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ABSTRACT
The identification of the cannabinoid receptor type 1 (CB1 receptor) was the milestone discovery in the elucidation of
the behavioural and emotional responses induced by the Cannabis sativa constituent D9-tetrahydrocannabinol. The
subsequent years have established the existence of the endocannabinoid system. The early view relating this system
to emotional responses is reflected by the fact that N-arachidonoyl ethanolamine, the pioneer endocannabinoid, was
named anandamide after the Sanskrit word ‘ananda’, meaning ‘bliss’. However, the emotional responses to cannabinoids are not always pleasant and delightful. Rather, anxiety and panic may also occur after activation of CB1
receptors. The present review discusses three properties of the endocannabinoid system as an attempt to understand
these diverse effects. First, this system typically functions ‘on-demand’, depending on environmental stimuli and on the
emotional state of the organism. Second, it has a wide neuro-anatomical distribution, modulating brain regions with
different functions in responses to aversive stimuli. Third, endocannabinoids regulate the release of other neurotransmitters that may have even opposing functions, such as GABA and glutamate. Further understanding of the temporal,
spatial and functional characteristics of this system is necessary to clarify its role in emotional responses and will
promote advances in its therapeutic exploitation.
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THE ENDOCANNABINOID SYSTEM AND
EMOTIONS: IS IT ONLY ‘BLISS’?
The proposal of a specific site of action for the Cannabis
sativa constituent D9-tetrahydrocannabinol (D9-THC) 20
years ago (Devane et al. 1988) provided the first step
towards a molecular understanding of the emotional
responses induced by this natural cannabinoid and its
synthetic derivatives. A G protein-coupled receptor was
subsequently cloned (Matsuda et al. 1990) and named
cannabinoid type 1 (CB1) receptor. Next, two endogenous
agonists (endocannabinoids), N-arachidonoyl ethanolamine (anandamide) and 2-arachidonoyl glycerol (2-AG),
were identified. In addition, a second G protein-coupled
cannabinoid receptor was cloned, the type 2 (CB2) receptor. The major components that terminate the actions of
endocannabinoids were characterized, namely fatty acid
amide hydrolase (FAAH) and monoacylglycerol lipase
(reviewed in Howlett et al. 2002; Marsicano & Lutz 2006;
Pacher, Batkai & Kunos 2006; Piomelli 2003). However,

the endocannabinoid synthesizing machinery and the
putative re-uptake mechanism by a membrane transporter need further clarifications.
For centuries, Cannabis preparations have been used
for recreational purposes because of their diverse psychotropic effects, characterized by a state of euphoria, relaxation, happiness, laughter and ‘high’ (Hall & Solowij
1998; Huestis et al. 2001; Johns 2001). It is, therefore,
not surprising that the first endocannabinoid identified
(N-arachidonoyl ethanolamine) was nicknamed anandamide, after the Sanskrit word ‘ananda’, for ‘bliss’ (Devane
et al. 1992). Despite the early view on this endocannabinoid as a substance implying ‘supreme happiness’, activation of CB1 receptors does not always result in feelings
of pleasure and delight. Rather, anxiety, panic and psychotic reactions may also occur after Cannabis smoking or
D9-THC administration to humans (Zuardi et al. 1982;
Thomas 1996; Hall & Solowij 1998; Johns 2001;
D’Souza et al. 2004). The same complex picture applies
to studies with CB1 receptor agonists or antagonists in
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animal models of psychiatric disorders (reviewed in
Millan 2003; Hill & Gorzalka 2005a; Viveros, Marco &
File 2005). Thus, the endocannabinoid system is very
likely to be relevant for emotional states related to
anxiety, stress, depression and addiction. The question
has remained whether its function is to aggravate or to
alleviate them.
This is a major issue if one envisages the clinical use
of cannabinoids as well as the exploitation of this system
as a therapeutic target. Regarding psychiatric research,
several studies have focused on a range of disorders, such
as generalized anxiety, post-traumatic stress disorder,
depression and drug abuse (reviewed in Hill & Gorzalka
2005a; Maldonado, Valverde & Berrendero 2006;
Viveros et al. 2005; Wotjak 2005). Therefore, the aim of
this review is to discuss the role of the endocannabinoid
system in behavioural responses and to attempt to reconcile the intricate data on this subject. First, we will
comment on the biphasic and often seemingly illogic
effects of cannabinoids in relation to aversive responses
and addiction. Next, three particular characteristics
of the endocannabinoid system will be discussed as
we will try to understand conflicting findings: Its ‘ondemand’ functioning (when the system works), its
neuro-anatomical distribution (where it works) and its
neuromodulatory activity (what it does). Further understanding of these properties may yield new interventions
that could be of therapeutic interest. A thorough and
comprehensive review on the neurobiology of emotions
and psychiatric disorders is beyond the scope of this
review. They were addressed elsewhere (Millan 2003;
2006; Charney 2004; Castren 2005; Everitt & Robbins
2005; Berton & Nestler 2006).

THE ENDOCANNABINOID SYSTEM AND
BIDIRECTIONAL RESPONSES
The literature on Cannabis and emotion has abundantly
reported ‘contradictory’ results. One reason for this could
be the large number of substances present in the plant.
Although D9-THC is the main active constituent, other
cannabinoids may alter its pharmacokinetics and pharmacodynamics, not to mention their own complex
pharmacological profiles (Nadulski et al. 2005; Moreira,
Aguiar & Guimaraes 2006; Zuardi et al. 2006; Pertwee
et al. 2007). The administration of pure D9-THC or
synthetic cannabinoids is aimed at circumventing this
complexity [for further details on the molecular
pharmacology of natural and synthetic cannabinoids
mentioned in this review, see Howlett et al. (2002);
Pacher et al. 2006)]. However, D9-THC administration
induces the same diversity of results as Cannabis. Among
them are the feelings of ‘high’, euphoria, and
schizophrenia-like positive and negative symptoms in
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humans (Green, Kavanagh & Young 2003; D’Souza et al.
2004). These complex actions are not different when it
comes to the study of aversive or rewarding responses
in laboratory animals, as discussed below. The following
paragraphs will summarize the data on these biphasic
effects of cannabinoids, paving the way to a discussion
attempting at proposing possible mechanisms underlying
the diverse and even ‘contradictory’ findings. For this discussion, the understanding of how the endocannabinoid
system functions is a prerequisite.

