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Abstract

56,7 ,

Purpose of Review The current serotonin-based biological model of suicidal behavior (SB) may be too simplistic. There is
emerging evidence that other biomarkers and biological systems may be involved in SB pathophysiology. The literature on the
endocannabinoid (EC) systems and SB is limited. The objective of the present article is to review all available information on the
relationship between cannabinoid receptors (CB; and CB, receptors), and SB and/or psychological pain.

Recent Findings Our review is limited by the small number and heterogeneity of studies identified: (1) an autopsy study describing
elevated levels of CB; receptor activity in the prefrontal cortex and suicide in both depression and alcoholism and (2) studies
supporting the involvement of both CB; and CB, receptors in the regulation of neuropathic pain and stress-induced analgesia.
Summary We conclude that cannabinoid receptors, particularly CB; receptors, may become promising targets for the develop-

ment of novel therapeutic tools for the treatment of SB.
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Introduction

Between 10 and 20 million people attempt suicide and nearly
1 million people complete suicide every year [1]. The lifetime
prevalence of suicide attempts reported in the US National
Comorbidity Survey was 4.6% [2]. Suicide is the fifteenth
leading cause of death and the second leading cause of death
among young people worldwide [3]. Suicidal behavior (SB),
including suicide attempts and suicide, represents a major
source of economic burden [4]. The risk of SB has tradition-
ally been associated with bipolar disorder [5], schizophrenia
[6], major depressive disorder (MDD), personality disorders
(PDs) [7], and alcohol use disorders (AUDs) [8-10].
Furthermore, the biological model of SB has focused on
monoamines, particularly serotonin and noradrenaline [11].
We have recently suggested that the serotonin model may be
too simplistic and no longer helpful; mental (psychological)
pain may be what really unifies SB [12¢]. The
endocannabinoid (EC) system may be particularly interesting
as a contribution to the understanding of SB since (1) it pro-
vides new potential therapeutic targets [11] and (2) cannabi-
noid receptors are involved in pain; as previously described,
mental pain may be an intermediate phenotype for SB [12¢].
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The EC system includes (1) endogenous ligands such as
anandamide and 2-arachidonoylglycerol, (2) the
endocannabinoid degrading enzymes monoacylglycerol lipase
and the fatty acid amide hydrolase (FAAH) among others,
and (3) some cannabinoid receptors (CB) such as the CB 1
(CB;) and the CB2 (CB,). It is involved in several physio-
logical functions, including mood regulation [13] and pain
[14, 15¢¢]. ECs have been identified in the cortex, basal gan-
glia, and the limbic system. Both the natural and synthetic
cannabinoids exert their effects through the CB receptors [16].
The CB; receptor is (1) mainly found within the central ner-
vous system (CNS) [17], (2) one of the most frequent G
protein-coupled receptors in the mammalian brain, (3)
encoded by the CB; receptor gene (CNRI) located at chro-
mosome 6q14-q15 [18, 19¢], and (4) thought to play a key
role in the neuronal circuits that mediate motivation, mood,
and emotional behaviors [20]. The limited data about CB;
physiology includes the following: (1) presynaptic CB; recep-
tors mediate regulate serotonin and norepinephrine release
[21], (2) CNRI is downregulated by glucocorticoids [22],
and (3) some genetic variants of CNRI (and the FAAH gene)
have been identified [23]. The CB, receptor is another G
protein-coupled receptor and is encoded by the CB, receptor
gene (CNR2) located at chromosome 1p36.11. CB, receptors
are mainly peripherally expressed and related to the immune
system [17], but are also found in the CNS [24, 25].

