOLERANCE TO AND 
DEPENDENCE ON ALCOHOL
The development of  tolerance to and dependence on 
alcohol could be explained by possible interaction of  
the eCB system with the mesocorticolimbic system. The 

mesocorticolimbic dopamine (DA) system represents a 
common neuronal substrate for reinforcing properties 
of  drugs of  abuse including alcohol[45]. Dopaminergic 
projections originating from the ventral tegmental area 
(VTA) to the PFC and limbic structures that include 
nucleus accumbens (NAc) and amygdala have been sug-
gested to play a critical role in reward and reinforcement. 
The CB1 receptors are present in most brain regions of  
the reward circuitry, including VTA, NAc, and in several 
other areas such as PFC, amygdala and hippocampus[46]. 
The DA neurons of  the mesocorticolimbic system are 
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Figure 1  Limbic reward circuit. The diagram represents a reward circuitry in the rat brain. Highlighted are the nuclei representing the limbic structures of the basal 
forebrain including the amygdala, hippocampus, prefrontal cortex (PFC), nucleus accumbens (NAc), ventral pallidum (VP) and ventral tegmental area (VTA). Dopa-
minergic neurons in the VTA modulate information flow through the limbic circuit via projections to the NAc, amygdala, hippocampus, PFC and VP. Increase in the 
dopaminergic transmission in the limbic nuclei, particularly the NAc, may underlie the reinforcing effect of abused drug (Source: Sigma Aldrich). 
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Figure 2  Possible mechanism of alcohol addiction involving the endocannabinoids system. Alcohol exposure has been shown to elevate endocannabinoids 
(eCBs). Repeated alcohol admistration downregulates the CB1 receptors as a neuroadaptation to elevation in the eCBs. This could lead to tolerance to alcohol. The 
desensitization of CB1 receptor-mediated G-protein coupling may reduce the inhibition of adenylate cyclase (AC) activity as CB1 receptors are negatively coupled to 
AC leading to increase in the CREB mediated gene expression. Modulation of other neurotransmitter systems by eCB system during alcohol exposure might also be 
associated with alcohol addiction. The mesocorticolimbic dopamine (DA) system represents a common neuronal substrate for reinforcing properties of drugs of abuse 
including alcohol. Chronic alcohol exposure-induced increase in AEA content appears to activate mesolimbic dopaminergic transmission by increasing the DA release 
in the shell of NAc. The functional interaction of the eCB system with DA system in reward-related brain regions might be associated with one of the underlying mech-
anisms of alcohol addiction. This figure is modified from our publication[3].

Hungund BL et al . Endocannabinoid targeted drugs in alcoholism treatment



controlled by excitatory and inhibitory inputs that are 
modulated by CB1 receptors[47,48]. The final effect on the 
modulation of  VTA dopaminergic activity by eCBs de-
pends on the functional balance between the inhibitory 
GABAergic and excitatory glutamatergic inputs, both of  
which are inhibited by eCBs under different physiological 
conditions[47-49]. Alcohol consumption has been shown to 
increase AEA content in limbic forebrain[42], which ap-
pears to activate mesolimbic dopaminergic transmission 
by increasing the DA release in the shell of  NAc[26]. As 
indicated earlier, a significant reduction in acute alcohol-
induced DA release in the NAc shell has been reported 
in mice that lacked CB1 receptor gene similar to wild 
type mice treated with CB1 receptor antagonist[26]. It is of  
interest also to note that subchronic treatment with CB1 
receptor agonist WIN-55,212-2 inhibited the release of  
DA in NAc of  rats that were exposed chronically to alco-
hol[49]. An intravenous administration of  both AEA and 
methandamide (a stable derivative of  AEA) and pharma-
cologic inhibition of  FAAH with URB597 led to increase 
in accumbal DA levels[50] (Figure 1).

The downregulation of  CB1 receptors due to chronic 
alcohol exposure that results in tolerance to alcohol may 
be a compensatory neuroadaptation in response to eleva-
tion in the eCBs. This in turn might modulate the DA 
function in reward-related brain regions leading to alco-
hol addiction (Figure 2).

The dependence and relapse to alcohol may be due to 
an imbalance between excitatory glutamatergic and inhib-
itory GABAergic systems caused by altered CB1 receptor 
function. This could possibly be the result of  altered eCB 
tone induced by chronic alcohol exposure. It is well doc-
umented that in the progression to alcohol tolerance and 
dependence, neuroadaptation occurs resulting in hypoac-
tive GABA receptors and hyperactive NMDA receptors 
causing a hyperexcitable state that mediates both acute 
and protracted withdrawal states[45-48]. On the cessation 
of  alcohol use, withdrawal symptoms occur most likely 
mediated by increased glutamate release. Relapse to alco-
hol use might reduce these effects and works via negative 
reinforcement to promote the addicted state[45-48]. These 
findings strongly implicate a role for the eCB system in 
reward and reinforcement properties of  alcohol and the 
CB1 receptor targeted drugs should be exploited for fu-
ture therapeutic drug development.

POTENTIAL THERAPEUTIC UTILITY 
OF DRUGS TARGETED AGAINST THE 
eCB SYSTEM IN THE TREATMENT 
ALCOHOLISM; CONCLUDING REMARKS
Despite significant developments in understanding of  
the neurobiological basis of  alcohol tolerance and de-
pendence, thus far no effective treatments are available 
to treat this devastating disorder. As evidenced in the 
foregoing discussion the eCB system appears to be a 
promising target with therapeutic potential. For example, 

CB1 receptor antagonist/inverse agonist SR141716A has 
been shown to reduce the development of  tolerance to 
and dependence on alcohol in preclinical rodent mod-
els[15,18-20]. It has also been shown to reduce alcohol intake 
in AA rodents[17,21]. It is worth noting that two Phase 
Ⅱ clinical feasibility studies for the effectiveness of  
SR141716A (rimonabant), a CB1 receptor antagonist, on 
the prevention of  alcohol relapse have been conducted in 
human alcoholics and found no significant improvement 
over the placebo patients[51]. In another clinical trial the 
rimonabant was found to have no effect on alcohol con-
sumption in nontreatment-seeking heavy alcohol drink-
ers[52]. However, the rimonabant, due to incidence of  
severe adverse psychiatric side effects, FDA disapproved 
its commercialization. Nevertheless, further understand-
ing of  the neurobiological basis of  alcohol abuse-related 
behaviors involving the components of  the eCB system 
would reveal possible newer targets and future studies 
should focus on this aspect. Taken together, the available 
literature strongly support a role for the eCB system in al-
cohol-related behaviors and the CB1 receptor antagonists 
and drugs targeted to the eCB metabolizing enzymes are 
attractive candidates for the treatment of  alcoholism.
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