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The endocannabinoid system (ECS) has been recently recognized as a prominent
promoter of the emotional homeostasis, mediating the effects of different environmental
signals including rewarding and stressing stimuli. The ECS modulates the rewarding
effects of environmental stimuli, influencing synaptic transmission in the dopaminergic
projections to the limbic system, and mediates the neurophysiological and behavioral
consequences of stress. Notably, the individual psychosocial context is another key
element modulating the activity of the ECS. Finally, inflammation represents an additional
factor that could alter the cannabinoid signaling in the CNS inducing a “sickness
behavior,” characterized by anxiety, anhedonia, and depressive symptoms. The complex
influences of the ECS on both the environmental and internal stimuli processing, make the
cannabinoid-based drugs an appealing option to treat different psychiatric conditions.
Although ample experimental evidence shows beneficial effects of ECS modulation
on mood, scarce clinical indication limits the use of cannabis-based treatments. To
better define the possible clinical indications of cannabinoid-based drugs in psychiatry,
a number of issues should be better addressed, including genetic variability and
psychosocial factors possibly affecting the individual response. In particular, better
knowledge of the multifaceted effects of cannabinoids could help to understand how
to boost their therapeutic use in anxiety and depression treatment.
Keywords: endocannabinoids, reward, stress, depression, anxiety, multiple sclerosis, EAE, inflammation

ENDOCANNABINOID SYSTEM
The endocannabinoid system (ECS) consists of endocannabinoids (eCBs), cannabinoid receptors
(CBRs), biosynthesizing, and degrading enzymes. The main eCBs, anandamide (AEA) and 2arachidonoyl-glycerol (2-AG), are degraded by distinct enzymes, the fatty-acid amide hydrolase
(FAAH) and monoacylglycerol lipase (MAGL), respectively. eCBs interact with a number of
different molecular targets (Howlett et al., 2002) as the two CBRs (CB1R and CB2R) and with other
G protein-coupled receptors (GPCRs) including GPR55 and GPR119, GPR18 which are expressed
in different tissues, including the immune cells, and mediate a wide range of physiological functions
(Chiang et al., 2015; Morales and Reggio, 2017). Furthermore, eCBs bind to other receptor subtypes,
as the transient receptor potential vanilloid type 1 (TRPV1) cation channel (Tóth et al., 2009),
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the peroxisome proliferator-activated receptor, and glycine
receptors (Zhang and Xiong, 2009). Finally, it has been
demonstrated that CBRs can form heterodimers with other
receptors including serotonin (5-HT), opioid and dopamine
(DA) receptors (Farran, 2017).
Numerous physiological functions, as mood, cognition,
feeding behavior and pain perception, are modulated by the
ECS (Di Marzo et al., 1998; Di Marzo, 2009; Castillo et al.,
2012; Pacher and Kunos, 2013). CB1Rs represent the most
numerous GPCRs in the adult brain, particularly expressed in
regions involved in reward, addiction and cognitive functions,
including the amygdala, cingulate cortex, prefrontal cortex,
ventral pallidum, caudate, nucleus accumbens, ventral tegmental
area, and lateral hypothalamus (Glass et al., 1997; Wang
et al., 2003). Synaptic transmission is controlled by the eCBs
through a physiological feedback mechanism acting to avoid
excessive synaptic excitation or inhibition (Lovinger, 2008).
In particular, the eCBs act as retrograde messengers (Wilson
and Nicoll, 2002) suppressing neurotransmitter release either
at È-aminobutyric acid (GABA)ergic or glutamatergic synapses
(Alger, 2002; Heinbockel et al., 2005). Furthermore, as CB1Rs are
mainly located on the presynaptic terminals, eCBs may directly
modulate other neurotransmitter pathways as opioid peptides,
acetylcholine and 5-HT (Heifets and Castillo, 2009; Kano et al.,
2009).
The ECS have a prominent role in maintaining emotional
homeostasis, mediating the effects of different environmental
signals, including rewarding and stressing stimuli (Parsons and
Hurd, 2015). Moreover, recent evidence showed that also the
immune system interacts with the ECS. In particular, different
inflammatory mediators alter CB signaling in the CNS (Figure 1).