Quite recently, some have postulated that the EC system
might be involved in the pathophysiology of affective disor-
ders and SB [11, 26]. The administration of three different
types of cannabinoid compounds, (1) CB; receptor agonists,
(2) FAAH inhibitors, and (3) EC uptake inhibitors, have
antidepressant-like effects and augment fluoxetine efficacy
in animal models [27-29]. On the other hand, the blockade
of the EC system induces depressive-like symptoms in ani-
mals [30, 31]. A clinical study suggested that the EC system
might be blunted in individuals diagnosed with MDD, as
some of them suffer from hypercortisolemia [13]. In 2012,
Vinod [20] warned about the lack of literature on the role of
the EC system on MDD and SB. More recently, in a literature
review and meta-analyses of cannabis use and SB, Borges
et al. [32¢¢] stated that there is no clear evidence of association
between either acute or chronic cannabis use and SB.

Given this scarcity in the literature, the aim of the present
systematic review is to address the relationship of CB recep-
tors and SB. As mental pain might be considered an interme-
diate phenotype of SB, we will also explore the relationship
between CB receptors and mental pain.

Methods

On 6/29/17, we carried out a systematic review on Medline
(http://www.ncbi.nlm.nih.gov/pubmed), IST Web of
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Knowledge (http://apps.webotknowledge.com), and Google
Scholar (https://scholar.google.es/) using dates between 1999
and 2017. The search followed the guidelines of the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) and considered all publications written in
English, Spanish, French, and Portuguese.

Figure 1 displays the flow chart with the strategy that was
followed.

We performed two PubMed searches: the first searched:
“cannabinoid receptor” AND suicid* and the second
searched: “cannabinoid receptor” AND “psychological pain,”
“cannabinoid receptor” AND “mental pain.” We found a total
of 137 abstracts. The same search within the ISI Web of
Knowledge led to 2 additional articles. We checked Google
Scholar (10 initial pages) to determine whether there were any
other potential articles, but did not find any further potential
articles to be included in our review. The 139 abstracts includ-
ed 9 duplications, leaving 130 unduplicated records. From the
130 abstracts, 46 abstracts were not relevant and 84 were
carefully screened. From the 84 screened abstracts, 56 were
excluded and 28 abstracts led to full-article reviews. Of the 28
articles, 9 were excluded and 19 were included (see Fig. 1).

Results

There were 12 articles on the relationship between CB recep-
tors and SB. Two of them were review articles, which sug-
gested an association between the CB; receptor and both
MDD and SB [14, 33]. Table 1 includes the remaining 10
articles describing studies with very heterogeneous methodol-
ogy including (1) heterogeneous diagnoses: 4 with AUD and
SB, 3 with MDD, 2 with SB, and 1 with SB and schizophre-
nia; (2) heterogeneous types of study variables: 7 autopsy
brain studies and 3 genetic studies; and (3) studies of both
receptors: 9 on CB; and 1 on CB..

It is not easy to compare CB; receptor activity across 7
brain studies as heterogeneous as these. In 6 studies focused
on SB, three had at least one measure with higher CB; recep-
tor activity [34-36], one with lower activity [37¢], and one
with no difference [38]. One study with both MDD and SB
was also associated with higher CB; receptor activity [26].
There were 3 CB; genetic studies. Two focused on the fre-
quency of the same CNRI receptor gene polymorphism
(rs1049353) but with opposite results, since MDD was asso-
ciated with an increase of the mutant allele when compared
with healthy controls [13]. In the other study, patients with SB
had a lower rate of the mutant allele compared with healthy
controls [18]. In another study, MDD was associated with
another CNR! polymorphism (rs2023239). Regarding a CB,
receptor polymorphism, a brain study showed a decrease of
activity in cases with SB [39].
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Table 2 describes 7 articles on the relationship between CB
receptors and mental/psychological pain, including 1 clinical
and 6 animal studies. Obviously, the animal studies did not
measure psychological pain but behaviors presumably associ-
ated with pain. The 6 animal studies had very heterogeneous
methodology including (1) two design types: 5 case-control
studies [15¢, 4044] and 1 with no controls [45]; (2) three
types of pain studied: 3 on stress-induced analgesia [40, 43,
44]; 2 on neuropathic pain [41, 42¢], and 1 on needle and
thermal pain [45]; and (3) two methods of modifying CB
activity: 4 using drug administration [40, 41, 43, 45] and 2
using gene knockout [42e, 44].

