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Recent findings indicate that CB1 receptor blockade might be relevant to the action of antidepressant drugs as
inhibition of endocannabinoid function can increase synaptic availability of neurotransmitters; an effect also
seen with chronic antidepressant drug treatment. Chronic treatments with established antidepressants also
lead to raised brain BDNF levels. The aim of this study was to compare the effects of rimonabant (an inverse
agonist/antagonist of CB1 receptors) with those of the antidepressant tranylcypromine (TCP), on behaviour
and expression of BDNF/CREB signalling pathways in rat brain.
Daily (i.p.) injections of vehicle or TCP (10 mg/kg) or rimonabant (2 mg/kg) were given for 14 days. Locomo-
tor activity (LMA) and a conditional emotional response (CER) were measured in addition to levels of BDNF
and CREB/phospho-CREB, using immunoblotting, in the frontal cortex, hippocampus, striatum and cerebel-
lum. The velocity of movement was increased significantly on the 3rd, but not 9th, day of TCP treatment ver-
sus vehicle-treated rats (pb0.05) while rimonabant had no effect. There were no significant changes in
grooming or freezing behaviours after rimonabant or TCP compared to vehicle-treated rats. Rearing was sig-
nificantly reduced by TCP treatment on the 3rd, but not 9th, day of treatment (pb0.001) while rimonabant
had no effect. BDNF levels were significantly increased in the frontal cortex after TCP (pb0.05) but not by
rimonabant. Neither TCP nor rimonabant significantly affected CREB or p-CREB expression.
In conclusion, chronic administration of TCP to rats increased BDNF expression in the frontal cortex but no
similar effect was observed with rimonabant indicating that rimonabant does not show antidepressant
drug-like responses after chronic treatment.

© 2011 Elsevier Inc. All rights reserved.
1. Introduction

Endocannabinoids, such as anandamide and 2-arachidonoyl glycerol
(2-AG), are believed to be synthesised “on demand” from membrane-
located precursors in postsynaptic neurons (Baker et al., 2003) in re-
sponse to increasing intracellular calcium levels. Anandamide and 2-AG
bind to pre-synaptic CB1 receptors leading to inhibition of presynaptic
Ca2+ influx and a decrease in the release of neurotransmitters from
the presynaptic nerve endings. Several studies have demonstrated that
this CB1 receptor signal transduction system, could impact on biochem-
ical pathways that are relevant to depression, such as emotional proces-
sing and memories (2005, Wilson and Nicoll, 2002). In the clinic,
depression is treated primarily using drugs that directly enhance
the availability and release of brain monoamine neurotransmitters
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(Skolnick et al., 2001). Drugs acting on monoamines in the brain
activate second messenger signal transduction pathways including
cyclic AMP (cAMP), phosphatidylinositol hydrolysis and intracellu-
lar calcium, and consequently cause up-regulation of the cAMP re-
sponse element binding protein (CREB) and the transcription
factor phospho-CREB leading to altered expression of neuroprotec-
tive genes such as brain derived neurotrophic factor (BDNF;
(Duman, 1998; Lesch, 2001)).

Altar (1999) demonstrated that chronic administration of selective
serotonin reuptake inhibitors and electroconvulsive therapy (ECT)
caused increased expression of neurotrophins indicating their in-
volvement in the suggested neuroprotective effect of antidepressants.
It has been suggested that CB1 receptor antagonists might contribute
to improving depressive symptoms by increasing monoaminergic
neurotransmission and thus be a novel pharmacotherapeutic ap-
proach to mood disorders (Witkin et al., 2005).