FIGURE 1 | Endocannabinoid system (ECS) influences on mood and behavior.
Complex relationships between internal and environmental factors converge
on the ECS and modulate mood and behavior. The eCBs modulate different
neurotransmitter systems including dopaminergic (DA) and serotoninergic
(5-HT) projections onto the reward circuit. IFN-È, interferon È; IL-1β,
interleukin-1β; TNF, tumor necrosis factor.

of drugs (Martin et al., 2002; Hill and Gorzalka, 2005a). In
particular, CB1R-knock out (CB1R-KO) mice showed increased
immobility in the forced-swim test (Uriguen et al., 2003),
higher sensitivity to depressive-like responses in the chronic
unpredictable mild stress paradigm and increased anxiety-like
behavior in the light/dark test (Martin et al., 2002). Moreover,
administration of CB1R antagonists increased anxiety-like
behavior in the defensive withdrawal test (Navarro et al.,
1997) and in the elevated-plus maze test (Navarro et al.,
1997; Haller et al., 2004; Patel and Hillard, 2006). In addition,
in mice lacking the CB1R both increased anxiety in the
elevated-plus maze test (Haller et al., 2004; Mikics et al., 2009)
and reduced anxiolytic action of benzodiazepines have been
observed (Urigüen et al., 2004). Conversely, enhancing ECS
signaling may exert antidepressant and anxiolytic-like effects.
In particular, it has been demonstrated that FAAH inhibitors
reduced anxiety-like behavior in the elevated-zero maze and in
the isolation-induced ultrasonic-emission tests (Kathuria et al.,
2003). Moreover, FAAH inhibitors reduced immobility in the
tail suspension test and prolonged swimming in the forced
swimming test (Gobbi et al., 2005). In addition, similar results
were obtained by administration of either CB1R agonists or an
eCB uptake inhibitor (Hill and Gorzalka, 2005b; Adamczyk et al.,
2008).
It has also been shown that the clinical effect of different
antidepressants is mediated by a modulation of ECS activity

ECS CONTROL OF EMOTIONS AND
BEHAVIOR
The ability to integrate external and internal stimuli to select
appropriate behaviors is crucial for individuals. The ECS
regulates a number of physiological functions and mediates the
crosstalk between different neurotransmitter systems, therefore
representing a key player in the control of behavioral responses
(Lutz et al., 2015). Indeed, a number of emotions and behaviors,
such as fear, anxiety, depression, stress-coping and reward-driven
behaviors are critically modulated by the ECS.
In particular, it has been demonstrated that CB1Rs are
expressed in brain areas critically involved in the control of
mood and behavior, including limbic and frontal regions, and
regulate serotonin transmission (Herkenham et al., 1991; Nakazi
et al., 2000). Preclinical and human studies evidenced that activity
of the ECS regulates anxiety and depression and modulates
behavioral responses to stress and reward (Table 1).

The ECS Regulates Depression and
Anxiety
Preclinical studies evidenced that reduced ECS activity induces
depressive-like behaviors in animals in different experimental
paradigms usually employed to test the antidepressant effects
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TABLE 1 | Experimental and human studies showing the role of the ECS in the regulation of mood and in mediating the responses to reward, stress and inflammation.
Author

Experimental
protocol/model

Main findings

Navarro et al., 1997

Defensive withdrawal test,
elevated plus-maze

CB1R antagonist administration induced anxiety-like responses in both protocols, without
influencing the pattern of horizontal locomotor activity and the total activity in the elevated
plus-maze.
The secretion of stress related hormones was not influenced.

Haller et al., 2004

Elevated plus-maze
Wild type (WT) and
CB1R-KO mice

CB1R-KO showed higher anxiety-like behavior than the WT.
Administration of the CB1R antagonist AM251 increased anxiety-like behavior in WT but had
no effect in the CB1R-KO.
The CB agonist WIN-55,212-2 reduced anxiety-like behavior. The effect of WIN-55,212-2 was
abolished by CB1-antagonist only in WT.

