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Cannabinoids are postulated to play a role in modulating the reinforcing effects of abused drugs, including alcohol. Experiment 1
lcohol self-administration in cannabinoid CB1 receptor knockout (KO), heterozygous (HT) and wild type (WT) mice in a tw
hoice paradigm. Mice were trained in a limited 8 h access/day to 10% (v/v) EtOH (EtOH) versus water. After baseline drinking
tOH preference and total EtOH intake (g/kg)), results indicated that the CB1 knockout mice displayed significantly lower base
onsumption compared to wild type mice. Subsequently, treatment with SR141716A (5 mg/kg) significantly attenuated EtOH int
T and HT mice but had little effect on the knockout mice.
Experiment 2 examined the CB1 WT and CB1 KO strains in a conditioned place preference (CPP) procedure between saline

tOH. The CB1 WT mice spent significantly more time in the EtOH-paired versus saline-paired chambers, whereas no significant
as observed in the CB1 KO mice. Finally, we observed that CB1 KO mice were significantly lighter than WT and HT and that SR
id not significantly alter body weight. These results demonstrate that the cannabinoid CB1 receptor is an essential component of th
athways underlying the reinforcing effects of alcohol. Thus, medications targeting the CB1 receptors may be beneficial for the tr
lcoholism.
2005 Elsevier B.V. All rights reserved.
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. Introduction

EtOH abuse and addiction is a complex social and psy-
hiatric problem that involves a variety of neurotransmitter
ystems, such as dopamine (DA)[13,29,55,56], GABA [24],
lutamate[22], serotonin[32], acetylcholine[38] and the
annabinoid system[25]. EtOH abuse also involves a vari-
ty of receptors, second messenger systems and genes[14].
he cannabinoid system is not only involved in the effects
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of marijuana[19], but may be involved in the reinforcin
properties of major abused drugs, such as EtOH and op
[18] as well as other psychiatric or neurological disease
supported by various genetic studies[8,16,48]. The cannab
noid CB1 receptor in particular has been widely exam
and reported to have an interesting though complex ro
addiction.

CB1 receptor activation increases the activity of DA n
rons in the ventral tegmental area, thereby increasing
release in the NAc[20,51]which may have an effect in mod
lating the brains reward circuitry. Prior research has repo
that the CB1 receptor appears to be the site of reinfo
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effects within the cannabinoid system[33]. Previous studies
examining the role of CB1 in addiction have shown that CB1
KO mice exhibited conditioned place preference for cocaine
but not for morphine[34]; failed to self administer morphine
but did self administer cocaine,d-amphetamine and nico-
tine [10]. In contrast, very recently it was reported that CB1
receptors play a role in the acquisition and maintenance of
cocaine self-administration and that CB1 KO mice showed
diminished operant responding to self-administer cocaine
[50].

The human CB1 receptor gene (CNR1) was recently ana-
lyzed in alcoholics versus non-alcoholic controls[48]. The
observed frequency of the A allele was 31.2% for controls
and 42.1% for alcoholics. These results suggested that that
homozygous genotype CNR1 1359A/A confers vulnerabil-
ity to alcoholism [48]. Chronic alcohol exposure caused
a decrease in anandamide in the midbrain[21], while it
increased anandamide content in the limbic forebrain[3,21].
These results suggested the involvement of endocannabinoid
transmission in the reward circuit activated by alcohol[21].

Several animal studies have indicated that the cannabi-
noid system can influence the rewarding effects of EtOH.
This is based on several observations: lower alcohol con-
sumption in C57BL/six mice[1]; a reduction in EtOH intake
by SR141716A[7,41] and ethanol sensitivity[39] and with-
drawal symptoms completely absent in cannabinoid CB1
r
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ior, and that treatment with SR141716A would modulate
that behavior. Furthermore, the present study examined CB1
transgenic mice in a conditioned place preference (CPP)
paradigm for ethanol. In this procedure, the animals ten-
dency to approach or avoid environmental cues previously
paired with the drug[2,4,27,52]. Several studies have demon-
strated that as with other drugs of abuse, animals display
CPP to EtOH[5,6,12,44,49]. Therefore, another objective
of the present study was to determine if the CB1 receptor is
important in Pavlovian conditioning to the EtOH-paired envi-
ronmental cues. We hypothesized that CB1-deficient mice
would not show EtOH-paired CPP as compared to their wild
type littermates.