Responses to aversive stimuli
Several studies have evaluated the effects of cannabinoids
in rodents exposed to models of aversive responses. They
are grouped here in three distinct categories. First,
models based on innate (unconditioned) aversion, predictive of anxiolytic-like activity. Second, models based on
conditioned fear. Third, models based on inescapable
or chronic stress, which may be predictive for
antidepressant-like activity.
Numerous studies have addressed how cannabinoids
influence anxiety-related behaviours in response to
unconditioned stimuli. One of the most widely used assay
is the elevated-plus maze. In this apparatus, D9-THC
increased anxiety-like behaviours in rats and mice in
doses ranging from 1 to 10 mg/kg body weight (Onaivi,
Green & Martin 1990; Patel & Hillard 2006), while
anxiolytic-like effects were reported with doses of 0.5 or
0.75 mg/kg (Braida et al. 2007; Rubino et al. 2007b).
Anxiolytic-like effects induced by low dose (0.3 mg/kg)
were also described in mice exposed to another model, the
light-dark box (Berrendero & Maldonado 2002; Valjent
et al. 2002). In addition to D9-THC, some studies have
also addressed the activity of synthetic cannabinoids in
these models. Adding intricacy to the picture, their effects
did not always coincide with those induced by D9-THC,
even under the same experimental parameters (Patel &
Hillard 2006). Thus, cannabinoids may induce either
anxiolytic- or anxiogenic-like effects in particular models,
depending on the dose administered (reviewed in Viveros
et al. 2005). Generally, low doses tend to reduce and high
doses tend to increase, anxiety-like behaviours.
An alternative approach to study the role of endocannabinoid system is the inhibition of either re-uptake
(membrane transport) or intracellular hydrolysis. Importantly, these drugs do not necessarily share the properties
of CB1 receptor agonists. While direct CB1 activation
(agonists in high doses) induces hypolocomotion, catalepsy, hypothermia and analgesia (called the ‘tetrad’) in
rodents (Compton et al. 1992; Martin et al. 1991), compounds that enhance the endogenous levels of endocannabinoids do not tend to modify locomotion (Kathuria
et al. 2003). In this respect, inhibitors of either
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anandamide transport (e.g. AM404) or hydrolysis (e.g.
URB597) reduce anxiety-like behaviours without motor
impairment in rats and mice. This was observed in the
elevated-plus and the elevated-zero maze, as well as in the
light-dark box test (Kathuria et al. 2003; Bortolato et al.
2006; Patel & Hillard 2006; Rutkowska, Jamontt &
Gliniak 2006; Naidu et al. 2007; Moreira et al. 2008).
This feature points to an anxiolytic-like role of endocannabinoids. In line with this notion, mice lacking CB1
receptor (CB1 knock-out mice) or mice treated with the
CB1 receptor antagonists rimonabant or AM251, exhibit
increased anxiety-like behaviours, unravelling a tonic
modulation by the endocannabinoid system (Navarro
et al. 1997; Martin et al. 2001; Haller et al. 2004; Patel &
Hillard 2006). Interestingly, the effects of CB1 receptor
antagonism in humans seem to support this possibility,
since clinical trials with rimonabant for the treatment of
obesity and associated metabolic dysregulations revealed
that this drug may induce anxiety- and depression-like
symptoms (Van Gaal et al. 2005; Scheen et al. 2006).
However, anxiolytic-like effects were also reported after
the injection of CB1 receptor antagonists in rodents
(Rodgers et al. 2003; Griebel, Stemmelin & Scatton
2005). Thus, in models based on innate fear reactions,
there are evidences that the endocannabinoid system
may either enhance or attenuate anxiety-like behaviour.
This system may also interfere with learned aversive
behaviours, such as the conditioned fear response, a
potential model for post-traumatic stress disorder. In this
paradigm, endocannabinoids seem to be of major importance for the extinction of fear memories (Marsicano et al.
2002; Kamprath et al. 2006). Marsicano et al. (2002)
showed that either genetic or acute pharmacological
blockade of CB1 receptors in mice impaired the extinction
of conditioned fear. Mice were exposed to a tone that was
previously paired with a foot-shock and, as expected,
exhibited fear-like reaction (i.e. freezing). Subsequent
exposures to the tone extinguished freezing in wild-type
animals, but this was strongly impaired in CB1 receptordeficient mice. In addition, exposure to the conditioned
stimulus (i.e. tone) increased endocannabinoid levels in
the amygdala, suggesting that endocannabinoids initiate
signalling processes favouring extinction of fear memories
(Marsicano et al. 2002). Subsequent confirmatory investigations further strengthened the role of the endocannabinoid system in fear extinction. First, impaired
extinction to contextual fear memory was observed after
pharmacological blockade of the CB1 receptor in mice
(Suzuki et al. 2004). Then, it was reported that inhibition
of endocannabinoid re-uptake by AM404 was able to
enhance extinction of conditioned fear potentiated startle
in rats (Chhatwal et al. 2005). Enhanced extinction was
also observed after direct activation of CB1 receptor with
the potent agonist WIN-55,212-2 in rats exposed to fear