Dysregulation of the HPA axis has a key role in the neurobiology of
depression (Hill and Gorzalka, 2005). Hyperactivity of the HPA axis
and reduced feedback inhibition are observed in depressed humans
and in animal models (Patel and Hillard, 2009). Additional evidence
indicates that cannabinoid compounds also affect the HPA axis
(Manji et al., 2001). Activation of the HPA axis can occur via activation
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of corticotropin releasing factor (CRF) following CB1 receptor activa-
tion (Rodriguez de Fonseca et al., 1995). Anxiogenic effects of canna-
binoid receptor agonists have been suggested to be a direct action of
these compounds in the hypothalamus leading to activation of the
pituitary–adrenal axis. Therefore, the effects of cannabinoid receptor
agonists acting via CRF activation can be attenuated by CRF receptor
antagonists (Rodriguez de Fonseca et al., 1996), compounds that
may potentially act as anti-depressant drugs. Witkin et al. (2005)
suggested that CB1 receptor antagonists could decrease mRNA ex-
pression of CRF (Gonzalez et al., 2004) and thus prevent the anxio-
genic HPA response via activation by CB1 receptors. In support of
this, rimonabant inhibits the elevation of corticotropin and cortico-
sterone induced by Δ9-THC (Griebel et al., 2005; Manzanares et al.,
1999; Murphy et al., 1998), providing evidence of an antidepres-
sant-like effect of the CB1 receptor antagonist in the control of CRF-
HPA function.

There is also evidence indicating some antidepressant properties
of CB1 receptor antagonists. For example, the novel CB1 antagonists
SLV319 and AVE1625 increased dopamine and acetylcholine release
in rat pre-frontal cortex (Witkin et al., 2005). It has also been
reported that rimonabant increases noradrenaline and 5-HT levels
in rat pre-frontal cortex and hippocampus and that antidepressant-
like effects of acute rimonabant were observed in rodent behavioural
models (Griebel et al., 2005). In contrast, it has been suggested that
blockade of CB1 receptors by either pharmacological or genetic
methods could induce states similar to melancholic depression (Hill
and Gorzalka, 2005). Christensen et al. (2007) found that 20 mg/day
of rimonabant increased the risk of psychiatric symptoms such as
mood depression and anxiety. Furthermore the US Food and Drug Ad-
ministration (FDA, 2007) reported that the risk of suicide was in-
creased in individuals during clinical trials for obesity treatment
with rimonabant; this lead to the removal of rimonabant from the
market and continuing concern has focused on the possible precipita-
tion of depressive symptoms in obese rimonabant-treated individuals
(Pi-Sunyer et al., 2006). Although, acute administration of rimona-
bant has shown anti-depressant-like activity in animal models it is
important that the effects are also investigated following chronic
treatment.

The objective of this study was to determine whether chronic
treatment with either rimonabant, (2 mg/kg/day) or the conventional
antidepressant drug, tranylcypromine, (TCP) a monoamine oxidase
inhibitor, (10 mg/kg/day) would produce similar physiological (body
weight, food consumption), behavioural (conditional emotional
response, locomotor activity) and protein expression (BDNF and
CREB/phospho-CREB) changes in rats.

2. Materials and methods

2.1. Animals

24 male Lister hooded rats (150–200 g) were purchased from the
Biomedical Sciences Unit, University of Nottingham (a colony derived
from Charles River UK stock). Animals were randomly placed in 3
groups. They were injected with either TCP (10 mg/kg/day, i.p.) or
rimonabant (2 mg/kg/day) or vehicle for 14 days between 9 and
10 am. All rats were kept under 12:12 h of light/dark cycle at a constant
temperature of 21±2 °C and 40–60% humidity with food and water
available ad libitum. All experiments were performed under UK Home
Office (1986) Animal Scientific Procedures Act andwith local University
of Nottingham Ethical committee approval (PPL 40/2715).

2.2. Drugs

TCP (Sigma, 10 mg/kg/day), rimonabant (National Institute of
Mental Health, 2 mg/kg/day) and vehicle were prepared using the
following formula: ethanol, Tween80, saline, 3:1:16 respectively.
The drug solutions were injected in a volume of 1 mg/kg i.p. The
dose of TCP was selected on the basis of other studies that reported
(Nibuya et al., 1995, 1996) chronic effects of the drug on BDNF ex-
pression in the frontal cortex of rats. Rimonabant (2 mg/kg) used as
this dose has been demonstrated to blocked the anxiolytic effects of
raising endogenous cannabinoid tone by administration of FAAH in-
hibitors in the rat (Kathuria et al., 2003). Furthermore this dose has
been shown to antagonise the effects of THC-evoked excitation of
the ventral tegmental area neurons (French, 1997) and WIN55212-2
(a CB1 receptor agonist) induced stimulation of locus coeruleus neu-
rons (Mendiguren and Pineda, 2006), Rimonabant (2 mg/kg) also se-
lectively decreased the development of nicotine induced sensitivity
(Kelsey and Calabro, 2008) while French (1997) concluded on the
basis of behavioural and ex vivo binding studies that a dose of 0.5 or
2 mg/kg blocked CB1 receptors.

