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Abstract: Mood disorders are the most prevalent mental conditions encountered in psychiatric 
practice. Numerous patients suffering from mood disorders present with treatment-resistant forms 
of depression, co-morbid anxiety, other psychiatric disorders and bipolar disorders. Standardized 
essential oils (such as that of Lavender officinalis) have been shown to exert clinical efficacy in 
treating anxiety disorders. As endocannabinoids are suggested to play an important role in major 
depression, generalized anxiety and bipolar disorders, Cannabis sativa was suggested for their 
treatment. The endocannabinoid system is widely distributed throughout the body including the 
brain, modulating many functions. It is involved in mood and related disorders, and its activity may 
be modified by exogenous cannabinoids. CB1 and CB2 receptors primarily serve as the binding 
sites for endocannabinoids as well as for phytocannabinoids, produced by cannabis inflorescences. 
However, ‘cannabis’ is not a single compound product but is known for its complicated molecular 
profile, producing a plethora of phytocannabinoids alongside a vast array of terpenes. Thus, the 
“entourage effect” is the suggested positive contribution derived from the addition of terpenes to 
cannabinoids. Here, we review the literature on the effects of cannabinoids and discuss the possibil-
ity of enhancing cannabinoid activity on psychiatric symptoms by the addition of terpenes and ter-
penoids. Possible underlying mechanisms for the anti-depressant and anxiolytic effects are re-
viewed. These natural products may be an important potential source for new medications for the 
treatment of mood and anxiety disorders. 
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1. INTRODUCTION 

1.1. Mood Disorders-Depression Disorder, Anxiety Dis-
order and Bipolar Disorder 

 Major depressive and anxiety disorders are the most 
prevalent mental conditions encountered in the psychiatric 
practice. Depression is a disease affecting hundreds of mil-
lions of people all over the world, and approximately 20% of 
the population will suffer from depression during their life-
time. It affects a vast spectrum of symptoms and has a tre-
mendous effect on society due to the severe distress and dis-
ruption of life and, if left untreated, can be life-threatening 
[1]. Often closely related to depressive states is the presence 
of anxiety disorders, which are highly comorbid with other  
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mental and physical disorders [2]. Bipolar disorder (BD) is 
characterized by switching between depressive and manic 
mood states, however, Bipolar 1 can be diagnosed even with 
one episode of mania. It is a relatively common condition 
afflicting approximately 1% of the general population and is 
considered a chronic disease that may require lifetime treat-
ment. Similarly to anxiety and depressive disorders; the un-
derlying pathophysiology of BD is unknown [3]. Numerous 
patients with these disorders are treatment-resistant with 
relatively high degrees of comorbidity with other psychiatric 
disorders such as obsessive-compulsive disorder. Resistance 
to treatment accompanied by incapability to work and fre-
quent hospitalizations creates extensive costs for the health 
care and economic national systems. First-line medications 
for mood disorders are mostly based on the monoaminergic 
system (the noradrenergic, serotonergic, and dopaminergic 
neurotransmitters). Indeed, mounting evidence has shown 
that this system is responsible for many emotional and be-
havioral symptoms, among which are mood, vigilance, moti-
vation, fatigue, and psychomotor agitation or retardation. 
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Yet, the exact mechanisms are not completely understood [4] 
and research supports multiple neurochemical targets beyond 
the monoaminergic system. The treatments available tend to 
ease symptoms in about 60-70% of cases leaving numerous 
patients who do not find relief and the rate of remission is 
discouragingly low [5, 6]. Moreover, many who are respon-
sive suffer from negative side effects such as dry mouth, 
abdominal pain, sexual dysfunction, increased anxiety, ex-
pressions of violence and even suicide [7]. There is no uni-
versally effective treatment or a cure for these disorders. 
Consequently, new pharmacological approaches are needed 
to both alleviate the wide-range of adverse effects and to 
treat those who do not respond to medications currently 
available. Recent studies, including randomized controlled 
trials, indicate that certain phytocannabinoids produced by 
certain Cannabis sativa varieties have the potential to allevi-
ate anxiety and other mental disorders [5-9]. Here, we review 
the literature on the effects of cannabinoids and discuss the 
possibility of enhancing cannabinoid activity on psychiatric 
symptoms by the addition of terpenes and terpenoids. The 
method was a search in Pubmed and Google Scholar for 
relevant literature, including contradicting results, from the 
past 25 years by crossing the keywords cannabinoids, terpe-
nes and anxiety, depression and bipolar disorders. 