conditioned to a context (Pamplona et al. 2006). Thus,
experiments with either blockade or enhancement of the
endocannabinoid system have supported a role for this
system in fear extinction (reviewed also by Lafenêtre, Chaouloff & Marsicano 2007; Lutz 2007).
Other lines of evidence also point to diverse effects of
cannabinoids and CB1 receptor antagonists in reactions
to acute or chronic inescapable stressful events. These
models are of relevance for studying the neurobiology
of mood disorders and screening antidepressant drugs
(Millan 2006). In rats exposed to the forced swim test,
the CB1 receptor agonists HU210 and WIN-55,212-2
induced an antidepressant-like effect (Hill & Gorzalka
2005b; Bambico et al. 2007). The same was found with
the endocannabinoid re-uptake inhibitor AM404 (Hill &
Gorzalka 2005b). FAAH inhibition by URB597 also
enhanced stress-coping behaviour both in this model and
in the tail-suspension test in mice (Gobbi et al. 2005;
Naidu et al. 2007). In line with these data, an increase in
endocannabinoid levels is also efficient in alleviating later
consequences of stressful events, such as the reduction in
response to appetitive stimuli. This resembles anhedonia
and reduced motivation, frequently present in human
depression. Both URB597 and the CB1 agonist
CP-55,940 selectively prevented attenuation in sucrose
preference induced by restraint stress in mice (Rademacher & Hillard 2007). In addition, similar to antidepressant drugs, inhibition of anandamide hydrolysis
prevented the anhedonia-like behaviour in rats exposed
to chronic mild stressors (Bortolato et al. 2007). In this
model, CB1 knock-out mice have an increased
anhedonia-like behaviour as compared with their wildtype littermates (Martin et al. 2001). CB1 receptor knockout mice also showed an impaired stress-coping
behaviour and an increased activity in the hypothalamicpituitary-adrenal axis, a key regulatory mechanism in
response to stressful stimuli (Cota et al. 2007; Steiner et al.
in press; 2008). These data raise the interesting point that
the endocannabinoid system may have a tonic modulatory role on mood states, as it may have in anxiety. Finally,
it is worth noting that a depressed mood was also among
the side effects observed in the clinical studies with
rimonabant (Van Gaal et al. 2005; Scheen et al. 2006).
However, high doses of cannabinoids may aggravate,
rather than prevent, the consequences of stressful events
(Patel, Cravat & Hillard 2005). In further complicating
the picture, CB1 receptor antagonists may also exhibit
antidepressant-like activity (Shearman et al. 2003;
Griebel et al. 2005; Steiner et al. 2008). Therefore, as discussed for anxiety, data obtained from models of
depression-related behaviours are still difficult to understand, and share similarities to the observation that the
endocannabinoid system may modulate stress responses
in opposite directions.
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Responses related to addiction
Paradigms relevant to the study of drug addiction
may also offer insights as to whether cannabinoids are
‘pleasant’ or aversive. The fact that Cannabis is selfadministered points obviously to a link between the
endocannabinoid system and emotional responses
related to addiction. Substances that have abuse-risk may
induce hedonic states during the initial experiences,
although as addiction develops, subsequent administration may represent a relief from aversion (withdraw syndrome), rather than ‘pleasure’. This might be because of
a modification in the ‘hedonic set point’, secondary to the
chronic effects of these drugs (LeMoal & Koob 2007).
Although the animal models currently used are unlikely
to reflect these complex features of addictive behaviours,
they may mimic specific aspects, such as the reinforcing
properties of a substance, the memories related to the
context of drug intake and the consequences of chronic
administration and withdrawal (Sanchis-Segura & Spanagel 2006). Thus, using these models, it is possible to
investigate whether cannabinoid administration is really
‘blissful’. The neural substrate for the hedonic states
related to drug abuse consists of the mesolimbic dopaminergic neurons projecting from the ventral tegmental
area to the ventral nucleus accumbens and to the dorsal
striatum, and glutamatergic inputs from the medial prefrontal cortex to these areas (Everitt & Robbins 2005; Di
Chiara & Bassareo 2007; LeMoal & Koob 2007). Importantly, the endocannabinoid system is functional in all
components of this circuitry (Maldonado 2002; Tanda &
Goldberg 2003; Lupica, Riegel & Hoffman 2004).
If CB1 receptor-activation in this system were to be
rewarding rather than aversive, some phenomena commonly seen with addictive substances would be expected
to occur after cannabinoid administration. First, cannabinoid injections would increase dopamine release.
Second, animals would undergo conditioned-place preference to cannabinoids, recognizing a context where they
had received cannabinoid administration and exploring
it, in detriment of others that are not associated with the
drug. Third, animals would self-administer cannabinoids
whenever they were available. Fourth, cannabinoids
would reduce the electrical threshold that supports
intracranial self-stimulation of the mesolimbic pathway.
Finally, cannabinoids would induce tolerance and withdrawal effects after interruption of chronic treatment.
Increasing dopamine release in the shell of the nucleus
accumbens is a common feature of most drugs of abuse
(Di Chiara & Imperato 1988). Thus, D9-THC is expected to
have such an effect. Some studies showed that this natural
cannabinoid may indeed increase dopamine release in
freely moving rats (Chen et al. 1990; Tanda, Pontieri & Di
Chiara 1997), although other investigations were not
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able to show this (Castaneda et al. 1991; Rodriguez de
Fonseca et al. 1992). Dopamine release is also measurable
in human subjects by imaging techniques, although such
studies are scarce. One paper reported on a patient suffering from schizophrenia who smoked Cannabis during a
break in the course of an imaging session (single photon
emission computerized tomographic). The result was a
worsening of psychotic reactions and a decrease
in the binding of a radioactive tracer to dopamine D2
receptors in the striatum, suggesting that an increase of
dopamine release occurred (Voruganti et al. 2001).
However, more studies in humans are necessary to substantiate this hypothesis. Nevertheless, this neurochemical measure does not necessarily predict a potential for
abuse. Behavioural models may be more informative in
this respect, and a widely used test is the induction of
conditioned-place preference in rodents. Contrary to
what would be expected for a drug of abuse, some authors
observed that rodents exhibit avoidance of, rather than
preference for the context, where D9-THC or a synthetic
cannabinoid was administered (Parker & Gillies 1995;
McGregor, Issakidis & Prior 1996). Another study did not
find any effect of low dose (1.5 mg/kg), while a high dose
(15 mg/kg) of D9-THC induced place avoidance (SañudoPeña et al. 1997). It was the CB1 receptor antagonist
rimonabant which induced conditioned-place preference
in this study, indicating a tonic aversive role for the
endocannabinoid system (Sañudo-Peña et al. 1997).
Despite these inconsistencies, it is interesting to note that
laboratory rodents do exhibit conditioned-place preference to D9-THC under specific circumstances. In one
study, it was hypothesized that the difficulty in finding
place preference to this natural cannabinoid might be
because of dysphoric consequences resulting from the
first exposure to the drug, which would mask the rewarding effects. Thus, in a protocol in which mice had received
a priming injection of D9-THC, not paired with the context
of the box, a second injection of a low dose of this drug
(1 mg/kg) did induce conditioned-place preference in
mice (Valjent & Maldonado 2000). Accordingly, while
place avoidance occurred after injection of a high dose
(5 mg/kg) in naive animals, no effect was found in mice
which had received a priming injection in another context
(Valjent & Maldonado 2000). In addition, another study
revealed conditioned-place preference to the synthetic
cannabinoid CP-55,940 (Braida et al. 2001a). Generally,
the results obtained in these models are very much in line
with those observed in models of anxiety-like behaviours,
as the responses are bidirectional, low doses elicit rewarding and anxiolytic-like responses and high doses aversive
and anxiogenic-like responses.
Considering that humans self-administer Cannabis
for recreational purposes, one might conclude that CB1
receptor-activation may induce rewarding responses.
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However, even this view is not consistent for D9-THC, as it
may also induce emotional states reported as unpleasant
(Zuardi et al. 1982; D’Souza et al. 2004). Along this line, it
has been difficult to clarify whether cannabinoids work as
positive reinforcers. A study in monkeys failed to show
self-administration of either D9-THC or CP-55,940 (Mansbach et al. 1994), while others showed self-administration
of the synthetic cannabinoid WIN-55,212-2 in mice
(Martellotta et al. 1998; Ledent et al. 1999). As it is the
case with conditioned-place preference, previous experiences of the organism seem to be relevant. Thus, selfadministration of D9-THC was observed in monkeys that
had previously self-administered other drugs of abuse
(Tanda, Munzar & Goldberg 2000). However, intravenous
self-administration of D9-THC in naive monkeys was later
found as well (Justinova et al. 2003). Self-administration
was also described in rats receiving CP-55,940 via intracerebroventricular injections (Braida et al. 2001b). Thus,
similar to conditioned-place preference, cannabinoid
self-administration may occur when specific protocols are
employed.
The effects of cannabinoids on intra-cranial selfstimulation in laboratory animals have also been inconsistent. This fascinating phenomenon was initially
described by the studies of Olds and co-worker (Olds &
Milner 1954, for a review see also Wise 2005), who
showed that rodents would press a lever as an operant
response to activate an electrode and thereby selfstimulate the medial forebrain bundle. Most addictive
drugs reduce the threshold for intra-cranial selfstimulation. However, low doses of D9-THC may reduce or
does not modify the threshold in rats (Gardner et al.
1988; Lepore et al. 1996). Experiments with CP-55,940
have also failed to show any effect on intra-cranial
self-stimulation (Arnold, Hunt & McGregor 2001).
Furthermore, another study found that inhibition of
endocannabinoid re-uptake or hydrolysis increased the
threshold, suggesting that the endocannabinoid system
has in fact inhibitory influence on this phenomenon
(Vlachou, Nomikos & Panagis 2006).
Finally, as with other drugs of abuse, tolerance and
withdrawal to cannabinoids may also occur. Studies with
Cannabis consumers support the existence of a ‘Cannabis
withdrawal syndrome’. Emotional symptoms occur in
addition to appetite change, weight loss and physical discomfort (Budney & Hughes 2006). These features are
also observed in laboratory animals. For instance, the
CB1 receptor antagonist rimonabant precipitated signs of
withdrawal in D9-THC-treated rats, and abstinence signs
were noted after an abrupt interruption of D9-THC injections (Aceto et al. 1996). This natural cannabinoid also
induced tolerance followed by withdrawal effects in mice,
possibly because of a misbalancing in the adenylyl
cyclase-mediated signal transduction coupled to CB1

