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Cannabis is the most versatile herbal remedy, and the most
useful plant on Earth. No other single plant contains as wide a
range of medically active herbal constituents.

Dr. Ethan Russo, Cannabinoid Research Institute

The illegality of cannabis is outrageous, an impediment to full
utilization of a drug which helps produce the serenity and
insight, sensitivity and fellowship so desperately needed in this
increasingly mad and dangerous world.

Carl Sagan



This volume is dedicated to our respective families



Foreword

For most researchers, and certainly for the general population, “cannabis”
relates to the plant and its constituents alone. However, since the mid-1980s
and early 1990s, research has expanded our knowledge. Today, the cannabi-
noid field of science covers the cannabinoid receptors, the endocannabinoids
(particularly anandamide and 2-AG), their synthetic and degradation
pathways, and endogenous anandamide-like compounds, which are fatty
acid amides with amino acids or ethanolamines. All these entities are parts
of a major new physiological system—the endocannabinoid one. Most prob-
ably, the field will expand further.

Plant Cannabinoids While many dozens of plant cannabinoids are known
today, most research and acquired knowledge are on Δ9-tetrahydrocannabinol
(THC) and cannabidiol (CBD). CBD was isolated in the 1930s in the labs of
Adams in the USA and Todd in the UK, but its structure was elucidated many
years later—in 1963; THC was isolated in its pure form, and its structure was
elucidated only in 1964. These chemical advances were made many decades
after the isolation of morphine and cocaine—the two other major illicit plant
constituents. The reason for this discrepancy seems to be the technical diffi-
culty in isolating the plant cannabinoids in their pure form, due to the
stupendous mixture of this family of compounds produced by the plant.
Modern methods for separation and purification not available previously
were needed.

In addition to THC and CBD, there are indications that cannabigerol
(CBG) and possibly cannabichromene (CBC) are likewise of medicinal inter-
est. Very little is known about the rest of the plant cannabinoids, except on the
cannabinoid acids, which are the precursors of the neutral cannabinoids.
These acids are not stable, which seems to be the main reason why their
biological properties were not well investigated. However, recently CBD acid
was stabilized (by esterification to its methyl ester). It seems to parallel CBD
in its actions. We already know that it is a potent anti-nociceptive, antiemetic,
and anxiolytic compound. Shall we see it in the market, like CBD, in all kinds
of industrial-prepared foods and beauty lotions? I hope not.

Most “medical cannabis” sold today is in the form of mixtures in which the
amounts of specific cannabinoids vary. Can we guess where we shall be with
such mixtures or pure cannabinoids in about a decade from now? Given the
huge market today, the mixtures, as well as pure CBD, will probably be still
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around. However, we can expect to have better-defined mixtures, as well as
semi-synthetic CBD and CBG derivatives, as drugs in many areas. Numerous
pharmaceutical companies have cannabinoid programs. In addition to the pain
and anxiety mentioned above, we shall probably see synthetic and semi-
synthetic cannabinoids in additional areas of psychiatry and neurology as
well as, presumably, in gastroenterology and immunology.

Endogenous Cannabinoids The discovery of a receptor in the 1980s led to
the isolation of endogenous cannabinoids (endocannabinoids) in the 1990s.
Two of these, anandamide and 2-AG, have been the topic of thousands of
publications. We have learned much about their chemistry, including the
syntheses and degradation of these molecules in the animal body, as well as
their bioactivities. The endocannabinoid system has turned out to be a central
one in animal physiology. Indeed in a recent review, it was stated that
“. . .modulating endocannabinoid activity may have therapeutic potential in
almost all diseases affecting humans.” Even the dopaminergic or cholinergic
systems have not been so described.

What are the research pathways ahead of us in this area?

A. Will the endocannabinoids be investigated in
humans? More than 25 years after their discovery human studies are
almost unavailable!

B. Shall we see additional endocannabinoids, which
have not been isolated so far? They may differ in their activity from
anandamide and 2-AG.

C. Has the activity of endocannabinoids been looked
into in all animal biochemical systems?

D. Do we know enough about the role of the
endocannabinoids in our emotions and personality?

E. Can we expect to see endocannabinoid derivatives
as drugs?

Anandamide-like Endogenous Molecules The biosynthesis of anandamide
is based on fatty acid (arachidonic acid) and amino acid derivatives (an
ethanolamine). The animal body has numerous fatty acids and amino acids,
and indeed, it uses the established biosynthetic pathway of anandamide for the
synthesis of many additional, chemically related molecules, most of which do
not bind to the cannabinoid receptors. Over the last two decades, several
groups have investigated these anandamide-like endogenous molecules. A
few examples of such compounds (tested only in mice and rats so far) are as
follows:

Arachidonoyl serine is neuroprotective after brain trauma. It causes vasodila-
tion, thus allowing better blood flow into damaged areas.

Oleoyl serine acts on osteoblasts and prevents bone loss in osteoporosis by
increasing bone formation and restraining bone resorption.

Oleoyl glycine has powerful anti-nicotine addiction properties. It blocks the
establishment of nicotine place preference—a test for addiction
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formation—and reduces withdrawal responses in nicotine-dependent mice.
In morphine-dependent rats, it was also found to reduce withdrawal
responses but did not affect morphine addiction, thus demonstrating
selectivity.

These are just a few examples. Many other anandamide-like compounds
are present in the animal body and act in numerous biological processes.
Indeed, it has been speculated that the huge number of such compounds—the
concentration levels of which may differ from person to person—may be
involved in the personality differences.

I would like to end with a look at the future of cannabinoid drugs—as seen
from afar. At present, most patients who use cannabinoid-based drugs are
prescribed “medical marijuana”—a term that from a medical point of view is
unacceptable. “Medical marijuana” reaching the public has to be better
defined as regards constituents, whose levels in many cases are not even
mentioned. The level of constituents in cannabis depends to a large degree
not only on the genetics of the plant but also on the conditions under which it
was grown. Hence, today consumption of “medical marijuana” is to a large
extent a medical gamble. As mentioned above, I believe that in most
countries, within the next few years, strict regulations will be enacted, so
that patients will always be able to get the same material as regards
constituents.

A second point—many of the drugs we use today are derivatives of natural
products. Thus, we have not prescribed cortisone (an important hormone), but
derivatives of cortisone. Such derivatives are better suited to be used as drugs
than natural constituents are. It seems reasonable to expect that within a
decade pharmaceutical companies will develop derivatives of CBD and
THC, and possibly CBG, which will be used as novel drugs. We may also
have synthetic drugs, unrelated to the plant cannabinoids, which bind to the
cannabinoid receptor, particularly to the CB2 receptor, whose activation does
not lead to marijuana-like activity.

In summary, I assume that within a decade we shall have both new
cannabinoid drugs and well-defined extracts, used in parallel. Let us hope so.

Hebrew University, Medical Faculty,
Pharmacy School, Institute for Drug
Research, Jerusalem, Israel

Raphael Mechoulam
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Preface

The editors are pleased to present the first edition of Cannabinoids and
Neuropsychiatric Disorders, which has been included in the prestigious
Advances in Experimental Medicine and Biology series (volume 1264). As
editors, we are very happy about this decision as our volume fits perfectly in
this landmark biomedicine and the life sciences series.

The plant Cannabis sativa has been used both recreationally and medici-
nally for thousands of years; it was only in 1964 that chemists YehielGaoni
and Raphael Mechoulam at the Hebrew University of Jerusalem identified and
isolated the psychoactive components in cannabis, Δ 9-tetrahydrocannabinol
(Δ 38 9-THC; Gaoni and Mechoulam 1964).

To give an overview on this subject, we have included nine chapters. The
topics covered include the constituents of Cannabis sativa, the molecular
mechanism of cannabis and its neuropharmacological effects, emerging
roles of cannabinoids and synthetic cannabinoids in clinical medicine, and
exploring the use of cannabis in neuropsychiatric disorders.

We are privileged to have compiled this volume. During the course of our
assignment, we learned much in the process of editing this important volume.
We sincerely hope that the readers will find this volume uniquely valuable as a
research and clinical resource. We sincerely hope that our volume will be
useful to researchers and practicing clinicians.

Merida, Mexico Eric Murillo-Rodriguez
Toronto, Canada S. R. Pandi-Perumal
Montevideo, Uruguay Jaime M. Monti
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Constituents of Cannabis Sativa 1
Erin M. Rock and Linda A. Parker

Abstract

The Cannabis sativa plant has been used
medicinally and recreationally for thousands
of years, but recently only relatively some of
its constituents have been identified. There
are more than 550 chemical compounds in
cannabis, with more than 100 phytocan-
nabinoids being identified, including Δ9-
tetrahydrocannabinol (THC) and cannabidiol
(CBD). These phytocannabinoids work by
binding to the cannabinoid receptors, as well
as other receptor systems. Also within canna-
bis are the aromatic terpenes, more than
100 of which have been identified. Cannabis
and its constituents have been indicated as
therapeutic compounds in numerous medical
conditions, such as pain, anxiety, epilepsy,
nausea and vomiting, and post-traumatic
stress disorder. This chapter provides an over-
view of some of the biological effects of a
number of the cannabinoids and terpenes, as
well as discussing their known mechanisms
of action and evidence of potential therapeu-
tic effects.

Keywords

Cannabis sativa · Phytocannabinoid ·
Terpene · Δ9-tetrahydrocannabinol ·
Cannabidiol · Cannabinoid receptors

1.1 Introduction

Although Cannabis sativa has been used both
recreationally and medicinally for thousands of
years, it was only in 1964 that chemists Yehiel
Gaoni and Raphael Mechoulam at the Hebrew
University of Jerusalem identified and isolated
the psychoactive component in cannabis, Δ9-
tetrahydrocannabinol (Δ9-THC; Gaoni and
Mechoulam 1964). This discovery of the psycho-
active component allowed for scientific
investigations of how the plant produced its psy-
chotropic effects. It was not until about 20 years
later when Allyn Howlett’s group at the St. Louis
University Medical School, discovered the target
for Δ9-THC, the cannabinoid 1 (CB1) receptor
(Devane et al. 1988; Howlett et al. 1986). Shortly
thereafter, Mechoulam’s group discovered the
endogenous cannabinoids (eCBs) anandamide
(AEA; Devane et al. 1992) and 2-arachidonyl
glycerol (2-AG; Mechoulam et al. 1995; Sugiura
et al. 1995), which also act on CB1 receptors.
Additionally, a second cannabinoid receptor was
discovered, CB2, which was found primarily in
the peripheral immune system (Munro et al.
1993). The original identification of the
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psychoactive component of cannabis by
Mechoulam’s group led to the discovery of a
whole new system that is crucially involved in
regulatory functions of health and disease.

1.2 Constituents of Cannabis sativa

Over the last few decades, the total number of
compounds identified from cannabis has risen.
To date, 554 compounds in cannabis have been
identified, including 113 phytocannabinoids
(Ahmed et al. 2015; ElSohl and Gul 2014) and
120 terpenes (ElSohly and Slade 2005). The
cannabinoids identified from cannabis are of
11 types (ElSohl and Gul 2014; Mechoulam
2005): Δ9-THC, Δ8-THC, cannabidiol (CBD),
cannabigerol (CBG), cannabichromene (CBC),
cannabinodiol (CBND), cannabielsoin (CBE),
cannabicyclol (CBL), cannabinol (CBN),
cannabitriol (CBT), and miscellaneous
cannabinoids. The concentration of
cannabinoids within the plant is dependent
upon growing conditions such as moisture, tem-
perature, soil nutrients, and UV radiation (see
Pate 1994 for review). Over the past two
decades, the Δ9-THC content of recreational
cannabis has risen dramatically, while the
CBD content has remained stable or decreased
to negligible levels. ElSohly et al. (2016) indi-
cate that the Δ9-THC content of recreational
cannabis in the United States has risen from
4% in 1995 to 12% in 2014. In contrast, the
cannabis supplied to researchers by the National
Institute of Drug Abuse has typically contained
less than 4%. This suggests that today’s canna-
bis differs considerably from the cannabis that
was available years ago, both in its effects on
mental health and cognitive functions. The
focus of this chapter is to provide a description
of the biological effects of some of the identified
cannabinoids and terpenes, and discuss some of
their mechanisms of action and therapeutic
effects.

1.2.1 Cannabinoids

The term cannabinoid usually refers to the chem-
ical substances isolated from the cannabis plant,
which possess the typical C21 terpenophenolic
skeleton. In addition, this term encompasses
their derivatives as well, with the term phytocan-
nabinoid referring to those compounds
originating from the plant. Phytocannabinoids
show different affinities for the CB1 and CB2

receptors, with other molecular targets also
being identified (for an excellent review see
Morales et al. 2017).

1.2.1.1 THC-Type Cannabinoids

Δ9-THC
Δ9-THC and cannabinoids similar in structure to
Δ9-THC have been the most extensively studied
cannabinoids. After its identification by Gaoni
and Mechoulam, Δ9-THC was then tested for
cannabinoid activity in rhesus monkeys, dogs,
gerbils, mice, and rats (Edery et al. 1971;
Grunfeld and Edery 1969; Mechoulam et al.
1970), and only Δ9-THC was found to produce
the typical psychoactive effects of cannabis.
Some of the effects produced by Δ9-THC in
these early animal studies were severe motor
disturbances, redness of the mucous membrane
that covers the eyeball, slow movements, decline
of aggression, sleepy state, and decreased sponta-
neous locomotion. Subsequently, Roger Pertwee
(1972) tested Δ9-THC in the ring test, a quantita-
tive in vivo assay for catalepsy (muscular rigidity
and fixed posture), and concluded that indeed Δ9-
THC was producing catalepsy. Billy Martin’s
group (Martin et al. 1991) then incorporated the
ring test and three other bioassays into the mouse
tetrad assay, including catalepsy, hypokinesia
(inactivity), hypothermia (reduced body tempera-
ture), and antinociception (pain relief). The
mouse tetrad assay is commonly used to screen
for psychotropic cannabinoids. Δ9-THC is a par-
tial agonist at the CB1 and CB2 receptors.

2 E. M. Rock and L. A. Parker



One of the most common uses of medical
cannabis is to treat pain. Indeed, Δ9-THC has
been shown to reduce acute and chronic pain
(for a review see Costa and Comelli 2014), espe-
cially neuropathic pain (Ware et al. 2010; Wilsey
et al. 2008, 2013). Δ9-THC also displays syner-
gistic effects for most opioid drugs (e.g. Abrams
et al. 2011; Cichewicz et al. 1999; Lynch and
Clark 2003), suggesting opioid-sparing effects.
In addition, Δ9-THC also eliminates the
nightmares of traumatic events and improves
sleep (Babson et al. 2017; Pedersen and Sandberg
2013), particularly in war veterans suffering from
post-traumatic stress disorder (e.g. Betthauser
et al. 2015; Jetly et al. 2015). Δ9-THC has also
shown beneficial effects on Tourette’s syndrome
(tic reduction; Müller-Vahl et al. 2002, 2003),
appetite stimulation in patients with advanced
cancer (Nelson et al. 1994), and reduction of
nausea and vomiting in chemotherapy patients
(e.g. Chang et al. 1979; Frytak et al. 1979).

Animal models also suggest a therapeutic
potential for Δ9-THC in a number of conditions.
Δ9-THC reduced inflammation and in vitro motil-
ity disturbances in rat colitis (Jamontt et al. 2010).
Rodent studies demonstrate a biphasic effect of
Δ9-THC on anxiety-related behaviors such that
low doses reduce anxiety, while high doses pro-
duce anxiogenic effects (Hill and Gorzalka 2004).
Δ9-THC produces antidepressant (e.g. Bambico
et al. 2012), antinausea (Parker et al. 2003), and
antiemetic effects (Cluny et al. 2008; Parker et al.
2004) in animal models. Δ9-THC also reduces
neurological deficits in animal models of
neurodegeneration (e.g. Louw et al. 2000), delays
motor impairment, increases survival in a mouse
model of Amyotrophic Lateral Sclerosis (Raman
et al. 2004), and improves activity and hand-eye
coordination in animal models of Parkinson’s
Disease (van Vliet et al. 2008). Clearly, Δ9-THC
has a number of therapeutic effects, likely with
more medicinal potential that is yet to be
discovered.

Δ8-THC
Small quantities of Δ8-THC (Hively et al. 1966)
and Δ8-THC acid (Hanuš and Krejčí 1975) have
also been identified in cannabis. Δ8-THC has

been shown to be a partial agonist at the CB1

and CB2 receptors (Huffman et al. 1999; Razdan
1986). Δ8-THC has been used in children
undergoing chemotherapy to prevent vomiting,
with few reported side effects (Abrahamov et al.
1995). Low doses ofΔ8-THC (0.001 mg/kg) have
been shown to increase food consumption in
mice, but produced an overall decrease in body
weight, without typical cannabinoid side effects
(Avraham et al. 2004). Furthermore, Δ8-THC has
also been shown to cause a decrease in body
weight in female rats (without impacting food
intake; Sjödén et al. 1973), suggesting it may be
beneficial in weight loss.

Synthetic Δ9-THC
Two synthetic analogs of Δ9-THC have been
approved by the US Food and Drug Administra-
tion in the form of capsules that may be pre-
scribed for chemotherapy-induced nausea and
vomiting: nabilone (Cesamet, Valeant
Pharmaceuticals North America) and dronabinol
(Marinol; Solvay Pharmaceuticals). Indeed, early
clinical studies (Einhorn et al. 1981; Herman et al.
1977, 1979) demonstrated the efficacy, safety,
and tolerability of nabilone in reducing nausea
and vomiting in cancer patients. Nabilone
reduced vomiting frequency and nausea severity
in 77% of patients (Herman et al. 1977),
demonstrating its efficacy as rescue or adjunct
therapy for cancer patients. Dronabinol is cur-
rently being evaluated for its analgesic properties
in patients with bone metastases from breast can-
cer (early phase I study; NCT03661892), and as
an adjunct therapy to opiates in patients with
chronic pain (NCT00153192).

Nabiximols (Sativex, GW Pharmaceuticals),
the cannabis-based medicine containing approxi-
mately equal amounts of Δ9-THC and the nonin-
toxicating cannabinoid cannabidiol (CBD), is
administered as a sublingual spray, and is
approved in Canada for the relief of Multiple
Sclerosis (MS) or cancer pain and to reduce MS
spasticity (Mechoulam et al. 2014).

Δ9-THC-Acid (THCA)
Other identified THC-type compounds in the
plant are not psychoactive but may have

1 Constituents of Cannabis Sativa 3



therapeutic potential. The carboxylic acidic
precursor of THC, Δ9-THC-acid (THCA;
Mechoulam et al. 1969), is decarboxylated to
Δ9-THC by heating (smoking and baking), as
well as storage, at room temperature. Indeed,
storage at 4 �C resulted in instability after
1 month, with 91% still detectable when THCA
was stored in methanol, and 68% still detectable
when stored in chloroform (Smith and Vaughan
1977). Also, even when stored at �18 �C, THCA
was still lost (Smith and Vaughan 1977). The
stability of THCA is improved in olive oil, (with
78% of THCA detectable after 10 days at 25�),
over that of ethanol (with only 33% detectable;
Citti et al. 2016). Interestingly, THCA produced
no psychoactive effects when administered to
rhesus monkeys at doses up to 5 mg/kg (intrave-
nously, i.v.), to mice at doses up to 20 mg/kg
(intraperitoneally, i.p.), and to dogs at doses up
to 7 mg/kg (Grunfeld and Edery 1969).

Clinical interest in THCA is growing due to its
apparent lack of psychoactivity (Grunfeld and
Edery 1969; Edery et al. 1972), which may be
because of its reported low-binding affinity at
CB1. The affinity studies of THCA at the CB1

receptor are mixed, with reports of equivalent
(Rosenthaler et al. 2014) or weaker (Verhoeckx
et al. 2006) binding in comparison to Δ9-THC, or
lack of affinity for the CB1 receptor (Ahmed et al.
2008; Husni et al. 2014). It is suggested that this
disparity in binding affinity may be due to the
inherent sample contamination of THCA’s decar-
boxylation into Δ9-THC (Edery et al. 1972;
McPartland et al. 2017).

An excellent review by Moreno-Sanz (2016)
has discussed THCA’s molecular targets,
which include phospholipids’ metabolism,
prostaglandins’ metabolism, transient receptor
potential (TRP) channel signaling, anandamide,
and 2-arachidonoylglycerol signaling. Rock et al.
(2013a) reported that THCA is 10 times more
potent than Δ9-THC in reducing nausea and
vomiting in animal models, an effect that was
blocked by the CB1 receptor antagonist/inverse
agonist SR141716. However, THCA did not
induce the classic CB1 receptor-mediated effects
such as hypothermia or reduced motor activity
(Rock et al. 2013a) and only THCA (not Δ9-

THC) was detected in the plasma of rats treated
with THCA, suggesting that it may be acting at a
peripheral rather than at the central site of action.
These findings suggest that THCA may be a more
desirable therapeutic treatment than Δ9-THC for
nausea and vomiting due to its increased potency
and lack of psychoactive properties.

Tetrahydrocannabivarin
Tetrahydrocannabivarin (THCV), identified in
the 1970s (Gill 1971; Merkus 1971), was initially
thought to share Δ9-THC’s catalepsy effects in
mice and to produce mild psychoactive effects in
humans (Hollister 1974). These effects have since
been shown to be dose-dependent, with such
effects only occurring at very high doses, while
at low doses, THCV acts as a neutral antagonist at
the CB1 receptor (Pertwee 2005; Pertwee et al.
2007). Indeed, THCV reduces food intake and
body weight at low doses (like the CB1 receptor
antagonist/inverse agonist SR141716; Riedel
et al. 2009). THCV is also a partial agonist at
the CB2 receptor (Bolognini et al. 2010). Interest-
ingly, in animal models, unlike SR141716,
THCV does not produce nausea (Rock et al.
2013b) or anxiety-like behavior (O’Brien et al.
2013), and at a high dose (10 mg.kg, i.p.) actually
reduces nausea (Rock et al. 2013b). As anxiety
and nausea were two side effects produced by the
inverse agonism of the CB1 receptor with
SR141716, these results suggest that THCV
may be a useful weight loss treatment, devoid of
the negative side effects of SR141716.

1.2.1.2 Cannabidiol-Type Cannabinoids

Cannabidiol
The primary nonpsychoactive cannabinoid of
cannabis (particularly in hemp) is cannabidiol
(CBD), which was first isolated from Mexican
marijuana by Adams et al. (1940). In 1963,
Mechoulam and Shvo isolated CBD from
Lebanese hashish and established its structure
(Mechoulam and Shvo 1963). CBD lacks the
psychotropic effects of Δ9-THC and has great
therapeutic potential. Unlike Δ9-THC, CBD
does not activate the CB1 and CB2 receptors,
likely explaining CBD’s lack of psychoactive
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effects. Instead, CBD acts through multiple
mechanisms. At very low (nanomolar to micro-
molar) concentrations, CBD acts as an antagonist
at the orphan G-protein-coupled receptor GPR55,
and the transient receptor potential of the
melastatin type-8 (TRPM8) channel (Pertwee
2008). CBD is also an agonist at the nuclear
peroxisome proliferator-activated receptor-γ
(PPAR-γ), and the transient receptor potential of
vanilloid types 1 (TRPV1) and 2 (TRPV2)
channels (Bisogno et al. 2001). Cannabidiol also
acts as a noncompetitive CB1 receptor antagonist,
as well as an inverse agonist at the CB2 receptor
(Thomas et al. 2007) Furthermore, cannabidiol
inhibits the degradation of the endogenous canna-
binoid anandamide (Bisogno et al. 2001). Finally,
Russo et al. (2005) were the first to suggest that
CBD also acts as an agonist at a specific serotonin
receptor, 5-HT1A.

CBD has anxiolytic, antipsychotic, and
neuroprotective properties. There is also evidence
suggesting its potential use in epilepsy, substance
abuse and dependence, schizophrenia, social pho-
bia, post-traumatic stress, depression, bipolar dis-
order, sleep disorders, and Parkinson’s disease
(for a recent review see Crippa et al. 2018).

Preclinical animal models suggest that CBD
has beneficial effects such as reversing cognitive
deficits in mouse models of Alzheimer’s disease
(Cheng et al. 2014), reducing nausea in rats and
vomiting in shrews (Rock et al. 2012), attenuating
Δ9-THC’s debilitating effect on cognition in
rhesus monkeys (Jacobs et al. 2016), producing
anxiolytic-like effects in rats (Guimarães et al.
1990), and producing antidepressant-like effects
in mice in the forced swim test (Zanelati et al.
2010).

One of CBD’s most promising therapeutic
effects is its use as an anticonvulsant drug, espe-
cially for children with epileptic syndromes (for
an excellent review see Fraguas-Sánchez and
Torres-Suárez 2018). Indeed, for Dravet syn-
drome (early-onset encephalopathic epilepsy
with a high mortality rate), a recent randomized,
controlled trial showed that CBD reduced
convulsive-seizure frequency among children
and young adults with drug-resistant Dravet syn-
drome (Devinsky et al. 2017). Furthermore,

results from an ongoing expanded-access pro-
gram showed that CBD may be an effective
long-term treatment option for treatment-resistant
epilepsy (Szaflarski et al. 2018). In fact, an oral
solution based on pure plant-derived CBD
(Epidiolex®) (NCT02397863) has been recently
approved in the United States for the treatment of
childhood epileptic syndromes such as Dravet
syndrome and Lennox–Gastaut syndrome in
patients 2 years of age and older. Interestingly,
although Mechoulam’s group (Cunha et al. 1980)
demonstrated the antiepileptic effects of CBD, it
has taken quite some time to reach approval by
the United States Food and Drug Administration.