1.2. Cannabis Secondary Metabolites and their Biological 
Affinity 

 Cannabis sativa produces hundreds of different com-
pounds, including a plethora of phytocannabinoids [10]. Out 
of the ±150 cannabinoids that were identified in C. sativa to-
date, the most studied phytocannabinoids are Δ9-
tetrahydrocannabinol (THC) and cannabidiol (CBD). These 
are produced in the plant in their carboxylated form as Δ9-
tetrahydrocannabinolic acid (THCA) and cannabidiolic acid 
(CBDA) and are decarboxylated, mainly under high tem-
peratures, into their activated forms, THC and CBD respec-
tively. 

 Research shows that phytocannabinoids bind to endoge-
nous receptors in mammals, mainly of two types of G-
protein-coupled cannabinoid receptors - CB1 and CB2 [11, 
12]. However, there are additional receptors suggested to 
bind with phytocannabinoids including a G-coupled binding 
receptor GPCR55 [13, 14] and a nuclear, peroxisome prolif-
erator-­‐activated receptors (PPARs), with three subtypes α, β 
(δ) and γ [15]. The endocannabinoid receptors are distributed 
all over the human body in different organs and cell types. 
These receptors are present in the central nervous system 
(CNS), as well as in arteries, heart, spleen, the urinary and 
reproductive systems, in the gastrointestinal tracts and the 
endocrine glands [16]. 

 CB1 and CB2 receptors were originally designed to bind 
with endocannabinoids [17]. Tens of different endocannabi-
noids (endogenous compounds detected in mammalian tis-
sues) are known, however, the most studied are anandamide 
(AEA) and 2-arachidonoylglycerol (2-AG). The endocan-
nabinoid system consists of enzymes which are able to both 
catalyze endocannabinoid biosynthesis and metabolism, and 
downstream signaling pathways in response to CB1 and CB2 
receptor activation [17]. Endocannabinoids participate in 
various processes in mammals, including activity and disease 

of the immune, neuronal and reproductive systems. They 
regulate metabolic activity and disorders, the cardiovascular 
system, the digestive tract and bladder [17]. Endocannabi-
noids are also involved in mental activity and disorders [17]. 
As cannabinoid receptors are distributed in many biophysical 
systems, their presence and absence are suggested to be in-
volved in various functions in humans either directly or 
obliquely. Recent research indicates that the endocannabi-
noid system has a biological role in, and might be a potential 
target for the treatment of, certain psychiatric disorders  
[18, 19]. 

 Some of the phytocannabinoids mimic the activity of 
endocannabinoids via binding to the endocannabinoid recep-
tors. For example, THC which is the major psychoactive 
compound in the cannabis plant, and its metabolite 11-OH-
THC is even more potent [20, 21]. These cannabinoids are 
agonists of endogenous cannabinoid CB1 receptors that are 
spread in large amounts in the spinal cord and peripheral 
nerves and in the brain, mainly in the cerebral cortex, includ-
ing the cingulate cortex, hippocampus, basal amygdala, cor-
pus striatum and other areas involved in mood disorders 
[22]. Unlike THC, CBD has relatively low affinity for the 
endocannabinoid receptors, however, there is evidence that  
it can interact with CB1 and CB2 receptors at reasonably  
low concentrations. In line with its low affinity for these 
receptors, most research with CBD has been directed at  
understanding CB1- and CB2-independent modes of action 
[23]. 