receptors (Hutcheson et al. 1998). Withdrawal effects
were also observed in rodents after treatment with the
CB1 receptor agonist WIN-55,212-2 (Castañé, Maldonado & Valverde 2004) or exposure to marijuana
smoke (Wilson et al. 2006). In humans, the ‘Cannabis
withdrawal syndrome’ is still a controversial issue, and its
clinical relevance has remained unclear, although there
are evidences that heavy consumers do develop tolerance
to its subjective and cardiovascular effects and experience
withdrawal effects (Hall & Solowij 1998; Budney &
Hughes 2006).
In summary, cannabinoids may increase dopamine
release, induce conditioned-place preference, support
self-administration, lower intra-cranial self-stimulation
threshold and provoke tolerance and withdrawal syndrome. Similar to models of anxiety- and depressionrelated behaviours, the responses can be bidirectional
and, in this sense, can lead to opposing effects. As will be
discussed below, understanding the brain regions and the
neuronal population related to these effects is mandatory
to clarify the complexity of action. Cannabinoids seem to
interfere with several other neurotransmitter systems,
not only the dopaminergic, but also glutamatergic,
GABAergic and the endogenous opioid system. In addition, an obvious concern is whether the doses of D9-THC
or synthetic cannabinoids used in the experiments are
representative of Cannabis smoking. High doses may
induce not only aversion, but also motor impairments,
confounding the interpretation of the observed behaviours. Furthermore, as discussed above, Cannabis does not
only contain D9-THC, and the contributions of other phytocannabinoids are not clear at the moment.
ATTEMPT TO RECONCILE THE
BIDIRECTIONAL EFFECTS OF
CANNABINOIDS ON EMOTIONS
Summarizing the data discussed above, the effects of
cannabinoids on emotional responses are bidirectional,
depending on various factors, such as the dose administered, paired context and previous experience of the
organism. The following paragraphs will discuss the
notion that these effects are not necessarily ‘contradictory’. Rather, the unique temporal (‘on-demand’ activity), spatial (distinct neuro-anatomical distribution) and
functional (regulation of distinct synaptic processes)
properties of the endocannabinoid system may account
for this diversity of effects.
‘On-demand’ functioning of the endocannabinoid
system: effects of cannabinoids may be influenced by
previous or current stressful events
One widely accepted feature of the endocannabinoid
system is its ‘on-demand’ functioning. Briefly, this term
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refers to the fact that endocannabinoids are synthesized
and released ‘when they are needed’, such as induced by
increased neuronal activities. The synthesis occurs at
post-synaptic sites in response to Ca2+ influx or after activation of metabotropic glutamate or acetylcholine receptors, from where endocannabinoids may reach the
synaptic cleft, activate CB1 receptors located on the presynaptic terminal and finally, suppress neuronal activity
(Chevaleyre, Takahashi & Castillo 2006; Marsicano &
Lutz 2006). Several investigations addressed the possible
behavioural consequences of this property, testing
whether responses to cannabinoids vary as a function of
stressful stimulus intensity, as discussed in the next paragraphs.
Endocannabinoids are released in several brain regions
in response to both physical and psychological stress.
Generally, their release activates protective mechanisms
and counteracts aversive responses by activating CB1
receptor-mediated processes. For instance, anandamide is
released in the periaqueductal gray after local electrical
stimulation or after subcutaneous injection of a noxious
chemical stimulus (Walker et al. 1999). Injection of a CB1
receptor antagonist prevented the effects of anandamide
release, increasing the intensity of nociceptive responses.
In addition to protection after a physically harmful
stimulus, psychological threats may also recruit the
endocannabinoid system. Endocannabinoids are released
in the amygdala of mice exposed to a tone that was previously paired with foot-shock (Marsicano et al. 2002).
As commented in the previous section, fear extinction
is impaired in CB1 receptor-deficient mice and in CB1
receptor antagonist-treated animals (Marsicano et al.
2002). Thus, the endocannabinoid system is presumably
activated by threatening stimuli, aiming at reducing aversive memories, leading to fear extinction. ‘On-demand’
release of endocannabinoids after foot-shock also occurs
in the periaqueductal gray, where both anandamide and
2-AG accounts for stress-induced analgesia (Hohmann
et al. 2005).
Some studies have directly compared the consequences of interventions in the endocannabinoid system
in stressed and non-stressed animals. One investigation
found no changes in CB1 receptor-deficient mice exposed
to the elevated-plus maze, although a phenotype of
increased anxiety-like behaviour was revealed when the
experiments were conducted under high light intensity,
which represents a more stressful environment for mice
(Haller et al. 2004). In addition, a study showed
anxiolytic-like effect of URB597 in mice only when the
animals were exposed to the apparatus under high light
intensity (Naidu et al. 2007). Since stressors activate the
endocannabinoid system as a protective mechanism,
an elegant approach is the further enhancement of
endocannabinoid levels instead of directly activating CB1
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receptors with agonists. In line with this notion is the fact
that the bidirectional responses often observed with CB1
agonists were not reported with inhibitors of endocannabinoid re-uptake or hydrolysis (Kathuria et al. 2003;
Bortolato et al. 2006).
Direct CB1 receptor-activation by HU210, though, was
also shown to be beneficial and was able to alleviate the
consequences of chronic unpredictable stress in rats (Hill
et al. 2005), suggesting that this might also be a promising
target for novel antidepressant mechanisms (Hill & Gorzalka 2005a). In fact, apart from the behavioural effects in
models predictive of antidepressant activity, endocannabinoids share other properties of widely used antidepressant drugs, such as promoting proliferation of neural
progenitor cells in the hippocampus (Aguado et al. 2005;
Galve-Roperh et al. 2007), a process required for the
behavioural effects of CB1 receptor agonists in models of
anxiety and depression (Jiang et al. 2005).
In addition to the nature and intensity of environmental stimuli, responses may also vary as a function of
the developmental stage of the organism. The consequences of enhancing cannabinoid signalling may be different in adolescence, a critical developmental period, as
compared with adulthood (Marco et al. 2007). In fact,
conditioned-place aversion and the anxiogenic-like effect
induced by D9-THC are lower in adolescent rats than in
adults, being in line with the widely observed feature that
adolescents may be more prone to Cannabis abuse than
adults (Quinn et al. in press; Schramm-Sapyta et al.
2007). To date, the underlying mechanisms for these
differences are not known. However, the CB1 receptors
display a distinct expression profile during the course of
neural pre- and post-natal development, and are involved
in several critical processes in the establishment of proper
brain functions (Berghuis et al. 2007). Thus, disturbances in the CB1 receptor signalling might evoke different effects at the various stages in brain development.
In summary, in an adult, the diversity of effects of
cannabinoids in relation to aversive or rewarding events
may be because of different intensities of current or previous aversive stimuli. Endocannabinoids may prevent
the consequences of stress when their ‘on-demand’
actions are enhanced by inhibitors of re-uptake or
hydrolysis. However, further experiments have to investigate the effects of drugs that directly or indirectly modulate CB1 receptor signalling on experimental subjects
under different levels of aversion.