Similar to Table 1, Table 2 includes very heterogeneous
results. In the clinical study [15<¢], Benedetti et al. reported
that pain tolerance was partially blocked by naltrexone and
rimonabant alone, and completely blocked by the combina-
tion of both agents. They concluded that the co-activation of
both the opioid and cannabinoid systems mediated pain toler-
ance. Of the 6 animal studies, 3 studies explored the role of
CB, receptors on stress-induced analgesia [40, 43, 44] and
reported that CB, receptors may contribute to (1) the regula-
tion of stress-induced analgesia through the basolateral

nucleus of the amygdala, (2) the analgesic role of orexin A
on the orexin 1 receptor [43], and (3) the nociceptive response
[44]. One of these studies also suggested that the genetic de-
letion of FAAH may predispose animals to elevated sensitivity
to certain types of pain [44]. The 2 animal studies on neuro-
pathic pain [41, 42¢] reported that (1) CB;_ but not CB,, ago-
nists can strongly tend to suppress neuropathic pain [41], and
(2) knockout CB; receptors are associated with more anxiety
and depression-like behavioral manifestations; thus, CB; re-
ceptors may regulate pain-induced affective changes [42°].
Finally, another animal study proposes that cannabinoids
may decrease cutaneous and thermal pain [45].

Discussion

The current biological model of SB has mainly been focused
on the amines, particularly serotonin [46, 47]. There is emerg-
ing evidence that other biomarkers are also involved in SB
pathophysiology [48¢, 49]. This literature review suggests that
the EC system, and particularly the CB; receptor may also be
involved in the pathogenesis of SB in patients with both
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Table 1 Cannabinoid receptors and SB
Reference Main study variable Patients and study design Results and conclusions
Vinod et al. Autopsy brain samples AUD * Cases had significantly 1 (39%) density of CB;
2005 [11] Measures: Cases: 11 suicides (age receptors (¢=3.59, df=18, p=.0021)
1) CB; density range: 2061 years) * Cases had 1 CB; receptor-mediated signaling

Erdozain et al.
2015 [36]

Vinod et al.
2010 [20]

Erdozain et al.
2015 [37°]

Hungund et al.
2004 [26]

Monteleone et al.
2010 [13]

Icick et al.
2015 [19¢]

Garcia-Gutierrez
etal. 2012 [39]

@ Springer

2) CB; receptor-mediated G
protein signaling at the DLPFC

3) tissue levels of 2
endocannabinoids
[N-arachidonyl
ethanolamide (AEA) and
2-arachidonylglycerol (2-AG)]

Autopsy brain samples

CB; receptor activity in the
prefrontal cortex as measured
by:

1) CB; receptor gene and protein
expression

2) FAAH and MAGL activity

Autopsy brain samples

3 measures of CB, receptor
activity in the ventral
striatum: 1) CB, receptor
density

2) CB; receptor-mediated G
protein signaling

3) FAAH activity

Autopsy brain samples

CB; receptor expression,
density, affinity and
functionality (coupling of
CB; receptor to G proteins)
in the post-mortem caudate
nucleus, hippocampus,
and cerebellum

Autopsy brain samples

CB; receptor expression and G
protein signaling
at the DLPFC

Gene

CNRI rs1049353 (1359 G/A)
polymorphism and the FAAH

gene 1s324420 SNP (cDNA
385Cto A)

Gene
CNRI1 SNP rs2023239
polymorphism

Autopsy brain samples

CB; receptor gene expression
alterations in the DLPFC and
amygdala

GENE

AUD controls: 11
matched controls who
died from other
causes (age range:
16-70 years)