Hill and Gorzalka, 2005b

Forced swim test (FST)

Desipramine reduced immobility duration in the FST.
Immobility was significantly reduced by the administration of the eCB uptake inhibitor AM404,
the CB1R agonist HU-210, and Oleamide.
The effects of AM404, HU-210 and Oleamide were blocked by pretreatment with the CB1R
antagonist AM251.

Hill et al., 2006

Desipramine, FST

Three-weeks administration of desipramine increased CB1R density in the hippocampus and
hypothalamus.
Chronic desipramine treatment reduced the secretion of corticosterone and the induction of
the immediate early gene c-fos in the hypothalamus following a 5 min exposure to swim stress.
Acute treatment with the CB1R antagonist AM251 before swim stress, blocked the effects of
desipramine.

Domschke et al., 2008

CNR1 SNP, Major
depression

CNR1 rs1049353 G allele was associated with increased pharmacoresistance to
antidepressants. G allele was also associated with reduced bilateral activity in the amygdala,
putamen and pallidum, and reduced activity in the left caudate and left thalamus in response to
emotional faces.

Centonze et al., 2007

Cocaine consumption

Seven days of cocaine consumption induced sensitization of striatal GABA synapses to CB1R
stimulation by HU-210.
The CB1R-induced modulation of glutamate transmission was unaltered by cocaine.

De Chiara et al., 2010

Running wheel, Sucrose
consumption

Running wheel and sucrose consumption induced sensitization of striatal GABA synapses to
CB1R stimulation.
Both wheel running or sucrose consumption prevented the effects of stress on striatal GABA
synapses.

Chen et al., 2008

CNR1 SNP, Nicotine
dependance

Variants and haplotypes in the CNR1 gene may play important roles in developing nicotine
dependence. These associations seem to be sex specific.

Zuo et al., 2007

CNR1 SNP, Substance
dependence

possession of both the G allele of the) 17937 T > G polymorphism (rs6454674) and the T/T
genotype of the 4893 T > C (rs806368) has been recently associated with a higher risk of AD
possession of both the G allele of the) 17937 T > G polymorphism (rs6454674) and the T/T
genotype of the 4893 T > C (rs806368) has been recently associated with a higher risk of AD
possession of both the G allele of the) 17937 T > G polymorphism (rs6454674) and the T/T
genotype of the 4893 T > C (rs806368) has been recently associated with a higher risk of AD
rs6454674 and rs806368 have been significantly associated with a higher risk of drug
dependence and alcohol dependence.

Hohmann et al., 2005

Stress- induced analgesia
(SIA)

Blockade of CB1Rs in the periaqueductal gray (PG) prevents non-opioid SIA.
Stress increases 2AG and AEA levels in the PG.
Both MAGL and FAAH inhibitors enhanced SIA.

Rademacher and Hillard,
2007

Restraint stress

Mice exposed to restraint showed reduced preference for sucrose over water.
The effects of restraint stress were reduced by the CB agonist CP55940 or the FAAH inhibitor
URB59, and enhanced by the CB1R antagonist rimonabant.

Rossi et al., 2008

Social defeat stress (SDS)

Stress exposure reduced the sensitivity of GABA synapses in the striatum to CB1R stimulation.
This alteration was prevented by pharmacological blockade of glucocorticoid receptors and
was reproduced by corticosterone injection.
Running wheel, sucrose administration, or a single injection of cocaine promoted the recovery
of synaptic defects.

Lu et al., 2008

CNR1 SNP, Attention deficit
hyperactivity disorder
(ADHD) and post-traumatic
stress disorder (PTSD)

Significant associations were identified between CNR1 SNP haplotypes and both ADHD and
PTSD.

Agrawal et al., 2012

CNR1 SNP, Anhedonia

History of childhood physical abuse was significantly associated with anhedonia only in
rs1049353 GG patients.
(Continued)
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TABLE 1 | Continued
Author

Experimental
protocol/model

Main findings

Rossi et al., 2012

IL-1β injection, SDS

Both exposure to SDS and IL-1β injection induced anxiety and abolished the sensitivity of
CB1R controlling GABA synapses.
Injection of IL-1ra reverted both effects.
The effects of IL-1β required intact function of the TRPV1 channel.