2. Materials and methods

2.1. Animals

2.1.1. Experiment 1: two-bottle choice EtOH drinking
Adult male (N= 29) CB1 transgenic mice (CD1 strain, obtained

from C. Ledent in Universite libre de Bruxells, Belgium)[31] were
individually housed in a 12/12 h reverse light/dark cycle, as well as a
temperature and humidity controlled room. Details on the generation
of these animals has been previously described[31]. Briefly, using
the 129/Sv mouse genome library, the CB1 gene was cloned and
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eceptor-deficient mice[39,42].
SR141716A has been shown to be a very selective

nd for the CB1 receptor and a potent antagonist[46].
R141716A has been shown to block the actions o
annabinoids in several behaviors[40], such as suppressi
lcohol intake[28,41]. Sardinian alcohol-preferring (sP) ra
electively bred for high EtOH preference and consump
ere used to study the efficacy of SR141716A, in redu
oluntary EtOH intake[7]. Rats were given limited access
ood and (10%) EtOH (4 h/day) and were treated with a
.p. administration of 2.5 and 5 mg/kg SR1417116A. Res
howed that 2.5 and 5 mg/kg of SR1417161A decre
tOH intake while 10 mg/kg reduced both food and Et

ntake[7]. In another study, C57BL/6 in a two-bottle cho
rocedure were given free access to water and (10%) E

1], when treated with SR141716A (0.3–3 mg/kg), sig
cantly reduced EtOH consumption. More recently, L
vans rats trained on a fixed ratio operant response p
ol to self-administer EtOH were treated with SR14171
0.3–3 mg/kg, i.p.), produced dose-related decrease
umber of lever presses and EtOH intake[15].

Based on the previous studies with SR141716A,
ypothesized that wild type homozygous, heterozygous
B1 receptor deficient mice would display difference

heir alcohol-drinking behavior. In the present study,
xamined the role of the CB1 receptor using CB1 transg
ice, in a two-bottle choice paradigm, to measure EtOH p
rence, and total EtOH consumption. We thus hypothe

hat CB1 homozygous, heterozygous and CB1 deficient
ould display differences in their alcohol-drinking beh
he single coding exon was mapped and sequenced. Using R
nd aggregation with CD1 eight-cell stage embryos homolo
ecombination was performed[31]. Heterozygous mice were br
or five generations on a CD1 background before generatin
B1 WT and KO mice used in this study.

Specifically, the study consisted of three groups of animals
B1 homozygous (+/+) (n= 12), (b) heterozygous (+/−) (n= 7) and

c) the CB1 knockout (−/−) mice (n= 10). All studies were con
ucted in accordance with the guidelines established by the Na

nstitutes of Health in The Guide For Care and Use of Labora
nimals.

.1.2. Experiment 2: conditioned place preference
Adult male (N= 38) CB1 transgenic mice (CD1 strain, simila

btained), individually housed in a 12/12 h reverse light/dark c
s well as a temperature and humidity controlled room were

or this experiment. More specifically, 20 CB1 homozygous (W
nd 18 CB1 deficient (KO) mice were used.