1.3. Involvement of Cannabinoids in the Treatment of 
Mood Disorders 

 Although both THC and CBD have therapeutic potential, 
it is CBD that was suggested to exhibit relatively high po-
tency in relieving mood disorders: depression, anxiety and 
bipolar disorder [8, 9]. THC, a direct agonist of CB1 and 
CB2 receptors [24], has been shown in rats to have antide-
pressant-like effects on males more than on females [25]. In 
humans, it has been shown that THC has potential efficacy 
in the reduction of depression in joint administration with 
CBD [26]. CBD is a non-psychoactive component and dem-
onstrated positive effects on several psychiatric disorders 
[27, 28], neurologic disorders like multiple-sclerosis [29] 
and epilepsy [29] and it is considered to possess neuropro-
tective characteristics [30]. The multiple pathways in which 
CBD exerts its effects are only partially understood [31]. 
CBD has repeatedly exerted antidepressant-like and anx-
iolytic-like effects in animal models [32-34]. These studies 
utilize standardized behavioral tests (such as elevated plus 
maze (EPM) for anxiety-like behavior and forced swim test 
(FST) for testing depressive-like behavior) to assess changes 
in symptom severity and activity of drugs. Indeed, fluori-
nated CBD derivatives showed high potency for behavioral 
effects in the EPM and FST [24-26, 35, 36]. 

1.4. Major Depression 

 Pre-clinical, animal model studies with CBD show that 
antidepressant-like effects can occur after either a single 
acute dose or chronic administration. Acute anti-depressant-
like effects as modeled by a reduction in helplessness-like 
behavior were demonstrated in male and female Wistar-
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Kyoto (WKY) and male Flinders sensitive line (FSL) rats, 
both genetic model of depression, using the FST [37]. In-
creased convergent validity of CBD as an antidepressant 
treatment was demonstrated, using the tail suspension test 
(TST) another behavioral test indicating levels of helpless-
ness. These effects were independently reinforced by model-
ing an additional depressive-like symptom using the behav-
ioral test, the saccharin preference test (SPT) which is used 
to assess the levels of anhedonia. A recent study showed that 
CBD (30 mg/kg) induces a pro-hedonic effect in male WKY 
rats in SPT [33]. Interestingly, Zanelati et al., (2010) found 
an inverted U-shaped dose-dependent curve in mice after 
acute administration of CBD (3, 10, 30, 100 mg/kg, i.p) 
given 30 min prior to FST [34]. Results demonstrate that 
CBD reduced immobility in FST similar to the tricyclic anti-
depressant imipramine (both at 30 mg/kg) [34]. 

 Other studies demonstrated CBD's anti-depressant effects 
after chronic administration. Rats administered 30 mg/kg for 
14 days showed reduced immobility time and increased 
swimming time in FST without CBD affecting their locomo-
tor activity in the open field test [38]. Similarly, single or 
repeated (15 days) admission of 20 mg/kg CBD reduced 
immobility time compared with those of imipramine [39]. 

 Few studies provide biological evidence for the anti-
depressant effect of CBD. For example, chronic treatment 
with 15 mg/kg CBD increased BDNF levels, a neuropeptide 
that plays an important role in depression, in the rat 
amygdala [38]. Moreover, 5-HT1A receptor antagonist 
(WAY100635) blocked the anti-depressant effect of CBD in 
the FST [34, 40], revealing the involvement of 5-HT1A re-
ceptors and BDNF in the observed effects of CBD. Both 
depression and anxiety are mediated through 5-HT1A recep-
tors. It has been shown that CBD acts as a 5-HT1A agonist 
and the beneficial effect in mice of CBD in these two disor-
ders may be mediated by this activation [34]. Despite this 
significant body of evidence, the prevalent nature of the psy-
chiatric disorder and the struggle to advocate a relief for 
those suffering from mood disorders, to the best of our 
knowledge no controlled clinical study published yet has 
investigated whether CBD can decrease depressive symp-
toms in patients. 

1.5. Anxiety Disorders 

 As the effects of cannabinoids on anxiety disorders have 
been extensively studied, we will review them only briefly. 
It has been repeatedly shown that CBD and THC decrease 
anxiety, the most common psychiatric disorder, in both ani-
mals and humans [41-48]. 