Gentile et al., 2016

EAE mice, CB1R-KO mice

EAE-induced anxiety was associated with reduced the sensitivity of GABA synapses in the
striatum to CB1R stimulation.
These alterations were exacerbated in CB1R-KO mice.
IL-1ra administration reduced anxiety in EAE mice, and restored both DA release and the
sensitivity of striatal GABA synapses to CB1R stimulation.

Mandolesi et al., 2017

IFN-Èinjection, EAE mice

IFN-Èinjection induced anxiety and depression, associated with reduced sensitivity of striatal
GABA synapses to CB1R stimulation.
EAE was associated with increased striatal IFN-Èexpression and altered CB1R transmission.
These alterations were rescued by blocking IFN-Èsignaling.

ADHD, attention deficit hyperactivity disorder; CB, cannabinoid; CB1R, cannabinoid receptor 1; CB1R-KO, cannabinoid receptor 1-knock out; DA, dopamine; EAE, experimental
autoimmune encephalomyelitis; ECS, endocannabinoid system; FAAH, fatty acid amide hydrolase; FST, forced swim test; GABA, È-aminobutyric acid; IFN-È, interferon È; IL-1ra,
interleukin-1 receptor antagonist; IL-1β, interleukin-1β; PTSD, post-traumatic stress disorder; SDS, social defeat stress; SIA, stress-induced analgesia; TNF, tumor necrosis factor; WT,
wild type.

in specific brain regions, including the hypothalamus, the
amygdala and the hippocampus. In particular, chronic treatment
with tricyclic antidepressants was associated with increased
CB1R density in the hippocampus and hypothalamus and
reduced hypothalamic-pituitary-adrenal (HPA) axis activation in
response to stressing stimuli (Hill et al., 2006, 2009a).
It has been evidenced that ECS functionality may influence
mood also in humans. In patients with major depression
reduced circulating levels of both 2-AG (Hill et al., 2008)
and AEA (Hill et al., 2009b) have been described. In
addition, chronic treatment with CB1R antagonists has
been associated with increased incidence of anxiety and
depression. In particular, the CB1R antagonist rimonabant
introduced for smoking cessation and to treat obesity,
was suspended following several reports of severe mood
depressant action (Després et al., 2005; Van Gaal et al., 2005;
Padwal and Majumdar, 2007; Traynor, 2007; Rigotti et al.,
2009).
Several genetic variants of the genes encoding the cannabis
receptor type 1 (CNR1) and FAAH have been identified
(Monteleone et al., 2010). CNR1 has been localized to
chromosome 6q14-q15 (Hoehe et al., 1991; Zhang et al., 2004).
It has been suggested that genetic variability affecting ECS
functionality can influence the individual susceptibility to mood
disorders (Monteleone et al., 2010). Accordingly, the AAT triplet
repeat polymorphism of the CNR1 gene, and different single
nucleotide polymorphism (SNPs) of CNR1 and FAAH genes
have been associated with depressive symptoms and with major
depression (Barrero et al., 2005; Domschke et al., 2008). In
major depression, SNPs of the CNR1 may also influence the
response to antidepressant treatment (Domschke et al., 2008;
Mitjans et al., 2013). Moreover, it has been evidenced that
CNR1 SNPs may interact with previous negative experiences
increasing the susceptibility to depression (Juhasz et al., 2009).
In particular, in patients with major depression, CNR1 SNPs
may affect responsiveness of subcortical structures, including the
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amygdala and striatum, to social rewarding stimuli (Domschke
et al., 2008).
Overall, data from animal models and clinical studies
suggest that the ECS functionality could influence anxiety and
depression. The mechanisms underlying the interaction between
ECS and mood are different and include the modulation of
activity in limbic areas involved in reward processing, regulation
of other neurotransmitters (i.e., noradrenaline, NA; DA; 5-HT),
and HPA activation in the stress response (Hill and Patel, 2013;
Micale et al., 2013).