Neuro-anatomical distribution of the endocannabinoid
system: cannabinoids interfere with different processes
in diverse brain regions
The previous section discussed the ‘on-demand’ function
of the endocannabinoid system, which is activated
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‘when’ it is need. This paragraph likes to discuss the issue
of the distinct spatial activation pattern, thus, ‘where’ it is
activated. Although its precise role in each brain region
remains to be established, several pieces of evidence
support the view that this system is functional in various
structures related to emotions and responses to stressful
stimuli. Experiments with intra-cranial drug administration, neuro-anatomical lesions or immunohistochemistry revealed the existence of specific brain regions whose
malfunction might lead to psychiatric disorders. The
brain regions include the prefrontal cortex, hippocampus, amygdala, periaqueductal gray and some nuclei of
the hypothalamus (Graeff 1994; Sewards & Sewards
2002; Dalgleish 2004; Morgane, Galler & Mokler 2005;
Singewald 2007). The endocannabinoid system seems to
be functional in all these structures (reviewed in Howlett
et al. 2002; Mackie 2005; Pacher et al. 2006). The following paragraphs will discuss its possible role in each of
these regions.
In order to address which of these structures are
active after cannabinoid treatment, some investigations
employed the quantification of c-Fos protein expression
as a technique to evaluate neuronal activity (Morgan &
Curran 1989). Thus, a single injection of the synthetic
cannabinoid HU210 significantly increased the expression of this protein in several nuclei of the extended
amygdala and the hypothalamus, in the hippocampus
and periaqueductal gray (Rodriguez De Fonseca et al.,
1997). Intra-cerebroventricular injection of anandamide
also increased the expression in these regions (Patel,
Moldow, Patel et al. 1998). Among the most intensively
activated regions were the dentate gyrus of the hippocampus, the central nucleus of the amygdala, several
columns of the periaqueductal gray and the paraventricular nucleus of the hypothalamus (Patel, Moldow,
Patel et al. 1998). A comparative investigation revealed
some overlap between the effects of D9-THC and anandamide, both of them activating the paraventricular
nucleus of the hypothalamus and the central amygdala,
the effect of D9-THC being more significant (McGregor
et al. 1998). In consonance with behavioural data reporting that high-dose of cannabinoids may aggravate the
consequences of stress, there seems to be also a synergism between D9-THC treatment and acute restraint
stress in the activation of c-Fos protein in the central
amygdala (Patel et al. 2005). Interestingly, this synergism
was not observed after the injection of the FAAH inhibitor
URB597, again revealing that increasing the levels of
endocannabinoids is more successful in alleviating aversive emotions than direct CB1 receptor-activation (Patel
et al. 2005). Finally, a low anxiolytic-like dose of D9-THC
was also able to prevent, rather than enhance, c-Fos
protein expression in the amygdala and in the prefrontal
cortex of rats exposed to the elevated-plus maze model

(Rubino et al. 2007b). Thus, similar effects may be
achieved by FAAH-blockade or by low dose of D9-THC.
Overall, the brain regions activated by cannabinoids
overlap with the neurocircuitries recruited after exposure
to aversive stimuli. In addition, CB1 receptor-activation
and stressful stimuli may interact to recruit different
brain regions. It might be that the systemic administration of cannabinoids differentially modulates various
sites in the brain, causing the inconsistent results often
observed. In this regard, intra-cranial injections may
be an interesting approach to unravel the role of the
endocannabinoid system in specific structures and offer
insights in their participation in emotional responses
induced by cannabinoids.
Several groups have adopted this approach, and a
summary from these studies employing intra-cranial
injections of compounds that enhance CB1 receptormediated signalling is presented in Table 1. Although the
picture is not entirely clear, the results suggest that
important structures for the anti-aversive effects of cannabinoids are the prefrontal cortex and the periaqueductal gray, while it is possible that the amygdala mediates
anxiogenic-like effects. An early study reported that
D9-THC failed to induce any behavioural change when
injected into the nucleus accumbens of mice exposed to
the elevated-plus maze, while an anxiogenic-like effect
was detected after injection in central nucleus of the
amygdala (Onaivi et al. 1995). Although this observation
should be interpreted cautiously, since there was also a
reduction in the exploration of the enclosed arms of the
apparatus, possibly reflecting some motor impairments
(Onaivi et al. 1995), a more recent publication confirmed
this initial observation in rats (Rubino et al. 2008). This
work also showed that anxiolytic-like effects occur after
administration of D9-THC in the prefrontal cortex and
in the ventral hippocampus (Rubino et al. 2008). On the
contrary, an anxiogenic effect was found after an injection of the synthetic cannabinoid WIN-55,212-2 into the
CA1 region of the dorsal hippocampus of rats (Roohbakhsh et al. 2007). CB1 receptor-activation in the prefrontal cortex by methanandamide as well as by FAAH
inhibition with URB597 also reduced anxiety-like behaviours in rats exposed to the elevated-plus maze (Rubino
et al. in press).
Some investigations also detected anxiolytic-like or
anti-aversive effects after local activation of CB1 receptors
in the periaqueductal gray. Finn et al. (2003) studied the
effects of the synthetic cannabinoid HU210 injected into
the dorsal periaqueductal gray of rats on aversive
responses (hyperlocomotion), provoked by an excitatory
amino acid (D,L-homocysteine), a potential model of
panic attacks (Beckett & Marsden 1995; Deakin & Graeff
1991). CB1 receptor-activation in this structure was able
to inhibit panic-like behaviour (Finn et al. 2003). The
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Table 1 Effects of compounds that enhance the endocannabinoid system on reward- and aversion-related responses after injections
into specific brain regions.
Substance injected (dose);
mechanism
D9-THC (50–150 mg);
CB1/CB2 agonist

