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• β-Caryophyllene (BCP) was tested in anxiety and depression-like models.
• BCP displayed anti-anxiety like effects in C57BL/6 mice.
• BCP was anti-depressant in C57BL/6 mice.
• BCP effects in depression and anxiety were abrogated by CB2 antagonist AM630.
• CB2 receptors may be targeted in the treatment of anxiety and depression.
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Recent evidence suggests that the cannabinoid receptor subtype 2 (CB2) is implicated in anxiety and depression
disorders, although few systematic studies in laboratory animals have been reported. The aim of the current
experimentswas to test the effects of the CB2 receptor potent-selective agonistβ-caryophyllene (BCP) in animals
subjected tomodels of anxiolytic- and antidepressant-like effects. Therefore effects of BCP (50 mg/kg) on anxiety
were assessed using the elevated plusmaze (EPM), open field (OF), andmarble burying test (MBT). However for
depression, the novelty-suppressed feeding (NSF), tail suspension test (TST), and forced swim tests (FST) were
used. Results indicated that adult mice receiving BCP showed amelioration of all the parameters observed in
the EPM test. Also, BCP significantly increased the time spent in the center of the arena without altering the
general motor activity in the OF test. This dose was also able to decrease the number of buried marbles and
time spent digging in theMBT, suggesting an anti-compulsive-like effect. In addition, the systemic administration
of BCP reduced immobility time in the TST and the FST. Finally, BCP treatment decreased feeding latency in the
NSF test. Most importantly, pre-administration of the CB2 receptor antagonist AM630, fully abrogated the
anxiolytic and the anti-depressant effects of BCP. Taken together, these preclinical results suggest that CB2

receptorsmay provide alternative therapeutic targets for the treatment of anxiety and depression. The possibility
that BCP may ameliorate the symptoms of these mood disorders offers exciting prospects for future studies.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Depression and anxiety disorders are considered as the most
common psychiatric disorders which often exist together rather than
as separate syndromes [1]. Their incidence is rising worldwide and
lus maze; FST, forced swim test;
g; OF, open field; TST, tail sus-
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affectingmillions of individuals. The impact on productivity and quality
of life is significant because the disorders affect more than 20% of the
adult population at some time during their life mostly in the productive
age periods. During recent decades, the overall risk of suffering from
depression has increased and the age of onset has decreased.

Recently, a growing body of evidence from pharmacological and
genetic studies has suggested that the endocannabinoid system (ECS)
is involved in the regulation of mood [2–4] and anxiety disorders [5,6].
The endocannabinoids act through cannabinoid receptors, CB1 and
CB2, which couple to the Gαi/o class of G-proteins and have presynaptic
or postsynaptic distribution in the brain [7–9]. Since the discovery of
the ECS numerous investigations addressed the role of CB1 receptors
in mediating all CNS effects such as anxiety and depression. The
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appearance of anxiety and depression-like behavior as adverse events
with CB1 receptor antagonists or the increased CB1 receptor activity or
mutation has been shown in preclinical and clinical studies. The effects
of cannabinoid drugs mediated by CB1 receptors on mood and anxiety
are biphasic, anxiolytic with low doses and anxiogenic with high
doses [10]. As the CB2 receptors were considered to be absent in the
brain, the original assumption was that the CB1 receptors were respon-
sible for the anxiety and mood disorders.

The CB2 receptorwhichwas thought to be restricted to immune cells
and peripheral tissues, has been well identified in the brain [11]
and pointed out the involvement of CB2 receptors in anxiety and
depressive-related disorders [for review see: [12–15]]. Recently emerg-
ing studies are suggesting that drugs acting thru CB2 receptors could
be exploited as novel pharmacological agents in the treatment of de-
pression and anxiety. Also, agents targetingCB2 receptors have garnered
attention as they are devoid of CB1-mediated psychotropic adverse
effects. Additionally the CB2 receptor modulators hold numerous bene-
ficial pharmacological effects over existing benzodiazepines (BZDs) and
selective serotonin reuptake inhibitor (SSRI) drugs which are con-
sidered as mainstay of treatment in anxiety and depressive disorders,
despite of serious side effects such as sedation, ataxia, amnesia and de-
pendence [for review see: [16,17]].