The ECS Mediates Reward
Mesocorticolimbic DA projections to the limbic system,
including the amygdala, hippocampus and orbitofrontal cortex
(OFC), are critically involved in mediating reward (Koob and
Volkow, 2010). In addition to DA other neurotransmitter,
including acetylcholine, opiate peptides, glutamate and GABA,
are involved in reward.
The ECS could modulate synaptic transmission in each of the
abovementioned brain structures (Sidhpura and Parsons, 2011;
Panagis et al., 2014), mediating the hedonic effects of different
environmental rewarding stimuli (Trezza et al., 2010; Klein et al.,
2012; Silvestri and Di Marzo, 2013). Accordingly, it has been
evidenced that in CB1R-KO mice and after blockade of CB1R the
rewarding effects of cannabinoids (Ledent et al., 1999), opiates
(Ledent et al., 1999; Martin et al., 2000; Cossu et al., 2001),
and cocaine (Chaperon et al., 1998) were reduced. Conversely,
stimulation of CB1R was associated with relapses of substances
abuse (Fattore et al., 2007; Higuera-Matas et al., 2008).
Experimental studies demonstrated that sensitization of
CB1R-mediated transmission in the striatum may represent the
neurophysiological hallmark of different forms of reward-based
behavior. In mice, 1-day treatment with cocaine did not modify
the synaptic response to CB agonists in the striatum. Conversely,
7 days of cocaine administration induced conditioned place
preference, which is associated with hypersensitivity of striatal
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striatal synaptic transmission. Notably, different types of rewards
administered before the exposure to stress, may exert a protective
effect against stress-induced synaptic alterations (De Chiara et al.,
2010). In addition, human studies showed that ECS functionality
could influence the response to stress (Neumeister et al., 2013;
Pietrzak et al., 2014). In particular, different SNPs of the ECS
have been associated to post-traumatic stress disorder (PTSD),
influencing the effects of previous stressful events (Lu et al., 2008;
Agrawal et al., 2012; Mota et al., 2015).

GABA synapses to the stimulation of CB1Rs (Centonze et al.,
2007). Other environmental rewards were also associated with
modulation of striatal DA (Mark et al., 1991; Hajnal et al., 2004; El
Rawas et al., 2009), and were associated with upregulation of CB
transmission in GABAergic striatal terminals (De Chiara et al.,
2010). Accordingly, CB1R blockade reduces motivation for sweet
foods, whereas activation of these receptors increases it (Simiand
et al., 1998; Cota et al., 2003; Ward and Dykstra, 2005; Mahler
et al., 2007).
The ECS may affect reward processing also in humans. Indeed,
post-mortem studies evidenced altered expression of different
ECS components in the prefrontal cortex of subject with alcohol
abuse (Erdozain et al., 2014), moreover, reduced CB1R binding
has been evidenced in vivo in patients with alcohol dependence
(Hirvonen et al., 2013). In addition, SNPs of the CNR1 gene
have been associated with drug misuse, alcohol withdrawal, and
susceptibility to mood disorders (Barrero et al., 2005; Chen et al.,
2008; Domschke et al., 2008; Marcos et al., 2012). In addition,
also FAAH SNPs has been correlated to the risk of cannabis
and alcohol abuse (Tyndale et al., 2007; Bühler et al., 2014).
This evidence suggests that genetic variability in the ECS may
influence reward sensitivity, and increase the risk of substance
misuse (Parsons and Hurd, 2015).

