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The herb Cannabis sativa (marijuana) and
its active component, �9-tetrahydro-
cannabinol (�9-THC), induce feelings of
“high” and euphoria by activating canna-
binoid type 1 receptors (CB1Rs) in the
brain. The membrane-lipid derivates
arachydonoil ethanolamide (nicknamed
anandamide, after “ananda,” a Sanskrit
word meaning “bliss”) and
2-arachydonoil glycerol, referred to as en-
docannabinoids, are endogenous agonists
at this receptor. Their action is terminated
by uptake followed by catabolism by fatty
acid amide hydrolase (FAAH) and mono-
acylglycerol lipase, respectively (Marsi-
cano and Lutz, 2006).

Considering the influence of mari-
juana on emotional states, it has been hy-
pothesized that enhancing CB1R activa-
tion, either with agonists or by blockade of
FAAH, could be a strategy to develop new
anxiolytic and antidepressant drugs
(Gobbi et al., 2005; Moreira et al., 2008).
The majority of clinically used antidepres-
sants inhibit the reuptake of serotonin
that seems to play a major role in the phys-
iopathology of mood disorders. Recently,
some results have suggested that seroto-
nin may mediate the antidepressant-like

effect of cannabinoids. For instance,
FAAH inhibition promotes an increase in
firing activity of serotonergic neurons in
the dorsal raphe nucleus (Gobbi et al.,
2005) and CB1R mRNA is expressed in
these cells as well as in the surroundings
(Haring et al., 2007). A recent paper, pub-
lished in the Journal of Neuroscience by
Bambico et al. (2007) provides more di-
rect evidence to support this possibility.

The authors tested the synthetic CB1R
agonist R(�)-[2,3-dihydro-5-methyl-3-
[(morpholinyl)]pyrrolo[1,2,3-de]-1,4-
benzoxazinyl]-(1-naphthalenyl) meth-
anone mesylate (WIN55,212-2) in the rat
forced swim test, a model used to screen
antidepressants. Subchronic treatment
with WIN55,212-2 modified behavior in a
U-shaped manner: low doses elicited ro-
bust antidepressant-like effects, which
could prevented by the CB1R antagonist
rimonabant, but high doses were ineffec-
tive [Bambico et al. (2007), their Fig. 1A
(http://www.jneurosci.org/cgi/content/
full/27/43/11700/F1)]. Remarkably, the
cannabinoid action was prevented by the
irreversible serotonin-synthesis inhibitor
parachlorophenylalanine [Bambico et al.
(2007), their Fig. 1B (http://www.
jneurosci.org/cgi/content/full/27/43/
11700/F1)]. In vivo extracellular single-
unit recording complemented these be-
havioral analyses. Subchronic treatment
with low doses of WIN55,212-2 increased
the firing rate of dorsal raphe serotonergic
neurons, whereas firing rate decreased at
higher doses [Bambico et al. (2007), their

Fig. 2 (http://www.jneurosci.org/cgi/
content/full/27/43/11700/F2)]. A similar
result was observed after acute treatment.
Rimonabant prevented the effects of low
doses, and the transient receptor potential
vanilloid type 1 (TRPV1) antagonist cap-
sazepine prevented the effect of high doses
[Bambico et al. (2007), their Fig. 3A–F
(http://www.jneurosci.org/cgi/content/
full/27/43/11700/F3)]. The biphasic re-
sponse is consistent with the behavioral
results. Furthermore, a non-CB1R-medi-
ated mechanism may account for the
effects at higher doses.

The dorsal raphe receives excitatory
projections from the medial prefrontal
cortex (mPFC), a structure that computes
the controllability over stressful stimuli.
Transection of mPFC abrogated the exci-
tatory responses in the dorsal raphe after
systemic cannabinoid injection [Bambico
et al. (2007), their Fig. 4 (http://www.
jneurosci.org/cgi/content/full/27/43/
11700/F4)]. Furthermore, infusion of
WIN55,212-2 in the dorsal raphe pro-
moted only modest changes in neuronal
activity [Bambico et al. (2007), their Fig.
5 A, B (http://www.jneurosci.org/cgi/
content/full/27/43/11700/F5)], whereas
infusion in the ventral aspects of the
mPFC (mPFCv) yielded similar results as
systemic injection, significantly exciting
dorsal raphe cells [Bambico et al. (2007),
their Fig. 6A–D (http://www.jneurosci.org/
cgi/content/full/27/43/11700/F6)]. Collec-
tively, these data indicate that the mPFCv
may be necessary for the activation of dorsal
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raphe serotonergic neurons by cannabi-
noids. Finally, local cortical microinjection
of WIN55,212-2 mimicked the effect of sys-
temic administration, eliciting antidepres-
sant-like behavior via CB1R activation
[Bambico et al. (2007), their Fig. 7 (http://
www.jneurosci.org/cgi/content/full/
27/43/11700/F7)].

These results suggest a possible mecha-
nism for the antidepressant-like activity of
cannabinoids: a disinhibition of excitatory
projections from the mPFCv to serotoner-
gic neurons in the dorsal raphe. This is a
major step toward a better understanding of
the psychopharmacology of cannabinoids,
although some issues are still to be solved.
First, the reasons for the U-shaped dose re-
sponse remain to be further explored. Why
high doses induce opposite actions as com-
pared with low ones? An interaction with
TRPV1 channels could be an explanation, as
Bambico et al. (2007) investigated. The bi-
phasic dose–response curve could also be at-
tributable to the inhibition of different neu-
ral populations. Because CB1Rs are located
in presynaptic terminals of both inhibitory
and excitatory neurons (Marsicano and
Lutz, 2006), multiple types of responses are
possible. Another issue to be explored is the
consequence of chronic administration.
Antidepressants tend to be effective after
prolonged treatment, possibly because of

the requirement of hippocampal neurogen-
esis (Santarelli et al., 2003). Cannabinoids
may also depend on neurogenesis for their
effects in animal models of emotionality
(Jiang et al., 2005), suggesting that they
might not be an alternative as an acute ap-
proach to ameliorate mood disorders. How-
ever, few studies have addressed the conse-
quences of prolonged CB1R activation.
Finally, although the experiments were con-
ducted with a CB1R agonist, FAAH inhibi-
tors may be more promising as a therapeutic
strategy. Endocannabinoids are synthesized
and released after increase in neuronal activ-
ity, although their actions are promptly ter-
minated by uptake followed by hydrolysis.
Then, FAAH inhibition could provide “on-
demand” defense against stressful stimuli,
with less risk of motor impairment, addic-
tion and biphasic effects than CB1 agonists
(Gobbi et al., 2005).

In conclusion, the work by Bambico et
al. (2007) further clarifies the mechanisms
underlying the antidepressant-like effect
of cannabinoids. Enhancing the endoge-
nous cannabinoid system could be a new
mechanism for medicines that may allevi-
ate depression and related psychiatric
disorders.
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