Considering the need for novel compounds that could improve
conventional therapies, a large number of novel synthetic [18,19] and
natural [20,21] CB2 receptor ligands have also been intensively investi-
gated. Among them β-caryophyllene (BCP) a naturally available sesqui-
terpene is pharmacologically a selective agonist for CB2 receptors. It
represents a dietary phytocannabinoid and the United States Food and
Drug Administration (USFDA) has approved it as food additive (approv-
al reference no. 21CFR172.515). It's widely found in high concentrations
in many plants and spices such as oregano, cinnamon, clove, rosemary,
thyme, and black pepper [22–24]. Interestingly, it has shown therapeu-
tic potential in ulcerative colitis, neuropathic pain, endometriosis, renal
protection and anxiety [25–29]. Very recently, Galdino and co-workers
investigated the anxiolytic activity of BCP and the possible mechanisms
of action specifically by evaluating the role of GABAA/BZD or 5-HT1A re-
ceptors via pretreatment with flumazenil, a GABAA receptor antagonist
and NAN-190, a selective 5-HT1A receptor antagonist. Their results have
shown that neither of the antagonists was able to antagonize the
anxiolytic effects and suggested that non-BZD/5-HT1A receptors are
involved in the anxiolytic effects [30]. Recently, BCP has been shown
to confer protection against ulcerative colitis and nephrotoxicity in a
CB2 receptor-dependent manner [31,32].

Accordingly, in the present study the anxiolytic and antidepres-
sant effects of BCP in mouse models of anxiety- and depression-like
behaviors were investigated. More importantly and in order to
elucidate the CB2 receptor-mediated mechanism in the anxiolytic-
and antidepressant-actions of BCP, the mice were administered
the CB2 receptor selective antagonist AM630 [31] prior to the BCP
treatment.
2. Materials and methods

2.1. Animals

The experiments were performed in adult male C57BL/6 mice
weighing 21–26 g obtained from the local experimental animal breed-
ing facility of the College of Medicine & Health Sciences (CMHS),
United Arab Emirates University and maintained in a temperature-
controlled environment (~22 °C). Mice were housed in groups of 5/
cage in a 12 h light/dark cycle (lights on at 6 am), with ad libitum access
to food and water. Standard rodent chow diet was obtained from the
National Feed and Flour Production and Marketing Company LLC (Abu
Dhabi, UAE). Procedures were approved by the local Ethical Committee
(protocol number: A25-13).
2.2. Drugs

The CB2 receptor agonist, β-caryophyllene (BCP; 50 mg/kg) was
diluted in olive oil. However, the CB2 receptor antagonist [(6-
iodopravadoline or 6-iodo-2-methyl-1-(2-morpholinoethyl)-1H-
indol-3-yl)(4-methoxyphenyl) methanone], AM630 (3 mg/kg) was
diluted in 2.5% DMSO. Both, the drugs and solvents were obtained
from Sigma-Aldrich (MO, USA) and injected intraperitoneally (i.p.)
with a volume of 10 mL/kg adjusted to body weight. The time
between the two injections was 15 min and behavioral testing
was performed 15 min after the 2nd injection. This pretreatment–
treatment combination created three test groups: DMSO-Oil (n =
7), DMSO-BCP (n = 10), AM630-BCP (n = 8).

2.3. Behavioral experiments: apparatus and procedures

2.3.1. Elevated plus maze (EPM) test
The anxiety-like behavior was assessed using a wooden EPM appara-

tus as described previously [33,34]. Briefly, themaze consisted of two op-
posite open-arms, 40 × 6 cm2 and two enclosed arms, 40 × 6 × 20 cm3,
with a 6 × 6 cm2 central area and elevated 40 cm above the floor. During
each 5 min EPM session, the amount of time spent with head and fore-
paws on the open or closed arm of themaze aswell as the number of en-
tries into each armweremanually scored by a trained observer. It is well
established that laboratory rodents naturally avoid the open arms of the
EPM and anxiolytic compounds typically increase the exploration of
these arms without changing the number of enclosed-arm entries,
which is an index of locomotor activity [35]. The maze was thoroughly
cleaned with 70% ethanol between tests.