INFLAMMATION AND MOOD
Recent research has highlighted the relationship between
the immune response and mood disturbances. In different
inflammatory conditions, proinflammatory mediators could
induce anxiety, anhedonia, social withdrawal, fatigue, and sleep
disturbances, defined as “sickness behavior” (Raison et al.,
2006; Dantzer et al., 2008; Miller et al., 2009). Accordingly,
systemic administration of proinflammatory agents is able to
promote the activation of microglial cells in the hippocampus
and stimulate the release of proinflammatory cytokines in the
CNS (van Dam et al., 1992; Breder et al., 1994; Layé et al.,
1994; Riazi et al., 2008), and is associated with depression
and anxiety (Reichenberg et al., 2001; Miller et al., 2009).
Different inflammatory molecules, including interleukin (IL)-1β
and tumor necrosis factor (TNF), have been implicated in the
behavioral manifestations. In particular, central administration
of these cytokines induces sickness behavior in animals (Dantzer
et al., 2008; Haji et al., 2012; Rossi et al., 2012).
In addition, it has been proposed that inflammation may
be implicated in the pathophysiology of different psychiatric
syndromes, including major depression (Maes et al., 1995;
Capuron et al., 2002). Accordingly, elevated biomarkers of
systemic inflammation, as C-reactive protein, have been
associated with depressive symptoms (Morris et al., 2011).
It has been evidenced that depressed patients show higher
peripheral blood levels of proinflammatory cytokines (Zorrilla
et al., 2001; Dowlati et al., 2010; Haapakoski et al., 2015),
and elevated inflammatory markers predict reduced response to
antidepressant treatment (Strawbridge et al., 2015). Accordingly,
increased prevalence of depression has been observed in patients
with autoimmune disorders (Zeher et al., 2010), and blocking
cytokine signaling can exert beneficial effects on mood (Tyring
et al., 2006). Moreover, post-mortem studies in patients with
major depression evidenced that also the innate immune
response is altered, possibly contributing to the pathogenesis
of depression (Martín-Hernández et al., 2018). Finally, it has
been suggested that also the efficacy of different psychoactive
treatments may be mediated by immunomodulatory properties
(Maes et al., 1999; Cattaneo et al., 2013; Horowitz et al., 2015).
The effects of neuroinflammation on mood have been
extensively investigated in neurological diseases and particularly
in multiple sclerosis (MS). Anxiety and depression, are more
frequent in MS patients compared to both general population
(Patten et al., 2003) and other neurological patients (Schiffer
and Babigian, 1984; Schubert and Foliart, 1993; Thielscher et al.,

ECS and Stress
Activation of the hypothalamic-pituitary-adrenal (HPA) axis
represents the typical response to stress. While the HPA axis
activity could be modulated by the ECS, conversely both
stress and glucocorticoids could induce eCBs signaling in brain
areas critically involved in behavioral responses, such as the
hypothalamus and the amygdala (Hill and McEwen, 2010; Hill
and Patel, 2013).
Experimental data suggest that the ECS could be crucially
involved in mediating the neurophysiological and behavioral
consequences of stress. In fact, stressful events may increase
the synthesis of eCBs in the periaqueductal gray (Hohmann
et al., 2005) and alter eCBs amount in brain areas associated
with reward processing (Patel et al., 2005; Rademacher et al.,
2008) thus modulating different responses, including stressinduced analgesia (Hohmann et al., 2005) and sensitivity to
natural reward (Rademacher and Hillard, 2007). Notably, other
neurotransmitter systems, including cholecystokinin signaling,
are involved in the regulation of the behavioral consequences of
stress (Kurrikoff et al., 2008).
It has been demonstrated that the behavioral effects of social
stress in mice were associated with a selective alteration of the
sensitivity of GABA synapses to CB1R activation. In particular,
exposure to social stress in mice altered the CB1R-mediated
control of GABAergic synaptic transmission in the striatum
(Rossi et al., 2008). The specific role of stress is confirmed
by the evidence that striatal synaptic alterations are prevented
by glucocorticoid receptors blockade and reproduced by
glucocorticoids administration. Finally, stress-induced synaptic
alterations were rescued after either exposure to natural rewards
(i.e., running wheel, sucrose) or administration of cocaine
(Rossi et al., 2008). These data suggest that the ECS integrates
different environmental stimuli, modulating their effects on
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Several studies evidenced that the ECS plays a critical role in
mediating the effects of inflammation on synaptic functioning
and mood. Accordingly, in EAE mice, CB1Rs stimulation may
counteract the TNF-mediated synaptic alterations (Rossi et al.,
2011). In particular, administration of a CB1R agonist, prevented
the alterations of striatal transmission produced by TNF on brain
slices.
Several evidences suggest that specific proinflammatory
mediators, including IL-1β and IFNÈ, modulate striatal CB1R
sensitivity (Rossi et al., 2012; Gentile et al., 2016; Mandolesi et al.,
2017). In particular, intracerebroventricular administration of IL1β in control mice induced anxious behavior and was associated
with reduced sensitivity of striatal GABAergic synapses to CB1Rs
stimulation (Rossi et al., 2012). It has been observed that IL-1β
mediates the effects of inflammation in EAE mice (Gentile et al.,
2016). Accordingly, blocking IL-1β signaling restored striatal
CB1Rs sensitivity and reduced anxious behavior (Gentile et al.,
2016).
Interestingly, it has been shown that inflammatory signals
and environmental stimuli interact with the ECS to produce
mood changes. In particular, the effects of IL-1β administration
on striatal transmission were similar to the alterations induced
by social defeat stress (Rossi et al., 2008). Furthermore,
administration of IL-1β receptor antagonist (IL-1ra) was able to
revert the synaptic and behavioral effects induced by both IL-1β
injection and social defeat stress. These results suggest that IL-1β
is involved in inflammation-induced mood alterations and also
play a key role in mediating responses to environmental stress
(Koo and Duman, 2008; Goshen and Yirmiya, 2009; Norman
et al., 2010).