2.3. Physiological measurements

Body weight and food consumption (by subtraction of consumed
food from the total amount provided) were measured daily between
9 and 10 am.

2.4. Behavioural tests

Locomotor activity (LMA); and conditional emotional behaviour
response (CER) were assessed. On the second day of the experiment,
animals were habituated to the locomotor activity boxes and LMA
was then assessed on the 3rd and 9th days of treatment over
20 min in the same activity boxes. The locomotor activity test was
performed using transparent Perspex boxes (40×20×25 cm) com-
bined with computer tracking using Ethovision (Noldus, Wageningen,
Netherlands). The animals were allowed to freely explore the arena.
In the LMA trials a video camera was installed to record all behaviours
either on tape for manual scoring of grooming (individual action of
an animal to cleaning the body surface by licking, etc.) and rearing
(standing straight on both hind legs) or directly to a monitor in order
to calculate the total distance and velocity of movement with the
Ethovision software.

CER; in order to assess contextual learning, unconditioned stimuli
(UC) were applied to the rats in a metallic observation chamber
(25×24×49 cm) by inducing electrical foot-shock. Animals received
foot-shocks in this box on the 10th day of treatment (conditioning
day), and CER was assessed on the 11th, day of the experiment. The
floor of the chamber was covered with 21stainless steel rods set
1.1 cm apart and connected to a shock generator (Campden Instru-
ments, Loughborough, UK). A video camera recorded all behaviours.
On the conditioning day, rats were individually placed in the chamber
and, after 30 s received foot-shocks (0.4 mA, for 1 s×10 one/min for
10 min) and 30 s after the last shock the rats were returned to their
home cage. On the trial day, rats were placed in the same chamber
in which they had received foot shocks 24 h previously and the total
duration of freezing behaviour (total absence of movement excluding
breathing and heart beat) during 10 min was manually measured.

Ratswere killed by decapitation on the day following the end of the
treatment and their brains dissected on ice into regions (pre-frontal
cortex, striatum, hippocampus, cerebellum) then immediately frozen
at −80 °C. The frontal cortex, hippocampus, striatum and cerebellum
were separated into cytosolic and nuclear fractions on the day of
immunoblotting.