2.3.2. Open field (OF) test
In this test, the animals were placed in the center of a square open

field (OF) arena 32 × 32 cm2 surrounded by a 20 cm high Plexiglas
wall in which the exploratory activity was recorded during 5min as de-
scribed previously [33]. The floor was divided into 64 equal grids by
black lines. We designated the central sixteen grids along and the rest
grids as “center area” and “peripheral area”, respectively. The animal
was placed in the center of the open field at the beginning of the test
and its behavior was manually recorded. The time spent in the center
area was used as a measurement of anxiety and line crossing (defined
as at least three paws in a square) was used as measurement of sponta-
neous locomotor activity [34]. The floor surface and the walls of the
arena were thoroughly cleaned with 70% ethanol between tests.

2.3.3. Marble burying test (MBT)
The MBT was performed as described previously [35]. In brief, the

test was performed in a plastic cage with approximately 4 cm of saw-
dust covering the floor. Twenty, colored glass marbles were evenly
spaced (1 cm apart) over the floor on top of the sawdust. Each mouse
was placed in the center of the marble-containing cage and tested for
15 min. The number of buried marbles (defined as those with at least
two-third of the surface area under the sawdust) and the total duration
of digging bouts were manually recorded for each animal [33].

2.3.4. Novelty suppressed feeding (NSF) test
The NSF test was performed according to the method described

previously [35]. Briefly, animals were food-deprived for 24 h prior to
the test. Testing was performed in a clear plastic (40 × 40 × 20 cm3)
box with the floor covered by 2 cm of sawdust. A single weighed pellet
of food (standard chow)was placed on awhite circularfilter paper plat-
form positioned in the center of the box. Mice were tested individually
after placing them in the corner of the box for 10 min as described
previously [35]. The latency to bite the food pellet wasmanually scored.
Immediately afterwards, the mouse was returned to its home cage and
the amount of food consumed during the subsequent free-feed 5 min
was measured. For this test, the time taken (latency) to begin eating



Fig. 1. Effects of acute BCP exposure on exploratory behavior on the elevated plus-maze
(EPM) test. (A) percentage of time into the open arms (OA). (B) Number of entries into
the OA. (C) Percentage of entries into the OA. (D) Number of entries into the closed
arms (CA). Each bar represents mean± SEM (n= 7–10). * denotes significant differences
between DMSO-Oil and DMSO-BCP (p b 0.05). # denotes significant differences between
DMSO-BCP and AM630-BCP (p b 0.05).
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food was measured as well as the amount of food consumed so as to
control for any change in appetite as a potential confounding factor
(home cage food intake). This was because antidepressants are known
to affect appetite.

2.3.5. Tail suspension test (TST)
To determine the antidepressant like activity of BCP, mice were sub-

jected to the TST as described previously [33]. In brief, for the conduc-
tion of the TST, the animals were individually suspended by the tail
with a clamp using adhesive tape placed approximately 1 cm from the
tip of the tail. The clamp was attached to a metal rod fixed 50 cm
above the surface of a table covered with soft cloth. All animals were
suspended for 6 min and the duration of behavioral parameters includ-
ing immobility time (defined as the absence of any body or limbmove-
ments except for those caused by respiration) were manually recorded
in seconds [35].

2.3.6. Forced swim test (FST)
The FST,which is a behavioral test for depression-like behavior often

used to evaluate the effects of drug activity in rodents,was performed as
originally described by Porsolt et al. withminormodifications [36]. Mice
were placed individually into plastic transparent containers (18 cm di-
ameter by 25 cm height) containing 15 cm of water at approximately
25 °C where they were expected to swim. At this depth, mice could
not touch the bottom of the container with their tails or hind limbs.
The duration of immobility (defined as the length of time in which the
animal did not show escape responses) was manually scored during a
6min session. Themouse was judged to be immobile when it remained
in the water without struggling (passive floating) andwasmaking only
those movements necessary to keep its head above water [35,37]. Ani-
mals were then removed from the container and left to dry in a heated
enclosure before theywere returned to their home cages. Thewaterwas
changed after each trial and the container cleaned thoroughly to get rid
of the smell of the previous occupant.