2013). In particular, mood disturbances may be independent
of other neurological deficits and may occur as a presenting
symptom (Haussleiter et al., 2009; Lo Fermo et al., 2010; Suh
et al., 2010). It has been shown that in animal models of
MS (i.e., experimental autoimmune encephalomyelitis, EAE)
sickness behavior is observed during the acute phase before the
onset of motor signs (Pollak et al., 2000) and comes from altered
neuronal activity produced by the inflammatory milieu (Gentile
et al., 2015a).
Experimental studies showed that in EAE specific
proinflammatory cytokines, particularly TNF and IL-1β,
are critically involved in the induction of mood alterations
(Pollak et al., 2003; Gentile et al., 2015b). Notably, the synaptic
alterations have been found in the striatum, a key structure
involved in mood regulation both in rodents and humans
(Mathew and Ho, 2006; Nestler and Carlezon, 2006; Kim
et al., 2008; Zhang et al., 2008). In particular, striatal synaptic
degeneration and dendritic spine loss have been found already
during the early phases of EAE, independently of demyelination
or clinical disability (Centonze et al., 2009). This data suggest that
TNF-induced striatal synaptic dysfunction may be responsible
of the behavioral manifestations. In line with these findings,
intracerebroventricular injection of TNF in control mice was
associated with anxious behavior (Haji et al., 2012). Conversely,
intracerebroventricular administration of etanercept, a TNF
inhibitor, reduced anxious behavior and prevented the synaptic
alteration in EAE mice (Haji et al., 2012). In addition, elevated
levels of IL-1β and IL-1β mRNA have been evidenced in the
striatum of EAE mice, together with reduced dopaminergic
transmission (Gentile et al., 2015b). Accordingly, blocking IL-1β
signaling in EAE mice can reduce mood alterations and restore
DA release in the striatum (Gentile et al., 2015b).