AUD

Cases: 11 suicides

Suicide controls: 11 with
no AUD

AUD controls: 11 who
died from other
causes

Healthy controls: 11

AUD

Cases: 9 AUD suicides

AUD controls: 9 died
from other causes

Healthy controls: 9

AUD

Cases: 6 AUD suicides

Suicide controls: 6 with
no AUD

AUD controls: 6 died
from other causes

Healthy controls: 6

MDD and SB

Cases: 10 depressed
suicides with MDD
(age range
=13-77 years)

Healthy controls: 10
matched (age
range = 15-79 years)

MDD

Cases: 83 cases with
MDD

Bipolar depression
patients: 134

Healthy controls: 117

MDD

Cases: 49

opiate-dependent (32 SB)

Opioid-dependent
controls: 36 Healthy
controls: 36

SB

Cases: 18 suicides

Healthy controls: 15

SB

(34%; t=5.38, df=20, p= .0001)

* Cases had significantly 1 levels of the endocannabinoid
AEA (t=5.18, df=20, p=.0001) and 2-AG
(t=2.75,df=20, p= .01)]

* Conclusion: Hyperactivity of EC system signaling
in the DLPFC may be a potential factor in suicide
in alcoholic subjects.

* No statistically significant differences in CB; mRNA
relative expression, FAAH and MAGL activity

* Cases had 1 CB; receptor expression (ANOVA
p=0.0471).

* Conclusion: The EC system is involved in the
neurobiological mechanism underlying alcoholism.

* Cases vs. AUD controls had: 1) 1 level of CB; receptors
(98%, p=0.045), 2) 1 CB; receptor-mediated G protein
signaling (32%, p =0.0002), and 3) 1 FAAH activity
(56%, p=0.0017)

» Compared to healthy controls: (1) | level of CB;
receptors in AUD controls (74%, p <0.0001) and
cases (48%, p=0.0003); (2) | CB, receptor signaling
(35%, p=0.008) in AUD controls, and 1 signaling
(32%, p=0.0002) in cases; (3)| activity of the FAAH
in AUD controls (50%, p <0.0001) and cases (23%,
p=0.005)

» Conclusion: Suicide was associated with upregulation
of CB; receptors while AUD with downregulation.

* Suicides (cases and suicide controls) compared with
controls (AUD and healthy) had | CB; receptor density
in the caudate nucleus (two-way ANOVA, p < 0.05) and
| CB receptor functionality (p < 0.001) in the cerebellum

* Conclusion: The significant | in CB; receptor density is
a factor in suicides but not in alcoholism.

Cases had 1 (38%) density of CB; receptors (p <0.001)
and upregulation (24%) of CB; receptor signaling
(p<0.0001)

* Conclusion: This study could not address whether these
results are due to either MDD or SB.

* Cases vs. controls had a significantly 1 frequency of the
mutant allele of the CNR1 rs1049353 (1359 G/A)
polymorphism (OR =2.46, 95% Cl=1.46-4.137)

* Conclusion: The CNR1 1359 G/A and the FAAH cDNA

385C to A gene variants may contribute to the susceptibility

to mood disorders.

* Cases with at least one copy of the C allele had a |
prevalence of lifetime MDD (42 vs. 69%, ¥ =6.532,
p=0.011)

* Conclusion: Minor C allele had a protective effect against
lifetime MDD, but was not associated with SB.

* Cases had CB; receptor gene expression downregulated
in the DLPFC (—40%; t=2.376, p=0.024, 31 df) and
amygdala (—30%; t=3.050, p =0.005, 31 df)

* Conclusion: CB, receptors are a potential key target
involved in impulsivity associated with SB.