2.5. Protein expression

BDNF, CREB and p-CREB protein expression were measured in the
frontal cortex, hippocampus, striatum and cerebellum using Western
immunoblotting. Total protein in each sample was measured (Lowry
et al., 1951) and ß-actin expression was used as a reference protein
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Fig. 1. Effect of chronic treatmentwith TCP (10mg/kg/day i.p.) or rimonabant (2 mg/kg/day
i.p.) compared to vehicle-treated rats on body weight over 14 days. Data are presented as
means±SEM of body weights during 14 days of treatment and analysed using two-way
RM ANOVA. TCP (10 mg/kg/day) significantly reduced body weight (F (2, 294)=3.74,
p=0.0408, n=8) compared with vehicle-treated rats but rimonabant (10 mg/kg/day)
had no effect on body weight over 14 days of treatment. All groups showed significant
increases in body weight with time (F (14, 294)=1050.37; pb0.0001, n=8).
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Fig. 2. Effect of chronic treatmentwith TCP (10mg/kg/day i.p.) or rimonabant (2 mg/kg/day
i.p.) compared to vehicle treated rats on food consumption during 14 days of experi-
ment. Data are presented as mean±SEM of body weight during 14 days of treatment
and analysed using two-way RM ANOVA. All groups showed significant increases
in food consumption with time (F (13, 39)=4.76, p=b0.0001, n=8) also TCP
(10 mg/kg/day) significantly reduced food consumption (F (2, 39)=13.55, p=0.0315,
n=8) compared with vehicle rats but rimonabant (10 mg/kg/day) had no effect on
food consumption.
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to account for any differences in sample loading. BDNF expression
was assessed in 50 μg samples using 15% sodium dodecyl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE). CREB and p-CREB
proteins were detected using 10% SDS-PAGE in samples of approxi-
mately 30 μg and 120 μg respectively. Blots were incubated with ap-
propriate primary antibodies. The primary antibody used for BDNF
was BDNF (N-20), a rabbit polyclonal IgG (Santa Cruz Biotechnology)
at a dilution of 1:500 in 5% milk. The CREB antibody was CREB (48H2)
a rabbit mAb (Cell Signalling Technology) (1/1000) and anti-phospho-
CREB (Ser 133) was a rabbit polyclonal (Cell Signalling Technology)
(1/500). The samples were incubated overnight at 4 °C and then
BDNF, CREB and p-CREB protein were incubated with a secondary
antibody, 1/2000 dilution in blocking buffer (5% milk), a polyclonal
goat anti-rabbit conjugated with horse-radish peroxidase (HRP)
(Dakocytomation, Denmark). For β-actin identification the secondary
antibody was a polyclonal goat anti-mouse conjugated with Horse-
Radish Peroxidase (Dako) at a dilution of 1/2000 in blocking buffer
(5% milk), for 60 min incubation at room temperature. The blots were
exposed to hyper ECL autoradiography film (Amersham Bioscience,
UK) in the dark room. BDNF, β-actin, CREB and p-CREB blots were
exposed for15 min, 30 s, 5 min and 60min respectively. The predicted
molecular weights of BDNF and β-actin bands were 14 kDa and 43 kDa,
both CREB and p-CREB about 43 kDa. The developedfilmswere scanned
using a Gs-710 imagingDensitometer (Bio-Rad) using the Quantity One
software programme (Bio-Rad, Biosciences) for image analysis. The
proteins levels are presented as a percentage change from the vehicle-
treated animals (defined as 100%).

2.6. Statistical analysis

Data are presented as means±standard error of the mean (SEM).
The data from the food consumption and body weight measurements
were analysed using two-way ANOVAwith Prism 4.0. The data from ei-
ther LMA or CER tests (total distance movement, velocity, total rearing,
total grooming and freezing) on the days of behavioural test and protein
expression in the frontal cortex, hippocampus, striatum and cerebellum
were analysed using one-way ANOVA followed by Dunnett's multiple
comparison test when appropriate.

3. Results

3.1. Effects of chronic treatment with TCP or rimonabant on physiological
measurements (gain in body weight, food consumption)

TCP (10 mg/kg i.p.) significantly decreased body weight compared
with control, during 14 days of treatment (F (2, 294)=3.74,
p=0.0408) while rimonabant (2 mg/kg) had no effect on body
weight (Fig. 1). Chronic administration of TCP (10 mg/kg i.p.) signifi-
cantly reduced (F (2, 39)=13.55, p=0.0315) food consumption
compared to vehicle-treated controls while rimonabant (2 mg/kg)
again had no effect (Fig. 2).

3.2. Effect of chronic treatment with TCP (10 mg/kg/day) or rimonabant
(2 mg/kg/day) on locomotor activity and CER

Neither TCP (10 mg/kg/day) nor rimonabant (2 mg/kg/day) al-
tered the total distance moved during the 20 min experimental peri-
od on either the 3rd or 9th day of treatment (data not shown). TCP
significantly increased (pb0.05) the velocity of locomotion over
20 min, compared to vehicle on the 3rd day of treatment, an effect
not observed in the rimonabant-treated rats (Fig. 3.A). Neither TCP
nor rimonabant affected the velocity on the 9th (Fig. 3.B) day of treat-
ment. TCP significantly reduced (pb0.001) total duration of rearing in
TCP-treated rats compared with vehicle-treated controls on the 3rd
day (Fig. 4.A) but there was no difference on the 9th day of treatment
(Fig. 4.B). Total duration of rearing was unaffected by rimonabant on
either the 3rd or 9th days of treatment (Fig. 4, A, B respectively). Total
duration of grooming was unaffected by either TCP or rimonabant on
both the 3rd and 9th days over the 20 min experimental period, al-
though rimonabant tended to increase grooming on the 3rd day of
the experiment (Fig. 5.A,B respectively). Neither TCP nor rimonabant
had a significant effect on the total time spent freezing in the CER test
(day 11, data not shown).
3.3. Effect of chronic treatment with TCP (10 mg/kg/day) or rimonabant
(2 mg/kg/day) on BDNF and CREB/p-CREB protein expression in the frontal
cortex, hippocampus, striatum and cerebellum