CBD also has beneficial effects in a number of
other conditions. In Parkinson’s patients, CBD
ameliorated motor symptoms and improved the
quality of life (Chagas et al. 2014). CBD also
decreases anxiety for public speaking in socially
anxious individuals (Bergamaschi et al. 2011;
Crippa et al. 2011). CBD reduces the detrimental
effects of Δ9-THC on cognition (Bhattacharyya
et al. 2010). CBD (when added to antipsychotic
medications) lowers positive psychotic scores in
patients with schizophrenia (McGuire et al.
2018). Likely due to its multiple mechanisms of
action, CBD seems to have great therapeutic
potential without the adverse psychoactive effects
associated with Δ9-THC.

Cannabidiolic Acid
Cannabidiolic acid (CBDA) is the
nonpsychoactive precursor of CBD that is present
in the fresh cannabis plant (particularly in its
industrial hemp forms). It slowly decarboxylates
(that is, loses its acidic function) in response to
heating (e.g. when marijuana is smoked). In 2018,
the cannabinoid content was analyzed in 15 can-
nabis strains, with CBDA being detected in 13/15
of these strains, with the percentage ranging from
0.1–12.6%, whereas CBD was detected in only
4/15 strains with the percentage ranging from
0.1–11.4% (Baron et al. 2018). Recently, the
analysis of 200 cannabis oils detected CBDA
concentrations ranging from 0 to 6 mg/ml
(Carcieri et al. 2018). A recent study evaluated
the pharmacokinetics of oral cannabis, with
CBDA having a much higher peak serum
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concentration than that of CBD, suggesting that
much higher levels of CBDA than CBD are pres-
ent after oral consumption (Pellesi et al. 2018).
Clearly, more research is needed on CBDA. To
date, no controlled clinical trials with CBDA have
been published.

Recent rodent studies indicate that CBDA
may be 100–1000 times more potent than CBD
in reducing toxin-induced vomiting and nausea in
animal models. It may be particularly effective in
treating the side effect of anticipatory nausea (for
which no selective treatment is currently avail-
able) in chemotherapy patients (Bolognini et al.
2013; Rock et al. 2014a, b). Interestingly, the
doses of THC or CBDA that are ineffective
alone, when given in combination, become par-
ticularly effective as a treatment for acute nausea
and vomiting in animal models (Rock and Parker
2015; Rock et al. 2015, 2016). CBDA has also
been shown to prevent stress-induced anxiogenic-
like responding in rodents (an anxiolytic-like
effect; Rock et al. 2017). In addition, CBDA
(as well as very low doses of combined CBDA
and THC) has anti-inflammatory effects and
reduces enhanced pain sensation in an animal
model of acute inflammation (Rock et al. 2018).
Finally, CBDA also inhibits highly aggressive
human breast cancer cell migration (Takeda
et al. 2012). Taken together, these results suggest
an important role for CBDA in cancer treatment,
acting not only to reduce the symptoms of nausea
and vomiting but also to reduce cancer cell migra-
tion (an important factor in cancer metastasis), as
well as reducing stress-induced anxiety and pain.

Cannabidivarin
Cannabidivarin (CBDV) lacks psychoactive
properties and is a very weak agonist at the CB1

and CB2 receptors (Hill et al. 2013; Rosenthaler
et al. 2014), and the TRPV1, TRPV2, and TRPV3
cation channels (De Petrocellis et al. 2011, 2012).
CBDV reduces behavioral alterations and brain
atrophy in a mouse model of Rett syndrome, a
rare neurodevelopmental disorder (Vigli et al.
2018). CBDV has been shown to have
antiepileptic action (Amada et al. 2013; Hill
et al. 2012, 2013), as well as antinausea potential
in animal models (Rock et al. 2013b). In fact, an

ongoing phase II double-blind, placebo-con-
trolled trial is assessing the efficacy and safety
of CBV for controlling focal seizures in adults
(NCT02365610).

Cannabigerol
Cannabigerol is a nonpsychoactive phytocan-
nabinoid (Izzo et al. 2009) with low affinity for
the cannabinoid CB1 and CB2 receptors
(Rosenthaler et al. 2014), and has also been
shown to block the 5-HT1A receptor (Cascio
et al. 2010). In fact, CBG dose-dependently
blocked the CBD-induced suppression of nausea
in rats and vomiting in shrews, but on its own
reduced nausea at a low dose (Rock et al. 2011).
In addition, CBG also acts as a weak TRPV1
agonist and TRPV2 agonist, a potent TRPM8
antagonist, and a potent TRPA1 agonist
(De Petrocellis et al. 2008, 2011). CBG has
been shown to have anti-inflammatory and
neuroprotective effects in neurodegenerative dis-
ease models (Borrelli et al. 2013; Gugliandolo
et al. 2018; Valdeolivas et al. 2015), suggesting
that it may be a potential treatment against
neuroinflammation and oxidative stress. CBG
has also been shown to increase food intake in
rats (Brierley et al. 2016, 2017) and enhance the
liking of sweet saccharin in the taste reactivity test
(O’Brien et al. 2013). These data suggest that
CBG may have potential as a treatment for cancer
patients, possibly reducing nausea, stimulating
appetite, and reducing inflammation.

1.2.2 Terpenes

It is the terpenes in cannabis that cause the plant’s
aroma and reported “flavor”. Terpenes are the
odorous compounds present in essential oils.
More than 100 terpenes have been identified in
C. sativa (Brenneisen 2007; Rothschild et al.
2005), but the most terpenes to be identified in a
single plant sample is 40, although many more
terpenes are simply unnamed (Merli et al. 1980).
It is possible that there may be unnamed terpenes
that are unique to C. sativa. The presence and
distribution of terpenes vary in C. sativa, due to
the process of obtaining the essential oil,
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environmental growing conditions, or plant matu-
rity when harvested (Brenneisen 2007; Meier and
Mediavilla 1998). Pre-clinical evidence indicates
that terpenes may have therapeutic potential.
D-limonene, β-myrcene, and α-pinene are some
of the most common terpenes in C. sativa. The
literature suggests that terpenes may also act syn-
ergistically with cannabinoids to produce benefi-
cial effects (see Russo 2011 for review). Indeed,
combinations of cannabinoids and terpenes could
provide promising therapeutic tools, which may
ultimately reveal why people attribute relief from
certain symptoms to particular cannabis strains.

1.2.2.1 D-Limonene
Present in cannabis, and also common in lemons
and other citrus fruits, D-limonene, is a terpenoid
that has been studied very little in C. sativa. It has
been shown to have potent anticancer, anxiolytic,
and immunostimulating properties in humans
(Komori et al. 1995). D-Limonene has also been
shown to have antifungal and antibacterial
properties (Uemura et al. 1997). More recently,
D-limonene has been shown to have anxiolytic
effects mediated by serotonin and dopamine in
the prefrontal cortex and hippocampal region of
mice (Yun 2014). Future in vivo research with
this terpene may reveal further therapeutic
potential.

1.2.2.2 b-Myrcene
β-myrcene is a prominent terpene in C. sativa.
Myrcene has shown analgesic effects in mouse
models (de Cássia da Silveira et al. 2017), anti-
inflammatory activity (Russo 2011), antibiotic
properties (McPartland and Russo 2001), and
anxiolytic properties (Cleemput et al. 2009).
These results suggest that β-myrcene may con-
tribute to these classic therapeutic effects seen
with whole-plant cannabis.

1.2.2.3 a-Pinene
α-pinene is present in cannabis as well as
conifers, exerting anti-inflammatory effects
(Kim et al. 2015), and inhibiting prostate cancer
growth in a xenograft mouse model (Zhao et al.

2018). In addition, α-pinene has been shown to be
an acetylcholinesterase inhibitor, suggesting it
may modulate cognitive effects (Kennedy et al.
2011), which could counteract THC-induced
memory deficits. A recent study suggests that it
is, however, devoid of anticonvulsant action in a
mouse model (Felipe et al. 2018).

1.2.2.4 b-Caryophyllene
The terpene β-caryophyllene, which is a major
compound of C. sativa essential oil, is also a
well-known active principle of black pepper.
β-caryophyllene produces effects in preclinical
models such as antidepressant-like effects in
mice (Bahi et al. 2014; de Oliveira et al. 2018),
decreased seizures in mice (Tchekalarova et al.
2011), alleviation of ischemic brain damage
(Yang et al. 2017), reduction of peripheral neu-
ropathy in mice (Segat et al. 2017), interference
with motor paralysis and neuroinflammation in a
mouse model of Multiple Sclerosis (Alberti
et al. 2017), and reduction of anxiety-like behav-
ior in mice (Bahi et al. 2014). β-caryophyllene
also possesses anti-inflammatory and gastric
cytoprotective properties (Singh and Sharma
2015). Interestingly, it has been shown to bind
to the CB2 receptor and could therefore actually
be considered as a phytocannabinoid (Gertsch
et al. 2008).

1.2.3 Conclusions

In the following chapters, the effects of cannabi-
noid constituents on various neuropsychiatric
disorders will be described. As the cannabinoid
field evolves, additional cannabinoid constituents
may be identified and their therapeutic potential
may be revealed. Furthermore, the beneficial
effects of terpenes, alone and in combination
with cannabinoids may be realized as more
terpenes are identified and named. As more
investigators access these compounds for scien-
tific investigation, more of the beneficial effects
of this plant may come to light.
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Neuromolecular Mechanisms
of Cannabis Action 2
Yousra Adel and Stephen P. H. Alexander

Abstract

Most of our current understanding of the
neuromolecular mechanisms of Cannabis
action focusses on two plant cannabinoids,
THC and CBD. THC acts primarily through
presynaptic CB cannabinoid receptors to regu-
late neurotransmitter release in the brain, spi-
nal cord and peripheral nerves. CBD action, on
the other hand, is probably mediated through
multiple molecular targets.

Keywords

Δ9-Tetrahydrocannabinol · cannabidiol ·
cannabinoid receptors

Abbreviations

2AG 2-Arachidonoylglycerol
2-AGE 2-Arachidonoylglycerol ether
CB1 Cannabinoid receptor type 1
CB2 Cannabinoid receptor type 2
CBC Cannabichromene
CBD Cannabidiol
CBDA Cannabidiolic acid
CBDV Cannabidivarin
CBG Cannabigerol

COX Cyclooxygenase
DAGL Diacylglycerol lipase
FAAH Fatty acid amide hydrolase
GPCR G protein-coupled receptors
MAGL Monoacylglycerol lipase
PLC Phospholipase C
PPAR Peroxisome proliferator-activated

receptor
THC Δ9-Tetrahydrocannabinol
THCA-A Δ9-Tetrahydrocannabinolic acid
THCV Δ9-Tetrahydrocannabivarin
TRPV Transient receptor potential vanilloid

family

2.1 Introduction and Scope of this
Chapter

Cannabis, like many natural products, is a com-
plex and variable mix of metabolites, some of
which are common across many plant species,
such as terpenoids and flavonoids, and some of
which appear to be unique to Cannabis. These
phytocannabinoids constitute a group of C21 or
C22 terpeno-phenolic constituents, with the prin-
cipal constituents being acids, including Δ9-
tetrahydrocannabinolic acid, cannabidiolic
acid, cannabinolic acid, cannabinodiolic acid,
cannabigerolic acid and cannabichromenic acid,
for review, see Andre et al. (2016). Intriguingly,
the bioactivity of the acids has drawn little atten-
tion. By contrast, the decarboxylated products of
the acids have enjoyed the vast majority of
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attention from both scientific and non-scientific
audiences. A particular focus has been on THC,
Δ9-tetrahydrocannabinol, which is the predomi-
nant psychoactive cannabinoid and the primary
reason for the nonmedicinal consumption of Can-
nabis. This compound was first isolated from
Cannabis preparations over 50 years ago (Gaoni
and Mechoulam 1964). The second most
investigated cannabinoid is CBD, cannabidiol,
which lacks the psychoactivity of THC. Our
understanding of the bioactivity of the remainder
of the phytocannabinoids falls off a knowledge
cliff.

Accordingly, this chapter reviews the targets
and neural functions of the cannabinoids. We will
describe the receptor targets of THC, which are
well established. We will consider the evidence
for the molecular targets of CBD, which are less
well-established. For the wider family of
phytocannabinoids, we will review the evidence
for their molecular and cellular functions.

2.1.1 Neuromolecular Targets of THC:
The Cannabinoid Receptors

In 1990, the orphan G protein-coupled receptor
(GPCR) SKR6 cloned from rat brain was reported
to respond with similar potency to THC and its
lower abundance isomer Δ8-THC, but not CBD
or cannabinol (CBN), in recombinant expression
(Matsuda et al. 1990). Shortly thereafter, the
human orthologue was cloned from the brainstem
and testes, and identified as a cannabinoid recep-
tor with over 97% identity to the rat protein
(Gerard et al. 1991). The following year saw the
first endogenous cannabinoid being identified in
extracts from pig brain; this arachidonic acid con-
jugate was termed anandamide by Will Devane
and Raphi Mechoulam (Devane et al. 1992).
Three years after the cloning of the first cannabi-
noid receptor, a second, quite distinct GPCR was
cloned from the HL60 human promyelocytic leu-
kaemia cell line (Munro et al. 1993). This was
initially described as a peripheral receptor for
cannabinoids and bound THC and CBN with
similar affinities, anandamide with lower affinity
and CBD with much lower affinity. In 1995, a

second endocannabinoid was identified; this was
also an arachidonic acid conjugate,
2-arachidonoylglycerol, 2AG (Mechoulam et al.
1995; Sugiura et al. 1995).

The Nomenclature and Standards Committee
of the Union of Basic and Clinical Pharmacology
(NC-IUPHAR) currently recognises just two can-
nabinoid receptors, termed as CB1 and CB2

(Howlett et al. 2002; Pertwee et al. 2010),
corresponding to the ‘central’ and ‘peripheral’
receptors, respectively. The two GPCRs share
44% amino acid sequence homology, although
this correspondence increases to 68% for the
ligand-binding domains of the transmembrane
regions. They belong to the rhodopsin or family
A of GPCR, which signal through pertussis toxin-
sensitive Gi/o proteins and function by activating
the mitogen-activated protein kinase (MAPK)
family and inhibiting adenylyl cyclase (Howlett
et al. 2002; Pertwee et al. 2010).

2.1.1.1 CB1 Cannabinoid Receptor
Characterisation: Protein,
Distribution, Signalling
and Pharmacology

The CB1 receptor, coded in humans by the CNR1
gene (Pertwee et al. 2010), is of relatively long
length for the rhodopsin family, 472 amino acids,
having an N-terminus over 110-amino acid-long
(Gerard et al. 1991). The N-terminus contains two
asparagine residues, Asn77 and Asn83, which are
putative locations for glycosylation, a feature of
most, if not all, GPCR. For the rat receptor, gly-
cosylation increases the apparent molecular size
from 53 to 64 kDa (Song and Howlett 1995). A
similar phenomenon has been reported for the
CB1 receptor in human brain preparations
(De Jesus et al. 2006). Towards the C-terminus,
Cys415 has been described to be palmitoylated
(Oddi et al. 2012), a common but not universal
post-translational modification for GPCR.
Palmitoylation was reported to anchor the recep-
tor in lipid rafts of the plasma membrane and to
assist in coupling to G proteins (Oddi et al. 2012).
Two N-terminal splice variants of the CB1 canna-
binoid receptor have been described that differ in
length and possess different ligand-binding
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properties (Ryberg et al. 2005) and are expressed
at significantly lower levels in various tissues
(Ryberg et al. 2005; Shire et al. 1995) when
compared to the full-length receptor. The physio-
logical and pharmacological effects of these
genetic variants are yet to be fully elucidated.

The first CB1 receptor antagonist identified
was rimonabant (Rinaldi-Carmona et al. 1995),
which gained approval for the treatment of meta-
bolic disorder/obesity for a brief period in Europe
(Di Marzo and Despres 2009). The antagonist
structure was modified to produce AM6538,
which was recently crystallised with the CB1

receptor (Hua et al. 2016). A further
structurally-unrelated antagonist, taranabant, was
co-crystallised in a contemporaneous study (Shao
et al. 2016). Two additional crystal structures of
the CB1 cannabinoid receptor have been reported
where agonists were involved. AM841 and
AM11542 are structural analogues of THC (Hua
et al. 2017). In an attempt to gain further under-
standing of the signalling mechanisms of the CB1

receptor, the structure of a CB1-Gi signalling
complex bound to a high affinity, high efficacy
agonist, MDMB-Fubinaca (Krishna Kumar et al.
2019). This characterisation of the distinct
structures of the CB1 receptor by various classes
of compounds will likely aid future drug discov-
ery centred on the cannabinoid receptors (Krishna
Kumar et al. 2019).

As identified above, the CB1 cannabinoid
receptor is Gi/o-coupled, which is associated
with the inhibition of cyclic AMP production
(Howlett et al. 2002). In neuronal cells, however,
alternative signalling pathways are thought to
predominate. Thus, the CB1 receptor couples to
the potassium channel opening leading to cellular
hyperpolarisation, while inhibiting voltage-gated
calcium channels (Mackie et al. 1995). In recom-
binant expression and in particular cells in cul-
ture, the CB1 receptor also enhances intracellular
calcium release via the G protein-dependent
(apparently Gβγ subunit) stimulation of phospho-
lipase C-β (PLC-β) leading to inositol-1,4,5-
trisphosphate generation (Lauckner et al. 2005).

Investigations utilising immunocytochemistry,
quantitative autoradiography, and in situ
hybridisation (Howlett et al. 2002) revealed that

the CB1 receptors are expressed abundantly at the
terminals of central and peripheral neurons,
where they inhibit the release of multiple
neurotransmitters (Pertwee et al. 2010). There is
high expression specifically in the cerebellum,
olfactory bulb, neocortex, basal ganglia, brain
stem and hippocampus (Herkenham et al. 1991).
Peripherally, the CB1 receptor is expressed in the
testes, vascular endothelium, spleen, in the enteric
nervous system of the gastrointestinal tract (Izzo
and Sharkey 2010), adipocytes and retina.

The physiological role of CB1 receptors in the
CNS is best understood in the Schaffer collateral
commissural pathway. Modelling of the operation
of endocannabinoids at a glutamatergic synapse
highlighted the post-junctional location of ligand-
gated ion channels and Gq-coupled GPCR
activated by high-frequency stimulation-evoked
release of high levels of presynaptic glutamate.
These receptors evoke generation of
diacylglycerol (and inositol 1,4,5-trisphosphate),
which is metabolised by perisynaptic
diacylglycerol lipase to produce 2AG. By as yet
unidentified mechanisms, 2AG leaves the
postjunctional neuron to activate presynaptic
CB1 receptors, leading to the inhibition of neuro-
nal excitability (Zachariou et al. 2013). This adap-
tation of synaptic efficiency is termed short-term
depression or depolarisation-evoked suppression
of excitation. It is attractive to hypothesise that
this phenomenon is related to the observation that
Cannabis and THC elicit impairments of short-
term memory in vivo (Melges et al. 1970).

Endocannabinoids also play a role in a related
phenomenon termed as depolarisation-evoked
suppression of inhibition. This phenomenon
plays out in much the same way as
depolarisation-evoked suppression of excitation,
except that the 2AG-generated post-junctionally
acts on CB1 receptors on a GABAergic nerve
terminal. This leads to a reduction of GABA
release, which thereby elicits disinhibition of syn-
aptic efficacy, and enhanced neurotransmission
through the affected pathway. There appears to
be a predominance of CB1 receptors on
GABAergic nerve terminals compared to
glutamatergic nerve terminals (Marsicano and
Lutz 1999), which makes it likely that the
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administration of Cannabis or THC leads to
changes in GABA signalling pathways.

Prolonged exposure to THC has been found to
produce an array of effects in humans, including
analgesia, dysphoria, dependence and tolerance
(Mechoulam and Parker 2013) and the majority
of these effects were prevented following
pretreatment with the CB1 selective blocker
rimonabant (Kendall and Yudowski 2016). In
animal models, long-term treatment with THC
resulted in a region-dependent reduction in the
CB1 receptor radioligand binding (Romero et al.
1997). In the hippocampus, long-term potentia-
tion (a corollary of learning and memory)
exhibited a long-lasting inhibition with repeated
THC administration, persisting for up to 14 days
after treatment was halted (Hoffman et al. 2007).

2.1.1.2 CB2 Cannabinoid Receptor
Characterisation: Protein,
Distribution, Signalling
and Pharmacology

The CB2 receptor is coded by the CNR2 gene
(Pertwee et al. 2010) located on chromosome
1p36 and is composed of 360 amino acids in
humans (Munro et al. 1993). Compared to the
CB1 cannabinoid receptor, the CB2 receptor has
a much shorter N terminus, with a base molecular
size of ~42 kDa, which was increased to ~55 kDa
by glycosylation (Zhang et al. 2007). Analogous
to the CB1 cannabinoid receptor, a cysteine resi-
due is expressed in the C-terminus close to the
seventh transmembrane domain, Cys320. As yet,
there are no published data on the possibility that
Cys320 is palmitoylated. In 2009, a second splice
variant of the CB2 receptor was recognised based
on a human neuroblastoma cDNA library (Liu
et al. 2009). The two CB2 receptor isoforms
were found to display tissue-specific expression
patterns. The previously identified CB2 receptor
isoform was primarily identified in the spleen and
the immune system, while the novel isoform was
recognised abundantly in the testes and brain
regions of the reward system.

Very recently, a crystal structure of the CB2

receptor was published and described (Li et al.
2019). In this report, a ligand derived from
rimonabant was used, which was modified to

enhance CB2 receptor affinity, AM10257. An
interesting feature of the crystal structure is that
the antagonist-bound conformation of the CB2

receptor has more similarity to the agonist-
bound conformation of the CB1 receptor than
the antagonist-bound version (Li et al. 2019). It
will be interesting to see the impact that this
divergence in structure will have on future drug
design.

Both the CB1 and CB2 receptors share some
common pharmacology (activation by the same
endocannabinoids and THC) and both couple to
the same family of G proteins; however, they
differ profoundly in their signalling profiles. As
opposed to the CB2 receptor, the CB1 receptor has
been reported to couple in addition to Gs and to
stimulate adenylate cyclase activity (Glass and
Felder 1997). In early studies, comparing the
two receptors in recombinant expression in the
same host cells, there was a further distinction
between the two receptors. When expressed in
anterior pituitary cells, both receptors coupled to
the inhibition of cAMP production, while only
the CB1 receptor coupled to the inhibition of
voltage-gated calcium channels and opening of
potassium channels (Felder et al. 1995).

Investigations using in situ hybridisation,
northern blot and receptor autoradiography
(Howlett et al. 2002; Pertwee 1997) revealed
that the CB2 receptor was predominantly
expressed in the macrophages, spleen (Munro
et al. 1993), tonsils (Carayon et al. 1998) and
immune cells. The precise immune cells that
abundantly express CB2 include monocytes, B
cells, polymorphonuclear neutrophils, natural
killer cells, CD4+ and CD8+ T cells and when
stimulated, they regulate immune cell migration
and cytokine release (Galiegue et al. 1995; Schatz
et al. 1997). Using quantitative PCR, the CB2

receptor was also detected in the monocytes and
macrophages of the spleen and certain leukocyte
populations, precisely the eosinophils (Galiegue
et al. 1995). CB2 receptor expression was also
evaluated in other human organs and it was deter-
mined that the receptor was absent from the
majority of non-immune organs with the excep-
tion of the uterus, pancreas and lungs, which
exhibited low levels of mRNA (Turcotte et al.
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2016). The CB2 receptor was detected in the
reproductive tissues of both sexes (Battista et al.
2012; Grimaldi et al. 2009) and was suggested to
perform a function in affecting the fertility of both
males and females. As mentioned above, the CB2

receptor is often referred to as the peripheral
cannabinoid receptor, given its abundant periph-
eral presence (Howlett et al. 2002), compared to
its limited CNS expression (Gong et al. 2006).
Nevertheless, recent investigations have detected
the expression of the CB2 receptor in the CNS, by
the microglia (Atwood and Mackie 2010) follow-
ing neuroinflammation, degeneration (Ashton
and Glass 2007), in neuropathic pain (Zhang
et al. 2003) in multiple sclerosis and amyotrophic
lateral sclerosis (Yiangou et al. 2006). The
expression level of the CB2 receptor was variable
and determined by the state of the cell;
i.e. microglia do not express CB2 in healthy
human brain (Stella 2004). The degree of CB2

receptor expression in the neurons and their phys-
iological role remains to be fully elucidated.

Presumably because of the immune location of
CB2 receptors, there are fewer investigations of
the potential for tolerance with repeated adminis-
tration in humans. In preclinical models, how-
ever, CB2 receptor-selective agonists failed to
exhibit tolerance in a chronic pain model
(Romero-Sandoval et al. 2008). Intriguingly,
pregnancy seemed to influence CB receptor
expression in B lymphocytes, such that CB2

receptors were down-regulated, while CB1

expression was increased (Wolfson et al. 2016).