 Knockout mice without the CB1 receptor exhibited in-
creased anxiety-like behavior in light/dark box [49]. It has 
been suggested that amygdala, hippocampus, hypothalamus 
and cingulate cortex are candidate brain sites and pathways 
of the anxiolytic action of CBD [49]. Beyond the 5-HT1A 
receptor, several additional mechanisms have been proposed 
for anxiolytic effects of cannabinoids, including the free-acid 
amidhydrolase (FAAH) inhibition, COX-2 inhibition and 
TRPV1 blockade characteristics [50]. Note, that in contrast 
to several positive reports [51, 52], a systematic review and 

meta-analysis failed to find an anxiolytic effect of cannabi-
noids [53, 54]. 

1.6. Bipolar Disorder (BD) 

 Earlier studies have suggested that oxidative stress may 
play a role in the pathophysiology of BD. In a rat model of 
BD, it has been concluded that CBD protects against D-
AMPH-induced oxidative protein damage and increases 
BDNF levels in the reversal model and these effects vary 
depending on the brain regions evaluated and doses of CBD 
administered [55]. The protective effects of CBD against 
glutamate toxicity may have a mood-stabilizing action simi-
lar to some other antiepileptic drugs of validated value in BD 
[22, 56, 57]. However, the empirical results reported are not 
always positive. In an animal study, CBD was not able to 
prevent or reverse the hyperlocomotion induced by D-
AMPH, an animal model for mania-like behavior [55]. 
Based on small size studies on BD and taken together a re-
cent review concluded that CBD may not be effective in 
manic episodes [58]. 

 The conflicting results on the efficacy of CBD in BD still 
do not have clear implications for treatment. Obviously, the 
role of CBD and THC, their doses and complementary rela-
tive amounts, need further study. Several possible explana-
tions were suggested for the diverse effects of cannabinoids. 
Some researchers thought that the cognitive and stress-
related effects of cannabinoid signaling are dependent on the 
particular situation [59]. It was suggested that cannabinoids 
do not affect brain centers involved in the control of a par-
ticular behavior, but affect the way in which environmental 
stimuli are interpreted in the brain [59]. Another possible 
explanation might be that cannabinoid activity is dependent 
on the animal species and cannabis chemotype and its given 
composite molecular constituents [60, 61]. 

1.7. Possible Underlying Mechanisms 

 Anxiolytic and antidepressant effects may be found as a 
result of the interaction between cannabinoid and NA/5-HT 
systems [62]. Others suggest that the anxiolytic effect results 
from the presynaptic CB1 receptor-mediated inhibition of 
acetylcholine released by preganglionic sympathetic neurons 
[63], although CBD's attachment to the CB-1 and CB-2 re-
ceptors is controversial. Biochemical studies indicate that 
CBD may enhance endogenous signaling of the endocan-
nabinoid anandamide indirectly. This is by inhibiting the 
intracellular degradation of anandamide catalyzed, by the 
enzyme fatty acid amide hydrolase [64]. In addition, another 
arousal mechanism that is mediated by cannabinoids is the 
inhibition of adrenaline secretion in adrenal glands and this 
may account for the decrease in plasma adrenaline concen-
tration found following cannabinoid administration in rabbits 
[63]. However, while known to modulate neuroendocrine 
function, the precise acute and chronic dose-related effects of 
cannabinoids in humans remain to be studied carefully [65]. 

2. INVOLVEMENT OF TERPENES IN THE TREAT- 
MENT OF MOOD DISORDERS 

 In addition to cannabinoids, other secondary metabolites 
of cannabis have shown anxiolytic effects. A comprehensive 
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preclinical study showed that plant-derived chemicals like 
alkaloids, terpenes, flavonoids, phenolic acids, lignans, cin-
namates, and saponins possess anxiolytic properties using 
various animal models of anxiety-like behavior [66]. Terpe-
nes are an important class of compounds produced by C. 
sativa, contributing its characteristic aroma [22]. Each can-
nabis strain bears a typical terpenoid profile, differing from 
other strains both qualitatively and quantitatively according 
to their relative amounts and the assemblage of the given 
terpenes present [67]. Terpenes and terpenoids are not 
unique to cannabis as many other flower-producing plants 
also produce them. 