2.4. Statistical analysis

For statistical comparisons, the software package IBM SPSS Statistics
20 (IBMMiddle East, Dubai, UAE)was used.Mean±SEMwere calculat-
ed for each group. Dependent variables for each behavioral model were
analyzed using one-way analyses of variance (ANOVA) with “treat-
ment” as a between-subject factor. When relevant, post hoc analyses
were performed by t-tests with Bonferroni corrections for multiple
comparisons. p b 0.05 denotes a statistically significant difference.

3. Results

3.1. BCP produced an anxiolytic-like activity in C57BL/6 mice

3.1.1. Elevated plus maze (EPM)
The effects of BCP administration on anxiety-like behavior, charac-

terized by increased open-arm exploration in the EPM test, are shown
in Fig. 1. The one way-ANOVA test revealed a main effect of treatment
on the percentage of time spent into the open arms (OA) (F(2,22) =
4.847, p= 0.018) (Fig. 1A). Post hoc comparisons revealed a significant
increase in the percentage of time spent by mice in the OA of the maze
following the acute administration of exogenous BCP when compared
to vehicle results (p = 0.045; DMSO-Oil vs. DMSO-BCP). However,
pre-injection of the CB2 receptor antagonist AM630 significantly abro-
gated the BCP effect (p= 0.046; DMSO-BCP vs. AM630-BCP) and nodif-
ference to vehicle results was observed (p = 1.000; DMSO-Oil vs.
AM630-BCP). Similarly, and as depicted in Fig. 1B, there was a signifi-
cant main effect of treatment on the number of entries into the OA
(F(2,22) = 5.310, p = 0.013). Post hoc evaluations indicated that an in-
creased number of entries into the OA following acute BCP injection
(p = 0.030; DMSO-Oil vs. DMSO-BCP) was reversed following AM630
injection (p = 0.040; DMSO-BCP vs. AM630-BCP). Furthermore, pre-
treatment with BCP increased the percentage of entries into the OA
(F(2,22) = 10.383, p = 0.001) (Fig. 1C). Post hoc evaluation revealed
that the mice injected with BCP displayed more percentage of entries
into the OA (p = 0.002; DMSO-Oil vs. DMSO-BCP) and that treatment
with AM630 abrogated BCP-induced anxiolytic effect when compared
with vehicle results (p = 0.004; DMSO-BCP vs. AM630-BCP). In con-
trast, no significant difference between vehicle and AM630-treated
mice was found (p = 1.000; DMSO-Oil vs. AM630-BCP). Finally, and
as depicted in Fig. 1D,measurements of general activity using the closed
arm (CA) entries parameter did not differ significantly between any of
the groups (F(2,22) = 2.634, p = 0.094). Therefore, because no signifi-
cant differences appeared in the number of CA entries between groups
in the EPM test, the observed antianxiety-like behaviors of the mice
receiving acute BCP injection are likely not attributable to differences
in their locomotor activities.

3.1.2. Open field (OF) test
The OF test was used to assess spontaneous locomotor activity and

exploratory behavior among the mice receiving BCP injections and re-
sults are depicted in Fig. 2. The one-way ANOVA test revealed no signif-
icant effect of treatment on the number of line crossings (F(2,22) = 0.
385, p = 0.685) (Fig. 2A) suggesting no significant differences in loco-
motor activity (motor function) in the OF test among groups. However,
therewas amain effect of treatment on the time spent in the center area
(F(2,22) = 7.759, p=0. 003). In fact, and as depicted in Fig. 2B, mice re-
ceiving BCP injections displayed a significant increase in the time spent
in the center of the open field (p = 0.004; DMSO-Oil vs. DMSO-BCP).
However, AM630 pre-injection reversed the BCP-induced anxiolytic-
effect (p = 0.030; DMSO-BCP vs. AM630-BCP). These findings suggest
that BCP-treated mice subsequently produce exploration activities that
are closely associated with anxiolytic-like behavior in the OF test.