2.1.2 Neuromolecular Targets of THC:
Beyond the Cannabinoid
Receptors

Other than the well-identified and investigated
CB1 and CB2 receptors, other GPCRs, ion chan-
nel and nuclear receptors have been described to
be stimulated by cannabinoid ligands (Pertwee
et al. 2010). There are three GPCRs, which have
been described as cannabinoid foster children,
rather than orphan receptors; these are GPR18,
GPR55 and GPR119 (Irving et al. 2017).
Although there is little sequence homology with

CB1 or CB2 receptors (given the low homology
between the CB1 and CB2 receptors, this may not
have a deeper implication), there is some homol-
ogy between the putative endogenous ligands
thought to activate them. Thus, GPR119 is
activated by monounsaturated fatty acid
analogues of anandamide and 2AG,
N-oleoylethanolamine and 2-oleoylglycerol
(Overton et al. 2006), but does not appear to
respond to plant-derived or synthetic
cannabinoids. GPR18 and GPR55, however,
have been suggested to be targets for these agents.
GPR18 is proposed to be activated endogenously
by an oxidised version of anandamide,
N-arachidonoylglycine (Kohno et al. 2006),
while GPR55 is proposed to be activated endoge-
nously by a conjugated version of 2AG,
lysophosphatidylinositol (Oka et al. 2009).
GPR18 has also been reported to be activated
in vitro by THC (McHugh et al. 2012), as has
GPR55 (Lauckner et al. 2008). However, whether
these receptors are targets for THC in vivo has not
yet been determined, and the role of these
receptors in neural pathways is also unclear.

The endocannabinoid anandamide (and other
endogenous analogues) has also been observed to
activate the TRPV1 receptor (Alharthi et al. 2018;
Zygmunt et al. 1999), which is a target for the hot
component of spicy food derived from chilli
peppers, capsaicin (Voets et al. 2004). The
TRPV1 receptor is expressed at high levels in
primary afferent neurones, where it functions as
a broad integrator of nociceptive signalling and is
the best investigated of a large family of cation-
gating ion channels, the transient receptor poten-
tial family. THC appears not to activate the
TRPV1 (De Petrocellis et al. 2011), but has
been observed to activate other family members:
TRPA1 (De Petrocellis et al. 2008), TRPC1 (Rao
and Kaminski 2006), TRPM8 (De Petrocellis
et al. 2008), TRPV2 (De Petrocellis et al. 2011),
and TRPV3 (De Petrocellis et al. 2012). The
contribution of these interactions to the action of
THC in vivo is not clear.

Both anandamide and THC have been reported
to act as positive allosteric modulators of the
ligand-gated ion channel glycine receptor (Hejazi
et al. 2006). There is evidence that this
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mechanism can contribute to the anti-nociceptive
profile of these agents in vivo (Xiong et al. 2011).
THC also inhibited human recombinant 5-HT3

receptors, another ligand-gated ion channel,
in vitro with high potency and efficacy (Barann
et al. 2002). In contrast, THC also inhibited a
third ligand-gated ion channel, α7 nicotinic ace-
tylcholine receptors, but with a much lower
potency and efficacy (Oz et al. 2004).

In terms of voltage-gated ion channels, THC
was found to inhibit a number of human recom-
binant subtypes of voltage-gated calcium
channels in vitro (Ross et al. 2008) and to inhibit
an intrinsic sodium current in mouse neuroblas-
toma cells (Turkanis et al. 1991). Although it is
attractive to hypothesise that these effects might
contribute to the analgesic effect induced by THC
in vivo, there is little evidence for this.

THC could be described as having an opportu-
nistic nature in which it has a wide interactome. It
has an unusual property in common with ananda-
mide in which it is able to activate members of
three of the four receptor superfamilies. Identified
above are examples of GPCR and ligand-
activated ion channels, which THC activates. It
has also been described to activate members of
the nuclear hormone receptor superfamily, partic-
ularly members of the peroxisome proliferator-
activated receptors, PPARs, for review, see
(O’Sullivan 2016). THC was an agonist in a
reporter gene assay of PPARγ (O’Sullivan et al.
2005), although there are contrasting reports of
THC action at PPARα (Sun et al. 2007; Takeda
et al. 2014). PPARβ has been less thoroughly
investigated in terms of responses to
cannabinoids (O’Sullivan 2016).

2.1.3 Neuromolecular Targets of CBD

In contrast to THC, our knowledge of the
neuromolecular mechanisms of cannabidiol is
limited, which is a frustration. On the one hand,
there are a number of putative targets through
which CBD has been proposed to act, but none
of these have features that are totally convincing
as mechanisms of the in vivo action of CBD.

CBD action at the conventional cannabinoid
receptors is contradictory. The majority of studies
have failed to show occupancy of CB1 or CB2

receptors by CBD (Matsuda et al. 1990; Munro
et al. 1993). However, CBD has been suggested
to be a negative allosteric modulator of the CB1

receptor in recombinant expression (Laprairie
et al. 2015). There are reports that CBD can
reduce the side effects caused by the administra-
tion of THC (Mechoulam and Hanus 2002) and it
is attractive to hypothesise that the negative allo-
steric modulation of the CB1 receptor might be
the neuromolecular mechanism for this observa-
tion. CBD seems to have an interaction with the
endocannabinoid system in which acute adminis-
tration increased brain levels of a variety of
N-acylethanolamines, including anandamide,
with little impact on 2AG levels (Leishman
et al. 2018). CBD has been reported to inhibit
the anandamide hydrolysis enzyme fatty acid
amide hydrolase activity in vitro with a range of
mostly lower potencies (Bisogno et al. 2001; De
Petrocellis et al. 2011; Watanabe et al. 1996) and
it would be attractive to suggest this as an in vivo
mechanism of action. However, the pattern of
metabolite accumulation evoked by CBD and a
selective inhibitor of fatty acid amide hydrolase
differ, suggesting a distinct impact (Leishman
et al. 2018).

CBD has been reported to interact with seroto-
nergic signalling through multiple routes
(Ledgerwood et al. 2011). It directly activated
5-HT1A receptors (Russo et al. 2005), an effect
implicated in anxiolytic effects (Campos and
Guimaraes 2008), neuroprotection following
hypoxia/ischemia (Mishima et al. 2005; Pazos
et al. 2013), inhibition of nausea and vomiting
behaviours (Rock et al. 2012) and inhibition of
morphine-evoked reward (Katsidoni et al. 2013)
of CBD in vivo. CBD also evoked an allosteric
inhibition of 5-HT3A receptors (Yang et al. 2010)
in vitro, which may be mediated through
accelerating the rate of receptor desensitisation
(Xiong et al. 2011). However, this does not
seem to be a major route for CBD effects in vivo.

As with THC, CBD has been reported to
enhance glycine receptor function as a positive
allosteric modulator (Ahrens et al. 2009), which
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appeared to be mediated through a transmem-
brane domain-located serine residue (Foadi et al.
2010). The analgesic effects of CBD in animal
models have been suggested to be mediated
through glycine receptors (Lu et al. 2018; Xiong
et al. 2012).

As mentioned above for THC, CBD has a
broad interactome. It also has been reported to
modulate the function of the transient receptor
potential family to stimulate TRPA1, inhibit
TRPM8 (De Petrocellis et al. 2008), stimulate
TRPV1 (Costa et al. 2004), TRPV2 (Qin et al.
2008), TRPV3 and TRPV4 (De Petrocellis et al.
2012). Other investigations reported that CBD
decreases neuronal hyperactivity in epilepsy by
causing activation followed by rapid
desensitisation of TRPV1 and TRPV2 (Iannotti
et al. 2014).

CBD also regulates calcium homeostasis in the
hippocampal neurons as well as blocking the
low-voltage T-type calcium channels, which are
prominent modulators of neuronal excitability
which specifically controlled partial or general-
ised seizures (Jones et al. 2010).

CBD was also reported to enhance adenosine
signalling by inhibiting its uptake, which has
been associated with its anti-inflammatory,
neuroprotective and immunosuppressive roles
(Carrier et al. 2006). Additionally, this mecha-
nism for elevating extracellular adenosine leading
to an indirect activation of adenosine receptors
was implicated in CBD effects in vivo on pain
modulation (Maione et al. 2011), and hypoxia/
ischemia-induced brain damage (Castillo et al.
2010) and ventricular arrhythmias (Gonca and
Darici 2015).

2.1.4 Neuromolecular Targets
of Other Cannabinoids

A number of the other cannabinoids from the
Cannabis plant have been described to have
effects both in vitro and in vivo. However, there
is a limited capacity to correlate the two profiles.

2.1.4.1 Δ9-Tetrahydrocannabidivarin
Δ9-Tetrahydrocannabidivarin (THCV) is a close
structural analogue of THC, which also binds to
CB receptors. Initially, THCV was suggested to
act as an antagonist at both CB1 and CB2

receptors (Thomas et al. 2005), although later it
was observed to act as a partial agonist at human
recombinant CB2 receptors (Bolognini et al.
2010). CB2 activation appeared to translate to
in vivo models of inflammation (Bolognini et al.
2010) and Parkinson’s disease (Garcia et al.
2011). THCV was also described to potentiate
5-HT1A receptor function in vitro and in an
in vivo model of psychosis (Cascio et al. 2015).
THCV also activated TRPA1, TRPV1, TRPV2
and blocked TRPM8 channels in recombinant
expression (De Petrocellis et al. 2011). In vivo,
THCV was able to reverse the effects of THC in a
model of visceral pain (Booker et al. 2009).

2.1.4.2 Cannabinol
Cannabinol accumulates over time by the natural
oxidation of THC. It was not thought to bind the
CB1 cannabinoid receptor (Matsuda et al. 1990),
but a later report described agonist action at both
CB1 and CB2 receptors (Rhee et al. 1997). Can-
nabinol was less potent than THC at the CB1

receptor, but more potent than THC at the CB2

receptor. In vivo, cannabinol evoked a reduction
in pain behaviours in a model of visceral pain in a
manner sensitive to a CB1 receptor antagonist
(Booker et al. 2009) and also evoked a CB1

antagonist-sensitive increase in feeding
behaviours (Farrimond et al. 2012).

Cannabinol activated TRPA1, inhibited
TRPM8, was ineffective at TRPV1, inhibited
TRPV2 (De Petrocellis et al. 2011) and showed
limited agonist activity at TRPV3 and TRPV4
(De Petrocellis et al. 2012).

2.1.4.3 Δ9-Tetrahydrocannabinolic Acid
Δ9-Tetrahydrocannabinolic acid, THCA-A, is the
naturally-occurring precursor of THC, which is
abundant in the Cannabis plant. In binding stud-
ies, THCA-A was much weaker than THC at CB1

or CB2 cannabinoid receptors (McPartland et al.
2017). THCA-A was less potent than THC as an
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agonist at TRPA1, TRPV2, and TRPV3, as inac-
tive at TRPV1, more active than THC at TRPV4
and equipotent as a TRPM8 antagonist
(De Petrocellis et al. 2011; De Petrocellis et al.
2012). THCA was recently described as a potent
PPARγ agonist in vitro, with beneficial effects in
a seizure model in vivo, which could be reversed
by a PPARγ antagonist (Nadal et al. 2017).

2.1.4.4 Cannabidivarin
Cannabidivarin is a close structural analogue of
CBD, which displayed low-potency binding to
CB1 receptors (Hill et al. 2013), but showed
sub-micromolar affinity at human recombinant
CB2 receptors (Rosenthaler et al. 2014). CBDV
was a potent agonist at TRPA1, TRPV1, TRPV2,
TRPV3 and TRPV4 and a potent antagonist at
TRPM8 (De Petrocellis et al. 2011; De Petrocellis
et al. 2012). In vivo, CBDV showed an anticon-
vulsant action through an unestablished mecha-
nism (Amada et al. 2013; Hill et al. 2012; Hill
et al. 2013). In addition, CBDV delayed memory
deficits in mutant mice, again through an uniden-
tified mechanism (Zamberletti et al. 2019).

2.1.4.5 Cannabidiolic Acid
Cannabidiolic acid, CBDA, is the naturally-
occurring precursor of CBD. CBDA has been
suggested to inhibit COX-2 (Takeda et al.
2008). CBDA was a low-potency agonist at
TRPA1, less potent at TRPV1 and TRPV4, inac-
tive at TRPV2 and TRPV3 and a low-potency
antagonist at TRPM8 (De Petrocellis et al. 2011;
De Petrocellis et al. 2012). CBDA anti-
nociceptive behavioural effects were blocked by
a TRPV1 antagonist in vivo (Rock et al. 2018).
CBDA evoked an inhibition of nausea and
vomiting behaviours in vivo; effects of which
were reduced by 5-HT1A receptor blockade
(Bolognini et al. 2013). In vitro, CBDA appeared
to act as a positive allosteric modulator of 5-HT1A

receptors (Bolognini et al. 2013).

2.1.4.6 Cannabigerol
Cannabigerol, CBG, has a distinct chemical struc-
ture from the other Cannabis-derived
metabolites, with lower affinity at CB1 and CB2

receptors than THC (Rosenthaler et al. 2014). In

contrast, it showed much higher affinity as an
agonist at α2-adrenoceptors and antagonist at
5-HT1A receptors (Cascio et al. 2010). CBG was
a potent agonist at TRPA1, less potent at TRPV1,
TRPV2, TRPV3 and TRPV4 and a potent antag-
onist at TRPM8 (De Petrocellis et al. 2011; De
Petrocellis et al. 2012). CBG was also able to
activate both PPARα and PPARγ in vitro
(D’Aniello et al. 2019). In vivo, CBG stimulated
appetite in a manner yet to be explained (Brierley
et al. 2016, 2017) and blocked the anti-nausea
effect of CBD (Rock et al. 2011). CBG reduced
colon cancer progression in vivo in a manner
consistent with TRPM8 blockade (Borrelli et al.
2014).

2.1.4.7 Cannabichromene
A further chemical class of abundant Cannabis
metabolite is cannabichromene, CBC, which
exhibits lower potency at CB1 and CB2 receptors
than THC (Rosenthaler et al. 2014). It was a very
potent TRPA1 agonist with much lower potency
at TRPV1, TRPV2 and TRPM8 and intermediate
TRPV3 and TRPV4 potency (De Petrocellis et al.
2011; De Petrocellis et al. 2012). CBC activation
of ERK activity in adult neural stem cells could
be blocked by an A1 adenosine receptor antago-
nist (Shinjyo and Di Marzo 2013). In vivo, CBC
appeared to have anti-inflammatory properties,
which was suggested to be mediated via TRPA1
channels (Romano et al. 2013).

2.1.5 Concluding Remarks

In this chapter, we have considered the evidence
for bioactivity of the major cannabinoid
metabolites from the Cannabis plant. It is clear
that, although we have been aware of the predom-
inant molecular mechanisms of action of THC for
decades, there is much less knowledge of
neuromolecular mechanisms for the remainder
of the cannabinoids. A further point worth
making is that many of these cannabinoids appear
to have contradictory effects at the molecular
targets which have been identified, particularly
members of the TRP receptor family. Interpreting
the impact of complex mixtures of these
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cannabinoids in vivo is consequently extremely
difficult, complicated further by variation in phar-
macokinetic profiles of these agents, an issue that
has been researched only in limited detail.
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Neuropharmacological Effects
of the Main Phytocannabinoids: A
Narrative Review

3
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Abstract

Cannabis can synthetize more than
400 compounds, including terpenes,
flavonoids, and more than 100 phytocan-
nabinoids. The main phytocannabinoids are
Δ-9-tetrahydrocannabinol (THC) and
cannabidiol (CBD). Cannabis-based products
are used as medicines in several countries. In
this text, we present an overview of the main
neurochemical mechanisms of action of the
phytocannabinoids, especially THC and
CBD. We also reviewed the indications and
adverse effects of the main cannabis-based
medicinal products. THC acts as a partial ago-
nist at cannabinoid 1/2 receptors (CB1/2). It is
responsible for the characteristic effects of
cannabis, such as euphoria, relaxation, and
changes in perceptions. THC can also produce
dysphoria, anxiety, and psychotic symptoms.
THC is used therapeutically in nausea and
vomiting due to chemotherapy, as an appetite
stimulant, and in chronic pain. CBD acts as a
noncompetitive negative allosteric modulator
of the CB1 receptor, as an inverse agonist of
the CB2 receptor, and as an inhibitor of the

reuptake of the endocannabinoid anandamide.
Moreover, CBD also activates 5-HT1A seroto-
nergic receptors and vanilloid receptors. Its
use in treatment-resistant epilepsy syndromes
is approved in some countries. CBD does not
produce the typical effects associated with
THC and has anxiolytic and antipsychotic
effects. Some of the most common adverse
effects of CBD are diarrhea, somnolence, nau-
sea, and transaminase elevations (with concom-
itant use of antiepileptics). The mechanisms of
action involved in both the therapeutic and
adverse effects of the phytocannabinoids are
not fully understood, involving not only the
endocannabinoid system. This “promiscuous”
pharmacology could be responsible for their
wide therapeutic spectrum.

Keywords

Cannabinoids · Phytocannabinoids ·
Endocannabinoids · Mechanisms of action ·
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3.1 Introduction

Cannabis is a botanical genus composed of three
species (C. sativa, C. indica, and C. ruderalis)
that are broadly differentiated by their genetic and
chemical ability to produce more or less of the
two main phytocannabinoids: Δ-9-tetrahydrocan-
nabinol (Δ-9-THC or simply THC) and

R. G. dos Santos · J. E. C. Hallak · J. A. S. Crippa (*)
Department of Neurosciences and Behavior, Ribeirão
Preto Medical School, University of São Paulo, Ribeirão
Preto, Brazil

National Institute of Science and Technology–
Translational Medicine, Ribeirão Preto, São Paulo, Brazil
e-mail: jcrippa@fmrp.usp.br

# Springer Nature Switzerland AG 2021
E. Murillo-Rodriguez et al. (eds.), Cannabinoids and Neuropsychiatric Disorders, Advances in
Experimental Medicine and Biology 1264, https://doi.org/10.1007/978-3-030-57369-0_3

29

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57369-0_3&domain=pdf
mailto:jcrippa@fmrp.usp.br
https://doi.org/10.1007/978-3-030-57369-0_3#DOI


cannabidiol (CBD). Thus, species rich in THC are
used for recreational and medicinal properties,
while species with low THC content and high
CBD content are used to produce seed and fiber
and are also used for medicinal purposes (Hillig
2005; Andre et al. 2016). Cannabis can synthetize
more than 400 compounds, including terpenes,
flavonoids, and more than 100 phytocannabinoids
including THC, CBD, Δ-8-tetrahydrocannabinol
(Δ-8-THC), Δ-9-tetrahydrocannabivarin (Δ-9-
THCV), Δ-9-tetrahydrocannabinolic acid (Δ-9-
THCA), cannabinol (CBN), cannabidivarin
(CBDV), cannabigerol (CBG), cannabichromene
(CBC), cannabidiolic acid (CBDA), etc.(Andre
et al. 2016; Izzo et al. 2009; Ranieri et al. 2016).
Thus, the pharmacology, psychoactivity, thera-
peutic or toxic effects of cannabis varieties and
“strains” will depend on the synergetic effects of
all these compounds (Andre et al. 2016;
MacCallum and Russo 2018). Accumulating evi-
dence shows that skunk-like (high-potency) can-
nabis, rich in THC, is associated with a higher
frequency of adverse reactions compared to
low-potency (low THC/high CBD content) can-
nabis (Di Forti et al. 2015; Volkow et al. 2016).

Cannabis-derived products are available in dif-
ferent forms (Table 3.1). Herbal or raw cannabis
(from nonstandardized to standardized varieties
with known content THC and CBD, e.g.,
Bedrocan®, Bedrobinol®, Bediol®, Bedica®,
Bedrolite®) and cannabis extracts/oils (from
homemade to standardized medications, e.g.,
Sativex®, Epidiolex®, Purodiol®, TIL-TC150)
are currently authorized for medicinal purposes
including chronic pain, sleep disorders, anxiety
and mood disorders, Parkinson disease, epilepsy,
etc. in 30 States of the United States (US) and in
some countries such as Canada, the Netherlands,
Italy, Germany, Israel, and Brazil (Abuhasira
et al. 2018; Bramness et al. 2018). In some
countries such as the US and Brazil, several of
the available extracts (except for Sativex® and
Epidiolex®) are not standardized and show wide
variation in cannabinoid content (Vandrey et al.
2015; Crippa et al. 2016). Moreover, some
medicinal indications for these products were
not assessed and approved after randomized con-
trolled trials (RCTs) (for example, Parkinson

disease in some US States and in Brazil). Further-
more, in other contexts, such as in some European
countries, cannabis-based products are used only
in rare or specific diseases (such as palliative care)
(Abuhasira et al. 2018; Bramness et al. 2018).
Nevertheless, although the recreational use of
cannabis is associated with several adverse effects
such as cognitive impairment and psychiatric
disorders (Di Forti et al. 2015; Volkow et al.
2016), observational, open-label, and RCTs sug-
gest that medicinal cannabis and cannabis-based
products (standardized and nonstandardized)
could be effective for some indications such as
chronic pain, epilepsy, cancer-associated pain,
and nausea, and are generally well tolerated
(Gruber et al. 2016; Yassin and Robinson 2017;
Abuhasira et al. 2018; Bellnier et al. 2018; de
Hoop et al. 2018; Gruber et al. 2018; Hausman-
Kedem et al. 2018; McCoy et al. 2018; Mondello
et al. 2018; Sarid et al. 2018). However, most of
these studies only reported short treatment
periods and short follow-up periods, thus possible
long-term effects of these cannabis-based
products are largely unknown and should be fur-
ther investigated. In fact, that is also true for pure
cannabinoids such as THC- and CBD-based
products.

Until June 2018, neither the US Food and
Drug Administration (FDA) nor the European
Medicines Agency (EMA) had approved a drug
product containing or derived directly from
herbal cannabis. This scenario has recently
changed when the FDA approved on June
25, 2018 the use of Epidiolex® (a purified oral
cannabis extract rich in CBD; GW
Pharmaceuticals Plc.) for treating seizures
associated with Lennox-Gastaut syndrome or
Dravet syndrome in patients with 2 years of age
and older (Kaufman 2018; Rubin 2018). This is
the first FDA-approved drug that contains a
purified component derived directly from canna-
bis. Another cannabis-based medicinal product
from GW Pharmaceuticals is Nabiximols
(Sativex®), an oromucosal spray containing
THC and CBD in a 1:1 THC:CBD ratio approved
in 29 countries for the treatment of multiple scle-
rosis associated spasticity and neuropathic pain
(Abuhasira et al. 2018; Bramness et al. 2018).
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Epidiolex® is not currently approved by the
EMA, and Sativex® is not currently approved by
the FDA, but things might change in 2019 for
both substances in both agencies. More recently,
TIL-TC150 (Tilray Inc.), a cannabis extract with
purified CBD and THC in a 50:1 CBD:THC that
complies with GMP standards is being
investigated in Canada for the treatment seizures
in children with Dravet syndrome (McCoy et al.
2018).

Moreover, the synthetic versions of the main
phytocannabinoids (THC and CBD) are currently
approved medications (THC) or are under clinical
investigation (CBD) in some countries. For
instance, synthetic THC or Dronabinol
(Marinol®, AbbVie Inc.; Syndros®, Insys Thera-
peutics Inc.), used in capsules or as an
oralsolution, is approved since the 1980s for the
treatment of anorexia associated with weight loss
in patients with AIDS (Acquired Immunodefi-
ciency Syndrome) and for nausea and vomiting
associated with cancer chemotherapy by the FDA
and by some European countries (Whiting et al.
2015; Abuhasira et al. 2018; Bramness et al.
2018). A synthetic analog of THC, Nabilone
(Cesamet®, Meda Pharmaceuticals Inc.;
Canemes®, AOPOrphan Pharmaceuticals AG),
is also approved since the 1980s for the treatment
of nausea and vomiting associated with cancer
chemotherapy by the FDA and by some

European countries (Whiting et al. 2015;
Abuhasira et al. 2018; Bramness et al. 2018). A
synthetic pharmaceutical-grade version of CBD
(STI Pharmaceuticals) is currently being
investigated as an anticancer drug (Kenyon et al.
2018), and other synthetic derivatives CBD and
other phytocannabinoids are being investigated in
basic studies (Ranieri et al. 2016; Morales et al.
2017).

In this text we will present an overview of the
main neurochemical mechanisms of action of the
above mentioned phytocannabinoids, especially
THC and CBD. We focused on human studies
including both healthy volunteers and clinical
samples. Human data for the other phytocan-
nabinoids are very limited or do not exit at all,
so when human studies were not available we
tried to fulfil this gap with preclinical data.

3.2 Neuromolecular mechanisms
of action of the main
phytocannabinoids

3.2.1 THC

THC is the main psychotropic ingredient of can-
nabis, being responsible for its euphoriant effects,
but also for some of its therapeutic effects (anal-
gesia, increased appetite, hypnotic, etc.). THC

Table 3.1 Summary of the main cannabis-derived products1

Product Active compounds
Administration
routes

Herbal cannabis (Cannabis sp., Bedrocan®,
Bedrobinol®, Bediol®, Bedica®, Bedrolite®) and
nonstandardized cannabis extracts/oils

Mainly THC and CBD, but also dozens of
phytocannabinoids, terpenes, etc.