Curr Psychiatry Rep (2018) 20: 19

Page50f9 19

Table 1 (continued)

Reference Main study variable Patients and study design Results and conclusions
Yildiz et al. CNRI1 rs1049353 (1359 G/A) Cases: 115 suicides « Controls had 1 frequency of AG phenotype (3.3; 95%
2012 18] polymorphism Healthy controls: 69 CL: 1.6-6.8)
* Conclusion: CNR1 rs1049353 (1359 G/A) polymorphism
may help to predict the risk of SB
Uriguen et al. Autopsy brain samples Schizophrenia « Antipsychotics induced downregulation of CB, receptors
2009 [38] CB; receptors in prefrontal Cases: 32 suicides with in the brains of antipsychotic-treated subjects with

cortex

schizophrenia
Suicide controls: 13
Non-suicide controls: 33

schizophrenia (71 +7%, n=11; p <0.05), but not in
drug-free subjects (104 + 13%, n=11)

* Conclusion: The antipsychotics that induced downregulation
of CB; receptors were not influenced by suicide.

2-AG 2-arachidonylglycerol, AEA N-arachidonyl ethanolamide, AUD alcohol use disorder, CNRI CB; receptor gene, DLPFC dorsolateral prefrontal
cortex, FAAH fatty acid amide hydrolase, MAGL monoacylglycerol lipase, MDD major depressive disorder, SB suicidal behavior, SNP single nucleotide

polymorphism

affective disorders and alcoholism. This is not new, as
rimonabant, a CB; receptor antagonist, induces anxiety, dys-
phoria, and suicidal ideation in some obese patients [50], and
even anxiety and depression in some psychiatrically normal
subjects [51]. Accordingly, in 2008, rimonabant was with-
drawn from the worldwide market. From the EC system, the
CB; receptor is the element more closely involved in pain
regulation, particularly in stress-induced analgesia [52] and
neuropathic pain [41]. This is relevant because most SBs are
precipitated by stressful life events [53, 54] that probably in-
crease mental pain. Some propose that analgesics could be
used for treating mental pain and preventing SB. Indeed, a
recent clinical trial reported positive results for the use of
ultra-low-dose buprenorphine (a p-opioid receptor weak par-
tial agonist) as a time-limited treatment for severe suicidal
ideation [55¢].

Our literature review suggests a close relationship between
different measures of elevated levels of CB, receptor activity
in some brain areas and suicide in both MDD [26] and alco-
holism [34-36]. Interestingly, while CB; hyperfunctioning is
found in the prefrontal cortex of alcoholics with or without
SB, CB; hypofunctioning was found in the caudate nucleus of
suicides [37¢]. Furthermore, the scarce literature on the differ-
ent CB, receptor gene SNPs is also controversial (Table 1).

Regarding the relationship between cannabinoid receptors
and psychological pain, it is not easy to translate animal stud-
ies into the clinical arena. Table 2 shows that most animal
studies reported that the CB, receptor is involved in the regu-
lation of both neuropathic pain and stress-induced analgesia
and affective behaviors [40-45]. The only clinical study of
this part of the review demonstrated that the meaning and
tolerance of pain can be modulated through verbal suggestions
that are mediated by both the opioid and cannabinoid systems.
Pain is a negative emotional experience modulated by a vari-
ety of psychological factors [15¢¢]. Mental pain has been de-
fined as “a wide range of subjective experiences characterized

as an awareness of negative changes in the self and in its
functions accompanied by negative feelings” [56]. Both phys-
ical and mental pain partially share the same neural network
[57¢¢]. Furthermore, mental pain is reported by more than
90% of suicide attempters [58¢], and is the most common
reason for suicide [59]. Indeed, we have recently suggested
that mental pain is what unifies SB [12¢]. Cannabinoid ago-
nists are used to treat neuropathic pain in multiple sclerosis
and other chronic painful conditions [60]. Sativex®, a
cannabis-derived oromucosal spray containing equal propor-
tions of tetrahydrocannabinol (THC) (a partial CB, receptor
agonist) and cannabidiol (a non-euphoriant, anti-
inflammatory analgesic with CB; receptor antagonist and
endocannabinoid modulating effects) has been approved for
treatment of central neuropathic pain in multiple sclerosis, and
intractable cancer pain [61, 62]. Thus, one can hypothesize
that cannabinoid agonists and Sativex® can be considered
potential treatments for mental pain associated with SB.
Unfortunately, two initial reports warned about a potential risk
of suicidal ideation or SB in patients on Sativex® [63, 64]