3.1.3. Marble burying test (MBT)
To expand further the evaluation of the BCP anxiolytic-like effects,

the MBT was also added and the results are shown in Fig. 3. The one-
way ANOVA test revealed a significant effect of treatment on the



Fig. 2. Effects of acute BCP exposure on exploratory behavior on the open field (OF)
test. (A) Number of line crossing. (B) Time spent in the center of the arena. Each bar
represents mean ± SEM (n = 7–10). * denotes significant differences between DMSO-
Oil and DMSO-BCP (p = 0.004). # denotes significant differences between DMSO-BCP
and AM630-BCP (p = 0.03).

Fig. 4. Effects of acute BCP exposure on depression-like behavior on the novelty
suppressed feeding (NSF) test. (A) Latency to initiate eating. (B) Amount of food
consumed in the home cage. Each bar represents mean ± SEM (n = 7–10). * denotes
significant differences between DMSO-Oil and DMSO-BCP (p = 0.002). # denotes
significant differences between DMSO-BCP and AM630-BCP (p = 0.005).
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number of buried marbles (F(2,22) = 9.134, p = 0. 001) (Fig. 3A). Post
hoc evaluations revealed that the group treated with BCP had a reduced
number of marbles buried by 55% when compared with the negative
control (p = 0.004; DMSO-Oil vs. DMSO-BCP). In this experiment, the
administration of AM630 reversed the reduction of the number of
marbles buried induced by BCP (p = 0.006; DMSO-BCP vs. AM630-
BCP). Interestingly, results from the animals in the AM630-pretreated
group did not differ from those in the negative control group (p =
1.000; DMSO-Oil vs. AM630-BCP). Similarly, there was a significant
effect of treatment on the time spent digging in the MBT (F(2,22) =
15.212, p b 0. 000) (Fig. 3B). Pair-wise comparisons revealed that
BCP treatment reduced average digging time by approximately 70%
(p b 0.000; DMSO-Oil vs. DMSO-BCP). However, results from the
AM630 pre-treatment reversed BCP effect on this behavior (p = 0.001;
DMSO-BCP vs. AM630-BCP) and showed no difference when compared
to results from the vehicle group (p= 1.000; DMSO-Oil vs. AM630-BCP).

3.2. BCP produced an anti-depressant-like activity in C57BL/6 mice

As anxiety and depression are often co-morbid, the effects of BCP in
threemeasurements of depression-like behavior were investigated: the
NSF, the TST and the FST.

3.2.1. Novelty suppressed feeding (NSF) test
The effects of acute (50 mg/kg) BCP treatmentwere tested in C57BL/

6 strainmice in theNSF test and results are depicted in Fig. 4. A one-way
ANOVA test revealed a significant effect of treatment on the latency to
feed (F(2,22)= 9.737, p=0. 001) (Fig. 4A). The acute i.p. administration
of BCP reduced the latency to feed in the NSF test with themagnitude of
the effect being approximately 50% (p = 0.002; DMSO-Oil vs. DMSO-
BCP). In contrast, acute AM630 pretreatment exerted an effect opposite
to that of BCP by increasing the latency to feed (p = 0.005; DMSO-BCP
Fig. 3. Effects of acute BCP exposure on anxiety- and obsessive–compulsive-like behaviors
on themarble burying test (MBT). (A) Number of buriedmarbles. (B) Time spent digging.
Each bar represents mean ± SEM (n = 7–10). * denotes significant differences between
DMSO-Oil and DMSO-BCP (p b 0.005). # denotes significant differences between DMSO-
BCP and AM630-BCP (p b 0.001).
vs. AM630-BCP). The feeding drive of each animal was assessed by
returning it to its home-cage (familiar environment) immediately
after the NSF test and weighing the amount of food pellets consumed
over a period of 5 min. The one-way ANOVA test revealed that an
acute administration of BCP alone or with AM630 did not affect the
amount of home-cage food consumption (F(2,22) = 0.243, p = 0.787)
(Fig. 4B). These data clearly indicated that BCP produced an
antidepressant-like effect with no incidence on appetitive behavior
based on the lack of change in home-cage food consumption.
3.2.2. Tail suspension test (TST)
As depicted in Fig. 5A, there was a significant effect of treatment on