Chronic administration of TCP (10 mg/kg/day i.p.) significantly in-
creased (pb0.05) BDNF protein expression in the frontal cortex com-
pared with vehicle controls while rimonabant (2 mg/kg/day i.p.) had
no effect (Fig. 6). There was no effect on the ratio of CREB: p-CREB in
the frontal cortex following either drug treatment (Fig. 7). Neither
TCP nor rimonabant-treated rats showed significant changes in
BDNF expression levels or p-CREB ratios in the hippocampus, stria-
tum and cerebellum.
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Fig. 3. Effect of treatment with TCP (10 mg/kg/day) or rimonabant (2 mg/kg/day) com-
pared to vehicle treated rat on velocity on the 3rd (A) and 9th (B) days of treatment.
Data are presented as mean±SEM of velocity during 20 min. Data were analysed using
One Way ANOVA and followed by Dunnett's Multiple Comparison Test in case of signifi-
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Fig. 5. Effect of treatment with of TCP (10 mg/kg/day) or rimonabant (2 mg/kg/day)
compared to vehicle treated rat on grooming duration in the 3rd (A) and 9th (B)
days of treatment. Data are presented as mean±SEM of grooming duration over
20 min. Data were analysed using OneWay ANOVA and followed by Dunnett's Multiple
Comparison Test in case of significance (n=8 in all groups). Neither TCP nor rimona-
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Fig. 6. Effect of chronic (14 days) treatment on BDNF protein levels in the cytosolic
fraction of frontal cortex homogenate samples measured by western blot analysis of
TCP (10 mg/kg/day) or rimonabant (2 mg/kg/day) vehicle treated rats. Data are pre-
sented as percent of control (100%) and are mean±SEM with One Way ANOVA
(n=8 in all groups). A: Densitometric analysis, there was a significant increase in
BDNF expression in the frontal cortex of TCP treated rats compared with vehicle control
rats but rimonabant had no effect. B1: Shows BDNF band which is expected ~14 kDa
weight. B2: Shows β-actin band with ~43 kDa weight indicating equal loading of our
samples in wells.
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4. Discussion

The present study showed that a conventional antidepressant
TCP significantly reduced both body weight and food consump-
tion; effects not observed with rimonabant. TCP also significantly
increased locomotor velocity and reduced rearing on the 3rd day
of the experiment. These changes in behaviour were accompanied
by increased BDNF levels in the hippocampus of TCP-treated rats,
as expected after chronic antidepressant drug treatment (Nibuya
et al., 1995, 1996) while rimonabant failed to alter either behav-
iour or BDNF levels.