.2. Procedures

.2.1. Experiment 1: two-bottle choice EtOH drinking
We utilized the standard two-bottle choice protocol, which

idely used model that captures aspects of voluntary alcohol
umption in humans[36]. One bottle contained water and the ot
ottle ethanol. Volumetric consumption data was recorded from
rinking bottles every 3 days at the same time (1630). Each
age contained two 25 ml Pyrex glass bottles, capped with ru
toppers fitted with stainless steel tips. Each of those days, the b
ere emptied cleaned and refilled to 25 ml. Every 3 days, the b
ere switched to eliminate a position preference. All animals
iven unrestricted food access (Purina rodent lab diet). Drin
reference was assessed as the amount of EtOH consumed
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by total fluid consumed× 100. The mean intake was expressed as
milliliters and grams of EtOH/kg of body weight/day.

Initially all mice were placed on a 24 h access two-bottle choice
paradigm 10% (v/v) EtOH and water for 2 weeks. Next, the mice
were placed on a limited 8 h access day to both liquids for 2 weeks
(0830–1630 h) during the dark cycle period. This same limited
access period was used throughout the remainder of the experiment.
Baseline drinking was established when mice demonstrated three
consecutive days of EtOH drinking within 15% of their mean. After
baseline criterion drinking was achieved, mice were injected (i.p.)
with 5 mg/kg of the CB1 antagonist, SR141716A (Research Triangle
Institute, North Carolina). The SR141716A drug solution was pre-
pared fresh daily with distilled water, DMSO (5%) and cremophor
(5%). Each mouse was injected twice daily (08.00 and 12.00 h) for 3
days, with the SR141716A drug. EtOH drinking behavior was con-
tinually monitored for an additional 3 days (limited 8 h access/day to
both liquids) before all animals were similarly treated with vehicle
over 3 days (H2O, 5% DMSO, and 5% cremophor).

2.2.2. Experiment 2: CPP
Each of the CPP boxes (MED Associates Inc.) consisted of three

different chambers separated by sliding partitions. The center choice
chamber was gray with a smooth PVC floor while the conditioning
chambers were black with a stainless steel grid rod floor and white
with a steel mesh floor. Half the animals were assigned to the exper-
imental group (10 CB1 WT and 9 CB1 KO) and the other half of
the animals were assigned to the control group. The CPP protocol
for theexperimental groupof CB1 WT and KO mice (adapted from
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absence of a classic CB1-induced catalepsy in the wild type and
heterozygous versus the knockouts, respectively, was verified
by visual inspection[9].

(b) Animals were genotyped using the tail snip method[47]. DNA
was collected for all the mice, amplified using PCR and loaded
into an agarose gel for electrophoresis.

3. Results

3.1. EtOH preference

The CB1 WT mice showed the highest EtOH preference
on average when compared to the CB1 HT and the CB1 KO.
A one way repeated measures ANOVA on percent ethanol
preference across all three strains of mice during baseline,
SR141716A and vehicle drinking sessions revealed a signif-
icant difference (F= 9.953; d.f. = 93.11;p< 0.001;Fig. 1).

All pairwise multiple comparison procedures (using the
Holm–Sidak method) revealed several significant differences
(p< 0.05; Fig. 1). Specifically, SR141716A (12.9 + 1.19%)
significantly attenuated % EtOH preference compared to
baseline (26.7 + 3.3%) and vehicle (30.3 + 2.5%) for the
CB1 WT mice. Similarly, SR141716A (10.1 + 0.8%) reduced
EtOH preference compared to baseline (24.6 + 3.2%) and
vehicle (23.8 + 1.9%) for the CB1 HT mice. In contrast,
S nce
i m-
p
b in
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t
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, the
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m

revious research[12]) and consisted of three phases as follow

A) Days 1–3—Preconditioning phase. On the first 2 days,
were handled and brought to the conditioning room to bec
acclimated to the test and to control for stress. On the
preconditioning day, the animals were placed in the mi
chamber and allowed to explore all three of the chambe
will for a 30 min period. Data from this third day was analy
for any unconditioned chamber preference.

B) Days 4–11—Conditioning phase. Half the animals were g
saline in the white chamber while the other half in the b
chamber on days 4, 6, 8, and 10. On days 5, 7, 9, and 1
same animals were given ethanol (2 g/kg i.p. 20% (v/v) E
in saline) in the opposite chamber (for 30 min/trial).