HU210 (0.1–5 mg);
CB1/CB2 agonist
HU210 (5 mg)
URB597 (0.1 nmol); FAAH
inhibitor
URB602 (0.1 nmol); 2-AG
hydrolysis inhibitor
D9-THC (200 pmol)

Anandamide
(0.5–50 pmol); CB1 and
TRPV1 endogenous
agonist
AM404 (0.5–50 pmol);
anandamide re-uptake
inhibitor
ACEA (0.05–5 pmol);
anandamide analogue,
CB1 agonist
WIN-55,212-2 (1–5 mg);
CB1/CB2 agonist
Methanandamide (0.1 mg);
anandamide analogue,
CB1 agonist
Methanandamide (10 mg)
URB597 (0.01 mg)
URB597 (1 mg)
D9-THC (1–25 mg)

HU210 (1 and 2.5 mg)

Brain region (Species)

Model

Effect

Reference

Nucleus accumbens
(mouse)
Central nucleus of the
amygdala
Dorsal periaqueductal gray
(rat)
Dorsal periaqueductal gray
(rat)
Dorsolateral periaqueductal
gray (rat)

Elevated-plus maze

No effect

Onaivi et al., 1995

Anxiogenic-like
Chemically-induced
Anti-aversive
aversion
Ultra-sound induced
Anti-aversive
aversion
Stress-induced analgesia Enhanced

Finn et al., 2003
Finn et al., 2004
Hohmann et al.,
2005

Enhanced
Posterior ventral tegmental Conditioned-place
area (rat)
preference
Posterior nucleus
accumbens—shell
Dorsolateral periaqueductal Elevated-plus maze
gray (rat)

Rewarding

Zangen et al., 2006

Rewarding
Anxiolytic-like

Moreira et al., 2007

No effect; potentiated
anandamide
Anxiolytic-like

CA1 region of the dorsal
hippocampus (rat)
Prefrontal cortex (rat)

Elevated-plus maze

Anxiogenic-like

Elevated-plus maze

Anxiolytic-like

Basolateral amygdala (rat) Elevated-plus maze
Ventral hippocampus
Prefrontal cortex
Dentate gyrus of the dorsal Forced swim test
hippocampus (rat)

URB597 (0.5 and 1 mg)
WIN-55,212-2 (1 and 5 mg) Ventromedial prefrontal
cortex (rat)

Forced swim test

authors extended these results employing another model
in which the aversive responses were induced, by exposing
rats to ultrasonic emission (Finn et al. 2004). In addition,
another work showed that endocannabinoids in
the dorsolateral periaqueductal gray account for stressinduced analgesia in rats. This phenomenon was blocked
by the CB1 receptor antagonist rimonabant and
enhanced by the anandamide hydrolysis inhibitor

Roohbakhsh et al.
2007
Rubino et al., in press

Anxiogenic-like
Anxiolytic-like
Trends towards
anxiogenic-like
Anxiogenic-like
Anxiolytic-like
Anxiolytic-like
Antidepressant-like
No effect
Antidepressant-like

Rubino et al., 2008

McLughlin et al.,
2007
Bambico et al., 2007

URB597 or the 2-AG hydrolysis inhibitor URB602
(Hohmann et al. 2005). Further supporting a role for this
structure in the anti-aversive effects of cannabinoids,
local injections of anandamide or its potent analogue,
arachidonoyl-2-chloro-ethylamide (ACEA), induced
anxiolytic-like effects in rats exposed to the elevated-plus
maze (Moreira, Aguiar & Guimaraes 2007). The effect of
anandamide was prevented by the CB1 receptor antago-
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nist AM251 and potentiated by the endocannabinoid
re-uptake inhibitor AM404, which was not active on its
own (Moreira et al. 2007). These studies point to this midbrain structure as a major site of action for cannabinoids.
Although Onaivi et al. (1995) showed that injections
of D9-THC into the nucleus accumbens of mice did not
modify anxiety-related behaviours, a more recent study
showed that this natural cannabinoid was able to induce
self-administration and conditioned-place preference
when infused into this structure in rats, consistent with a
role of the dopaminergic pathway (Zangen et al. 2006).
Injection into the ventral tegmental area led to the same
effect (Zangen et al. 2006), further consolidating the
potential role of dopaminergic pathways in the reinforcing and addictive effects of cannabinoids.
Finally, some studies have also tried to identify the
brain regions responsible for the antidepressant-like
effects induced by CB1 receptor-activation or blockade of
endocannabinoid hydrolysis. Injection of the cannabinoid HU210 into the dorsal hippocampus of rats
enhanced stress-coping behaviour in the forced swim
test, although URB597 was ineffective (McLughlin et al.
2007). Thus, different brain regions may account for the
effects of CB1 agonists or FAAH inhibitors in models of
responses to incontrollable stress. An antidepressant-like
effect was observed in the same model after CB1 receptoractivation by WIN-55,212-2 injected into the ventromedial prefrontal cortex (Bambico et al. 2007).
As discussed in the paragraphs above, diverse brain
regions may be responsible for the effects of systemically
administered cannabinoids. It is possible that CB1 receptors have opposite contributions to the observed effects,
depending on their locations of activation. Although
these studies have provided a certain degree of anatomical resolution, some limitations have to be considered
when evaluating the effects of intra-cranial injections of
cannabinoids. Similar to the results obtained after systemic treatments, the effects may vary depending on the
dose and the agonist, the previous experience of the
subjects, the experimental model and the environmental
influences. Despite these limitations, such studies may
help to elucidate how the various brain structures may
act in concert to mediate the complex and bidirectional
effects of cannabinoids on emotional responses. The following paragraph addresses the neuronal subpopulations related to the effects of cannabinoids on each of
these structures.