Smoked,
vaporized, oral

Dronabinol (Marinol®, Syndros®) Synthetic THC Oral
Nabilone (Cesamet®, Canemes®) Synthetic THC analog Oral
Nabiximols (Sativex®) Cannabis extract with THC and CBD in a 1:1

THC:CBD ratio, with minor quantities of other
phytocannabinoids, terpenes, etc.

Oromucosal
spray

TIL-TC150 Cannabis extractcontaining only purified CBD
and THC in50:1 CBD:THC ratio

Oral

CBD (Epidiolex®) CBD extract, with minor quantities of
phytocannabinoids, terpenes, etc.

Oral

CBD Purified or synthetic CBD Oral
1Adapted from the following references: Koppel et al. 2014; Whiting et al. 2015; Abuhasira et al. 2018; Bramness et al.
2018; MacCallum and Russo 2018; McCoy et al. 2018
CBD cannabidiol, THC tetrahydrocannabinol
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acts as a partial agonist at the cannabinoid
receptors 1 and 2 (or simply CB1 and CB2), and
this is thought to be the main mechanism of action
of this phytocannabinoid (Izzo et al. 2009;
Weinstein et al. 2016; Colizzi and Bhattacharyya
2017; Sagar and Gruber 2018; Schonhofen et al.
2018). The cannabinoid receptors, their ligands
(the endocannabinoids anandamide (AEA) and
2-arachidonoylglycerol (2-AG)), and the
enzymes responsible for the synthesis and degra-
dation of the endocannabinoids (fatty acid amide
hydrolase (FAAH) and monoacylglycerol lipase
(MAGL)) form the endocannabinoid system
(ECS) (Ranieri et al. 2016; Schonhofen et al.
2018). The CB1 receptoris distributed throughout
the brain, with particularly high densities in the
amygdala, hippocampus, striatum, frontal/pre-
frontal cortex, and motor areas. These areas are
implicated in emotion processing and cognitive
effects, including anxiety/relaxation (amygdala),
learning/memory (hippocampus), reward
processing (striatum), euphoria/ “high” (frontal/
prefrontal cortex), and altered balance (motor
areas). The ECS, mediated mainly by the CB1

receptor, is also involved in regulating striatal
dopamine release and glutamatergic and
GABAergic neurons (Weinstein et al. 2016;
Sagar and Gruber 2018; Schonhofen et al.
2018). CB2 receptors are expressed in both the
brain and peripheral organs and are involved in
homeostasis, pain, and inflammation. The ECS is
also implicated in the growth, differentiation,
positioning, and connectivity among neurons
and in neuroplasticity, including neurogenesis
(Ranieri et al. 2016; Weinstein et al. 2016;
Sagar and Gruber 2018; Schonhofen et al. 2018).

THC can also activate other receptors in nano/
micromolar concentrations, such as the peroxi-
some proliferator-activated receptor γ (PPARγ)
and the transient receptor potential Ankyrin
1 (TRPA1), which could be involved in the
neuroprotective/inflammatoryand analgesic
effects of THC (Izzo et al. 2009).

3.2.2 CBD

CBD is the second most abundant phytocan-
nabinoid and the major noneuphoriant phytocan-
nabinoid. CBD has several therapeutic potentials,
including anxiolytic, antipsychotic, antiepileptic,
and neuroprotective effects, but the mechanisms
of these multiple pharmacological effects are
complex and poorly understood. For instance,
CBD neither directly binds to nor activates
CB1/2 receptors, as THC does. Some of the multi-
ple mechanisms of action of CBD described in
preclinical studies are summarized in Table 3.2.

3.2.3 Δ-9-THCV

This compound is derived from the phytocan-
nabinoid cannabigerovarin (CBGV), and usually
exists in very low quantities in cannabis varieties.
Δ-9-THCV acts as a CB1 receptor antagonist at
lower doses and as an agonist of the same recep-
tor at higher doses, and acts as a CB2 receptor
partial agonist (Izzo et al. 2009; dos Santos et al.
2015; Hill et al. 2010; Englund et al. 2016;
Ranieri et al. 2016). Preclinical studies suggest
that Δ-9-THCVdecreases food intake in animals
and has antiepileptic properties (Izzo et al. 2009;
dos Santos et al. 2015; Hill et al. 2010; Ranieri
et al. 2016). In a study with 10 cannabis users,
volunteers received 10 mg of Δ-9-THCV(oral) or
placebo for 5 days, followed by 1 mg of intrave-
nous THC on the fifth day.Δ-9-THCV was well
tolerated and did not induce subjective effects,
but it inhibited the heart rate increases produced
by THC and potentiated the memory impairment
induced by this phytocannabinoid (Englund et al.
2016). A recent neuroimaging study replicated
the absence of subjective effects of Δ-9-THCV
and showed that this compound reduced func-
tional connectivity between the amygdala and
parts of the default mode network (precuneus
and the posterior cingulate cortex) and increased
connectivity between the amygdala and parts of
the executive control network (dorsal anterior
cingulate cortex and premotor area) (Rzepa et al.
2016). These effects seem to be the neural basis
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underlaying the possible use of this phytocan-
nabinoid in the treatment of obesity. Studies
with bigger samples and both healthy and clinical

populations are needed to better understand the
pharmacology of this compound and its possible
therapeutic benefits.

Table 3.2 Main mechanisms of action of cannabidiol (CBD)a

Target Action

α1/1β/3 glycine receptors Agonist/Positive allosteric modulator
Adenosine reuptake Inhibitor
A1/2Aadenosine receptors Modulator
Anandamide reuptake Inhibitor
Ca2+ (intracellular) Regulator
Ca2+ channels (voltage-gated T-type) Inhibitor
CB1cannabinoid receptor Noncompetitive antagonist/Noncompetitive negative allosteric

modulator
CB2cannabinoid receptor Inverse agonist
COX activity Inhibitor
DA2 dopamine receptor Partial agonist
δ-opioid receptor Positive allosteric modulator
FAAH Inhibitor
Glutamate release Inhibitor
GPR55 receptor Antagonist
Hydroperoxide-induced oxidative
damage

Inhibitor

mTOR pathway Activator
μ-opioid receptor Ligand/Positive allosteric modulator
NO production Inhibitor
PGE2 production Inhibitor
PPAR-γ receptor Agonist
Putative abnormal-CBD receptor Antagonist
σ1 receptor Antagonist
Na+ channels Inhibitor
TRPA1channel Agonist
TRPM8 channel Antagonist
TRPV1–4channels Agonist
TNFα Modulator
Tryptophan degradation Inhibitor
VDAC1 Modulator
5-HT1A Agonist
5-HT2A Partial agonist
5HT3A Antagonist
5- and 15-lipoxygenase Inhibitor
aAdapted from the following references: Izzo et al. 2009; dos Santos et al. 2015; Gobira et al. 2015; Ranieri et al. 2016;
Seeman 2016; Campos et al. 2017; Morales et al. 2017; Perucca 2017; Crippa et al. 2018; Rodríguez-Muñoz et al. 2018;
Schonhofen et al. 2018
The above list of targets/actions is not exhaustive. Targets/actions marked in bold seem to be the most relevant to
the anxiolytic, antipsychotic, antiepileptic, and neuroprotector effects of CBD
CBD cannabidiol, COX cyclooxygenase, FAAH fatty acid amide hydrolase, GPR55 G protein-coupled receptor
55, mTOR mammalian target of rapamycin intracellular pathway, NO nitric oxide, PGE2 prostaglandin type E2,
PPAR-γ nuclear peroxisome proliferator-activated receptor γ, TNFα tumor necrosis factor α, TRPA1 transient receptor
potential of ankyrin type 1, TRPM8 transient receptor potential of the melastatin type 8, TRPV1–4 transient receptor
potential of vanilloid types 1–4, VDAC1 voltage-dependent anion-selective channel protein type 1, 5-HT1A serotonin
receptor subtype 1A
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3.2.4 Δ-9-THCA

This phytocannabinoid acts as a transient receptor
potential of ankyrin type 1 (TRPA1) agonist and
as a transient receptor potential of the melastatin
type8 (TRPM8) antagonist, and preclinical stud-
ies showed that this compound has antiproli-
ferative, antispasmodic, and analgesic properties
(Izzo et al. 2009; dos Santos et al. 2015).

3.2.5 Δ-8-THC

Δ-8-THC results from the isomerization of THC
and is found in very small amounts in cannabis.
The pharmacology of Δ-8-THC and THC is simi-
lar, as both phytocannabinoids induce psychoac-
tive and antiemetic effects in humans by agonism
at the CB1 receptor, butΔ-8-THC is less active
(Izzo et al. 2009). Moreover, Δ-8-THC showed
antiepileptic effects in animals (Colasanti et al.
1982; dos Santos et al. 2015).

3.2.6 CBDV

CBDV is a CBD analog derived from CBGV.
Recent preclinical studies showed that this
phytocannabinoid has antiepileptic effects that
seem to be independent of CB1/2 receptors (Hill
et al. 2012, 2013). Furthermore, CBDV inhibits
anandamide uptake and the synthetic enzyme of
2-AG and activates transient receptor potential of
vanilloidtypes 1–2 (TRPV1/2) and TRPA1
channels (Hill et al. 2012, 2013; Iannotti et al.
2014; dos Santos et al. 2015; Ranieri et al. 2016;
Morales et al. 2017).CBDV(800 mg once daily
over 5 days) was well tolerated in phase I and II
trials, and it is being investigated to treat seizure
disorders, Rett syndrome, and autism spectrum
disorder (Bialer et al. 2018).

3.2.7 CBN

CBNis a minor constituent of cannabis that is
formed by the oxidation of THC. It was the first

phytocannabinoid to be obtained in pure form, in
1896. Like CBD and CBDV, CBN inhibits cellu-
lar uptake of anandamide. Moreover, it also
seems to act as a CB1/2 partial agonist, although
less potent than that of THC (10% of its
psychoactivity) (Izzo et al. 2009). Few studies
have investigated the pharmacology of CBN,
but there is evidence that it has antiepileptic
properties (Consroe and Wolkin 1977; dos Santos
et al. 2015).

3.2.8 CBG

CBG is the precursor of THC and CBD, and
several mechanisms of action have been proposed
for this phytocannabinoid, including inhibition of
anandamide and GABA uptake, partial agonism
at CB1/2receptors, TRPA1 and TRPV1/
2 channels, and α2-adrenoceptors, antagonism at
5-HT1A receptors and TRPM8 channels, modula-
tion of phospholipase A2,COX-1/�2 inhibition,
and blockaded of voltage-gated sodium channels
(Izzo et al. 2009; dos Santos et al. 2015; Ranieri
et al. 2016; Morales et al. 2017). Preclinical stud-
ies suggest that at least some of these actions are
involved in the analgesic, anti-inflammatory,
antibacterial, and anticancer properties of CBG
(Izzo et al. 2009; Ranieri et al. 2016; Morales
et al. 2017).

3.2.9 CBC

Together with THC and CBD, CBC is one of the
most abundant phytocannabinoids, and although
it shares a similar pharmacology with THC
(inducing hypothermia, sedation, and
hypoactivity in animals), it is not euphoriant,
and it is 2.5 times more toxic than THC. CBC
acts as a TRPA1 agonist and as an inhibitor of
anandamide reuptake and MAGL, and there is
preclinical evidence that it has anti-inflammatory,
analgesic, antidepressant, antibacterial, and anti-
cancer effects (Izzo et al. 2009; Ranieri et al.
2016).
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3.2.10 CBDA

CBDA is the acidic form of CBD, which is 95%
of the CBD form present in cannabis. CBDA acts
as a selective COX-2 inhibitor, a TRPA1 and
TRPV1 agonist, a TRPM8 antagonist, and a
modulator of the GPR55 receptor, and has
showed anti-inflammatory, anticancer, and anal-
gesic actions in preclinical studies (Izzo et al.
2009; Morales et al. 2017).

3.3 Neurochemical and behavioral
effects of THC and CBD: Human
studies

3.3.1 THC

The action of THC as a partial agonist at CB1/

2 receptors, but especially at the CB1 receptor, is
its main mechanism of action, being responsible
for the characteristic effects of cannabis: eupho-
ria/dysphoria, relaxation/anxiety, and changes in
perceptions and thought content/psychotic
symptoms. As mentioned above, the CB1 receptor
is high in brain areas related to emotion and
cognition, including the amygdala, hippocampus,
striatum, and prefrontal cortex. These areas are
the neural subtracts of the subjective, emotional,
and cognitive effects of THC, including anxiety/
relaxation (amygdala), learning/memory (hippo-
campus), reward processing/motivation (stria-
tum), and euphoria/ “high” (frontal cortex)
(Weinstein et al. 2016; Colizzi and Bhattacharyya
2017; Sagar and Gruber 2018).

Studies of acute administration of cannabis or
THC to healthy volunteers often report increase in
scales measuring “linking”, “intoxicated”, and
“high”, but also show impaired cognition and
increase in scales measuring anxiety and psy-
chotic symptoms (Bhattacharyya et al. 2009;
Fusar-Poli et al. 2009; Morrison et al. 2009;
Bhattacharyya et al. 2010; Bhattacharyya et al.
2012; Martin-Santos et al. 2012; Niesink and van
Laar 2013; Weinstein et al. 2016; Colizzi and
Bhattacharyya 2017; Grimm et al. 2018; Sagar
and Gruber 2018), and functional magnetic

resonance imaging (fMRI) studies assessing the
neural basis of the effects of THC in healthy
volunteers suggest that the effects of this com-
pound on fronto-striatal and limbic/paralimbic
function are involved in its effects on verbal
learning, psychotic symptoms, and emotion
processing (Bhattacharyya et al. 2009; Fusar-
Poli et al. 2009; Bhattacharyya et al. 2010;
Bhattacharyya et al. 2012; Weinstein et al. 2016;
Colizzi and Bhattacharyya 2017; Sagar and
Gruber 2018). Neuroimaging studies have also
shown that acute THC administration stimulates
striatal dopamine neurotransmission in healthy
human volunteers (Weinstein et al. 2016). How-
ever, previous genetic and brain structural and
functional characteristics of cannabis users
participating in these studies often influence the
subjective and cognitive differences among these
individuals and controls, suggesting that the
observed deficits (when these are observed) are
influenced by other factors and not necessarily by
cannabis use. Moreover, age and history of can-
nabis use also influence these results (Weinstein
et al. 2016; Sagar and Gruber 2018).

Regarding more prolonged or chronic use, a
recent meta-analysis of neuroimaging studies of
recreational cannabis users showed that the most
consistent functional alterations were decreased
activation in the anterior cingulate cortex (ACC)
and dorsolateral prefrontal cortex (DL-PFC) and
increased activation in the striatum (Weinstein
et al. 2016; Sagar and Gruber 2018; Yanes et al.
2018). The ACC and DL-PFC are associated with
behavioral control, pain processing, learning and
memory, and the striatum with reward and pain
processing, social judgments, and attention and
inhibition control. Regarding dopaminergic neu-
rotransmission, although acute THC administra-
tion stimulates striatal dopamine release in
humans, several studies failed to find differences
in striatal D2/3 dopamine receptor occupancy
between regular cannabis users and controls, but
regular cannabis use was associated with reduced
dopamine transporter (DAT) availability and
dopamine synthesis capacity in the striatum
(Weinstein et al. 2016).

These functional alterations could be related to
the negative effects of cannabis use on reward
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processing, memory, and executive function,
although a recent meta-analysis of cannabis use
and cognitive function in adolescents and young
adults concluded that previous studies
overestimated the magnitude and persistence of
the cognitive deficits associated with cannabis
use, since these effects are small and of question-
able clinical relevance for most individuals (Scott
et al. 2018). Moreover, the observed effects are
probably reflecting residual effects from acute use
or withdrawal symptoms, since they are reduced
in studies reporting abstinence periods longer
than72 h (Weinstein et al. 2016; Sagar and Gruber
2018; Scott et al. 2018). Indeed, in several studies
cannabis users perform similar to nonusing
controls in cognitive tests, even when
neurofunctional differences are found (and they
are not always found) (Weinstein et al. 2016;
Sagar and Gruber 2018). Furthermore, previous
genetic and brain structural/functional
characteristics of cannabis users influence the
results of these studies, suggesting that the func-
tional alterations observed are influenced by other
factors and are not necessarily caused by cannabis
use (Weinstein et al. 2016; Sagar and Gruber
2018).

Structural studies share these same
limitations and also report conflicting results,
with some studies failing to find differences
and others reporting alterations in brain areas
rich in CB1receptors and involved in executive
function and memory, including larger cerebel-
lar and striatal volumes, reduced gray matter
volume in the hippocampus, and lower white
matter integrity (Weinstein et al. 2016; Sagar
and Gruber 2018). However, as with functional
findings, results from studies assessing brain
structure in cannabis users are contradictory
and not always correlated to cognitive or psychi-
atric deficits and are modulated by previous
genetic and structural characteristics (Weinstein
et al. 2016; Sagar and Gruber 2018; Scott et al.
2018).

In the case of patients using medicinal
cannabinoids, it is important to acknowledge
that most studies on the effects of cannabis use

on cognitive function and on brain structure and
function have examined the impact of heavy,
chronic, recreational cannabis use (Sagar and
Gruber 2018; Scott et al. 2018). Therefore,
conclusions from these studies may neither be
generalizable to light/moderate use nor to medic-
inal use. Indeed, recent observational studies sug-
gest that patients using medicinal cannabis to
improve anxiety, depression, chronicpain, and
sleep, show improvements not only in their
mood, quality-of-life, and sleep, but also on exec-
utive function and brain activation after starting
cannabis treatment (Gruber et al. 2016; Gruber
et al. 2018). Specifically, after 3 months of medi-
cal cannabis use, patients showed increased acti-
vation on the cingulate and frontal cortices during
a cognitive task, effects that were not observed
while doing the task at baseline (Gruber et al.
2018). These cognitive improvements could be
related to the fact that these patients were typi-
cally older than recreational users which reduced
the use of conventional medication during the
study period. The observed improvements in
their mood, quality-of-life, and sleep could also
have improved their cognitive performance. Fur-
thermore, in contrast to recreational user, patients
usually use products with low THC levels and
rich in other therapeutic cannabinoids which can
counteract some of the undesired effects of THC,
such as CBD (Gruber et al. 2016; Gruber et al.
2018).

However, a neuroimaging study with multiple
sclerosis patients using smoked cannabis to
reduce spasticity and pain observed reduced
brain volume in subcortical, medial temporal,
and prefrontal regions, which was associated
with cognitive impairments in memory and
processing speed (Romero et al. 2015). Therefore,
further studies are needed to better understand the
possible beneficial or deleterious effects of
medicinal cannabis and cannabis-based products
in different clinical populations. Moreover, as
most of these studies only report short treatment
periods/follow-ups, the possible long-term effects
of these products are largely unknown and should
be further investigated.
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3.3.2 CBD

As described above (Table 3.2), the mechanisms
of action of CBD are not fully understood, and
CBD is known as a “promiscuous” compound,
since it interacts with several neural systems. For
instance, the actions of CBD include not only
modulation of the ECS which is independent of
CB1/2 receptors, but this phytocannabinoid also
activates 5-HT1A serotonergic receptors and
inhibits the uptake of serotonin, inhibits the
uptake of adenosine, noradrenaline, dopamine
and GABA, activates TRPV1/2 and
TRPA1channels, antagonizes α1-adrenergic and
μ-opioid receptors, and stimulates the activity of
the inhibitory glycine-receptor, just to mention
some of its possible mechanisms (Izzo et al.
2009; dos Santos et al. 2015; Gobira et al. 2015;
Campos et al. 2017; Perucca 2017; Crippa et al.
2018; Rodríguez-Muñoz et al. 2018; Schonhofen
et al. 2018). It seems that the pharmacological
promiscuity of CBD is the reason for the several
therapeutic potentials of this compound (Crippa
et al. 2018).

These mechanisms of action of CBD make the
pharmacology and toxicology of this compound
differ from that of THC. Indeed, human studies
show that CBD has a good safety and tolerability
profile from a physiological and subjective per-
spective, both after acute and chronic administra-
tion, in a wide range of doses (from a single 6 g
dose up to 3.5 g/day for 3 months) (Bergamaschi
et al. 2011, 2011; Kerstin and Grotenhermen
2017; Crippa et al. 2018; Schoedel et al. 2018;
Schonhofen et al. 2018; Taylor et al. 2018).
Moreover, CBD does not produce the prototypi-
cal euphoriant and cognitive effects of THC and
is devoid of abuse liability (Schoedel et al. 2018).
Indeed, since the late 1970s, different research
groups have shown that CBD counteracts/reduces
some of the negative effects of THC, such as
increases in anxiety and psychotic symptoms
and cognitive deficits (Karniol et al. 1974; Zuardi
et al. 1982; Bhattacharyya et al. 2009; Fusar-Poli
et al. 2009; Morrison et al. 2009; Bhattacharyya
et al. 2010, 2012; Niesink and van Laar 2013;
Weinstein et al. 2016; Colizzi and Bhattacharyya

2017; Crippa et al. 2018). Furthermore, naturalis-
tic studies of cannabis users comparing those who
use cannabis varieties with low-CBD/high-THC
content versus high-CBD/low-THC content
showed that users of varieties with high-CBD/
low-THC content had attenuated memory
impairment and psychotic symptoms compared
with users of low-CBD/high-THC content
(Morgan et al. 2010, 2011; Colizzi and
Bhattacharyya 2017).

Results from neuroimaging studies in humans
comparing the subjective, cognitive, and neural
effects of CBD with THC show that these
phytocannabinoids have opposite effects on the
brain (Weinstein et al. 2016; Colizzi and
Bhattacharyya 2017; Crippa et al. 2018). For
instance, while acute THC administration
increases anxiety and psychotic symptoms, intox-
ication, and sedation, CBD does not induce any of
these psychological effects and is indeed
associated with reduced subjective anxiety
(Martin-Santos et al. 2012; Colizzi and
Bhattacharyya 2017; Crippa et al. 2018). More-
over, while the effects of THC on anxiety seem to
be regulated by modulation of frontal and parietal
brain structures, the anxiolytic effects of CBD
were associated with reduced activation and func-
tional connectivity of limbic and paralimbic
regions (such as the amygdala and the ACC)
during processing of intensely fearful faces
(Fusar-Poli et al. 2009). Further, CBD also
showed an opposite pattern of subjective effects
(psychotic symptoms) and brain activity com-
pared to THC in prefrontal, striatal, and hippo-
campal function during auditory, visual, and
attentional salience processing (Bhattacharyya
et al. 2009, 2010, 2012). In a recent study in
healthy volunteers, CBD administration signifi-
cantly increased fronto-striatal connectivity,
while no significant difference was observed
with THC (Grimm et al. 2018).

More recently, an open-label study of
prolonged administration of CBD to regular can-
nabis users showed that CBD was well tolerated
(no impairments on cognition or psychological
function) and reduced the euphoria of participants
while they smoked cannabis. Moreover, com-
pared to baseline, cannabis users reported less
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depressive and psychotic symptoms and
improved attention and memory, and an apparent
recovery of hippocampal volume (Beale et al.
2018; Solowij et al. 2018).

Considering the good safety and tolerability
profile of CBD in both healthy volunteers and
clinical populations and the already recognized
therapeutic indications for this compound (Crippa
et al. 2018), the potential neuroprotective effects
of CBD should be further assessed in randomized
trials with clinical populations with marked cog-
nitive impairments, such as patients with psycho-
sis and Parkinson’s Disease. In fact, these studies
are already being performed (see below). How-
ever, it must be acknowledged that most experi-
mental and clinical studies of CBD administration
conducted so far only report short treatment
periods and follow-ups. Therefore, long-term
effects should be further investigated.

3.4 Approved indications
of cannabis-based products,
THC and CBD

The information gathered in the next sections was
extracted and adapted from following citations: a
systematic review from the American Academy
of Neurology on the efficacy and safety of canna-
bis and cannabinoids in the treatment of neuro-
logic disorders, published in 2014 (Koppel et al.
2014), a systematic review and meta-analysis of
the efficacy and safety of cannabis and
cannabinoids for the treatment of several
diseases, published in 2015 (Whiting et al.
2015), epidemiological studies on the
characteristics, safety, and efficacy of cannabis-
based products (Yassin and Robinson 2017;
Abuhasira et al. 2018; Bellnier et al. 2018;
Hausman-Kedem et al. 2018; McCoy et al.
2018; Sarid et al. 2018), an open-label study
involving the administration of synthetic CBD
to cancer patients (Kenyon et al. 2018), articles
with regulatory information on cannabinoid
medications and products (Abuhasira et al.
2018; Bramness et al. 2018), and a recent narra-
tive/expert review on the same topic (MacCallum
and Russo 2018). The main therapeutic

indications of cannabis-based products, THC
and CBD are summarized in Table 3.3.