THERAPEUTIC APPLICATION OF
CANNABINOIDS

Inflammation and ECS
A complex bidirectional interaction exists between
the ECS and the immune system. eCBs signaling has
immunosuppressant actions, in particular, CB2R stimulation
reduce both inflammation (Pandey et al., 2009) and circulating
proinflammatory mediators (Croxford and Miller, 2003).
Conversely, lipopolysaccharide administration modulates
eCB signaling (Klein et al., 2003). In particular, microglial
cells are recently emerging as key elements mediating the
relationship between inflammation and the ECS. Microglia
express CBRs, particularly CB2Rs, and is able to release both
inflammatory mediators and eCBs (Stella, 2009; Boorman et al.,
2016). Notably, CB2R stimulation in microglial cells promote
the release of anti-inflammatory cytokines (Ma et al., 2015).
Therefore, reduced CB2R stimulation may contribute to the
pathogenesis of mood disorders. Accordingly, it has been
evidenced that a polymorphism of the CB2R gene, producing
reduced activation of the CB2R receptor, was associated with
increased incidence of depression (Onaivi et al., 2008). Moreover,
it has been demonstrated that treatment with both minocycline
and antidepressant drugs was associated to reduced release of
proinflammatory molecules by microglial cells (Burke et al.,
2014; Su et al., 2015).
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Cannabis contains numerous active components. In particular,
19-tetrahydrocannabinol (THC) and cannabidiol (CBD)
represent the main phytocannabinoids (Huestis, 2007). In
addition to smoked cannabis, different commercially available
compounds have been produced (i.e., dronabinol, nabilone,
Sativex R ), differing in THC and CBD composition. Cannabisderived treatments are currently approved for several clinical
conditions, including spasticity, pain, nausea, and some epileptic
conditions (Pacher and Kunos, 2013; Devinsky et al., 2014).
However, despite numerous reports of beneficial effects on
anxiety and depression, the clinical efficacy is still debated
(Whiting et al., 2015; Turna et al., 2017). In particular, recent
reviews and meta-analyses, concluded that evidence supporting
clinical benefits of cannabis-based therapies in mood disorders
is scarce, and limited to low-grade evidence supporting the
beneficial effect of CBD in social anxiety (Bergamaschi et al.,
2011) and of medical marijuana in PTSD (Walsh et al., 2017).
The limited approved clinical indications contrast with
the ample evidence, derived by preclinical studies and also
from anecdotal observations, showing beneficial effects of ECS
modulation on mood. It should be considered that a number
of factors may contribute to the lack of clear findings. It has
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been observed that most clinical studies were considered as at
high risk of bias, generally for incomplete report of outcome
measures and for inadequate blinding procedure (Whiting et al.,
2015). In addition, clinical studies mainly explored the effects of
synthetic principles, and studies exploring the effects of cannabis
are limited. Furthermore, the role of genetic individual variability
should be considered, as differences in CB1Rs sensitivity to
phytocannabinoids may explain the ample variability of the
effects reported by patients.
A specific confounding factor that limits the clinical evidences
supporting the beneficial effects of cannabinoids on mood is
the difficulty in controlling the placebo effect. It is worth
noting that the placebo response could significantly influence
the clinical effect of drugs acting on the ECS (Benedetti
et al., 2011a; Di Marzo and Centonze, 2015). Placebo effect
constitutes a complex phenomenon coming from both the
social ritual represented by placebo administration and the
psychosocial context (Benedetti et al., 2011a). Interestingly,
it has been clearly demonstrated that both the placebo
response and drugs activate the same biochemical pathways.
In particular, the placebo analgesia is mediated by both the
opioid system and the ECS (Wager et al., 2007; Benedetti
et al., 2011b). Consequently, it has been demonstrated that the
administration of rimonabant inhibits the non-opioid placebo
response (Benedetti et al., 2011b). In clinical trials evaluating the
efficacy of antidepressant medications, it has been shown that
the placebo effect could be responsible for at least one-half of
the beneficial effect (Kirsch and Sapirstein, 1998) representing a
relevant confounding factor. Indeed, as ECS mediates both the
antidepressant effect of drugs and the placebo response, patients
responding to antidepressant drugs may also show a marked
placebo response.
Finally, concerns about the risks associated to cannabis use
have limited the clinical indications of medical marijuana. In
particular, acute cannabis use has also been associated with
worsening of anxiety (Crippa et al., 2009). Furthermore, it has
been proposed that chronic consumption could be associated

with increased risk of psychosis, cognitive impairment and
addictiveness in predisposed subjects (Volkow et al., 2014; Ksir
and Hart, 2016; Turna et al., 2017).

CONCLUSIONS
Emotional homeostasis is crucially modulated by the activity of
the ECS. In particular, different environmental and endogenous
stimuli could influence the emotional state by modulating the
sensitivity to eCBs of different neurotransmitter pathways in
multiple brain areas. Cannabis-based compounds could exert
antidepressant effects through complex influences on different
behavioral responses, such as those associated to reward, stress
and inflammation, also depending on the individual psychosocial
context. Overall, these issues make it difficult to demonstrate
unequivocal relationships between ECS modulation and the
effects on mood. Although targeting the ECS could represent a
promising treatment option in different psychiatric conditions,
future clinical trials should be designed to explore specific
outcome measures, to reduce the individual variability and to
consider the placebo response. In the last years, the ample
diffusion of smoked or vaporized cannabis for recreational and
therapeutic purposes has not been accompanied by measures
aimed at promoting information about medical marijuana use.
In this view, it is important to design specific interventions
to overcome the gap between preclinical studies and clinical
evidences on the potential therapeutic use of cannabinoids.
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