C) Day 12—Test phase. Mice were placed in the middle cha
and allowed free access to all three chambers for 30 min.
test session was recorded on videotape and analyzed.

The CPP protocol for thecontrol groupof CB1 WT and KO
ice consisted of the same three ‘s. These animals were utiliz
scertain any innate (unconditioned) chamber preference rec
nly saline injections during the conditioning phase (otherwis
rocedure was identical to the experimental group). This gro
ice was included in order to determine whether genotypes dif

n unconditioned preference for the floor textures or wall color

.3. Genotyping

Upon the conclusion of both experiments, the genotypes
he mice, was verified using two methods: (a) The CB1 agonist

IN 55, 212-2 and (b) PCR of tail snips:

(a) Behavioral response to WIN 55, 212: Animals were adm
tered 1 mg/kg WIN 55, 212 via a tail vein and the presenc
R141716A had no significant effect on EtOH prefere
n CB1 KO mice. In addition, similar pairwise multiple co
arisons were found to be significantly different (p< 0.05)
etween WT (26.7 + 3.3%) and KO (14.5 + 2.2%) mice
aseline and vehicle (30.3 + 2.5% and 14.9 + 1.6% res

ively) drinking.

.2. EtOH intake

In addition to measuring EtOH preference over water
ata was also analyzed by measuring total EtOH cons

ig. 1. Mean percent EtOH preference (±S.E.M.) across treatment in CB
ice.
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Fig. 2. Mean daily EtOH intake (g/kg/day) across treatment in CB1mice
(±S.E.M.).

tion (per day;Fig. 2). This indicated a similar trend. The
highest level of EtOH intake was observed in CB1 WT mice
followed by HT and KO mice. A one way repeated measures
ANOVA on percent ethanol intake across all three strains of
mice during 24 and 8 h (baseline), SR141716A and vehicle
drinking sessions revealed a significant difference (F= 9.28;
d.f. = 93.11;p< 0.001;Fig. 2).

Pairwise multiple comparison procedures (using the
Holm–Sidak method) revealed several significant differences
(p< 0.05;Fig. 2). Specifically, SR141716A (1.3 + 0.1 g/kg)
significantly attenuated EtOH intake compared to baseline
(2.9 + 0.5 g/kg) and vehicle (4.0 + 0.3 g/kg) for the CB1 WT
mice. Similarly, SR141716A (1.2 + 0.1 g/kg) reduced EtOH
intake compared to vehicle (3.1 + 0.3 g/kg) for the CB1 HT
mice. In contrast, SR141716A had no significant effect on
EtOH intake in CB1 KO mice (Fig. 2). Likewise, pair-
wise multiple comparisons were found to be significantly
different (p< 0.05) between WT (4.0 + 0.3 g/kg) and KO
(2.2 + 0.2 g/kg) mice in vehicle drinking (Fig. 2).

Finally, no significant effect of SR141716A was found on
water intake across treatment in any of the groups of mice
(one way repeated measures ANOVA;F= 1.89; d.f. = 93.11;
p= ns). Specifically the mean (±S.E.M.) water intake during
vehicle versus SR141716A treatment across genotype was as
follows: 15.86± 1.37 and 14.32± 0.62 for WT; 13.80± 0.62
and 14.8± 0.63 for HT; and 14.4± 0.59 and 14.12 + 0.99 for
K
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Fig. 3. Mean (±S.E.M.) weights of CB1 mice across treatment.

(F= 20.3; d.f. = 93.11;p< 0.001;Fig. 3). Pairwise multiple
comparisons (Holm–Sidak method) revealed no significant
differences across treatment (baseline, SR141716A, vehicle),
but there were significant differences in weight across strains
for each treatment (p< 0.05). In all cases, CB1 mice showed
significantly greater weight than HT and KO mice.