3.4.1 Cannabis-based products

In the case of herbal (raw) cannabis and cannabis
extracts/oils, there is a great variety of products,
indications, and legislations. Medicinal cannabis
is permitted in 30 US States and in Canada, the
Netherlands, Italy, Germany, Israel, and Brazil
(Abuhasira et al. 2018; Bramness et al. 2018).
Products include herbal cannabis to be smoked,
vaporized, or ingested (as sold in several
dispensaries across 30 US States), homemade
extracts and oils (as sold in the US and Brazil),
and standardized medications (Sativex®,
Epidiolex®, TIL-TC150; discussed below). The
main indications for medicinal cannabis include
chronic pain, sleep disorders, anxiety and mood
disorders, posttraumatic stress disorder,
Parkinson disease, and epilepsy, with some of
these indications lacking assessment in RCTs.
Thus, the level of evidence for recommending
medicinal use in some indications varies from
moderate (e.g., epilepsy, Parkinson’s disease) to
inconclusive (e.g., anxiety and mood disorders).
Moreover, available cannabis-based products are
often not standardized and show wide variation in
cannabinoid content, which could induce
intoxications (in the case of a high THC content)
or lack of therapeutic efficacy (in the absence of
CBD or THC) (Vandrey et al. 2015; Crippa et al.
2016). Other risk of nonstandardized products is
intoxication with more toxic products, such as
potent synthetic cannabinoids (Horth et al. 2018).

3.4.2 THC

3.4.2.1 Nausea and vomiting
due to chemotherapy

There is conclusive/substantial evidence that
THC (Dronabinol®, Cesamet®, Marinol®,
Syndros®) and Nabiximols (Sativex®) are an
effective treatment for chemotherapy-induced
nausea and vomiting. The antiemetic effects of
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THC are produced by its agonistic action on CB1

receptors.

3.4.2.2 Appetite and decreasing weight
loss associated with HIV/AIDS

There is conclusive/substantial evidence that
THC (Dronabinol®, Cesamet®, Marinol®,
Syndros®) is an effective treatment for increasing
appetite and improves decreasing weight loss
associated with HIV/AIDS. The effects of THC
on appetite and weight gain are produced by its
agonistic action on CB1 receptors.

3.4.2.3 Multiple sclerosis symptoms
(spasticity and chronic pain)

There is conclusive/substantial evidence that
Nabiximols (THC:CBD in a 1:1 ratio, Sativex®)
is an effective treatment for multiple sclerosis
spasticity symptoms and chronic pain. The thera-
peutic effects of Nabiximols include the analge-
sic, anti-inflammatory, and sleep-promoting
effects of THC and CBD. In the case of THC,
these effects are produced by its agonistic action
of THC on CB1/2 receptors. The mechanisms of
action of CBD are not fully understood but seem
to be independent of cannabinoid receptors.

Table 3.3 Summary of approved indications of cannabis-based products, THC and CBDa

Product Indication Where it is approvedb

Herbal cannabis (Cannabis sp.,
Bedrocan®, Bedrobinol®, Bediol®,
Bedica®, Bedrolite®) and
nonstandardized cannabis extracts/
oils

Anxiety disorders, AD, ADHD, ALS,
appetite and decreasing weight loss
associated with HIV/AIDS, cancer
(glioma), cancer-associated pain, CD,
chemotherapy-associated nausea,
chronic pain, clusterheadache,
compassion treatment, CUD,
dementia, epilepsy, ET, fibromyalgia,
glaucoma, IBS, mood disorders, MS,
MSA, nonspecific pain, PD, PTSD,
PVD, rheumatoid arthritis, sleep
disorders, tension headache, tic
disorder, TS, ulcerative colitis, etc.c

Australia, Brazil, Canada, Germany,
Israel, Italy, Lithuania, Netherlands,
New Zealand, Portugal, Spain, UK,
Uruguay, 30 US States

Dronabinol (Marinol®, Syndros®)/
THC

Appetite and decreasing weight loss
associated with HIV/AIDS, nausea
and vomiting due to chemotherapy,
neuropathicpain, TS

Austria, Belgium, Brazil, Canada,
Croatia, Denmark, France,
Netherlands, Norway, Romania,
Spain, Switzerland, UK, US

Nabilone (Cesamet®, Canemes®)/
THC analog

Nausea and vomiting due to
chemotherapy

Austria, Croatia, Denmark, France,
Germany, Mexico, UK

Nabiximols (Sativex®)/
THC:CBD (1:1)

MS-associated spasticity and chronic
pain

Brazil, Israel, 22 European countries

TIL-TC150 Treatment of intractable seizures in
epileptic syndromes (Dravet
syndrome)

Canada

CBD (Epidiolex®, Purodiol®) Treatment of intractable seizures in
epileptic syndromes (Dravet and
Lennox-Gastaut syndromes), cancer

Brazil, UK, US

aAdapted from the following references: Koppel et al. 2014; Whiting et al. 2015; Yassin and Robinson 2017; Abuhasira
et al. 2018; Abuhasira et al. 2018; Bellnier et al. 2018; Bramness et al. 2018; Hausman-Kedem et al. 2018; Kenyon et al.
2018; MacCallum and Russo 2018; McCoy et al. 2018; Sarid et al. 2018
bIncludes licensed medicinal products, nonapproved products prescribed under specific conditions, off-label use, and
compassionate prescribing. Several examples of countries are reported, but this list is not exhaustive
cNonexaustive list of indications
AD Alzheimer’ disease, ADHD attention deficit and hyperactivity disorder, ALS amyotrophic lateral sclerosis, CBD
cannabidiol, CD Crohn’s disease, CUD cannabis use disorder, ET essential tremor, IBS irritable bowel syndrome, MS
multiple sclerosis, MSA multiple system atrophy, PD Parkinson’s disease, PTSD post-traumatic stress disorder, PVD
peripheral vascular disease, THC tetrahydrocannabinol, TS Tourette’s syndrome, UK United Kingdom, US United States
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3.4.2.4 Chronic pain (neuropathic
and cancer pain)

There is moderate evidence that THC
(Dronabinol®, Cesamet®, Marinol®, Syndros®)
is an effective treatment for chronic neuropathic
and cancer pain. The analgesic and anti-
inflammatory effects of THC are mediated by its
agonistic action on CB1/2 receptors.

3.4.3 CBD

3.4.3.1 Antiepileptic
There is conclusive/substantial evidence that
purified CBD (Epidiolex®, Purodiol®) is an effec-
tive treatment for intractable seizures in epileptic
syndromes such as Dravet and Lennox-Gastaut.
There is preliminary evidence from an open-label
study that a cannabis-extract with purified CBD
and THC in a 50:1 CBD:THC ratio (TIL-TC150)
is an effective treatment for intractable seizures in
children with Dravet syndrome. The antiepileptic
mechanisms of action of CBD are not fully under-
stood but seem to be independent of cannabinoid
receptors and involve ion channels and G-protein-
coupled receptors (see Table 3.2 above).

3.4.3.2 Therapeutic potentials of CBD
with moderate/modest evidence
from RCTs

In the last decade, accumulating evidence from
clinical studies shows that CBD has anxiolytic
effects in social anxiety (Bergamaschi et al.
2011, 2011), antipsychotic effects in schizophre-
nia (Leweke et al. 2012; McGuire et al. 2018) and
Parkinson’s disease (Zuardi et al. 2009),
improvements on well-being and quality of life
in Parkinson’s disease (Chagas et al. 2014),
antiaddictive effects for tobacco and opioid
dependence (Morgan et al. 2013; Hurd et al.
2015), and antitumor effects (Kenyon et al.
2018). It is possible that the therapeutic uses of
CBD for some of these indications could be
regulated in the near future, especially as an anti-
psychotic drug and for the treatment of some
symptoms of Parkinson’s disease (Crippa et al.
2018). However, further controlled trials with

bigger samples and longer treatment periods are
needed to replicate (or refute) most of these
results.

3.5 Adverse effects of THC
and CBD

The information gathered in the next sections was
extracted and adapted from the following
citations: Chagas et al. 2014; Koppel et al. 2014;
Whiting et al. 2015; Gaston et al. 2017; Perucca
2017; Yassin and Robinson 2017; Abuhasira
et al. 2018; Bellnier et al. 2018; Crippa et al.
2018; Hausman-Kedem et al. 2018; Kaufman
2018; Kenyon et al. 2018; Lattanzi et al. 2018;
MacCallum and Russo 2018; McCoy et al. 2018;
McGuire et al. 2018; Sarid et al. 2018; Schoedel
et al. 2018; Schonhofen et al. 2018; Taylor et al.
2018. The main adverse effects of cannabis-based
products, THC and CBD are summarized in
Table 3.4.

3.5.1 Cannabis-based products
and THC

In the last decades, several observational (Gruber
et al. 2016; Yassin and Robinson 2017;
Abuhasira et al. 2018; Bellnier et al. 2018; de
Hoop et al. 2018; Gruber et al. 2018; Hausman-
Kedem et al. 2018; McCoy et al. 2018; Mondello
et al. 2018; Sarid et al. 2018; Schonhofen et al.
2018) and clinical (open-label and RCTs) studies
(Koppel et al. 2014; Whiting et al. 2015)
investigated the effects of medicinal cannabis,
cannabis-based products, and THC in a diverse
group of clinical populations. These products are
generally considered safe and well tolerated, at
least when they are administered in short treat-
ment periods (weeks, months). Common adverse
effects include dizziness, dry mouth, euphoria,
nausea, somnolence, drowsiness/fatigue, confu-
sion and disorientation, cough (smoking only),
and headache. Less common and rare adverse
effects include orthostatic hypotension, ataxia/
dyscoordination, anxiety, depression, diarrhea,
tachycardia, psychosis/paranoia, hallucinations,
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cannabinoid hyperemesis syndrome, and
seizures. Most adverse effects are temporary and
are less common with continuous use and titration
of these products, since tolerance seems to occur
to adverse effects but not necessarily to therapeu-
tic effects (Whiting et al. 2015; Abuhasira et al.
2018; de Hoop et al. 2018; MacCallum and Russo
2018). However, as most of these studies only
report short follow-up periods, long-term effects
are unknown. Future studies in this area should
include longer treatment periods and follow-ups.

3.5.2 CBD

CBD has a good safety and tolerability profile
from a physiological and subjective perspective,
both after acute and chronic administration in
humans, in a wide range of doses (from a single
6 g dose up to 3.5 g/day for 3 months). The most
common adverse effects include somnolence,
sedation, nausea, diarrhea, headache, changes on
appetite, and transaminase elevations. Moreover,
CBD does not induce significant effects on

cognition, and does not induce tolerance
(Bergamaschi et al. 2011, 2011; Colizzi and
Bhattacharyya 2017; Gaston et al. 2017; Kerstin
and Grotenhermen 2017; Schoedel et al. 2018;
Taylor et al. 2018). RCTs of CBD and patients
with schizophrenia (McGuire et al. 2018) and
Parkinson’s disease (Chagas et al. 2014) did not
observed differences between placebo and CBD
regarding adverse reactions. Indeed, compared
with the antipsychotic amisulpride, CBD admin-
istration was associated with less extrapyramidal
symptoms, weight gain, and prolactin increase
(Leweke et al. 2012). A meta-analysis with data
from four RCTs of CBD (Epidiolex®) in
550 patients with Lennox-Gastaut or Dravet syn-
drome showed that CBD was safely administered
and produced significant reductions in seizure
frequency compared to placebo. CBD administra-
tion was associated with a higher rate of adverse
effects compared to placebo, but the most com-
mon of these effects had a modest clinical rele-
vance and included somnolence, decreased
appetite, diarrhea, fatigue, and increased serum
aminotransferases (Lattanzi et al. 2018). Less

Table 3.4 Summary of the main adverse effects of cannabis-based products, THC and CBDa

Product Adverse effect

Products in which the main adverse reactions are associated with THC

Herbal cannabis (Cannabis sp., Bedrocan®, Bedrobinol®,
Bediol®, Bedica®, Bedrolite®) and nonstandardized
cannabis extracts/oils
Dronabinol (Marinol®, Syndros®)/THC
Nabilone (Cesamet®, Canemes®)/THC analog
Nabiximols (Sativex®)/1:1 THC:CBD

Most common/Common:
Dizziness, euphoria, nausea, somnolence, drowsiness/
fatigue, confusion and disorientation, headache, dry
mouth, cough/sore throat (smoking/vaporization only)
Less common/Rare:
Orthostatic hypotension, ataxia/dyscoordination,
increased appetite, anxiety, depression, diarrhea,
tachycardia, psychosis/paranoia, hallucinations,
cannabinoid hyperemesis syndrome, seizures

Products in which the main adverse reactions are associated with CBD

CBD (Epidiolex®, Purodiol®)
TIL-TC150/50:1 CBD:THC

Most common/Common:
Diarrhea, somnolence, nausea, insomnia, fatigue,
sedation, decreased appetite, headache, transaminase
elevations (with concomitant use of antiepileptics)
Less common/Rare:
Vomiting, fever, lethargy, sleep disorder, seizures,
infections, ataxia, rash

aThis list is not exhaustive. Adapted from the following references: Chagas et al. 2014; Koppel et al. 2014; Whiting et al.
2015; Gaston et al. 2017; Perucca 2017; Yassin and Robinson 2017; Abuhasira et al. 2018; Bellnier et al. 2018; Crippa
et al. 2018; Hausman-Kedem et al. 2018; Kaufman 2018; Kenyon et al. 2018; Lattanzi et al. 2018; MacCallum and Russo
2018; McCoy et al. 2018; McGuire et al. 2018; Sarid et al. 2018; Schoedel et al. 2018; Schonhofen et al. 2018; Taylor
et al. 2018
CBD cannabidiol, THC tetrahydrocannabinol
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common reactions include vomiting, fever, leth-
argy, sleep disorder, seizures, infections, and rash
(Perucca 2017; Kaufman 2018; Schonhofen et al.
2018).

Thus, CBD seems to show a different profile
of adverse reactions depending on the sample,
with most studies in healthy volunteers and clini-
cal samples showing no or few adverse effects,
except for epileptic syndromes (Kerstin and
Grotenhermen 2017; Crippa et al. 2018;
Schonhofen et al. 2018). These differences
could be related to CBD dose, duration of treat-
ment, differences among samples regarding
components of the ECS (e.g., CB1/2 receptor
expression in different brain areas), and
interactions with medications being used con-
comitantly with CBD. Future clinical studies
with bigger samples and in different clinical
populations will contribute to a better understand-
ing of the complex pharmacology of CBD.

3.6 Conclusions

Since the early 1980s, THC-based products have
been recognized and regulated as a medicines. In
the same decade, researchers in different
laboratories around the world, including in Brazil,
began to show that CBD could antagonize some
of the negative effects of THC, such as anxiety,
psychotic symptoms, and cognitive deficits.
These studies formed the basis for the regulation
of Nabiximols as a medicine around the world in
the following years. In the mid 1990s and early
2000s, medicinal cannabis programs became
active in several countries, and neuroimaging
studies started to elucidate the neural basis for
the therapeutic and deleterious effects of cannabis
and THC and shed light on the difference
between these substances and CBD. In the last
decade, several legislations included cannabis-
based products as regulated medicines, and the
research on the possible therapeutic uses of CBD
increased significantly.

However, many areas of cannabinoids
research still need to be better explored. For
instance, the increasing use of nonstandardized
herbal cannabis and cannabis oils in the US and

other countries for the treatment of several
diseases without the appropriate RCTs should be
carefully evaluated. Although observational stud-
ies with both recreational users and patients sug-
gest that cannabis is not a highly toxic drug when
compared with alcohol, heroin, or cocaine, it can
have significant psychiatric adverse reactions in a
minority of users (e.g., psychosis and cognitive
deficits) that should be considered. Observational
studies are very important but need to be
complemented with RCTs so that the possible
therapeutic uses of these products can be done
with more information on dosage and adverse
effects. The placebo effect can be very powerful
in such observational studies, especially in people
with difficult-to-treat conditions (e.g., epilepsy,
chronic pain) and in a context in which the dis-
cussion of cannabis legalization for recreational
and medical uses can be very polemic, enforced
by commercial interests and the media. This gen-
eralization of untested medicinal properties and
commercialization of untested and
nonstandardized products could have a negative
impact in public health, such as poisonings,
intoxications, and lack of appropriate treatment.

Thus, more RCTs are needed to explore the
effectiveness and safety of herbal cannabis and
cannabis oils on specific disorders, and these
products need to be standardized for cannabinoid
content. It is especially important that these stud-
ies include long-term follow-ups.

Moreover, more RCTs should be performed
with pure CBD to investigate the possible thera-
peutic use of this compound in anxiety and mood
disorders, substance use disorders, psychotic
disorders, Parkinson’s disease, epilepsy, and
autism. These studies need to be performed not
only to establish safety (especially to the devel-
oping brain) and dosage, but also to answer the
still-to-be-answered question of which products
(pure compounds or whole-plant products) are
more effective and safer, and for which indications.
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Emerging Roles of Cannabinoids
and Synthetic Cannabinoids in Clinical
Experimental Models
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Paula Morales and Patricia H. Reggio

Abstract

In recent years, an increasing number of
investigations has demonstrated the therapeu-
tic potential of molecules targeting the
endocannabinoid system. Cannabinoids of
endogenous, phytogenic, and synthetic nature
have been assessed in a wide variety of disease
models ranging from neurological to meta-
bolic disorders. Even though very few
compounds of this type have already reached
the market, numerous preclinical and clinical
studies suggest that cannabinoids are suitable
drugs for the clinical management of diverse
pathologies.

In this chapter, we will provide an overview
of the endocannabinoid system under certain
physiopathological conditions, with a focus on
neurological, oncologic, and metabolic
disorders. Cannabinoids evaluated as potential
therapeutic agents in experimental models
with an emphasis in the most successful chem-
ical entities and their perspectives towards the
clinic will be discussed.

Keywords

Cannabinoids · Clinical studies ·
Endocannabinoid system · Experimental
models · Synthetic cannabinoids

4.1 Introduction

Components from the plant Cannabis Sativa as
well as synthetic derivatives developed by aca-
demic and industry researchers have been exten-
sively studied as therapeutics in the past few
decades. However, very few have successfully
entered the clinical scenario, thus far. Numerous
ongoing investigations are trying to decipher the
potential of these chemical entities in the treat-
ment of a wide variety of diseases.

A growing number of preclinical studies
published in the last years highlight the therapeu-
tic actions of these compounds in different exper-
imental models. Therefore, medical efforts and
patient hopes are quite high for the development
of cannabinoids as pharmacological agents for
metabolic, neurological, or oncologic diseases
among others. Presumably, in the near future,
this field will greatly benefit patients with other-
wise difficult to treat disorders. It is noteworthy
that in June 2018, the U.S. Food and Drug
Administration approved the non-psychoactive
phytocannabinoid cannabidiol (CBD,
commercialized as Epidiolex®) for the treatment
of seizures in children with Lennox–Gastaut and
Dravet syndromes (Devinsky et al. 2018, 2019).

Cannabinoids are molecules that target the
endocannabinoid system (ECS), which are
involved in the regulation of numerous physio-
logical and pathological processes. These
compounds may bind or modulate one or various
receptors that are part of ECS. Thus far, two
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G-protein-coupled receptors (GPCRs) have been
identified as the two major cannabinoid receptors
CB1 and CB2. CB1 is mostly found in the central
nervous system, while CB2 is predominantly in
the immune system among other organs and
tissues (Matsuda et al. 1990; Herkenham et al.
1991; Demuth and Molleman 2006). Their
endogenous ligands (endocannabinoids) and the
enzymes implicated in their biosynthesis and deg-
radation [(fatty acid amide hydrolase (FAAH) and
monoacylglycerol lipase (MAGL)] are also part
of this intricate system (Mechoulam et al. 1995,
1996; Beltramo et al. 1997; Fu et al. 2011;
Marsicano and Chaouloff 2011). Whether addi-
tional cannabinoid receptors are part of the ECS
still instigates a strong debate (Morales and
Reggio 2017). Recent studies have shown that
several cannabinoid ligands bind to the receptor
GPR55 (Morales and Jagerovic 2016) and
GPR18 (McHugh et al. 2010), supporting the
idea that they may play an important role in
ECS. Moreover, there is extensive evidence
indicating that ECS also interacts with a number
of established non-CB1, non-CB2 GPCRs, ion
channels, and nuclear receptors (Pertwee et al.
2010; Morales et al. 2017; Morales and Reggio
2017).

4.1.1 Cannabinoid Classifications

Cannabinoid classifications have been established
according to their pharmacology, their molecular
structure, or their origin. Attending to the last
criterion, cannabinergic compounds can be clas-
sified as endogenous (endocannabinoids),
phytogenic (phytocannabinoids), and synthetic
compounds.

4.2 Endocannabinoids

Endocannabinoids are endogenous lipidic
molecules that bind to the cannabinoid receptors
mediating retrograde neurotransmission (Wilson
and Nicoll 2001). This family of compounds is
formed by eicosanoids derived from arachidonic
acid and other polyunsaturated fatty acids.

Anandamide (AEA) and 2-arachidonoylglycerol
(2-AG, Fig. 4.1) are the first endocannabinoids
discovered and are most abundant in the human
brain (Basavarajappa 2007). AEA partially
activates both cannabinoid receptors CB1 and
CB2, whereas 2-AG fully activates both of them.
(Di Marzo et al. 1994; Stella et al. 1997). Other
endocannabinoids identified include
2-arachidonoylglyceryl ether (noladin ether,
2-AGE), O-arachidonoyl ethanolamine
(virodhamine), and N-arachidonoyl-dopamine
(NADA) (Fig. 4.1).

The endocannabinoid tone is sustained by
enzymes that synthesize and degrade these
eicosanoids. Due to the physiopathological impli-
cation of this machinery, diverse drug discovery
approaches have explored the modulation of the
endocannabinoid tone. Strategies such as inhibi-
tion of degrading enzymes, positive allosteric
modulation of CB1 and/or CB2, and development
of endocannabinoid mimetics with a lower affin-
ity towards metabolic enzymes have shown
promising results in preclinical models (Pertwee
2005; Di Marzo 2018). Medicinal chemistry
programs have developed synthetic analogs of
endocannabinoids with structural modifications
at key positions following the aforementioned
strategies. Instances of this approach are ACEA
(arachidonyl-20-chloroethylamide) or ACPA
(arachidonylcyclopropylamide, Fig. 4.1), analogs
of AEA with improved CB1 affinity (Hillard et al.
1999). (R)-(+)-Methanandamide (Met-AEA,
Fig. 4.1), a methylated AEA derivative, displays
the same functional profile at the cannabinoid
receptors while being longer-lived because it is
more difficult for FAAH to metabolize.

4.3 Phytocannabinoids

To date, over 120 cannabinoids, termed
“phytocannabinoids”, have been isolated from
the Cannabis plant. These compounds bear a
benzone-1,3-diol or a benzopyran ring and a
hydrophobic alkyl chain. Δ9-tetrahydrocannabi-
nol (Δ9-THC) and cannabidiol (CBD, Fig. 4.1)
are the most abundant cannabinoids in the plant
and the most widely studied. Other
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phytocannabinoids include cannabinol (CBN),
cannabigerol (CBG), and cannabichromene
(CBC) (Fig. 4.1).

Phytocannabinoids exhibit different activities
at the cannabinoid receptors CB1 and CB2

(Morales and Reggio 2017). Δ9-THC has been
consistently shown to activate CB1 and CB2 with
similar potency. Many of the therapeutic effects
as well as the psychotropic outcomes of Cannabis
Sativa are due to this phytocannabinoid. The
non-psychoactive plant derivative CBD has also
shown pharmacological potential in a wide range
of pathologies (Mechoulam et al. 2007). Its func-
tional profile at ECS is quite complex and is
currently being investigated by diverse research
groups (Morales and Reggio 2019) (Fig. 4.2).

Synthetic cannabinoid derivatives have been
developed in the search for improved therapeutics
and often trying to dissociate CB1 and CB2 activ-
ity. Structure-activity relationship studies of
phytocannabinoid analogs have helped to under-
stand the molecular requirements for cannabinoid
activity. Derivatization at pharmacophoric
positions including the alkyl lipophilic chain, the
phenolic, and the pyran ring has resulted in
compounds with a cannabinoid selective profile.
Widely studied synthetic phytocannabinoid
derivatives include CP55,940, HU210, JWH133,
and HU308 (Fig. 4.3). CP55,940 and HU210 are
very potent CB1/CB2 agonists, whereas the deoxy

and the methoxy-Δ9-THC derivatives JWH133
and HU308 are CB2 agonists with significant
selectivity over CB1 (Huffman 2000). The only
structural modification of Δ9-THC that has led to
an approved drug, thus far, is nabilone (Fig. 4.3).

4.4 Synthetic Cannabinoids

The therapeutic relevance of ECS has prompted
the identification of numerous synthetic cannabi-
noid scaffolds. Strategies for the development of
cannabimimetic compounds include the design of
drugs that selectively activate or block CB1 or
CB2, molecules that can act as allosteric
modulators or biased agonists of these receptors,
inhibitors of the metabolic enzymes FAAH or
MAGL, as well as the development of
compounds acting at peripheral cannabinoid
receptors (Morales and Jagerovic 2020). These
synthetic cannabinoids aim to provide optimized
therapeutic effects and pharmacokinetical profile,
while reducing undesirable side actions.

As we will describe in the following sections,
numerous synthetic compounds have been used
as pharmacological tools or therapeutic agents in
different disease models.