Food consumption and body weight were significantly reduced by
TCP (10 mg/kg i.p.) over the 14 day experiment while rimonabant
(2 mg/kg) had no effect on either parameter. In humans one of the
most common effects of marijuana is stimulation of appetite (Abel,
1975) and it has been reported that use of cigarettes containing
Δ9-THC increases palatable food consumption (Foltin et al., 1988). It
has previously been reported that TCP reduced the body weight of
rats (Dulloo and Miller, 1984) and activation of CB1 receptors by
endocannabinoids is considered to be important in the central hypo-
thalamic control of appetite (Di Marzo and Matias, 2005). Cannabi-
noid receptor agonists may induce feeding by increasing the
motivational or rewarding properties of food through an interaction
with the endogenous opioid system (Manzanares et al., 1999). Fur-
thermore, it has been postulated that the hyperphagia induced by
anandamide is reduced by rimonabant indicating a role for endoge-
nous cannabinoids in food consumption. It is worth noting that
BDNF has a role in the regulation of body weight; for example, a sig-
nificant reduction of BDNF was observed in the fasting human (Xu et
al., 2003). Administration of BDNF to wild-type mice induced a loss of
body weight via reduced food consumption (Pelleymounter et al.,
1995). This interaction might be influenced by BDNF effecting either
hypothalamic development or regulation of neurotransmitters in-
volved in hypothalamic feeding circuits (Kernie et al., 2000). As
BDNF has a vital role in long term potentiation in learning and
memory, the other possibility is that BDNF produces a similar effect
on hypothalamic feeding circuits in the regulation of feeding behav-
iour (Gray et al., 2006). In the present study, however, rimonabant
did not significantly reduce body weight, food consumption or
BDNF while TCP-treated rats showed a significant reduction in body
weight and food intake while BDNF was increased which may indi-
cate a role for BDNF in feeding behaviour. An explanation for the
lack of effect of the CB1 antagonist may relate to the duration of treat-
ment as a previous study found that subchronic daily treatment with
rimonabant (1 mg/kg, 10 days) reduced food consumption and body
weight gain in Zucker obese rats but importantly not in lean Zucker
rats (Serrano et al., 2008). Furthermore another study found that
food consumption and body weight of mature rats was reduced in a
dose-dependent manner by daily injections of rimonabant (2.5 or
10 mg/kg) but this anorectic effect ceased after 5 days of treatment,
possibly due to the development of tolerance, while the reduction in
body weight was maintained throughout the experiment (Colombo et
al., 1998). Such tolerance may account for the lack of effect on food in-
take over the 14 day treatment period using normalweight Lister hood-
ed rats used in the present study.

Based on the literature we expected that rimonabant would affect
locomotor activity, however it had no effect on the either the 3rd or
9th day of treatment and only showed a non-significant tendency to
induce some anxiogenic-like effects, such as increased grooming
(Fig. 5.A). A previous study has shown that rimonabant can induce
anxiety in Wistar rats (Kathuria et al., 2003). It is however well estab-
lished that there are rat strain differences in response to anxiogenic
stimuli over a range of different behavioural tasks used to measure
anxiogenic responses (Ennaceur et al., 2005) and it is possible that
the Lister hooded rat is less susceptible to the reported aversive prop-
erties of rimonabant than Wistar rats. Moreover some studies have
observed anxiolytic-like effect of rimonabant in some models of anx-
iety (Haller et al., 2002; Rodgers et al., 2003; Griebel et al., 2005).

The results revealed no significant changes in total distance moved
following either TCP or rimonabant. A previous study with acute injec-
tions of rimonabant (0.1, 0.3, 1, 3 and 10 mg/kg) showed an increase in
the awake-state EEG but nomotor effects (Santucci et al., 1996). In con-
trast, TCP on the 3rd day increased movement velocity and there was a
clear tendency for a similar increase on the 9th but it was not a signifi-
cant effect. Rimonabant had no effect on locomotor activity on either
the 3rd or 9th day. In CB1 knockout mice, locomotor activity is reduced
compared to wild type which indicates a role for the endocannabinoid
system in movement control (Zimmer et al., 1999). TCP-treatment re-
duced rearing after 3 days of treatment but had no effect after 9 days.
Rearing and grooming are considered to be indices of anxiety-related
behaviours mediated by the monoamines serotonin and noradrenaline
(Moody et al., 1988) in the amygdala (Amaral, 2002; Bremner et al.,
1996; Iversen, 1984). The decrease in rearing observed after 3 days of
treatment with TCP may be indicative of an increase in aversive behav-
iour after acute treatment. Increased activity of the central noradrena-
line and serotonin systems is considered to be essential for coping
with aversive stimuli associated with fear and anxiety-related behav-
iours (Fanselow, 1980; Stanford andMarsden, 2005). Chronic TCP treat-
ment has been shown to enhance release of both noradrenaline and
serotonin in the hippocampus and frontal cortex of treated rats (Ferrer
and Artigas, 1994; ZINI et al., 2000). In the present study TCP reduced
rearing after 3 days of treatment while tending to decrease freezing be-
haviour induced by CER after 9 days of TCP treatment indicating an an-
xiolytic effect. Rimonabant had no effect on rearing or freezing after
either acute or chronic treatment. The duration of freezing in the condi-
tioned emotional response test is also used as an index of induced fear
and anxiety (Maki et al., 2000). It has been reported previously that
acute treatment with TCP (3–15 mg/kg) reduced freezing behaviour
in rats (Duman, 1998; Lesch, 2001).