Finally, it is tempting for us not to speculate on the potential
role of the EC system, and particularly the CB; receptor, with-
in the context of the addictive hypothesis of SB. We have
previously reported that most (> 80%) major repeaters (sub-
jects with >5 lifetime suicide attempts) are addicted to SBs
[65°], and suggested that dopamine, the hypothalamic—pitui-
tary—adrenal (HPA) axis and the opioid system may be in-
volved in the development of this behavioral addiction [66].
Given that CB; signaling is important for the habituation of
anxiety behaviors after repeated exposure to an aversive situ-
ation [67, 68], that stress regulates CB; receptor signaling
[69], and that most SBs are precipitated by stressful life events
[53], it seems plausible to suggest that CB; receptors can have
a role in the development of SB addiction.

The major limitation of the present review is the limited
number and heterogeneity of the clinical studies, and the
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Table 2  Cannabinoid receptors and pain
Reference Main study variable Sample and study design Results and conclusions
Benedetti et al. CB; vs. opioid role in pain Clinical * Cases had an 1 pain tolerance when compared

2013 [15+]

Connell et al.
2005 [40]

Lee et al.
2016 [43]

Carey et al.
2016 [44]

Liu el al.
2006 [41]

Racz et al.
2015 [42°]

Zenor et al.
1999 [45]

tolerance

A CB; antagonist (rimonabant)
and an opioid antagonist
(naltrexone) and the
combination were used to
block increased tolerance to
ischemic arm pain

CB; role in SIA

The CB; antagonist (rimonabant)
was administered to explore
SIA using 2 tests: (1) the
tail-flick test and (2)
stress antinociception

CB, vs. opioid role in SIA

Analgesic role of orexin A in
the orexin 1 receptor is either
mediated by CB; or opioid
signaling on the VIPAG

CB; in SIA

The role of CB; FAAH and the
TRPV1 receptor was explored
in the tail-flick
test and carrageenan models
of inflammatory nociception

CB, vs. CB; role in neuropathic
pain

The effect of an unspecified CB
agonist (of both CB; and CB,)

was specifically blocked by
pre-treatment with CB; vs. CB,
antagonists

CB; gene role in affective
response to neuropathic pain
Anxiety-like and
depression-like behaviors
were studied, respectively with:

. light-dark and zero-maze tests

2. the sucrose preference test and

home cage activity

—_—

CB role in needle and thermal
pain

The effect of 3 CB agonists
(anandamide, methanandamide
and WIN 55212-2) on:

1. Sensitivity to sharp needles

2. Thermal sensitivity of calf tail

Cases with positive instructions': 15

Controls with negative
instructions’: 15

Controls with no instructions: 15

Animal (male rats)

Cases: 52 in 2 brain areas (BLA vs.
CeA)

Off-site (brain areas apart from BLA
or CeA) controls: 11

Animal (8 week & C57BL/6 mice)

Cases randomized to restrains of
8-12 weeks: unknown number

Controls: unknown number

Animal (mice)

Cases and controls: 246°
FAAH knockout cases: 123
Wild-type controls: 123

Animal (rats)

Cases with chronic constriction of
sciatic nerve: 48

Sham-operated controls: 28

Animal (mice)

Knockout CB; cases with partial
sciatic nerve ligation: 15

Wild-type controls with partial
sciatic nerve ligation: 14

Cases with no controls

(4-6 month old castrated
non-stressed male calves)

Cases: 9

with controls with negative instructions
[F(1,28)=6.481, p<0.001]

* 1 pain tolerance in cases was blocked by
naltrexone (p < 0.001), rimonabant
(p<0.001), and the combination (p < 0.0001)

* Conclusion: The co-activation of the opioid
and cannabinoid systems mediated the 1 in
pain tolerance.