The best-known compounds of this synthetic
family involve aminoalkyindoles, such as R-(+)-
WIN55,212–2 (D’Ambra et al. 1992) and
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JWH-015 (Fig. 4.4), CB1/CB2 and CB2 agonists,
respectively; arylpyrazoles, such as SR141716A
(rimonabant) (Rinaldi-Carmona et al. 1994) or
AM251 (Fig. 4.4), CB1 antagonist/inverse
agonists; or indole-2-carboxamides such as
ORG27569 (Fig. 4.4), identified as the first CB1

allosteric modulator (Price et al. 2005).
In the following sections, we will describe the

ECS upregulation in diverse pathologies to pro-
vide an overview of the chemical entities
evaluated in experimental disease models. Their
potential for further drug development or their
progress towards the clinic will be also discussed.

4.5 Cannabinoids
in Neuromodulation

ECS has a crucial role in mediating and
modulating physiological responses in the central
nervous system (CNS). ECS has been shown to
be involved in synaptic plasticity and homeostatic
processes in the brain. Therefore, it is not
surprising that numerous reports have proved
the dysregulation of cannabinoid receptor expres-
sion under specific neurological disorders
providing a therapeutic scenario for the use of
cannabinoids.

CB1 is one of the most abundant GPCRs in
CNS, its expression is found particularly high in
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the basal ganglia, neocortex, hippocampus, and
cerebellum CNS (Herkenham et al. 1991;
Marsicano and Kuner 2008). The CB1 receptors
are highly present at the presynaptic and axonal
compartments, and thus their function is tightly
associated with synaptic activity (Straiker and
Mackie 2005). The activation of these receptors
has been found to positively affect inwardly
rectifying potassium channel conductance, while
triggering a decrease in the N-type and P/Q-type
voltage-operated calcium channel conductance
and to reduce endocannabinoid production. This
cascade of events leads to a decrease of neuro-
transmitter release at excitatory and inhibitory
synapses conferring to CB1 the ability to modu-
late neurotransmission (Katona et al. 1999;
Blázquez et al. 2011). Numerous investigations
have demonstrated that the CB1 receptors exhibit
neuroprotective effects against excitotoxicity
induced by diverse stimuli (Marsicano et al.
2003). Therefore, multiple pathophysiological
events, ranging from neurodegenerative disorders
to memory deficits, have been associated with
their actions (Kano et al. 2009; Di Marzo et al.
2015).

Moreover, the CB2 receptors, although
initially thought to be peripherally restricted,
have been found in particular brain regions offer-
ing a very promising therapeutic approach in cer-
tain neurological diseases. At a central level, the

expression of these receptors is enhanced upon
inflammation being mainly localized in the
microglia (Fernández-Ruiz et al. 2015). Since
neuroinflammatory alterations are associated
with several neurological pathologies, the CB2

receptor agonists offer a promising therapeutic
approach for the treatment of these disorders
(Roche and Finn 2010; Navarro et al. 2016).

4.5.1 Cannabinoids in Epilepsy

Epilepsy is characterized by an imbalance
between excitatory and inhibitory neurotransmit-
ter release and abnormal neuronal electrical activ-
ity. Even though, antiepileptic drugs have been
shown to limit seizures, over 30% of patients
remain pharmacoresistant (Kwan et al. 2011). In
this scenario, increasing research demonstrates
that the exogenous modulation of ECS offers a
promising and effective option for the treatment
of refractory epilepsy (Rosenberg et al. 2015;
Billakota et al. 2019). Although, the exact molec-
ular mechanisms are still under investigation, the
anticonvulsant potential of cannabinoids is
supported by their neuromodulatory effects and
their ability to inhibit hyperexcitability
(Rosenberg et al. 2015).

Diverse phytocannabinoids, including Δ9-
THC, Δ9-THCA (Δ9-tetrahydrocannabinolic
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acid, Fig. 4.5), Δ9-THCV (Δ9-tetrahydrocan-
nabivarin, Fig. 4.5), CBD, and CBDV
(cannabidivarin, Fig. 4.5), have shown anticon-
vulsant effects in different experimental models
of seizures. Whereas, very few studies have been
reported for the use of Δ9-THCA, Δ9-THCV, and
CBDV, abundant data support the potential use of
Δ9-THC and CBD for the treatment of epilepsy
(Gaston and Friedman 2017).

Most studies have supported the anticonvul-
sant potential of Δ9-THC, however, some
experiments have revealed mixed or no effects
(Rosenberg et al. 2015). Among cannabinoids,
the non-psychoactive phytocannabinoid, CBD is
currently the best hope for the treatment of refrac-
tory epileptic seizures. Its potent anticonvulsant
actions have been widely demonstrated in in vitro
and in vivo human studies leading to CBD’s
approval for the management of seizures in chil-
dren with Lennox–Gastaut and Dravet syndromes
(Devinsky et al. 2018, 2019). Placebo-controlled
clinical trials revealed that CBD is well-tolerated
and does not present side effects on CNS or vital
signs (Bergamaschi et al. 2011; Friedman et al.
2019).

The proposed mechanisms of CBD anti-
epileptogenic actions include the activation of
TRPV1 channels (Bisogno et al. 2001), blockage
of T-type voltage-gated calcium channels
(VGCC) (Ibeas Bih et al. 2015), and modulation
of GPCRs including the cannabinoid receptors
CB1 and CB2 (Wallace et al. 2001, 2002),
GPR55, the adenosine receptors A1 and A2
(Gaston and Friedman 2017), and the serotonin
receptors 5-HT1A and 5-HT2A (Sourbron et al.
2016).

Synthetic cannabinoids have also been tested
in preclinical seizures models (Rosenberg et al.
2015). FAAH inhibitors such as URB597 and

AM404 (Fig. 4.6) did not exert significant anti-
convulsant actions in animal models. Likewise,
the CB1 antagonists, including SR141716A and
AM251 (Fig. 4.4), were not successful in the
assessed models. CB1 agonists, such as
WIN55,212–2 (Fig. 4.4) and ACEA (Fig. 4.1),
showed anti-seizure effects, although
proconvulsive effects were reported in a low per-
centage of cases (Rosenberg et al. 2015). In fact,
one study suggested that the CB1 agonists may
exhibit proconvulsant effects at high doses via
TRPV1 activation (Manna and Umathe 2012).

In summary, the activation of ECS exerts anti-
epileptic effects whereas inhibition of the endog-
enous cannabinoid machinery does not prevent
seizures in reported epilepsy models.

4.5.2 Cannabinoids in Alzheimer’s
Disease

Alzheimer’s disease (AD) is a neurodegenerative
disorder that is defined by the progressive deteri-
oration of cognition and memory caused by the
formation of β-amyloid plaques and neurofibril-
lary tangles. Alteration of ECS has been identified
in animal models and human postmortem samples
in the AD brain, especially in the hippocampus
and cerebral cortex brain regions severely
affected by this disease. AD patients experience
a loss of the neuronal CB1 receptors (Ramírez
et al. 2005), while significant upregulation of the
CB2 receptors in microglial cells has been exten-
sively reported (Benito et al. 2003; Aso and
Ferrer 2016; López et al. 2018). Additionally,
increased 2-AG and elevation of FAAH enzymes
have also been associated with the progression of
AD pathogenesis (Benito et al. 2003).
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The enhanced 2-AG levels along with the
increased CB2 receptors expression in microglial
cells have been proposed to exert protective
effects against β-amyloid-induced
neuroinflammation and neuronal injury (Benito
et al. 2003; López et al. 2018). However, the
CB1 receptor downregulation in the hippocampus
and basal ganglia may contribute to the destruc-
tive inflammatory process experienced by the AD
patients (Ramírez et al. 2005). Increased FAAH
activity in astrocytes has been associated with the
formation of more arachidonic acid, which even-
tually leads to pro-inflammatory effects.

The exogenous modulation of ECS has shown
promising results in preclinical AD models. On
the one hand, CB1 activation has been reported to
prevent amyloid β-induced neurotoxicity in vitro
(Milton 2002; Benito et al. 2003; Ramírez et al.
2005) and to improve memory deficits and cogni-
tive impairment in diverse animal models (Van
Der Stelt et al. 2006; Haghani et al. 2012; Aso
et al. 2012). Moreover, the activation of the CB2

receptors has been reported to attenuate the
inflammation associated with AD modulating
Aβ aberrant processing (Aso and Ferrer 2016).
On the other hand, the inhibition of the
endocannabinoid enzymes, FAAH and MAGL,
has also been proposed as a potential therapeutic
strategy for AD (Benito et al. 2012).

Among the cannabinoids tested in AD experi-
mental models, the most promising results come
from the phytocannabinoids Δ9-THC, CBD, or
combinations of both (commercialized as
Sativex®) (Fernández-Ruiz et al. 2015). These
molecules, and the Δ9-THC synthetic derivative
nabilone (Fig. 4.3), have been shown to counter-
act specific pathological hallmarks of AD, such as
tau and β-amyloid aggregation, leading to cogni-
tive and behavioral improvements. The few clini-
cal trials performed so far confirmed the results

observed in the animal models of the disease.1

However, more controlled trials are needed to
evaluate the efficacy of cannabinoids in the man-
agement of the different stages of this neurode-
generative disease.

Synthetic cannabinoids with diverse pharma-
cological profiles have also been tested in AD
preclinical models. For instance, CB2 agonists,
such as the naphthoylindole, JWH-015
(Fig. 4.4), or the phytocannabinoid derivatives,
JWH-133 (Fig. 4.3), and HU-308 (Fig. 4.3), have
been shown to reduce plaque aggregation,
thereby exerting anti-inflammatory effects (Aso
and Ferrer 2016). Likewise, CB1/CB2 mixed
agonists including WIN55,212–2 (Fig. 4.4) and
HU-210 (Fig. 4.3) have been demonstrated to
have the ability to reduce pro-inflammatory
markers and improve cognitive performance in
the AD models (Ramírez et al. 2005; Martín-
Moreno et al. 2011). Although, more studies
need to confirm these effects, endocannabinoid
reuptake inhibitors, such as VDM11 (Fig. 4.7)
or MAGL inhibitors such as JLZ184 (Fig. 4.7),
can decrease amyloid neurotoxicity (Van Der
Stelt et al. 2006; Chen et al. 2012).

It has been extensively demonstrated that the
pleiotropic activity of cannabinoids can target
several crucial processes associated with
AD. This includes neuroinflammation,
β-amyloid and tau aberrant processing,
excitotoxicity, or oxidative stress. In a multifac-
torial disease, such as AD, this offers a promising
strategy. Hopefully, results from more clinical
trials will shed additional light into this research
such that AD patients worldwide can soon benefit
from cannabinoid therapy.
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1 Clinical trials: THC in Alzheimer Disease -
ClinicalTrials.gov. https://clinicaltrials.gov/ct2/results?
cond¼Alzheimer+Disease&term¼THC&cntry¼&
state¼&city¼&dist¼. Accessed 7 Oct 2019.
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4.5.3 Cannabinoids in Parkinson’s
Disease

Parkinson’s disease (PD) is a long-term degener-
ative disorder that mainly affects motor coordi-
nation, although non-motor symptoms also
appear with the progression of the disease. One
of the main pathological hallmarks of PD is cell
death in the basal ganglia, especially of dopami-
nergic neurons.

As in the previously mentioned neurological
disorders, ECS has been shown to be abnormally
regulated in this pathology. For instance, the
upregulation of the CB1 receptors has been
shown in the basal ganglia of experimental
models of PD (Stampanoni Bassi et al. 2017).
Moreover, a loss of the neuronal CB2 receptors
was detected in the postmortem tissues of PD
patients due to the degeneration of nigrostriatal
dopaminergic neurons (García et al. 2015).

Pharmacological cannabinoid strategies to
manage PD include activation of CB2, to control
inflammatory events, and blockage of CB1

receptors, to improve akinesia and reduce motor
inhibition. Since one of the main characteristics
of PD is high oxidative stress, the experiments
reported so far in the PD models have been
focused on the use of antioxidant phytocan-
nabinoids. The evaluation of Δ9-THC (Lastres-
Becker et al. 2005), CBD (Lastres-Becker et al.
2005; García-Arencibia et al. 2007; García et al.
2011), and Δ9-THCV (García et al. 2011) in
animal models revealed their ability to reduce
parkinsonian motor symptoms. In fact, clinical
trials to assess the potential of CBD, nabilone,

or Cannabis oils in the PD motor and non-motor
symptoms are currently ongoing.2

Synthetic cannabinoids such as the potent
CB1/CB2 receptor agonists WIN55,212–2 (Price
et al. 2009; More and Choi 2015) and CP55,940
(Jimenez-Del-Rio et al. 2008) or the AEA syn-
thetic derivative AM404 (García-Arencibia et al.
2007) have been shown to provide
neuroprotection in the PD models.

Even though further clinical research is
required, the knowledge gained in this field and
ongoing clinical efforts point towards a
cannabinoid-based neuroprotection for the treat-
ment of PD.

As thoroughly reviewed by others,
cannabinoids have been shown to impact many
other neurological disease models, such as multi-
ple sclerosis (MS), traumatic brain injury (TBI) or
amyotrophic lateral sclerosis (ALS), as well as
mental disorders including schizophrenia, anxi-
ety, or depression (Kendall and Yudowski 2017;
Aymerich et al. 2018; Ibarra-Lecue et al. 2018;
Friedman et al. 2019). Moreover, symptoms
associated with these diseases can also be treated
with cannabinoid-based medicines, for instance,
Sativex® is used for the symptomatic relief of
pain and spasticity in adults suffering from MS
(Giacoppo et al. 2017).

Even though much more research needs to be
conducted, the modulation of ECS is a great ther-
apeutic opportunity for the treatment of several
neuropsychiatric and neurodegenerative
disorders.
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2 Clinical trials: cannabinoids in Parkinson Disease-
ClinicalTrials.gov. https://clinicaltrials.gov/ct2/results?
cond¼Parkinson+Disease&term¼cannabis&cntry¼&
state¼&city¼&dist¼. Accessed 3 Oct 2019.
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4.6 Cannabinoids in Cancer

The ability of Cannabis to prevent nausea and
vomiting, stimulate appetite, and reduce pain
has been widely demonstrated. Therefore,
cannabinoids have been successfully used in the
treatment of specific cancer chemotherapy side
effects (Abrams and Guzman 2015).

A few decades ago, dronabinol (Marinol®)
and nabilone (Cesamet®) were approved to treat
emesis and nausea induced by antitumor agents
(Tramèr et al. 2001). However, they are only
prescribed in certain countries upon failure of
conventional anti-emetics (Sharkey et al. 2014).

Extensive research has demonstrated the palli-
ative potential of cannabinoids for cancer
patients. For instance, Δ9-THC acts as an appetite
stimulant increasing food intake in rodents. Clin-
ical trials confirmed this orexigenic effect in the
management of cancer anorexia (Jatoi et al. 2002;
Berry and Mechoulam 2002; Walsh et al. 2003).
Moreover, the ability of cannabinoids in reducing
chemotherapy-induced pain has also been
reported. Δ9-THC and synthetic analogs have
shown to act as potent analgesic drugs in diverse
clinical trials highlighting their beneficial role in
the treatment of cancer pain (Campbell et al.
2001; Iversen and Chapman 2002; Mantyh et al.
2002). Actually, Sativex® can be currently pre-
scribed in certain countries to reduce pain in
adults with advanced tumors (Pertwee 2009;
Fallon et al. 2017).

Preclinical data indicate that peripheral
neuropathies associated with cancer treatment
can also be ameliorated upon cannabinoid admin-
istration (Guindon et al. 2014). Synthetic agonists
such as the aminoalkylindole WIN55,212–2,
diminishes mechanical and cold allodynia in
rodent models of paclitaxel (Pascual et al. 2005),
vincristine (Rahn et al. 2007), and cisplatin-
evoked neuropathy (Vera et al. 2007). Moreover,
CBD is able to reduce doxorubicin-induced
cardiomyopathies (Hao et al. 2015) and
cisplatin-induced nephrotoxicity (Pan et al.
2009).

Besides their palliative potential, cannabinoids
have exhibited antitumor effects in numerous

in vitro and in vivo experimental models of can-
cer (Guzmán 2003; Chakravarti et al. 2014;
Velasco et al. 2016). Since the early 2000s, a
growing body of research has evidenced the
potential of cannabinoids in the reduction of
tumor growth and progression in diverse cancer
models (Galve-Roperh et al. 2000; Guzmán et al.
2002; Guzmán 2003; Carracedo et al. 2006;
Sarfaraz et al. 2008; Velasco et al. 2012).

ECS alterations have also been detected in
cancer physiopathology. Abnormal expression
of the ECS components in neoplasms compared
with healthy tissues has been detected (Guzmán
2003; Caffarel et al. 2006; Malfitano et al. 2011;
Velasco et al. 2012). These data can be tumor
type-specific and therefore, studies need to deter-
mine how ECS is regulated in each cancer type
(Malfitano et al. 2011; Velasco et al. 2016). In
specific cancer types, such as glioblastoma
(Schley et al. 2009) or specific breast tumors
(Qamri et al. 2009; Caffarel et al. 2010), increased
CB2 receptor levels have been shown. Other
tumors, including gastric carcinoma (Miyato
et al. 2009) or rhabdomyosarcoma (Oesch et al.
2009) are characterized by the overexpression of
the CB1 receptor. Upregulated expression of both
CB1 and CB2 has also been detected in acute
myeloid leukemia (Joseph et al. 2004) malignant
astrocytomas (Stella 2010), pancreatic cancer
(Carracedo et al. 2006), and hepatocellular carci-
noma (Giuliano et al. 2009) among others. Levels
of endocannabinoids, AEA and 2-AG, have also
been shown to differ between cancer cells and
their normal counterparts in specific tumors
(Bifulco et al. 2006). Upregulation of the putative
cannabinoid receptor, GPR55, has also been
observed in cells of diverse cancer types includ-
ing breast adenocarcinoma, squamous skin cell
carcinoma, or gliomas (Oka et al. 2010; Andradas
et al. 2011; Leyva-Illades and Demorrow 2013;
Pérez-Gómez et al. 2013). GPR55 expression has
been shown to correlate with proliferation and
thus, it has been proposed as a novel oncology
biomarker with a potential prognostic value
(Henstridge et al. 2011). Expression of GPR55-
CB2 heterodimers has also been reported in
human tumors (Moreno et al. 2014; Balenga
et al. 2014).
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Even if further research is required to clarify
the intricate role of this complex system in the
course of oncological processes, there is no doubt
that cannabinoids are useful drugs for the man-
agement of cancer and related symptoms.

As in previously described diseases, thus far,
preclinical and clinical studies on cannabinoids as
antitumor agents have been mainly focused on
understanding the mechanism of action of Δ9-
THC and CBD (Pellati et al. 2018; Hinz and
Ramer 2019). Δ9-THC has shown antiproli-
ferative effects in diverse cancer types including
glioblastoma, prostate, breast, colon, pancreatic,
lymphoma, or lung among others (Fowler 2015;
Fraguas-Sánchez et al. 2016). Mechanisms of this
antitumor action include the CB receptor-
dependent and independent pathways (Powles
et al. 2005). Moreover, CBD has been widely
proved to reduce tumor growth via proapoptotic
actions in numerous cancer cell lines (Hinz and
Ramer 2019). The anticancer effects of CBD have
been suggested to be mediated by several targets,
including COX-2, 5-LOX, PPARγ, TRPV2,
mTOR, and the p38 MAPK pathway (Ligresti
2006; Hinz and Ramer 2019). Clinical trials are
trying to unravel the antitumor potential of
phytocannabinoids (such as Δ9-THC) alone or
in combination with benchmark chemotherapeu-
tic agents in different types of cancer. Guzmán
et al. developed the first clinical trial to further
explore the antitumor actions of cannabinoids in
cancer patients. This pilot trial investigated the
effects of Δ9-THC on nine patients with recurrent
glioblastoma multiforme. The preliminary results
attained from this study suggest a reduction in
tumor growth upon Δ9-THC administration
(Guzmán et al. 2006). Ongoing clinical trials are
trying to decipher the potential antitumor role of
cannabinoids.3

Even if phytocannabinoids are in the forefront
towards the clinic, many other cannabinoids with
antitumor properties have been reported in the
literature (Morales and Jagerovic 2019). For

instance, the well-known aminoalkylindole
WIN55,212–2 is able to decrease cell prolifera-
tion and migration in models of different cancer
types, hepatocellular carcinoma (Xu et al. 2015),
neuroblastoma (Müller et al. 2017), myeloma
(Barbado et al. 2017), renal carcinoma (Khan
et al. 2018), prostate (Morell et al. 2016), or
gastric cancer (Xian et al. 2016) among them.

Moreover, it is worth highlighting the antican-
cer potential of cannabinoid quinones. Oxidized
derivatives of phytocannabinoids cannabidiol
(HU-331, Fig. 4.8), Δ8-THC (HU-336, Fig. 4.8)
and cannabinol (HU-345, Fig. 4.8) were effective
in reducing tumor growth in mice cancer models
(Kogan et al. 2004). However, their biological
activity was attributed to their quinone structure
independently of their cannabinoid character,
since they do not modulate the cannabinoid
receptors (Kogan et al. 2006, 2007). Para- and
ortho- quinones of chromenopyrazoles were also
reported as antitumor agents (Morales et al. 2013,
2015). These compounds were able to reduce
cancer proliferation through mechanisms that
involve the cannabinoid receptors. For instance,
para-quinones PM49 (Fig. 4.8) was able to
reduce prostate cancer in vitro and in vivo
(Morales et al. 2013). 1,4-naphthoquinone
derivatives, such as 3a (Fig. 4.8), have also been
reported to inhibit tumor proliferation. GPR55
has been proposed as the target through which
they exhibit their antitumor effects (Badolato
et al. 2019).

Currently, the use of cannabinoids is limited to
the management of chemotherapy-induced side
effects. Nevertheless, the aforementioned preclin-
ical data clearly evidence the antitumor potential
of cannabinoids. Hopefully, further clinical data
can soon confirm the therapeutic potential of
cannabinoids in the treatment of cancer.

4.7 Cannabinoids in Metabolic
Disorders

ECS has been recognized to play a crucial role in
the regulation of metabolic events, particularly in
energy balance, food intake, and lipid metabolism
(Scherma et al. 2014; Williams et al. 2015). This

3Clinical trials: cannabinoids in Cancer-ClinicalTrials.
gov. https://clinicaltrials.gov/ct2/results?cond¼Cancer&
term¼cannabinoid&cntry¼&state¼&city¼&dist¼
Accessed 29 June 2020.
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system has shown dysregulation in metabolic
pathologies including obesity. For instance, the
increased levels of circulating endocannabinoids
(Blüher et al. 2006; Matias et al. 2006) and
upregulation of the CB1 receptors have been
observed in obese rodents and human obesity
(Murdolo et al. 2007; Pagano et al. 2007). In
this disorder, ECS dysregulation has been
reported, not only in CNS but also at the periph-
eral level, in diverse organs including the pan-
creas, liver, and adipose tissues.

It is well-known that ECS activation induces
orexigenic effects (Rossi et al. 2018), therefore,
the inhibition of the CB1 receptors has been con-
sidered as a potential strategy for the management
of obesity and metabolic syndrome. In fact, the
CB1 antagonist/inverse agonist rimonabant
(SR141716A, Fig. 4.4, commercialized as
Acomplia®), was approved in certain European
countries in 2006 for the management of obesity
(Després et al. 2006). The anti-obesity effects of
this drug were accompanied by the undesired
effects such as depression, anxiety, headache,
and suicidal thoughts forcing its withdrawal
from the clinic, a couple of years later. Numerous
research projects from academia and the pharma-
ceutical industry were centered on the develop-
ment of CB1 receptor antagonists, however, the
psychiatric side effects of rimonabant led to a
significant decrease in the continuation of this
approach (Serrano et al. 2012; Silvestri and Di
Marzo 2012; Sharma et al. 2015; Yadav and
Murumkar 2018; Amato et al. 2019).

Other pharmacological strategies targeting
ECS, but without severe psychiatric side effects,
have been attempted. Peripherally restricted CB1

antagonists, such as URB447 and AM6545
(Fig. 4.9), have shown promising results in the
control of fat intake and obesity (DiPatrizio et al.
2011; Argueta and DiPatrizio 2017).

Moreover, molecules acting preferentially via
the CB2 receptors have shown efficacy in a rat
model of alcoholic hepatic steatosis by decreasing
the liver/body weight ratio and hepatic triglycer-
ide content (Lotersztajn et al. 2008, 2011). The
inhibitors of the enzymes involved in the degra-
dation of endocannabinoids, such as FAAH
inhibitors, has also shown potential for the regu-
lation of energy balance (Balsevich et al. 2018).
However, this approach should be taken with
caution, since the FAAH inhibitor BIA 10–2474
(Fig. 4.9) caused severe neurotoxicity in a phase I
clinical trial probably due to off-target effects
(Van Esbroeck et al. 2017).

Despite the clinical failures obtained so far,
ECS still represents a very promising pharmaco-
logical target to treat metabolic disorders.