3.4. CPP

EtOH CPP is illustrated inFig. 4 for each strain as
a percentage of total time spent per chamber. The WT

F aired
chamber in CB1 WT mice. (B) Conditioned place preference for the saline
vs. ethanol paired chamber in CB1 KO mice.
O.

.3. Weight

The CB1 WT mice (45.0± 5.8 g) were significantl
eavier than the CB1 KO (32.2± 3.5 g) and the CB1 H
35.2 + 3.9 g) mice had intermediates weights between
f the WT and the KO mice (Fig. 3). One way repeated me
ure ANOVA of the weights of the three strains of CB1 m
hroughout the experiment revealed a significant differe
ig. 4. (A) Conditioned place preference for the saline vs. ethanol p
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Fig. 5. Genotyping micrograph of electrophoresis agarose gel depicting CB1
wild type and mutant alleles.

mice demonstrated a significantly greater time spent in
the EtOH-paired chamber as compared to the saline-paired
chamber. The mean time (seconds) spent in the EtOH-
paired chamber was 405.12± 28.98 s, while the mean time
spent in the saline was 288.6± 22.98 s. However, the CB1
KO mice showed less of a difference in mean time spent
between the EtOH-paired chamber (321.06± 35.58 s) and
the saline (288.54± 18.42 s). Using a two-way ANOVA for
genotype and treatment, we found a significant genotype
(F= 10.42; d.f. = 1.32;p< 0.05) and genotype× treatment
interaction (F= 10.41; d.f. = 1.32;p< 0.05) effects. Pairwise
multiple comparisons (Holm–Sidak method) revealed sig-
nificant greater time spent in the ethanol-paired chamber
compared to vehicle for the D2 WT mice (t= 3.002;p< 0.05).
In contrast, similar pairwise comparisons did not reveal sig-
nificant differences in time spent/chamber for the D2 KO
mice (t= 1.483;p= ns).

As expected, the saline treated control group of mice did
not exhibit a significant preference. A pairedt-test compari-
son revealed no statistical difference in the mean time spent in
the white chamber with the steel mesh floor (339.66± 20.22
and 318.28± 18.98, respectively) for the CB1 WT and KO
mice as compared to the mean time spent in the black cham-
ber with a stainless steel grid rod floor (371.76± 22.68 and
364.22 + 19.35, respectively;p> 0.05). These results revealed
that there was no significant place preference for either of the
t
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normal and deprivation conditions, as well as in response
to novel stimuli. While no CB1 receptor mRNA or protein
has been shown in dopamine neurons in the VTA; increased
dopamine release and firing of dopaminergic neurons have
been found after systemic administration of CB1 agonists,
or blocked by CB1 antagonists[20,51,57]. This suggested
that the endocannabinoid system could exert a trans-synaptic
control over dopamine neurons in the reward center of the
brain.

The present study supported the hypothesis that the CB1
receptors play a critical role in mediating the reward and
pleasure properties of alcohol, contributing to alcohol depen-
dency and abuse. These findings were consistent with earlier
studies[20,33,51], that reported the involvement of the CB1
in the addictive drug abuse. It has been reported that the CB1
receptors were not involved in the reinforcing properties of
certain drugs of abuse, such as morphine[10,31], but were for
others such as to cocaine[50], d-amphetamine and nicotine
[10]. The present findings were in agreement with several
studies that have demonstrated a relationship between the
CB1 receptors and ethanol abuse[1,7,17,25,45].

CB1 HT and KO mice showed 18% and 51%, respectively
lower baseline EtOH preference when compared to CB1 WT
mice. SR141716A (5 mg/kg) treatment showed the strongest
effect on the CB1 WT and HT mice, and significantly atten-
uated their EtOH preference and intake by almost half. In
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e

d that
t use.
T iron-
m ber
t WT
m mber
v mice
d pend-
i llus-
t y of
t tOH
a

o ecia-
b n,
w ump-
t ous
r nic
m ment
w
p tone
p hav-
i at the
C ter-
m his
c flu-
e le in
r level
wo chambers in both the CB1 WT and KO mice.