immobility in the TST (F(2, 22)= 6.324, p= 0.007). Post hoc analysis re-
vealed that the administration of BCP produced a significant reduction
in the immobility time (approximately 51%) of animals in the TST (p
= 0.015; DMSO-Oil vs. DMSO-BCP). Interestingly, the influence of
treatment of mice with AM630 on the anti-immobility effect of BCP in
the TST was also significant (p = 0.027; DMSO-BCP vs. AM630-BCP).
3.2.3. Forced swim test (FST)
The effects of BCP (50 mg/kg) on the immobility time in the FST can

be seen in Fig. 5B. The one-way ANOVA test showed that there was a
significant effect of treatment on this parameter (F(2,22) = 5.543, p =
0.011). Post hoc evaluations indicated that mice subjected to the
acute administration of exogenous BCP exhibited a significant anti-
depressant -like behavior (p = 0.021; DMSO-Oil vs. DMSO-BCP)
characterized by decreased duration of immobility (48%) during the
FST compared to the results from vehicle-treated controls. However,
AM630 pre-administration reversed the BCP-reduced time of immo-
bility (p = 0.047; DMSO-BCP vs. AM630-BCP).
Fig. 5.Effects of acute BCP exposureondepression-like behavior on the tail suspension test
(TST) and the forced swim test (FST). (A) Immobility time in the TST. (B) Immobility time
in the FST. Each bar represents mean± SEM (n= 7–10). * denotes significant differences
between DMSO-Oil and DMSO-BCP (p b 0.025). # denotes significant differences between
DMSO-BCP and AM630-BCP (p b 0.05).



123A. Bahi et al. / Physiology & Behavior 135 (2014) 119–124
4. Discussion

The present study demonstrates for the first time that BCP given
systemically is effective in producing a significant anxiolytic- and
antidepressant-like effects in most widely-used predictive animal
models of anxiolytic (EPM, OF and MBT) and antidepressant activity
(NSF, TST and FST). The study also demonstrates that the anxiolytic
and antidepressant actions of BCP are mediated through CB2 receptors.
Evidence for this came from the CB2 receptor antagonist AM630
abrogating the protective properties of BCP which provided evidence
that the CB2 receptor is involved in the regulation of anxiety- and
depression-like behaviors.

Recent pharmacological and genetic findings indicate that the ECS
comprising of endocannabinoid ligands and cannabinoid receptors
(CB1 and CB2) is a target closely related to the regulation of mood dis-
orders. However, with the CB1 receptor antagonist, rimonabant
(SR141716), the appearance of increased risk of anxiety, depression
and suicidal thoughts has directed the development of other alterna-
tives such as activation of CB2 receptors [38–40] which is devoid of
psychiatric adverse effects. Even though the CB2 receptor has been con-
sidered the ‘peripheral’ cannabinoid receptor owing to its presence in
the spleen and lymphocytes [41]. However, considerable functional
and anatomical evidences demonstrate that CB2 receptors are widely
expressed in the CNS of rodents under normal conditions in several
brain regions involved in a wide variety of physiological and pathologi-
cal processes of the CNS including the regulation of emotional behaviors
[for example, see [42–44]]. In the present study, the administration of
BCP reduced the anxiety-like behavior in the EPM test. In addition,
there was no significant difference in the number of closed-arm entries
suggesting that the observed BCP-induced anxiolytic-like effect was not
attributable to alterations of overall locomotor activity. Our findings are
supported by Garcia-Gutiérrez and Manzanares, who reported that
male mice over-expressing CB2 receptors on a Swiss ICR congenic back-
ground showed a significant increase of the percentage of time spent in
the open arms [45]. In the OF test the results of this study have shown
that BCP was anxiolytic as it increases the time spent in the center
area with no effect on total locomotor activity. This is in full agreement
with a previous study where genetic over-expression of the CB2 recep-
tors had no effect on the total distance traveled but did increase the
central distance traveled [45]. It should be emphasized, however, that
Onaivi et al. reported that inhibition of the CB2 receptor mRNA expres-
sion using bilateral microinjection of specific antisense oligonucleotides
significantly increased the time spent in the open-arms of the EPM [46].
Further studies are needed to elucidate these discrepancies. In theMBT,
the results from this study showed that BCP treatment reduced the
number of buried marbles as well as the time spent digging, suggesting
an anxiolytic-like activity that was abrogated upon AM630 pre-
treatment. Similar observations has been demonstrated in another
study, wherein CB2 receptor agonist GW405833 (100 mg/kg) sig-
nificantly inhibited the burying behavior [47]. Considering the genetic
relevance of the MBT in evaluating anxiolytic actions, the present
study observations are clearly suggestive of the anxiolytic effects of
BCP and can be correlated with the CB2 receptors as AM630 abrogated
the BCP effects.