* Intra-BLA microinjection of rimonabant |
tail-flick latencies (#(1,13) 5.764; p <0.04)
and stress antinociception (F(1,14)5.181; p < 0.04)
compared with off-site controls
* Conclusion: CB; receptors in the BLA but not
the CeA contribute to SIA

* Orexin A analgesia was not mediated by
opioid signaling but by CB, signaling since it
was blocked by a CB; antagonist (p <0.001)
and stimulated by a CB; agonist (p <0.001)

* Conclusion: SIA was only mediated by the
cannabinoid system.

* FAAH KO mice exhibited a characteristic
analgesic phenotype in the tail-flick test
(p<0.001)

* Conclusion: (1) 1 nociceptive response was
mediated by both CB; and TRPV1 receptors,
and (2) genetic deletion of FAAH may predispose
animals to elevated sensitivity to certain types
of pain.

» CB; agonist suppressed neuropathic pain in cases
[F(3,32)=3.75; P=0.05], and this effect was
only blocked by pre-treatment with the
CB; antagonist [F(1,4)=479.03; p= 0.005]
and not by the CB, antagonist

* Conclusion: Cannabinoids exhibited potent CB,
suppression of the abnormal sensory responses
that result from nerve injury (neuropathic pain).

* Cases had more behavioral manifestations of:

1) Anxiety measured by more time in the dark
area ([} 15=4.87, p=0.044)

2) Depression measured with less sucrose preference
(F136=4.58,p=0.039)

* Conclusion: The EC system plays an important
role in the chronic pain-induced mood changes
trough activation of CB, receptors.

* Methanandamide and WIN 55212-2 | cutaneous
pain sensitivity and thermal sensitivity of the tail
(p<0.05)

* Conclusion: cannabinoids | cutaneous and thermal
pain

BLA basolateral nucleus of the amygdala, CCI chronic constriction injury, CeA central nucleus of the amygdala, FAAH fatty acid amide hydrolase, EC

endocannabinoid, KO knockout, SIA stress-induced analgesia, TRPV transient receptor potential channel V1, vIPAG periaqueductal gray

!'Positive instructions: ischemia is beneficial to muscles

% Negative instructions: ischemia is painful

3 The number of cases and controls is not specified, and the 7 was obtained by estimating that half of the samples were cases and half were controls
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difficulty of translating the animal findings on the relationship
between the EC receptors and psychological pain into the
clinical arena.

A limitation in the area of research is that the relationship
between endocannabinoids and CB;-mediated regulation of
pain processing is more complex than previously thought
[44] as (1) other EC systems including the fatty acid amides
produce antinociception through CB;-independent mecha-
nisms [70]; (2) the inactivation of FAAH usually produces
antinociception in animal pain models, but genetic deletion
of FAAH might increase sensitivity to some types of pain
[44]; and (3) CB; receptor activation can lead in some in-
stances to the elevation of pain responsiveness [71]. Of rele-
vance for clinicians, tolerance of pain can be modulated
through verbal suggestions that are mediated by both the opi-
oid and cannabinoid systems. Compared with opioid signal-
ing, cannabinoid signaling could be a more subtle mechanism
[26].

Conclusions

Our review, limited by the small number and heterogeneity of
studies, identified (1) an autopsy study describing elevated
levels of CB; receptor activity in the prefrontal cortex and
suicide in both MDD and alcoholism and (2) studies
supporting the involvement of both CB; and CB, receptors
in the regulation of neuropathic pain and stress-induced anal-
gesia. Moreover, EC studies indicate that (1) stress regulates
CB4 receptor signaling and (2) the activation of CB; receptors
has traditionally been associated with antinociceptive effects.
On the other hand, any review in this area needs to acknowl-
edge that the relationship between endocannabinoids and pain
processing is more complex than previously thought. Our
conclusion is that cannabinoid receptors, particularly CB; re-
ceptors, may become promising targets for the development of
novel therapeutic tools for the treatment of SB.
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