Neuromodulatory functions of the endocannabinoid
system: cannabinoids interfere with neurotransmitters
exerting opposite functions on emotional responses
In addition to the ‘on-demand’ feature (temporal course
of action, contingency to stimuli) and the distinct

neuro-anatomical distribution (spatial specificity), the
third feature that determines the functional role of the
endocannabinoid system in a particular behaviour is
characterized by the distinct influence of CB1 receptoractivation on other neurotransmitter systems. Despite
the insights gained from studies employing cannabinoid
injections into particular brain structures, this technique
does not allow us to identify the neuronal subpopulations
mediating the effects of cannabinoids in a particular
brain region. This is, however, an important issue, as CB1
receptors are located at pre-synaptic terminals with different neurochemical features. CB1 receptor-activation is
able to regulate the release of diverse neurotransmitters,
such as GABA and glutamate, and presumably also serotonin and dopamine (see e.g., Shen et al. 1996; Chevaleyre et al. 2006; Laviolette & Grace 2006; Marsicano &
Lutz 2006; Bambico et al. 2007; Häring et al. 2007;
Monory et al. 2007). Thus, studying neuronal subpopulations responsible for the effects of cannabinoids is a
promising strategy in understanding the diversity of their
effects, as detailed in the following paragraphs.
The CB1 receptor is one of the most densely expressed
receptors in the brain (Herkenham et al. 1990). Immunocytochemical analyses in the rodent central nervous
system revealed a wide distribution (Tsou et al. 1998). The
CB1 receptor is predominantly expressed pre-synaptically
(Egertova et al. 1998), although recently, CB1 receptors
on the soma of particular cortical GABAergic interneurons were shown to be involved in endocannabinoidmediated self-inhibitory processes (Bacci, Huguenard &
Prince 2004). Furthermore, in situ hybridization techniques revealed forebrain neuronal populations expressing CB1 receptors at different levels. In cortical structures,
high densities are present in cholecystokinin-positive
GABAergic neurons and low densities in glutamatergic
neurons (Marsicano & Lutz 1999). The histochemical
data are in agreement with electrophysiological and neurochemical studies. CB1 receptor-activation constitutes
an important mechanism to modulate the activity of both
GABA- and glutamate-releasing synaptic terminals
(Katona et al. 1999; Wilson & Nicoll 2002; Monory et al.
2006). GABA and glutamate are the two major systems
acting in an opposite direction in the control of several
neurophysiological processes related to memory and emotional responses, including anxiety, panic responses and
depression (Millan 2003; 2006; Myhrer 2003; Charney
2004; Berton & Nestler 2006).
Using electrophysiological experiments, numerous
publications addressed the involvement of endocannabinoids and CB1 receptors in the regulation of neurotransmission; in particular, of glutamate and GABA
transmission. Endocannabinoids activating CB1 receptors are able to depress both GABA and glutamate
transmission for short-term (called DSE and DSI,

Journal compilation © 2008 Society for the Study of Addiction. No claim to original US government works

Addiction Biology, 13, 196–212

The endocannabinoid system

respectively) and GABA for long-term (called I-LTD, LTDi;
reviewed in Chevaleyre et al. 2006; Marsicano & Lutz
2006). It is interesting to note that CB1 receptor agonists
such as D9-THC evoke similar effects in these synaptic
processes as a pharmacological blockade does (Straiker &
Mackie 2005). CB1 receptor agonists apparently occlude
the action of endocannabinoids by activating receptors
without temporal specificity.Thus, when the endocannabinoid system is stimulated, CB1 receptors are already activated by exogenous cannabinoids and might be
desensitized and internalized. This is not only observed
in in vitro experiments, but also in a single D9-THC injection that can lead to the same effects and inhibit
endocannabinoid-mediate synaptic processes (Mato et al.
2004). Thus, D9-THC might also prevent CB1 receptoractivation by endocannabinoids. This particular feature
makes the interpretation of effects induced by THC rather
complex.
Clear evidence for specific roles of CB1 receptors in
GABAergic and glutamatergic neurons were provided by
conditional deletion of this receptor in specific neuronal
populations (Marsicano et al. 2003; Monory et al. 2006;
2007). For instance, mice lacking CB1 receptors in
glutamatergic forebrain neurons are more susceptible to
seizures and hippocampal neurotoxicity induced by
kainic acid, suggesting an ‘on-demand’ protection by the
endocannabinoid system. Increasing endocannabinoids
may counteract excessive neuronal activation and
control epileptic circuits by reducing glutamatergic
activities (Marsicano et al. 2003; Monory et al. 2006).
Considering that the hippocampus is also relevant for
responses to stress and pathological processes underlying
anxiety and depression, it is tempting to speculate that
a similar mechanism would confer protection against
stressful events that lead to these psychiatric disorders.
Distinct neuronal subpopulations possibly relevant
to emotional responses and modulated by endocannabinoids are also located in the prefrontal cortex, where CB1
receptors may reduce the activity of both glutamatergic
(Auclair et al. 2000) and GABAergic neurons (Ferraro
et al. 2001). There is some evidence that these effects are
behaviourally relevant. Cannabinoids may suppress
inhibitory synapses in the ventromedial part of this structure, potentiating excitatory projections to serotonergic
neurons in the dorsal raphe and thereby eliciting
antidepressant-like behaviour in rats (Bambico et al.
2007). Endocannabinoids may also modulate dopamine
transmission in the prefrontal cortex, a mechanism that
might be relevant for the role of this system both in addiction and psychosis (Melis et al. 2004a; Laviolette & Grace
2006). A functional interaction of the endocannabinoid
system with these other neurotransmitter systems may be
particularly relevant for the disruptive effects of cannabinoids in processes of working memory, attention and
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cognition. The same may be true in the lateral amygdala,
where CB1 receptor-activation may inhibit both GABA
and glutamate release (Azad et al. 2003; 2004). These
circuitries may participate in the CB1 receptor-mediated
process of conditioned fear extinction (Lafenêtre et al.
2007). Furthermore, Laviolette and Grace ( 2006) proposed that endocannabinoids might work in concert with
dopamine in the circuitry connecting the ventral tegmental area, amygdala and prefrontal cortex. Functional disruption in this system would result in emotional
processing and sensory perception underlying addiction
and schizophrenia. Finally, cannabinoids in the periaqueductal gray reduce electrically evoked inhibitory
and excitatory postsynaptic currents via pre-synaptic
mechanisms, reducing the probability of GABA or
glutamate release, respectively (Vaughan et al. 2000).
Inhibition of these neurons may activate output systems
responsible for analgesic and anti-aversive action of cannabinoids in this structure. Nevertheless, in both the
amygdala and the periaqueductal gray, it remains to be
investigated how the endocannabinoid system orchestrates opposing mechanisms to mediate the analgesic and
anti-aversive effects.
CB1 receptor-activation also modulates both inhibitory and excitatory neurotransmission in neuronal
subpopulations relevant to responses to addiction, such
as those located in the ventral tegmental area and the
nucleus accumbens. In the ventral tegmental area, cannabinoids depress GABAergic input to dopaminergic
neurons, thereby increasing the firing of the latter
neurons (Szabo, Siemes & Wallmichrath 2002). This
would be consistent with the notion that cannabinoids
activate mesolimbic pathways and induce behavioural
effects such as conditioned-place preference and selfadministration. However, post-synaptic depolarization in
dopamine-containing neurons of the ventral tegmental
area may release endocannabinoids and reduce
glutamatergic inputs via retrograde activation of presynaptic CB1 receptors. This means that cannabinoids
would restrain, rather than excite, dopaminergic neurons
(Melis et al. 2004b). The picture is not less complex in
the nucleus accumbens, where CB1 activation reduces
the activity of cortical afferent glutamatergic terminals.
Since these neurons may synapse onto GABAergic cell
bodies, local GABA release will be reduced. Therefore, the
result of CB1 receptor-activation could be a disinhibition
of dopaminergic neurons secondary to a reduction in
GABAergic activity (Robbe et al. 2001). Cannabinoids
may also directly inhibit GABAergic neurons in this
structure and thereby, reduce the restrain on dopaminergic output from the ventral tegmental area (Manzoni &
Bockaert 2001).
Thus, CB1 receptors may indirectly modulate dopaminergic projections from the ventral tegmental area to the
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nucleus accumbens via both excitatory and inhibitory
mechanisms. Exogenously applied cannabinoids may
misbalance this system and induce their complex effects,
ranging from rewarding to aversive behaviours. However,
addictive responses to cannabinoids are not only related
to dopaminergic transmission. Other neurotransmitters
may also contribute to cannabinoid addiction. For
instance, several investigations have indicated that the
endocannabinoid system seems to work in concert with
the endogenous opioid system in relation to several physiological or pathological responses, such as pain and
anxiety-related behaviours (Viganò, Rubino & Parolaro
2005). A cross-talk between opioid and cannabinoid
systems in behavioural responses related to addiction was
also reported (Navarro et al. 2001). In fact, the diversity
of opioid receptors may contribute to the opposite effects
of cannabinoids. One study showed that deletion of m
opioid receptors abolished conditioned-place preference
induced by D9-THC in mice, while absence of k receptors
ablated place aversion and unmasked D9-THC-induced
place preference (Ghozland et al. 2002). In addition
to endogenous opioid mechanisms, serotonin-releasing
neurons may be another neural subpopulation modulated by cannabinoids. There is neuro-anatomical evidence that CB1 receptors are located on serotonergic
neurons (Häring et al. 2007), while electrophysiological
experiments suggested that URB597 and WIN-55,212-2
increased the firing rate of these neurons at doses that
induced an antidepressant activity (Gobbi et al. 2005;
Bambico et al. 2007). Furthermore, the antidepressantlike effect of WIN-55,212-2 was prevented by inhibition
of serotonin synthesis (Bambico et al. 2007).
Beyond the interactions of CB1 receptors with other
neurotransmitters, cannabinoid actions mediated by
non-CB1 receptor mechanisms might also be considered.
CB2 receptors were also proposed to be relevant for emotional responses related to anxiety, depression and addiction (Onaivi 2006). Apart from CB1 and CB2 receptors,
other subtypes of a cannabinoid receptor may exist
(reviewed in Begg et al. 2005). Targets for endocannabinoids are the transient receptor potential vanilloid type
1 (TRPV1) ion channel (Starowicz, Nigam & Di Marzo
2007), and the peroxisome proliferator-activated nuclear
receptor (O’Sulivan 2007). The G protein-coupled GPR55
receptor has recently also gained attention (Baker et al.
2006; Ryberg et al. 2007), although its functions has
been scarcely defined to date. As for TRPV1, some of its
functions may oppose those mediated by CB1 receptors.
For instance, enhancing anandamide levels in the central
nervous system induces biphasic responses on pain
modulation, which are attributed to the activation of CB1
receptor and TRPV1 (Maione et al. 2006). Furthermore,
TRPV1-deficient mice have phenotypes in emotional
responses characterized by reduced anxiety and