Pharmacologically the conventionally used BZD class of anxiolytics is
known to act through their binding on the interface of the GABAA re-
ceptor complex and promote the inhibitory actions of the GABA neuro-
transmitter in the CNS [for review see: [48–51]]. Recent studies suggest
that administration of the CB2 receptor agonist JWH13 causes suppres-
sion of GABAergic signaling in the hippocampus [52]. In another study,
the deletion of the CB2 receptor has shown decreased 5-HT2C gene
expression in the dorsal raphe and 5-HT2A gene expression in the
prefrontal cortex of CB2 knockout mice [53]. It appears that there is an
association between CB2 receptors and serotonergic receptors however
previous study report that BCP exhibits its anxiolytic effect independent
of 5-HT and GABA receptors. This report convincingly indicates that a
non-GABAergic and non-serotonergic mechanism is involved in the
anxiolytic activity of BCP. Knowing the CB2 receptor selectivity of BCP,
we investigated BCP effects in the animal models of anxiety and depres-
sion using a battery of tests and to demonstrate the CB2 receptor medi-
ated activity we challenged animals with AM630, a selective CB2

receptor antagonist. Based on the findings, the present study clearly
demonstrates that the CB2 receptors participate in the anxiolytic and
antidepressant activity of BCP owing to its inherent cannabimimetic
activity. This study corroborates with the previous study [30], wherein
the authors demonstrated that a non-serotonergic and non-GABAergic
mechanism involved in the anxiolytic activity of BCP. Thus the activa-
tion of CB2 receptors seems to be a novel mechanism and targeting
CB2 receptors represent a novel pharmacological target for anxiolytic
and antidepressants.

BCP administration produced an anti-depressant-like effect when
assessed in models of depression (NSF, TST and FST) which are com-
monly used to identify new anti-depressant drugs. Thus, the fact that
BCP administration is active in these tests support the hypothesis that
this compound may play a role in the modulation of depression. In
this study, BCP did not significantly alter motor activity in mice in the
EPM and OF tests. Therefore, it is unlikely that the antidepressant-like
effect of BCP observed in the FST is based on the stimulation of general
motor activity.

The high lipophilicity of BCP suggests that it crossed the blood–brain
barrier and acted at the CNS level [21]. In a quantitative structure–
activity relationship study, BCP has been shown to possess a Log P
value of 4.319 [54]. Also, AM630 is a potent and selective CB2 receptor
antagonist in the guinea pig brain [55]. It has a Ki of 32.1 nM at CB2

and 165 times selectivity over CB1 receptors in the in vitro and in vivo
studies [21]. The Log P value of BCP and AM630 is more than 4, which
indicates their lipophilicity, a favorable feature for brain penetration
and highly suggestive of its CNS selectivity in coincide with previous
studies [56,57].

Finally, the reversal of the BCP effect by AM630 clearly demonstrates
that the activity of the central cannabinoid receptors plays a role in
modulating the action of BCP in the anti-depressant and anxiolytic
effect. In recent years emerging studies have demonstrated that CB2 re-
ceptors play an important role in anxiety and stress-related disorders
and suggest that targeting CB2 receptors may have a potential role in
anxiety and mood related disorders [45,58].

5. Conclusion

Considering the need for novel compounds that could improve con-
ventional therapies as well as provide new agents targeting psychiatric
disorders, the present study has clearly demonstrated the anxiolytic and
anti-depressant effect of BCP and its underlying mechanism in a CB2

receptor-dependentmanner in rodents. The results also support the in-
volvement of the CB2 receptor in the regulation of emotional behavior
and suggest that this receptor could be a relevant therapeutic target
for the treatment of anxiety and depressive disorders.
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