 Terpenes are organic compounds built up from hydrocar-
bon building blocks called isoprenes [68]. Isoprene is a 
molecule that consists of five carbon atoms attached to eight 
hydrogen atoms (C5H8) [69]. Terpenes are classified accord-
ing to the number of pairs of isoprenes used to build the in-
dividual terpene – mono, sesqui, di etc. composing either 10-
carbon monoterpenes, 15-carbon sesquiterpenes or 20-
carbon diterpenes, respectively [69]. These three groups 
(mono-, di-, and sesqui-terpenes) are the most abundant ter-
penes in the essential oils of plants, cannabis included. Ses-
quiterpenes and bigger terpenes tend to degrade into 
monoterpenes with time or upon exposure to heat or UV and 
visible light. In plants, several terpene synthase enzymes are 
responsible for the synthesis of all the different terpenes 
building a vast array of terpenes [70, 71]. The term “terpe-
nes” is often extended to include also terpenoids, the oxy-
genated derivatives of terpenes. These compounds are rela-
tively more volatile and have a higher susceptibility to deg-
radation than terpenes [67]. 

 Importantly, terpenes were suggested not only to convey 
the smell of the different cannabis flowers but also to have 
some therapeutic abilities either by themselves or as co-
activating agents, enhancing the beneficial activity of phyto-
cannabinoids on humans [72]. Although most cannabis 
treatments for mood disorders involve the use of whole-
inflorescences rather than a single-compound, and despite 
that cannabis inflorescences accumulate hundreds of milli-
grams of terpenes alongside cannabinoids (from 8% up to 
20% of the cannabinoids content; Namdar et al., 2018), the 
involvement of terpenes as potential treatment for anxiety 
and depression has been under-studied. 

 In general, of the 400 terpenes known in cannabis, very 
few have been examined at the functional level [73]. A posi-
tive effect of terpenes on various psychiatric endophenotypes 
has been shown [67, 74]. For instance, propolis essential oil 
that contains several terpenes, such as cinnamyl alcohol, α- 
and β-Caryophyllene, Cadinene, Guaiol and Eudesmol re-
vealed, in restraint-stressed mice, significant improvement in 
anxiety-like behavior [75]. The essential oil, as in many 
other studies on terpenes, had no effect on locomotor activity 
and significantly antagonized the hyperfunction of hypotha-
lamic–pituitary–adrenal (HPA) axis, indicating that propolis 
essential oil contains therapeutic effects on anxiety [75]. 
Likewise, crocins - related hydrophilic carotenoids found in 
flowers, given to rats in doses of 30 and 50 mg/kg reduced 
mCPP-induced amplified self-grooming. These effects of 
crocins could not be attributed to changes in locomotor ac-
tivity [76]. 

 Standardized essential oils (such as that of Lavender offi-
cinalis) have been shown to exert clinical efficacy in treating 
anxiety disorders. This supports the assessment that these 
natural products are an important potential source for new 
anxiolytic drugs. A systematic review of essential oils, their 
bioactive constituents, and anxiolytic-like activity in animal 
models has been published [77]. According to the authors, 
the highest potent essential oil is that of Lavendula angusti-
folia, which has already been tested in controlled clinical 
trials with positive anxiolytic results. Different research 
groups, using different routes of administration supported the 
results that Lavender and Citrus aurantium essential oils 
have significant anxiolytic-like effects in several animal 
models such as the open field, elevated plus maze and mar-
ble burying tests as well. Other promising essential oils are 
those of Citrus synesis and bergamot oil, which showed 
some clinical anxiolytic actions. The potential antidepressant 
activity of these essential oils is of interest. 

 In a randomized, double-blind, double-dummy trial, 539 
adults with Generalized Anxiety Disorder according to 
DSM-5 criteria and a Hamilton Anxiety Scale (HAMA) total 
score of 518 points, participated and received 160 or 80 mg 
Silexan (a lavender essential oil), 20 mg paroxetine (an anti-
depressant of the selective serotonin reuptake inhibitor, 
SSRI), or placebo once a day for 10 weeks. Silexan produced 
more anxiolytic effects than paroxetine [78], supporting its 
potential as a non-addictive alternative to benzodiazepines. 
However, in an animal model study, Linalool (a major com-
ponent of lavender) did not show anxiolytic efficacy and its 
activity was not through the GABAA receptor [79]. 