conditioned fear (Marsch et al. 2007), which is the
opposite as compared with CB1 receptor-deficient mice
(Martin et al. 2001; Haller et al. 2004).
In summary, considering the broad neuromodulatory
nature of the endocannabinoid system, the effects of cannabinoids should be discussed in terms of their interactions with a neurotransmitter with opposite functions
(‘what is it modifying?’). One notion is that the neuronal
subpopulations recruited might be a function of CB1
receptor activity. Low levels of ligands may inhibit
glutamate transmission, while higher levels may inhibit
GABA transmission. This might explain why low doses of
cannabinoids tend to induce anxiolytic-like and rewarding effects, while high doses tend to increase anxiety-like
behaviour and version. A viable approach to test this
hypothesis is the behavioural characterization of conditional mutant mice lacking CB1 receptors in each of
these neuronal subpopulations.

CONCLUSION—THE
ENDOCANNABINOID SYSTEM AS A
BALANCE FOR EMOTIONAL RESPONSES
Since the identification of the CB1 receptor 20 years ago,
enormous advances have occurred towards a better
understanding of the complex emotional responses to
cannabinoids. Important key questions are regarding
when the system is being activated, where it is working
and what is being modified. The ‘on-demand’ function of
the endocannabinoid system, its level of activity in
various brain regions and the fine-tuning of inhibitory
and excitatory neuronal activity may partially explain
the apparent complexity of cannabinoid effects. Thus, the
biphasic effects observed after CB1 receptor-activation
are not necessarily contradictory, as the system works as
a balance by modulation of excitatory and inhibitory
neurotransmission. In fact, the biphasic effects observed
after different doses of cannabinoids are not exclusive to
emotions. For instance, anandamide, D9-THC and synthetic cannabinoids may increase or decrease locomotion
in laboratory rodents depending on the dose applied
(McGregor et al. 1996; Sulcova, Mechoulam & Fride
1998; Sañudo-Peña et al. 2000).
A possible view of the problem may wish to differentiate the emotional responses related to reward and aversion. The idea may be put forward that a ‘set point’ exists
for the endocannabinoid system. Thus, decrease of
endocannabinoid activity may reduce reward and
increase the aversive state. If this equilibrium is disturbed
in psychiatric disorders, ‘on-demand’ enhancement of
the endocannabinoid system (e.g., by FAAH inhibition)
could re-establish this ‘set point’, alleviate the consequences of aversive encounters and thereby induce
anxiolytic-like effects. However, at a higher level of
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Figure 1 The ‘set point hypothesis’ for the modulation of reward
versus aversion by the endocannabinoid system (eCB system). In
this heuristic model, endocannabinoid signalling keeps emotional
responses at a physiological range (gray shading). This could be
disturbed in psychiatry disorders, such as anxiety and depression.
Modulators of the eCB system (e.g., FAAH inhibitors) could restore
the ‘set point’. Impairment of the eCB system may reduce reward
and increase aversive states. A discrete enhancement of the eCB
system may favour reward, while aversive states would again prevail
after a further increase in the activity of the eCB system

activation (e.g., high doses of CB1 receptor agonists) aversive states would again prevail, occluding the rewarding
effects (Fig. 1).
The initial view of anandamide as an endogenous
substance that creates a state of ‘bliss’ can be supported
with some limitations, as the detailed temporal, spatial
and functional (when, where and what) activities of the
endocannabinoid system in particular behaviours have
to be considered.
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