4.8 Conclusions

It has been widely demonstrated that compounds
targeting ECS, particularly CB1 and/or CB2, have
therapeutic potential for the clinical management
of numerous diseases. These include neurological
disorders, metabolic pathologies, cancer, or
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Fig. 4.8 Structures of quinones related to cannabinoids with reported antitumor potential
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symptoms such as inflammatory and neuropathic
pain. However, just a few of these diseases can be
treated with cannabinoid-based medicines cur-
rently (Table 4.1).

Even though CB1/CB2 agonists are in the fore-
front of clinical research for neuroprotection or
cancer treatment, there is an increasing interest in
exploiting novel pharmacological approaches
(Picone and Kendall 2015). CB2 selective
agonists or peripherally restricted CB1/CB2

agonists exhibit a promising therapeutic potential
for treating various pathologies, while avoiding

the adverse psychotropic effects related to the
modulation of CB1 in the brain (Dhopeshwarkar
and Mackie 2014). CB1 and/or CB2 antagonists
or inverse agonists, as well as, allosteric cannabi-
noid ligands are also emerging and may prove
useful in the treatment of certain diseases (Picone
and Kendall 2015; Vemuri and Makriyannis
2015). Biased cannabinoid agonists can also
fine-tune the therapeutic effects, while
minimizing side effects associated with other
receptor pathways (Morales et al. 2018;
Al-zoubi et al. 2019). Even though
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Fig. 4.9 Structures of CB1 antagonists URB447 and AM6545 and FAAH inhibitor BIA 10–2474

Table 4.1 Representative cannabinoids that have been reported to exhibit therapeutic potential in specific diseases

Molecule Disease Development stage References

Δ9-THC Epilepsy Preclinical (Rosenberg et al. 2015)
AD Clinical (Fernández-Ruiz et al. 2015)

See footnote 1
PD Clinical See footnote 2
Cancer Clinical (Guzmán et al. 2006)

Δ9-THCA Epilepsy Preclinical (Gaston and Friedman 2017)
Δ9-THCV Epilepsy Preclinical (Hill et al. 2010)

PD Preclinical (García et al. 2011)
CBD Epilepsy In the marketa (Devinsky et al. 2018, 2019)

AD Preclinicalb (Martín-Moreno et al. 2011)
PD Clinical See footnote 2
Cancer Clinical (Ligresti 2006; Hinz and Ramer 2019)

CBDV Epilepsy Preclinical (Hill et al. 2012)
Nabilone PD Clinical See footnote 2

Cancer In the marketc (Sharkey et al. 2014)
WIN55,212–2 AD Preclinical (Martín-Moreno et al. 2011)

PD Preclinical (Price et al. 2009; More and Choi 2015)
SR141716A Obesity Withdrawn from the marketd (Després et al. 2006)
AM404 PD Preclinical (García-Arencibia et al. 2007)
BIA 10–2474 Obesity Failed in clinical trials (Van Esbroeck et al. 2017)
aApproved as Epidiolex®
bClinical trials currently recruiting
cApproved as Cesamet®
dCommercialized as Acomplia®
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phytocannabinoids are way closer to the bedside,
some of the aforementioned synthetic
cannabinoids may provide advantages in the
treatment of specific pathologies. Nonetheless,
more preclinical and especially clinical research
needs to be done in this field.
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Cannabis and Depression 5
Daniel Feingold and Aviv Weinstein

Abstract

There is a growing body of evidence pointing
to the co-occurrence of cannabis use and
depression. There is also some evidence that
the use of cannabis may lead to the onset of
depression; however, strong evidence points to
the inverse association; i.e. that depression
may lead to the onset or increase in cannabis
use frequency. Observational and epidemio-
logical studies have not indicated a positive
long-term effect of cannabis use on the course
and outcome of depression. The association
between cannabis use and depression may be
stronger among men during adolescence and
emerging adulthood and stronger in women
during midlife. There is an indication for
potential genetic correlation contributing to
the comorbidity of cannabis dependence and
major depression, namely that serotonin
(5-HT) may mediate such association and
there is also evidence for specific risk alleles
for cannabis addiction. There is preclinical
evidence that alteration in the
endocannabinoid system could potentially
benefit patients suffering from depression.
However, the issue of using cannabis as an
anti-depressant is at an early stage of examina-
tion and there is little evidence to support
it. Finally, there has been little support to the

notion that selective serotonin reuptake
inhibitors (SSRIs) may be effective in decreas-
ing depressive symptoms or rates of substance
use in adolescents treated for depression and a
co-occurring substance use disorder. In con-
clusion, despite methodological limitations,
research in the past decades has broadened
our knowledge on the association between
cannabis use and depression from epidemio-
logical, neurological, genetic, and pharmaco-
logical perspectives.

Keywords

Cannabis · Mental illness · Mood disorders ·
Major Depressive Disorder · Bipolar Disorder ·
Anxiety Disorders

5.1 Introduction

Major depressive disorder (MDD) is a psychiatric
condition characterized by continuous low mood
and loss of interest or pleasure in enjoyable
activities. The past-year prevalence of MDD has
been estimated to be 4.7% globally and it is
considered as one of the most severe mood
disorders (Ferrari et al. 2013), associated with
high mortality due to suicide and a major func-
tional impairment caused directly and indirectly.
In 2010, MDD was the most disabling mental
disorder worldwide, accounting for more than
40% of the disability-adjusted life years

D. Feingold (*) · A. Weinstein
Department of Behavioral Sciences, Ariel University,
Ariel, Israel

# Springer Nature Switzerland AG 2021
E. Murillo-Rodriguez et al. (eds.), Cannabinoids and Neuropsychiatric Disorders, Advances in
Experimental Medicine and Biology 1264, https://doi.org/10.1007/978-3-030-57369-0_5

67

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-57369-0_5&domain=pdf
https://doi.org/10.1007/978-3-030-57369-0_5#DOI


(a combination of premature mortality and dis-
ability) caused by mental illness (Whiteford et al.
2013). Therefore, extensive effort has been made
throughout the years in order to identify risk
factors associated with the onset of MDD and its
clinical course, including the literature published
concerning the effect of substance use and sub-
stance use disorders (Moore et al. 2007;
Whiteford et al. 2013).

Following tobacco and alcohol, cannabis is the
most commonly used addictive substance, with
the estimated worldwide past-year prevalence rate
of 3–4.5% (Degenhardt et al. 2011; United
Nations Office on Drugs and Crime 2012). The
number of cannabis users continues to increase
globally by roughly 16% between 2006–2016,
currently estimated at around 190 million world-
wide (WHO 2016). In accordance with an incline
in the number of cannabis users, the prevalence of
the past-year diagnostic and statistical manual of
mental disorders (DSM)-IV cannabis use disorder
(i.e. cannabis abuse or cannabis dependence) was
1.4% and 8.5% in 2005 (Stinson et al. 2006),
while in 2013, the prevalence of DSM-5 cannabis
use disorder (CUD) was 2.54% (Hasin et al.
2016).

In this chapter, we will first review evidence
on the co-occurrence of depression and cannabis
use reported in cross-sectional studies. We will
then present data on the longitudinal association
between cannabis use and depression, exploring
two inverse causal pathways. We will then review
the possible contribution of age and gender to the
association between cannabis use and depression,
as well as newly emerging evidence on possible
genetic and neurological factors that may under-
line this association. Finally, we will review the
preclinical and clinical evidence for the use of
cannabis as an antidepressant, and pharmacologi-
cal treatment for comorbid cannabis use disorder
and depression.

5.2 Co-Occurrence of Cannabis Use
and Depression

5.2.1 Cannabis Use among
Individuals with Depression

With a growing number of studies reporting on
the co-occurrence of cannabis use and depression,
Degenhardt et al. (2003) concluded in an early
review that “there is increasing evidence that
regular cannabis use and depression occur
together more often than we might expect by
chance” (p. 1497). Results from the United States
National Comorbidity Survey have indicated that
more than half of the individuals with MDD
reported lifetime use of cannabis (Chen et al.
2002). Data from the national epidemiological
survey on alcohol and related conditions
(NESARC) focusing on adults with past-year
MDD or dysthymia (N ¼ 6534) have indicated
that the past-year prevalence of cannabis use
among these individuals was 10%, with nearly
equally distributed between regular users (those
using cannabis at least once a week; 4.5%) and
occasional users (using less than weekly; 5.4%)
(Aspis et al. 2015). According to data from the
National Survey on Drug Use and Health, the
past-year prevalence of cannabis use among
adolescents with depression was substantially
higher compared to adult population, estimated
at 25%, compared to only 12% among those
without depression (SAMHSA 2007).

Concerning the co-occurrence of MDD and
CUDs, a recent study encompassing more than
28,000 cannabis users indicated that past year
major depressive episode was associated with
the increased number of DSM-IV cannabis
dependence criteria, regardless of cannabis fre-
quency of use (Dierker et al. 2018). In this
study, participants with depression were signifi-
cantly more likely to use cannabis than they
intended to and spent much time on acquiring
cannabis, using it or recovering from the effect
of cannabis use compared to those without
depression. They were also more likely to have
continued to use cannabis despite negative
consequences, repeatedly failed in efforts to stop
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or reduce cannabis use, have important activities
in life superseded by cannabis use and needed an
increasing amount of cannabis in order to obtain
its effect.

5.2.2 Depression among
Cannabis Users

According to data from the Epidemiologic Catch-
ment Area study, more than half of the
individuals who qualify for a lifetime diagnosis
of DSM-IV CUD had a concurrent diagnosis of
mental illness (Regier et al. 1990). According to a
Dutch survey, the three-year incidence of MDD
among cannabis users was 11.7% compared to
5% among nonusers (Van Laar et al. 2007).
Data from NEASRC indicated that lifetime and
past-year CUD were associated with a nearly
three-fold increase in the risk for the past-year
diagnosis of MDD (Odds Ratio (OR) ¼ 2.8,
95% Confidence Interval (CI) ¼ 2.33–3.41 for
past-year use, and OR ¼ 2.6, 95%
CI ¼ 2.26–2.95 for lifetime use) (Hasin et al.
2016). Odds for concurrent MDD were even
higher among adolescents, with a study among
14–17 years old Europeans indicating that the
lifetime prevalence of MDD was higher among
individuals with lifetime cannabis use (OR ¼ 2.7,
95% Confidence Interval (CI) ¼ 1.6–4.4) and
those with lifetime CUD (OR ¼ 4.7, 95%
CI ¼ 2.3–9.4) compared to those who did not
use cannabis (Wittchen et al. 2007).

In conclusion: Cross-sectional studies have
indicated that depression and cannabis use tend
to co-occur.

5.3 Cannabis Use and Depression:
Longitudinal Evidence

Longitudinal studies allow for further interpreting
the cross-sectional association between cannabis
use and depression by addressing two inverse
temporal hypotheses. The first addresses the
extent to which cannabis use is associated with a
future onset of MDD or an incline in depressive
symptoms. While earlier studies suggested that

baseline cannabis use was associated with a
higher risk for future MDD (Bovasso 2001;
Fergusson and Horwood 1997), accumulating
evidence from latter studies has indicated that
cannabis users, including heavy cannabis users,
were, in fact, not more likely to be diagnosed with
MDD over the course of time compared to
nonusers (Degenhardt et al. 2013; Georgiades
and Boyle 2007). A meta-analysis focusing on
longitudinal evidence in the effect of cannabis
use on depression has suggested that cannabis
use, and particularly heavy cannabis use, may be
associated with a mild significant increased risk
for developing depression (AOR ¼ 1.17, 95%
CI ¼ 1.05–1.30 for any cannabis use and
AOR ¼ 1.62, 95% CI ¼ 1.21–2.16 for heavy
cannabis use) (Lev-Ran et al. 2013). However,
the authors concluded that findings should be
regarded with caution, given lack of consistency
in terms of statistical adjustment for possible
confounding variables implemented in these
studies.

Two population-based longitudinal studies
have supported the notion that when taking into
account of such confounders, cannabis use may
not elevate the risk for depression. In a Swedish
population-based study, crude analyzes have
indicated that cannabis use at the baseline was
associated with greater odds for consequent
depression (Rate Ratio (RR) ¼ 1.22, 05%
CI¼ 1.06–1.42), yet after controlling for baseline
confounders significance was not maintained
(RR ¼ 0.99, 95% CI ¼ 0.82–1.17) (Danielsson
et al. 2015). In another study that implied a simi-
lar methodology, based on Waves 1 and 2 of
NESARC, following the control for baseline
confounders cannabis use even daily, was not
associated with increased incidence MDD at a
follow-up (Feingold et al. 2015). Two separate
reports, published in Europe by the World Health
Organization (WHO, 2016) and in the U.S. by the
National Academies of Sciences, Engineering,
and Medicine (2017), have concluded that evi-
dence concerning the effect of cannabis use and
CUD on depression incidence is limited and war-
rant further attention, with the latter stating that
“cannabis use does not appear to increase the
likelihood of developing depression” (p. 12–1).
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An inverse notion has focused on the possible
contribution of depression to the initiation or
increase in cannabis use in the future. The notion
that substance use may be triggered by low mood
has been reported in several clinical observations
(Khantzian and Albanese 2008), retrospective
studies (Gruber et al. 1997), and exploratory stud-
ies (Ogborne et al. 2000). It has long been
suggested that individuals suffering from psycho-
logical distress may ‘self-medicate’ their negative
effect by using substances (Khantzian 1985), yet
this notion has received only little support in
longitudinal research (Degenhardt et al. 2003).
In a population-based survey, approximately 9%
of the individuals, who qualified for a diagnosis
of MDD have reported using drugs or misusing
prescription medication for the purpose of reliev-
ing depressive symptoms (Bolton et al. 2009);
however, cannabis use was not specifically
addressed.

A longitudinal study by Feingold et al. (2015)
has indicated that among lifetime cannabis
abstainers, baseline MDD predicted the initiation
of cannabis use throughout a three-year period
(Adjusted Odds Ratio (AOR) ¼ 1.72, 95%
CI¼ 1.10 2.69). However, this was not replicated
in the study by Danielsson et al. (2015), in which
following control for additional illicit drug use,
baseline depression was not associated with
higher odds for cannabis use initiation at the
follow-up (RR ¼ 1.24, 95% CI 0.99–1.54).

In conclusion: There is a weak evidence
pointing that cannabis use may lead to the onset
of depression; however, there is strong evidence
pointing to the inverse association; i.e. that
depression may lead to the initiation or increase
in frequency of cannabis use.

5.4 Cannabis Use and Depression:
Contributing Factors

5.4.1 Age and Gender as Possible
Moderators of the Association
between Cannabis Use
and Depression

Cannabis use is highly prevalent among
adolescents and may be prevalent as early as by
age 13 (EMMDDA 2017). Initial estimations sug-
gest that nearly 14 million adolescents aged
15–16 use cannabis each year, equivalent to the
rate of nearly 6% (WHO 2016). The relatively
high availability of cannabis, along with
low-harm perception associated with cannabis,
makes it one of the most common substances
used during adolescence. Based on national mon-
itoring data collected in 2012, the prevalence of
cannabis peaks at about 20 years of age, with a
general decrease in through age 25 and above
(SAMHSA 2014), suggesting that cannabis use
may decrease with age and its increasing
responsibilities (work, family, and so on). In
recent years, it has been suggested that the asso-
ciation between cannabis use and depression may
peak at younger age. For example, cannabis use at
adolescence was associated with more depressive
symptoms compared to nonusers at ages 13–18
(Kaasbøll et al. 2018) and frequency of past-year
cannabis use was associated with more current
depressive symptoms at ages 16–19 (Leadbeater
et al. 2018). However, the association between
cannabis use and depression may decrease in its
magnitude with time. For example, at age 18 and
above, no differences across age were found
between the frequency of cannabis use and num-
ber of depressive symptoms (Leadbeater et al.
2018). In addition, regular cannabis use at ages
14, 16, and 21 was not associated with increased
risk for developing MDD by age
33 (Guttmannova et al. 2017). An integration of
four Australian longitudinal cohorts has indicated
that cannabis use prior to age 17, even at a daily
level, was not associated with increased odds for
depression by age 30 (AOR ¼ 1.02, 95%
CI ¼ 0.52–2.01) (Silins et al. 2014). These
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findings suggest a gradually decreasing time-
varying effect of cannabis use on depression.

A recently published 40-years follow-up study
of adolescents has evaluated the effects of canna-
bis use on the odds for developing MDD, taking
into account the age of cannabis use initiation and
frequency of cannabis use. Adjusted analyzes
suggested that early cannabis use initiation
(age < 18) was significantly associated with
increased odds for consequent MDD compared
to nonusers, both among frequent (AOR ¼ 8.83,
95% CI ¼ 1.29–70.79) and infrequent users
(AOR ¼ 2.41, 95% CI ¼ 1.22–4.76). However,
late cannabis use initiation (age > 27) was not
significantly associated with higher odds for the
onset of MDD at a follow-up, for both frequent
(AOR ¼ 0.68, 95% CI ¼ 0.10–2.65) and infre-
quent users (AOR¼ 2.23, 95% CI¼ 0.26–14.94)
compared to nonusers (Schoeler et al. 2018).
Additional analyzes have indicated that the early
initiation of cannabis use predicted a more rapid
onset of MDD, regardless of cannabis use fre-
quency, implying that age at the first cannabis
use may play a significant role in the duration to
onset of MDD (Fig. 5.1).

Exploring the inverse notion that MDD may
lead to the onset of cannabis use, particularly at
younger ages, yield conflicting results. On one
hand, integrated finding from four Australian
cohorts has indicated a moderate positive associ-
ation between baseline frequent cannabis use and
depression scores at a follow-up (Horwood et al.
2012). In this study, the association between can-
nabis use frequency and future depression has
been found to decrease with age, peaking at age
15 and declining at age 30. In another study, a one
standard deviation increase in cumulative depres-
sion symptoms counts between ages 12 and
15 (defined as the sum of depression symptoms
during this time) was associated with a 150% risk
for qualifying for a DSM-IV CUD (abuse or
dependence) at age 18 (Rhew et al. 2017). On
the other hand, in an 18-month follow-up of
Chilean ninth-graders, baseline depression was
associated with an increased use of cannabis at
the follow-up (AOR ¼ 1.21, 95%
CI ¼ 1.09–1.34), yet significance was not
obtained after controlling for additional

sociodemographic and clinical variables
(AOR ¼ 1.08, 95% CI ¼ 0.94–1.23) (Stapinski
et al. 2016).

There is some indication that the association
between cannabis use and depression varies
across gender. For example, between ages
18 and 25, the association between cannabis use
and depressive symptoms was stronger among
men compared to women (Leadbeater et al.
2018). This finding may be attributed to heavier
use of cannabis, yet it also may be attributed to
higher impulsivity, more sensation seeking, and
tendency for avoidant coping strategies presented
by men at this age. Notably, in the same study at
age 25 and above, the association between canna-
bis use and depressive symptoms was stronger
among women compared to men, suggesting
that at these ages, women present a “telescoped”
trajectory from cannabis use to pathological use.

In conclusion: Cannabis use is more likely to
increase the risk for depression at younger age.
The association between cannabis use and depres-
sion may be stronger among men at adolescence
and emerging adulthood, yet stronger among
women during midlife.

5.5 The Effect of Cannabis Use
on the Course of Depression

5.5.1 The Effect on Natural Outcome
of Depression:
Population-Based Studies

Unfortunately, there is little data concerning the
effect of cannabis use on the severity and course
of depression is scarce. An early study indicated
that cannabis use may be associated with an ele-
vated feeling of dysphoria among individuals
with depression (Ablon and Goodwin 1974).
Participants with lifetime depression and current
CUD were likely to experience depression and
sadness while intoxicated and were reluctant to
report experience of happiness or euphoria
(Arendt et al. 2007). In a study focusing on
individuals with MDD or dysthymia, women
using cannabis regularly (at least weekly)
reported of lower mental quality of life compared
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to women who did not use cannabis (Aspis et al.
2015).

Several longitudinal studies have suggested
that cannabis use may alter the course of illness
among individuals with depression. Otten and
Engels (2013) have reported that individuals
who used cannabis presented more depressive
symptoms through adolescence. In another study
based on the NESARC sample, individuals who
qualified for a baseline diagnosis of MDD
(N ¼ 2300) were followed throughout a three-
year period. Results have indicated that cannabis
use and CUD throughout the course of the study
was associated with more symptoms of depres-
sion at the follow-up, specifically anhedonia,
insomnia or hypersomnia, changes in body
weight, and psychomotor problems (Feingold
et al. 2017). However, the authors have
concluded that for the most part, preliminary
differences in sociodemographic and clinical
factors rather than cannabis use per se were
responsible for poorer clinical and functional
outcomes of depression. Notably, the results
from this study have not indicated a positive
effect of cannabis use on the course and outcome
of depression, suggesting that “self-medication”
may not be effective.

There is evidence suggesting that cannabis
use, and frequent cannabis use, in particular,
may result in a reduced efficiency of pharmaco-
logical treatment for depression in clinical
populations (Bricker et al. 2007). In another
study, among 300 psychiatric outpatients receiv-
ing treatment for depression, baseline cannabis
use predicted more suicide ideation, less treat-
ment utilization, less improvement in depressive
symptoms, and poorer quality of life compared to
nonusers at a 12-month follow-up (Bahorik et al.
2018).

In recent years, technological and methodo-
logical advances allow for a more sensitive inves-
tigation of the effect of cannabis use on the
depressed mood. For example, Cuttler et al.
(2018) have analyzed data from the Strainprint™
app, designed to allow users of medical cannabis
to track changes in their affective symptoms in
relation to different cannabis dosing and
chemotypes. Exploring more than 3000 contacts
made by app users, participants reported a reduc-
tion in depressive symptoms from before to after
using cannabis in 89.3% of tracked sessions. No
gender differences were found in the magnitude
of this change, yet a greater reduction in symptom
rating was observed among individuals using
low-THC/high-CBD strains of cannabis

Fig. 5.1 Survival curves of cannabis use pattern and time until diagnosis of MDD. This plot illustrates the cumulative
odds of developing the major depressive disorder (MDD) from age 18 to 48. Individuals with early onset of cannabis use
exhibited a more rapid onset of MDD, regardless of cannabis use frequency (Schoeler et al. 2018)
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compared to those who used high-THC/low-CBD
strains.

Notably, analyzing sessions made by users
over time in this study, authors have reported
that participants’ rates of baseline depression
(right before using cannabis) significantly
increased with time/sessions (Cuttler et al.
2018). This may indicate that the effects of can-
nabis use on depression may act in two inverse
paths, decreasing depressive symptoms on the
short run, but increasing baseline depression in
the long run. This notion is supported by findings
from a study in which during 28-days of moni-
tored period, abstinent adolescent cannabis users
reported a significant decline in the level of
depression compared to nonusers (Jacobus et al.
2017).

In conclusion: Observational and epidemio-
logical studies did not indicate a positive long-
term effect of cannabis use on the outcome of
depression.

5.5.2 Genetics and the Neurological
Basis of the Association
between Cannabis Use
and Depression

5.5.2.1 Genetic Studies on CUD
There is evidence for genetic associations in CUD
shown in epidemiological and in clinical studies
(see Benyamina et al. 2016 for review). Epidemi-
ological studies have investigated the roles of
environmental and genetic factors in cannabis
use disorders and in the progression from experi-
mentation to CUD. Studies on CUD have shown
correlations between parents and children that
range from 0.3 to 0.47; among siblings, these
figures are between 0.39 and 0.47 (Agrawal and
Lynskey 2006; Meller et al. 1988; Verweij et al.
2010). Large-scale twin studies have also
estimated the role of genetic, environmental, and
shared environmental factors Verweij et al.
(2010). Thus, genetic factors would seem to con-
tribute significantly to progression to CUD.

Genetic studies have examined many genes
that could be associated with CUD. One gene
that was investigated was

catechol-O-methyltransferase (COMT), which
regulates dopamine (Batalla et al. (2014), AKT1

polymorphism (rs 1,130,253) (Bhattacharyya
et al. 2014), DRD2, (Colizzi et al. 2015;
Taurisano et al. 2014), and the cannabinoid recep-
tor 1 gene (CNR1) (Agrawal et al. 2009).

Genome-wide association studies (GWAS)
have identified single nucleotide polymorphisms
(SNPs) that show an association between schizo-
phrenia, depression, and CUD. Sherva et al.
(2016) have studied 14,754 participants and they
have found three SNPs rs143244591,
rs146091982 (SLC35G1), and rs77378271 in
the CUB and Sushi multiple domain 1 gene
(CSMD1) that were associated with CUD. They
also found genes that were affecting both MDD
and CUD and risk for schizophrenia. This is the
first study that has identified specific cannabis
addiction risk alleles and potential genetic factors
contributing to the comorbidity of cannabis
dependence with major depression and
schizophrenia.