 Lima et al., (2013) reported on anxiolytic-like effects of 
(+)-limonene in an elevated plus-maze model (EPM) of 
anxiety in mice. Both concentrations of 0.5% and 1.0%, (+)-
limonene, administered to mice by inhalation, significantly 
modified all the parameters measured in the EPM test in the 
same direction as intraperitoneally administered diazepam 
[80]. 

 De Almeida et al., (2014) evaluated anxiolytic activity of 
(+)-limonene epoxide (EL) through the marble-burying test 
(MBT) assay and the antioxidant potential in vitro and in 
vivo in hippocampus of adult mice [81]. Subjects were 
treated with EL, ascorbic acid, diazepam or placebo of sa-
line. The results showed the greatest reduction in marble 
burying in the subjects treated with EL, suggesting an anx-
iolytic effect of EL. 

 Only a few studies have addressed antidepressant effects 
of terpenes and in those, not all terpenes demonstrated simi-
lar effect as in anxiety-related illnesses. For example, the 
stimulant-like or CNS depressant-like effects of 20 essential 
oils were compared with CNS acting drugs [81]. Lavender 
and hyssop oils showed potential value for treating depres-
sion [81]; recall that the anxiolytic efficacy of Lavender is 
not consistently supported. 

2.1. Potential Mechanisms 

 Plant essential oils, among which are Achillea wilhemsii, 
Alpinia zerumbet, Citrus aurantia, and Spiranthera odoratis-
sima and Lavendula angustifolia, appear to exert anxiolytic-
like effects without GABA/benzodiazepine activity, thus 
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acting in different routes in their mechanisms of action from 
the benzodiazepines (for references for all the above see De 
Sousa et al., 2015) [77]. Accordingly, the pharmacological 
effect of inhaled D-limonene (1%) mentioned above, in the 
study by Lima et al., (2013) [80], was not blocked by fluma-
zenil - a selective benzodiazepine receptor antagonist which 
did block the effects of diazepam. Thus, terpenes appear to 
exert their effects by different brain pathways than benzodi-
azepines. Achieving an anxiolytic effect in a mechanism 
which does not connect to the benzodiazepines pathway may 
offer new treatments that minimize the risks of addiction. 

 The treatment with EL, which reduced marble-burying 
(see above) decreased the lipid peroxidation level and nitrite 
content, supporting antioxidant activity. Furthermore, the EL 
increased activity of the enzymes catalase and superoxide 
dismutase in mice hippocampus indicates that EL may oper-
ate through antioxidant upregulation of these enzymes. This 
research reinforces the potential of treatment with terpenes to 
avoid the risk of addiction [81]. Thus, the decrease of oxida-
tive stress by EL, and potentially by other terpenes may un-
derlie their anti-anxiety effects. 

 Potential mechanisms for the antidepressant-like effects 
of linalool and β-pinene on mice were tested using FST [82]. 
The terpene activity was compared with that of a Serotonin-
Reuptake Inhibitor (SRI) drug, fluoxetine, which is a widely 
used anti-depressant, and other antagonist drugs. It was 
found that WAY100635, a 5-HT1A receptor antagonist, 
blocked the antidepressant-like effect of linalool and β-
pinene. In contrast, pretreatment of mice with serotonin syn-
thesis inhibitor PCPA did not modify reductions in the im-
mobility time elicited by the two monoterpenes. However, 
Yohimbine, an α2 adrenergic receptor antagonist, was found 
to modify the observed effect of linalool on immobility time. 
In the case of β-pinene Propranolol, a non-selective β adren-
ergic receptor antagonist, and DSP-4, a noradrenergic neuro-
toxin, both reversed the anti-immobility effect. In addition, 
SCH23390, a D1 receptor antagonist, blocked the antide-
pressant-like effect of β-pinene. Taken together, the results 
show that linalool and β-pinene produce an antidepressant-
like effect through interaction with the monoaminergic sys-
tem [82]. Note, these findings suggest caution when planning 
combined treatment with monoaminergic antidepressants 
and terpenes. In addition, further studies of underlying 
mechanisms are warranted. 