.5. Genotyping

In electrophoresis, the highest allele marking is the mu
llele while the allele on the bottom is the WT allele; beca

he CB1 KO has an amplification of about 366 base p
hile the WT have an amplification of 521 base pairs
ig. 5).

. Discussion

Dopaminergic transmission has been shown to be pr
ntially increased by natural rewards (food, water, sex) u
ontrast SR141716A did not significantly lower ethanol p
rence or intake in the KO mice.

The CPP data were also very important, and suggeste
he CB1 receptors played an important role in alcohol ab
hese results indicated that when given a choice of env
ents, the CB1 WT mice preferred the EtOH-paired cham

o the saline or vehicle-paired chamber. Specifically,
ice spent about 40% more time in the EtOH-paired cha

ersus the saline-paired. In contrast, the CB1 deficient
id not show a preference between the two chambers s

ng approximately equal time in each. The CPP results i
rated that the CB1 receptor were involved in the salienc
he environmental cues associated with stimuli, such as E
nd overall in the EtOH-induced drug seeking behavior.

In agreement with the data recently reported[26,41], we
bserved that voluntary alcohol consumption was appr
ly lower in CB1 KO mice compared to CB1 WT. In additio
e observed that SR141716A, attenuated EtOH cons

ion in CB1 WT mice, and this was in accord with a previ
eport[41]. This effect on EtOH intake in the CB1 transge
ice by the CB1 antagonist SR141716A, was in agree
ith previous reports in rats[7] and C57BL/6 mice[1]. The
resent data supported the idea that endocannabinoid
layed an important role in the regulation of ingestive be

ors. Moreover, the present study also demonstrated th
B1 HT mice displayed EtOH preference and intake at in
ediate levels between the CB1 WT and KO mice. T

ould suggest that the CB1 genotype quantitatively in
nced EtOH consumption and played a modulatory ro
eward. The presence of CB1 receptors at an elevated
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or density in some way stimulated the dopaminergic reward
circuit. In contrast, lack of, or diminished levels of CB1
receptors by the same token could result in a diminished
level of excitation of the reward pathway. The decreased
ethanol intake in CB1 KO mice may be related to several
possibilities, such as a dysfunction of the dopamine sys-
tem in the mesocorticolimbic reward pathway. CB1 KO mice
may have decreased sensitivity to the stimulating effects of
ethanol because of an alteration in dopamine signaling. This
was demonstrated recently where CB1 KO mice completely
lacked acute alcohol-induced dopamine release in the NAc
[26]. Similarly, lack of morphine self-administration in CB1
mice was also associated with the inability of morphine to
stimulate dopamine in the NAC[35].

In agreement with previous studies, we also reported that
the CB1 WT mice were significantly heavier compared to the
CB1 HT and CB1 KO mice[11,23]. It has been well impli-
cated that the endocannabinoid system and the CB1 receptors
were important in body weight and food intake[30,37,43,54].
While food intake was not the focus of the present study and
was not measured, no significant changes in weight were
observed (over the 3 days that animals were treated with the
SR141716A). It is possible however, that this may have been
due to the short time duration of the study. Further chronic
studies would be warranted in the future to monitor effec-
tively changes in body weight and ethanol drinking in these
m mice
w
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alcohol and drug abuse and fear. The inhibitory actions of
endocannabinoids could then compensate the behavior and
the abnormal neurochemistry associated with these condi-
tions, such as modify dopaminergic signaling characteristic
of alcohol abuse. Much work however remains to fully under-
stand the mechanism(s) of the endocannabinoid—dopamine
relationship in alcohol abuse, so as to assess this and other
hypotheses. Future studies will continue to examine the com-
plexity of the endocannabinoid relationship with dopaminer-
gic signaling and, hence behavior under normal and alcohol
abuse conditions.
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