Chronic treatment with antidepressant drugs increases mono-
amine neurotransmitter functions which can then activate cAMP
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and phosphoinositide hydrolysis pathways and, consequently, CREB
phosphorylation resulting in the enhancement of the expression of
neuroprotective genes such as BDNF (Ghosh and Greenberg, 1995;
Nibuya et al., 1996). For example; the activation of second messenger
signal transduction may occur by enhancing 5-HT and NE neurotrans-
mission and activation of their receptors which are coupled to the
cAMP-PKA cascade (e.g. 5-HT4,6,7 and β-adrenoceptors) or by binding
to other receptors (e.g. 5-HT2 and α1-adrenoceptors) with subse-
quent activation of Ca2+-dependent protein kinase (Ghosh and
Greenberg, 1995; Nibuya et al., 1996). In the present study, neither
TCP nor rimonabant had a significant effect on CREB expression al-
though chronic TCP but not rimonabant increased BDNF levels in
the frontal cortex as predicted for an antidepressant drug (Nibuya
et al., 1996). However, Nibuya found an increased level of CREB ex-
pression in the hippocampus of antidepressant-treated rats while
Coppell et al. (2003) suggested that the effect of antidepressant
drugs such as TCP on BDNF gene expression in the hippocampus of
rats is bi-phasic and time-dependent. So, the lack of effect of TCP on
p-CRB/CREB expression in the present study might reflect such a
dual action of the antidepressant in brain regions.

It is worth noting that, in previous studies, BDNF expression was
only increased after chronic but not acute antidepressant drug adminis-
tration (Pi-Sunyer et al., 2006) indicating an essential role of time as an
important element in the therapeutic effect of antidepressant drugs.

It has been reported that Δ9-THC and endocannabinoids inhibit
neurotransmitter release partly by reducing activity in the cAMP
pathway. However the present results showed no effects of rimona-
bant on BDNF or CREB/P-CREB expression and also no effect in the
behavioural tests. Taken together these results do not support an
antidepressant-like profile for this drug. As discussed previously,
this is possibly no surprise given the reported incidence of depressive
symptoms in subjects treated with rimonabant in the RIO, rimona-
bant in obesity, trials (US Food and Drug Administration Advisory
Committee, 2007) and begs the question of whether the reports of
antidepressant-like activity with novel CB1 antagonists in preclinical
experiments were misleading, possibly because they were based on
acute and not chronic administration of the drugs. Indeed, elevation
of endocannabinoid tone using fatty acid amide hydrolase inhibitors
has been reported to produce antidepressant-like effects in rodents
(Bortolato et al., 2007; Adamczyk et al., 2008). However, it is interest-
ing to note that chronic administration of TCP has been shown to re-
duce the levels of the endocannabinoid anandamide while increasing
CB1 receptor density in rat hippocampus and frontal cortex (Hill et al.,
2008). These results indicate that changes in monoamine neurotrans-
mitter activity induced by antidepressant drugs can alter cannabinoid
function and that such effects may be relevant to the antidepressant
effects of drugs such as TCP.

In summary, it has been proposed that rimonabant might induce
antidepressant-like effects. However, the present results showed no
significant changes in normal rats consistent with such effects follow-
ing rimonabant treatment. Witkin et al. (2005) proposed that CB1 re-
ceptor antagonists might exert antidepressant-like effects by altering
the CB1 receptor regulation of the HPA axis. Therefore, as suggested
by Witkin (2005), the therapeutic effects of rimonabant and other
CB1 receptor antagonists might be dependent on the level of endo-
cannabinoid tone. This indicates that modulation of the stress axis is
more likely to be effective under conditions of stress rather than nor-
mal conditions and future studies should focus on the effects of CB1
agonists and antagonists using appropriate animal models of stress
and depression.
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