3. CANNABINOIDS, TERPENES AND THE IMMUNE 
SYSTEM 

 Abundant evidence points to an elevation in inflamma-
tory markers in affective disorders [83-86]. Hence, new 
therapeutic agents may consider this pathway. 

 Cannabinoids have been shown to modulate a variety of 
immune cell functions in humans and animals [87-91]. It 
seems that cannabinoids and their agonists can exert both 
immunomodulatory and neuroprotective effects [92]. For 
example, CBD can inhibit immune cell migration and thus 
induce anti-inflammatory effects [91]. In addition, JWH-015, 
a synthetic CB2-selective agonist triggered apoptosis in 
thymocytes in vitro and inhibited the proliferative response 

of T and B cells to mitogens through the induction of apop-
tosis [93]. 

 Although the information on the immunomodulatory 
effects of terpenes is scarce [94], some terpenes also are im-
munosuppressive agents [95]. For example, terpenes ex-
tracted from Zanthoxylum rhoifolium, a South American 
tree, significantly improved NK cell cytotoxicity in vitro and 
in vivo in tumors [96] and the terpenes isolated from Gano-
derma applanatum present similar protective effect by pos-
sessing antioxidant abilities [97]. 

 In this context, it would be useful to mention that 'treat-
ment resistance' may actually be an indicant of neuropro-
gression and the changing biological underpinnings of affec-
tive disorders over recurrent episodes (see e.g., [98]).  

 Hence, in cases of treatment resistance, novel treatment 
approaches, as discussed in this review, may address the risk 
of neuroprogression. 

4. CANNABINOIDS AND THE MICROBIOTA-GUT-
BRAIN AXIS 

 Interestingly, the microbiota has been shown to be impor-
tant effectors of normal healthy brain function. Nearly 100 
trillion bacteria inhabit the human intestine. These were rec-
ognized previously to be important for human metabolism 
and development and function of the human immune system. 
Yet, in recent studies, it was established that gut microbiota 
is also important for the function of the CNS [99]. More spe-
cifically, they may affect stress-related behaviors, depression 
disorder, anxiety disorder and possibly also bipolar disorder 
by activating signaling systems and neural pathways in the 
CNS [100]. 

 One of the possible mechanisms for this intriguing con-
nection was demonstrated in a mouse model and is corre-
lated to the enhancement of the protective effect of caspase-1 
inhibition; caspase-1 maturation is part of the inflammasome 
signaling modulate that activates pro-inflammatory interleu-
kins IL-1β and IL-18 [101]. 

 May cannabis consumption affect the microbiota-gut-
brain axis? Only few evidences up to date support such a 
connection. In mice, THC altered the microbiota, including 
an increase in the presence of Akkermansia muciniphilia 
bacterial strain that is associated with reducing insulin resis-
tance, weight loss, and improving intestinal barrier function 
[102]. However, whether THC or other cannabis-derived 
compounds may directly affect the microbiota-gut-brain axis 
remains to be determined. 

5. THE “ENTOURAGE EFFECT” OF CANNABINOIDS 
AND TERPENES FOR THE TREATMENT OF MOOD 
DISORDERS-PROPOSAL FOR FUTURE RESEARCH 

 The “entourage effect”, is the suggested positive contri-
bution derived from the addition of terpenes to the effect of 
cannabinoids [72] (see Fig. 1). This means that the entirety 
of the effect is greater than the sum effects of its contributing 
parts. The entourage effect in Cannabis was first postulated 
by Mechoulam and Ben-Shabat [103]. Their findings led  
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them to the development of the hypothesis, that other inac-
tive biological products, accompanying the primary endoge-
nous cannabinoids, increase its activity. Russo [104] described  
the concept of botanical synergy, in which a dominant mole-
cule is supported by other plant derivatives – cannabinoids, 
terpenes, flavonoids and other inactive substances, to 
achieve a maximal pharmacological effect. Russo reviews 
several studies, in which a whole plant extract had a superior 
effect to purified cannabinoid. 

 Synergistic interactions may be found between different 
cannabinoids (i.e.,“intra-entourage”) [105] and between can-
nabinoids and terpenes (i.e.,“inter-entourage”) [106]. Thus, 
cannabis appliance should be optimized to contain mixtures 
of these C. sativa-derived combined components. Another 
possibility is to use the whole extract with all compounds 
that produce the greatest synergistic activity [107]. 

 Additionally, among popular recreational users, it is 
commonly believed that the Cannbais indica strains are rich 
in Myrcene [67], a terpene known to induce relaxation and 
decrease anxiety, while Cannabis sativa strains are mostly 
rich in limonene and other terpenes, shown to be related to 
alertness and arousing behavior. It is assumed that combin-
ing terpenes with cannabinoids enhances the mood-
stabilizing effects attributed to the main two cannabinoids, 
THC and CBD. Although terpenes are present in cannabis 
inflorescence’ extract in relatively low amounts, their contri-
bution to the therapeutic effect of the cannabinoids may be 
significant [72]; however, this observation has yet to be veri-
fied, clinically. 

 Further research is warranted to investigate the potential 
therapeutic value of adding terpenes to treatment with CBD, 
with or without additional THC for the benefit of patients 
suffering from depression, anxiety or BD. The understanding 
that terpenes hold important biological and behavioral abili-

ties is a novel concept, which brings forth many difficulties 
when testing it in natural situations [73]. However, the value 
of such entourage effects, enhancing the beneficial influence 
of cannabis, is very high as the side effects and additional 
risks of other conventional treatments for psychiatric disor-
ders are considerable. The effects of combining this original 
treatment with the conventional pharmacological approach 
also require further investigation.  

CONCLUSION 
 To our best knowledge, such innovative combinations 
between terpenes and cannabinoids have not been considered 
earlier in existing scientific research. The use of various can-
nabis-derived compounds opens the arena to the option of 
avoiding the adverse effects of the available antidepressants 
and mood stabilizers while treating mood disorders. This 
may be particularly important for patients who are non-
responsive or non-adherent to conventional treatment. 

LIST OF ABBREVIATIONS 
BDNF  = Brain-derived neurotrophic factor 

CBCs = cannabichromenes 

CBDs = cannabidiols 

CBGs = cannabigerols 

CBNDs = cannabinodiols 

CBNs  = cannabinols 

CNS = central nervous system 

DSM-5 = Diagnostic and Statistical Manual of 
Mental Disorders  

DSP-4  = N-(2-chloroethyl)-N-ethyl-2-
bromobenzylamine 

 

Fig. (1). Activation pathways of CBD and accompanying terpenes and terpenoids in human cells. (A higher resolution / colour version of this 
figure is available in the electronic copy of the article). 
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EL = (+)-limonene epoxide 

EPM = elevated plus maze 

FLX = fluoxetine 

FST = forced swimming test 

FSL = Flinders sensitive line rats 

GPCR  = G-protein-coupled cannabinoid receptors 

HAMA = Hamilton Anxiety Scale 

HUF-101 = fluorinated CBD derivative 1 

HUF-102 = fluorinated CBD derivative 2 

HUF-103 = fluorinated CBD derivative 3 

MBT = marble burying test 

mCPP = Meta-chlorophenyl-piperazine 

OCD = Obsessive-compulsive disorder 

OFC = orbitofrontal cortex 

PCPA = para-chlorophenylalanine 

RCT = randomized control trial 

SCH23390  = R(+)-SCH-23390 hydrochloride 

SSRI = serotonin reuptake inhibitors 

SPT = saccharin preference test 

THCs = tetrahydrocannabinols 

TST = tail suspension test  

URB597  = indirect cannabinoid agonist 

WAY100635 = N-[2-[4-(2-Methoxyphenyl)-1-pipera- 
zinyl]ethyl]-N-2-pyridinylcyclohexane- 
carboxamide maleate salt 

WIN55,212-2 = [D-Ala2, D-Leu5]-Enkephalin acetate salt 

WKY = Wistar-Kyoto rats 
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