5.5.2.2 Specific Genetic Studies
on the Association between
Cannabis Use and Depression

Amajor study inking cannabis use and depression
by Lynskey et al. (2004) has measured
correlations between early cannabis use and life-
time cannabis dependence and MDD, and sui-
cidal ideation and attempts for suicide. They
have investigated 311 same-sex twins who differ
in their early start of cannabis use (before 17) and
277 same-sex twins discordant for cannabis
dependence. They have found that cannabis-
dependent individuals compared with their twins
who were not cannabis dependent had higher
odds ratio of suicidal ideation and suicide
attempts (2.5 to 2.9 times, respectively). Cannabis
was also associated with higher risks for MDD in
nonidentical twins. Those who initiated cannabis
use, prior to age 17 years, had elevated rates of
subsequent suicide attempt (OR ¼ 3.5, 95%
CI ¼ 1.4–8.6]) but not of MDD or suicidal idea-
tion. The risk of cannabis dependence was
associated with early MDD and suicidal ideation
in nonidentical twins who differed in cannabis
use (discordant) but not in identical twins who
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differed in cannabis use discordant dizygotic
twins. This evidence supports the suggestion
that the comorbidity of cannabis dependence
and MDD (but not suicidal behavior) has both
genetic and environmental vulnerability factors.
Early-onset cannabis use may be a predisposition
factor for MDD or it may share genetic and envi-
ronmental predisposition,

The relationship between cannabis use and
depression and the short allele of the
5-hydroxytryptamine (serotonin) transporter
gene-linked polymorphic region (5-HTTLPR)
genotype in 310 adolescents over 4 years has
been studied by Otten and Engels (2013). Canna-
bis use was associated with an increase in depres-
sive symptoms over time but only in those who
had the short allele of the 5-HTTLPR genotype.
This is further evidence for the genetic contribu-
tion to the co-occurrence of cannabis use and
depression. Finally, Hodgson et al. (2017) have
studied 1284 Mexican-Americans from 75 large
multi-generation families and an additional
57 genetically unrelated spouses. A linkage peak
for major depression on Chromosome 22 and a
peak for cannabis use on Chromosome 21 was
found. Chromosome 11 had a linkage peak that
affected both cannabis use and MDD as well as an
SNP 20 kb upstream of NCAM1 (rs7932341) that
was associated with both disorders.

In conclusion: there seems to be a common
genetic association between cannabis use and
MDD, which is found in twins and family studies
located on Chromosome 11.

5.5.3 The Use of Medical Cannabis
for Treating Depression

Medical conditions such as chronic pain multiple
sclerosis, post-traumatic stress disorder, and
Parkinson’s disease have been recently treated
with medical cannabis (Amato et al. 2017;
Borgelt et al. 2013; Pertwee 2001). In order to
understand the potential therapeutic effects of
medical cannabis, it is mandatory to learn about
the interactions of cannabinoids and other
neurotransmitters (Pertwee 2014; Cohen et al.
2019).

5.5.3.1 Pre-Clinical Studies on Cannabis
as an Anti-Depressant

Preclinical studies have shown that cannabis may
be therapeutically effective for depression
(Scherma et al. 2018). The agonistic effect of
cannabinoids to the central CB1 receptors
(CB1Rs) may mediate this effect. Shearman
et al. (2003) have evaluated the CB1R modulation
of antidepressant-like effects. They have
administered mice with the CB1R inverse agonist
AM251 and tested on the tail-suspension test
(TST) and on the forced swim test (FST). On
both tests, AM251 has significantly reduced
immobility without an increase in motor activity
in the open field indicating and antidepressant
effect. Inverse cannabinoid agonism of CB1R
may be therefore useful for the regulation of
mood. Furthermore, a low dose of a CB1R agonist
WIN55,212–2 has a potential antidepressant
effect in the rat forced swim test (Bambico et al.
2007). This effect was blocked by the CB1R
antagonist rimonabant and also by pretreatment
with the 5-HT-depleting agent parachloropheny-
lalanine. CB1R agonists may therefore have anti-
depressant effects and they modulate 5-HT
neuronal activity via the medial prefrontal cortex
in rats.

CB1R density and function, as well as CB1

messenger RNA (mRNA) levels, were high in
the dorsolateral prefrontal cortex of depressed
humans after suicide found in postmortem stud-
ies, (Hungund et al. 2004; Choi et al. 2012).
However, patients suffering from major depres-
sion have not shown any alterations in CB1R
mRNA and protein levels in the dorsal prefrontal
cortex (Eggan et al. 2010). Depressed patients
treated with serotonin selective reuptake
inhibitors (SSRIs) showed a reduced expression
of CB1R in the anterior cingulate cortex (Koethe
et al. 2007), suggesting that an elevated CB1 has
antidepressant properties..

An association between polymorphisms in the
CNR1 gene and increased vulnerability to
develop a depressive episode following exposure
to life stress was shown by Juhasz et al. (2009),
and increased risk of resistance to the effects of
antidepressants (Domschke et al. 2008).
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Susceptibility to bipolar disorder and MDD may
be associated with CNR1 and FAAH gene
polymorphisms (Monteleone et al. 2010). Finally,
the CNR1 gene may be involved in the develop-
ment of MDD and in the effects of Citalopram, an
SSRI (Mitjans et al. 2013). In conclusion, defi-
cient endocannabinoid signaling may be
associated with depression; and therefore,
activating the endocannabinoid system could be
an effective treatment for MDD but the mecha-
nism of elevated CB1 as an anti-depressant needs
further examination.

5.5.3.2 Clinical Studies on Cannabis
as an Anti-Depressant

Cannabis users often use cannabis as self-
medication for depression and manic symptoms
(Grinspoon and Bakalar 1998; Ashton et al.
2005). This is supported by five cases described
by Gruber et al. (1996). Individuals who have
used cannabis occasionally or even daily have
lower levels of depressive symptoms than those
who have never tried cannabis (Denson and
Earleywine 2006). Depressed patients also have
used cannabis to improve their sleep they devel-
oped (Babson et al. 2013). There are seven cross-
sectional studies that showed clear evidence of an
improvement in depressed mood by cannabis
(Walsh et al. 2017). In conclusion, the evidence
so far is anecdotal and it relies heavily on single
case studies and cross-sectional studies and there
are no placebo-controlled clinical trials that show
that cannabis is useful for the treatment of
depression.

5.5.4 Discussion

This issue of using cannabis as an antidepressant
is at an early stage of examination and there is
little evidence to support it. Psychiatric
outpatients who used medical cannabis showed
worse mental and physical health function com-
pared with nonusers. Nonmedical cannabis
correlated with increased suicidal ideation and
mental health problems and fewer psychiatry
visits (Bahorik et al. 2018). Nonmedical cannabis
over time correlated with lowered improvement

in depression symptoms and suicidal ideation.
Cannabis use in depressed patients can prevent
improvement in depressive symptoms and impair
patients’ treatment.

The evidence in favor of cannabis treatment
for anxiety and mood disorders relies on few
single-dose studies with a small sample size and
flawed design (Turna et al. 2017). Furthermore,
there are other factors such as interactions with
other medications, frequency of use, dose of can-
nabis, time of use, way of delivery, and charac-
terization of patients who may have influenced
the results (D’souza and Ranganathan 2015). It
remains to be investigated whether cannabis
should be used alone or together with other
medications, what patients should be treated,
should it be prescribed only to those who do not
respond to other medications (such as in the case
of pain for example), and whether cannabis is
efficient in the long term in comparison with
SSRIs, considering its long-term side effects
(D’souza and Ranganathan 2015).

5.6 Pharmacological Treatment
for Individuals with Comorbid
Depression and CUD

5.6.1 Pharmacological Treatment
for CUD

There is an increase in the number of patients who
are treated for CUD and most patients find it
difficult to achieve and maintain abstinence from
cannabis use. Hence, there is an urgent need to
find medications for the treatment of CUD (see
Weinstein and Gorelick 2011; Gorelick 2016 for
review). Currently, no medication has been
approved for the treatment of CUD. Medications
have been tested for their ability to alleviate with-
drawal symptoms, influence endogenous
cannabinoids, or those that have been used for
drug abuse treatment and other psychiatric
conditions (Weinstein and Gorelick 2011). Four
trials have been documented for the treatment of
specific intoxication symptoms, seven trials for
withdrawal, and 12 phase II trials for CUD
(Gorelick 2016). The only effective medications
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were gabapentin and N-acetylcysteine
(in adolescents). Three trials of antidepressants
for CUD with comorbid depression revealed
inconsistent results.

In conclusion: There is a need for double-blind
placebo-controlled clinical trials in order to test
the clinical efficacy of medications for the treat-
ment for CUD.

5.6.2 Treatment of Patients
with Comorbidity of Cannabis
Dependence and Depression

There are few studies evaluating the use of anti-
depressant medication for the treatment of comor-
bid CUD and depression. Preliminary findings in
13 patients treated with fluoxetine an SSRI anti-
depressant (20–40 mg daily), showed a reduction
in cannabis and alcohol dependence and depres-
sive symptoms (Cornelius et al. (2005). However,
after a five-year follow-up of 10 patients,
although symptoms of cannabis and alcohol
dependence have been reduced and academic
ability has improved, clinical depression
remained. A double-blind, placebo-controlled
study using fluoxetine (20 mg daily) for
12 weeks to treat 70 adolescents and young adults
with comorbid MDD and CUD showed no
greater efficacy than placebo for treating either
the depressive symptoms or the cannabis-related
symptoms (Cornelius et al. 2010). The negative
findings may be due to a small sample size, lim-
ited medication efficacy, or high efficacy of the
psychosocial treatment.

Finally, a randomized eight-week double-
blind and placebo-controlled study of fluoxetine
in 29 male and five female adolescents with
depressive illness and a comorbid substance use
disorder showed no difference in depression
ratings between patients treated with fluoxetine
and placebo, nor was there any differences in
positive urine samples for cannabis (Findling
et al. 2009). This study has also suffered from
the limitations of a small sample size and a high
placebo response rate, limited dose of fluoxetine,
and inclusion of participants with depressive

disorders other than the major depressive
disorder.

In conclusion: SSRIs, such as fluoxetine, do
not show improved efficacy in treating depressive
symptoms or treatment of CUD (indicated by
clean urine samples) in adolescents with comor-
bid depression and CUD.

5.7 Summary

When exploring the association between cannabis
use and depression, one should take into account
several methodological limitations. The study of
cannabinoids often does not allow for a precise
measure of dose, frequency, or chemical compo-
sition of the substance used by participants
(Mariani et al. 2011), while epidemiological stud-
ies also indiscriminately use different definitions
of cannabis use, thus standardization is seldom
achieved. Likewise, the definition of depression
may vary according to the classification method
used, i.e. the diagnostic and statistical manual of
mental disorders (DSM) (American Psychiatric
Association 2013) or the international classifica-
tion of diseases (ICD) (World Health Organiza-
tion 1992), and according to the method of
assessment used (i.e. clinical assessment, semi-
structured interviews, questionnaires, and so on).
Furthermore, depression is often defined as the
presence of depressive symptoms rather than a
full diagnosis.

Despite these limitations, research in the past
decades has shed light on the association between
cannabis use and depression from epidemiologi-
cal, neurological, genetic, and pharmacological
perspectives. Given the growing prevalence of
both cannabis use and depression globally, inte-
grative research is needed in order to comprehend
the possible pathways through which these
factors interact. In addition, in light of the debate
on the legalization of cannabis, further research
should assess the direct and indirect effects of
cannabis use on co-occurring physical and mental
disorders, including depression.
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of Cannabinoids for Neuroprotection
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Abstract

Three prevalent neurodegenerative diseases,
Parkinson’s, Alzheimer’s, and Huntington’s
are in need of symptomatic relief of slowing
disease progression or both. This chapter
focuses on the potential of cannabinoids to
afford neuroprotection, i.e. avoid or retard
neuronal death. The neuroprotective potential
of cannabinoids is known from the work in
animal models and is mediated by the two
cannabinoid receptors (CB1/CB2) and eventu-
ally, by their heteromers, GPR55, orphan
receptors (GPR3/GPR6/GPR12/GPR18), or
PPARγ. Now, there is the time to translate
the findings into patients. The chapter takes

primarily into account advances since 2016
and addresses the issue of proving
neuroprotection in humans. One recent discov-
ery is the existence of activated microglia with
neuroprotective phenotype; cannabinoids are
good candidates to skew phenotype, especially
via glial CB2 receptors (CB2R), whose
targeting has, a priori, less side effects those
targeting the CBs1 receptor (CB1R), which are
expressed in both neurons and glia. The fact
that a cannabis extract (SativexTM) is
approved for human therapy, such that canna-
bis use will likely be legalized in many
countries and different possibilities that canna-
binoid pharmacology suggests a successful
route of cannabinoids (natural or synthetic)
all the way to be approved and used in the
treatment of neurodegeneration.

Keywords

Neurodegenerative diseases · Dementia · Drug
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Heteromers · Therapy · Microglia · Nootropics
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CNS central nervous system
FAAH fatty acid amide hydrolase
GPCR G-protein-coupled receptor
GPRn orphan GPCR number “n”
MDS-
UPDRS

Scale for non-motor symptoms in
parkinsonian patients

PD Parkinson’s disease
PET positron emission tomography
PPARγ peroxisome proliferator-activated

receptor γ
THC Δ9-tetrahydrocannabinol

6.1 Introduction

The history of medicines derived from drugs of
abuse is fairly interesting. In the case of natural
cannabinoids, i.e. those derived from Cannabis
sativa, there has been a huge delay in the approval
of “medical cannabis” despite controversy on
whether or not Cannabis consumption leads seri-
ous dependence. The first cannabinoids approved
for therapeutic use were synthetic derivatives of
natural compounds: nabilone and dronabinol;
they are used for a wide-range of illnesses but
mainly to stop nausea and vomiting associated,
for instance, with chemotherapy; they are also
used to combat anorexia (Fraguas-Sánchez and
Torres-Suárez 2018). Following the long-
standing and well-known relaxed legislation
existing in Holland, Cannabis sativa consumption
is now approved in Uruguay, Canada, and several
states of EEUU. It is likely that more and more
countries will approve ad hoc legislation to allow
consumption, not only for recreational purposes
but also for medicinal uses. In fact, it is well
known that patients of a huge variety of diseases
have stuck to the intake of natural cannabinoids:
some cases are related to the diseases of CNS, for
instance, Parkinson’s disease (PD), some others
are related to sclerosis as patients report symptom
improvements. Cancer patients even at advanced
stages report improvement in cancer-associated
pain. Furthermore, medication based on natural
cannabinoids has been approved. To our knowl-
edge, there are two cannabinoid-based medicines:
Sativex™/nabiximols and Epidiolex™.

Epidiolex consists of cannabidiol (CBD), one of
the main components of Cannabis sativa,
dissolved in sesame oil. Interestingly, Sativex™
is one of the few plant extracts that have been
approved as a medicine. It contains several
compounds but with enrichment in cannabidiol
(CBD) and Δ9-tetrahydrocannabinol (THC).
Sativex™, whose content in CBD and THC is
similar, is prescribed for spasticity associated
with multiple sclerosis. Rimonabant, a synthetic
cannabinoid receptor antagonist was approved for
weight loss but was retired after serious adverse
events (Carai et al. 2006; Sam et al. 2011).
Enhanced cannabinoid action may be afforded
by inhibiting the enzyme that degrades
endocannabinoids, fatty acid amide hydrolase
(FAAH) (Benito et al. 2003; Goncalves et al.
2008; Celorrio et al. 2016) (see below). Unfortu-
nately, a clinical trial using an inhibitor of FAAH
led to the death of healthy volunteers (van
Esbroeck et al. 2017; Kaur et al. 2018). Despite
the issue was independent of enzyme inhibition,
this fact has led to some reluctance to develop
therapeutic drugs acting on those enzymes. In
summary, it is likely that in the future more
cannabinoids, natural or synthetic, may be
approved for different diseases. Meanwhile,
practitioners face the issue of “prescribing” can-
nabis for patients with neurodegenerative
diseases in these countries or in the US States,
where consumption is allowed; a review on
sources presenting the pros and cons of “medical
cannabis” use in patients (Noel 2017) and an
account of “appropriate” dosing based on cur-
rently approved medicines (MacCallum and
Russo 2018) are available. We here report the
potential of cannabinoids (natural or synthetic)
in neuroprotection related to the three more prev-
alent neurodegenerative diseases (Alzheimer’s,
Parkinson’s, and Huntington’s). Very solid
reports have been provided in the last two decades
(see (Fernández-Ruiz et al. 2015; Mannucci et al.
2017; Cilia 2018; Fraguas-Sánchez and Torres-
Suárez 2018) for review) and, therefore, this
chapter focuses on research performed,
since 2016.
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6.2 Receptors that Respond
to Cannabinoids

As of today, two receptors that mediate the phys-
iological effects of cannabinoids are cannabinoid
CB1 and CB2 receptors, which belong to the G-
protein-coupled receptors (GPCRs) superfamily
(https://www.guidetopharmacology.org/). In
addition, they interact to each other to form CB1

and CB2 heteromers of proved physiological rel-
evance and with therapeutic potential as the CB1

and CB2 receptors themselves (Callén et al. 2012;
Sierra et al. 2015; Navarro et al. 2018, 2018)

The orphan GPCR, GPR55, was at first con-
sidered as a third cannabinoid receptor (Ryberg
et al. 2007). Although this possibility has not
reached consensus and GPR55 may be the recep-
tor of lysophosphatidylinositol, it is known that
cannabinoids regulate GPR55 action. In addition,
GPR55 may form heteromers with CB1 receptors
or with CB2 receptors (Kargl et al. 2012; Balenga
et al. 2014; Martínez-Pinilla et al. 2014; García-
Gutiérrez et al. 2018). Actually, data indicate that
GPR55 may be a target for PD (Celorrio et al.
2017) but, besides complex pharmacology, there
are few available tools; therefore, it lacks behind
the CB1 and CB2 receptors in the race to find anti-
neurodegenerative drugs.

CBD, at high concentrations, activate cannabi-
noid receptors. Recently, CBD has also been
reported as an allosteric modulator of these
receptors (Laprairie et al. 2015; Martínez-Pinilla
et al. 2017). Interestingly, CBD behaves as an
inverse agonist of some orphan GPCRs such as
GPR3, GPR6, and GPR12 (Laun and Song 2017;
Laun et al. 2019), which share a high degree of
homology with the cannabinoid receptors
(Morales et al. 2018). GPR18, another orphan of
GPCR that may be regulated by cannabinoids,
may interact with CB2 (CB2R) but not with the
CB1 receptor (CB1R) (Reyes-Resina et al. 2018)

6.3 Addressing Neuroprotection
in Humans

Addressing neuroprotection is not easy. Even in
the case of laboratory animal models of

neurodegenerative diseases, the demonstration
that a given drug is neuroprotective poses
difficulties. In addition, symptom improvements
(in animal models) are quite often considered as
neuroprotection and this interpretation is wrong.
Yet, preclinical research has led to candidates that
seem really neuroprotective, i.e. prevent neuronal
death, and cannabinoids are among them.

Demonstrating neuroprotection in humans is a
serious concern as there is not any “technique”
that can prove it. Food and Drug Administration
has no special rules that could serve to address
this issue. Furthermore, clinical trials, by concept,
and also by the pressure of pharmaceutical
companies, are limited in time. Demonstrating
neuroprotection requires time and requires safe
drugs in chronic administration. In summary,
patients are in urgent need of protocols to address
neuroprotection. In our understanding, this
requires new protocols and the use of drugs that
are already considered as safe in chronic usage or
of complements that are considered as “generally
recognized safe” and are commercially available.
This specific issue applied to another promising
drug class, antagonists of A2A receptors, has been
widely discussed elsewhere (Franco and Navarro
2018). Longitudinal studies are likely required in
either i) healthy individuals taking memory
enhancers (nootropics) for years and looking for
the age of appearance of neurodegenerative signs
or ii) patients taking additional medication with a
“safe” drug (already approved or provisionally
approved on the basis of compassionate drug
use) and measuring disease progression using ad
hoc scores (Franco et al. 2019). In either case,
cannabinoids are candidates that deserve to be
tested.

Another advantage of cannabinoids is related
to the relatively recent development of PET
tracers. Especially, relevant are those that are
able to detect CB2R in the brain of living humans
(healthy individuals or patients); the very recent
papers on tracer development prove the interest of
in vivo picturing this receptor (Attili et al. 2019;
Kallinen et al. 2019). On the one hand, it is
considered that PET for CB2R gives relevant
hints for the neuroinflammation extent (see (Kho
et al. 2017) for background). On the other hand, it
is considered that reducing neuroinflammation in
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patients reflects less neurodegeneration and
hence, reduced the progression of the disease
(see (Spinelli et al. 2017) for review). Very
importantly, and as pointed out by (Janssen
et al. 2018), it would be instrumental to develop
a PET tracer for the neuroprotective M2
microglial phenotype. Such a tracer could be a
biomarker for neuroinflammation and/or for
assessing neuroprotection in humans.

Another issue is related to dosage.
Cannabinoids may act in a hormetic-like fashion,
i.e. qualitatively different depending on the dose
(Calabrese and Baldwin 2002; Calabrese and
Rubio-Casillas 2018). Taking a simple example,
CBD at high concentrations activates cannabi-
noid receptors, whereas CBD at lower doses
behaves as a negative allosteric modulator
(Martínez-Pinilla et al. 2017). See below (section
on AD) for another example involving THC
(Calabrese and Rubio-Casillas 2018).

6.4 Potential of Cannabinoids
in Parkinson’s Disease

Parkinsonian patients are in need of drugs that
delay the progression of the disease,
i.e. preventing the death of dopaminergic neurons
in the substantia nigra. Although there are effica-
cious interventions to address symptoms, they are
not exempt of undesirable effects, mainly
dyskinesias, i.e. involuntary movements arising
after long periods of chronic pharmacological
treatment. There is evidence that cannabinoids
may be useful for neuroprotection but also for
addressing symptoms and for reducing the
chances to suffer from dyskinesias. There are
other aspects of the disease, particularly those
are known as non-motor symptoms. A recent
protocol has been disclosed to address the safety
and efficacy of nabilone in a cohort of approxi-
mately 38 patients entering into a randomized,
placebo-controlled, double-blind clinical study.
The primary outcome will be the MDS-UPDRS
score and the results are expected by the end of
2019 (Peball et al. 2019).

Confirming data in animal and cell models
analysis of post-mortem samples and positron

emission tomography (PET) in living patients
shows that cannabinoid signaling is altered in
Parkinson’s disease and that cannabinoid
receptors exist in the brain regions susceptible of
targeting by therapeutic drugs (Cilia 2018). The
expression of CB1R and endocannabinoid
synthesizing/degrading enzymes is also altered
in the basal ganglia as a consequence of side
effects levodopa treatment, more precisely during
the active phase of dyskinesia (Rojo-Bustamante
et al. 2018). Accordingly, the CB1 and CB2

receptors (individually or forming heteromers
with other GPCRs) are potential targets of drugs
aimed at affording neuroprotection.

At present, the evidence for efficacy in humans
is scarce. The authors for a systematic review on
Medical Cannabis and Neurodegenerative and
Psychiatric indicated that: “Evaluation of these
low-quality trials, as rated on the Cochrane risk
of bias tools, was challenged by methodological
issues such as inadequate description of alloca-
tion concealment, blinding and underpowered
sample size. More adequately powered controlled
trials that examine the long and short term effi-
cacy, safety and tolerability of cannabis for med-
ical use, and the mechanisms underpinning the
therapeutic potential are warranted”. (Lim et al.
2017). In what concerns PD-related pain,
prospects are already good; a meta-analysis con-
sidering >25 clinical trials (randomized) with
idiopathic parkinsonian patients showed that
greater pain reductions were achieved with
safinamide but followed by cannabinoids and
opioids (Qureshi et al. 2018). Therefore,
cannabinoids are equipotent as one of the most
potent pain relievers, opioids, but with the advan-
tage that cannabinoids have fewer side effects.

Starting with the seminal discoveries of Rafael
Mechoulam (Gaoni and Mechoulam 1964;
Mechoulam et al. 1970; Mechoulam and Parker
2013) in the cannabinoid field, Israelian
laboratories and hospitals have significantly
contributed to find evidence for cannabinoid clin-
ical potential. A human-based report by
laboratories in this country indicates that
cannabinoids are efficacious in “reducing tremor,
dyskinesia, rigidity and pain, and improving
sleep” (Katz et al. 2017). The authors add that
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medical cannabis may be useful in dementia “

although clinical data are still inadequate”.
As they are often altered in neurodegenerative

models, research on the mitochondrial metabo-
lism and mitochondrial biogenesis is gaining
momentum in the field. For instance, THC
upregulates proteins involved in biogenesis to
MPP+ toxicity in a dopamine transporter-positive
cell line (SH-SY5Y) (Zeissler et al. 2016). The
mechanisms are dependent on upregulating a
PPARγ co-activator 1α, PGC-1α, and a mito-
chondrial transcription factor, TFAM.

The potential of glia and cannabinoid
receptors in glia merits special attention in PD
but also in AD (see below). In the rotenone
model of PD, a phytocannabinoid,
β-caryophyllene reduces, among other, glial acti-
vation and this leads to the protection of dopami-
nergic neurons (Ojha et al. 2016). While these
results indicate that glial activation may be detri-
mental, as it was currently thought, they contrast
with those reporting that targeting the CB2R
reduces the progression of motor symptoms in
the LRRK2-transgenic mice (Palomo-Garo et al.
2016). It is interesting that the authors want to
correlate without taking glia into account. Indeed,
CB2R expression in CNS neurons (mainly
restricted to the globus pallidus and cerebellum)
could not explain the results in the LRRK2 mice;
therefore, the effects are likely due by CB2R
expressed in the activated microglia (see the sec-
tion on AD, below). In any case, it would be good
to know the status of the glia in the LRRK2 mice
and the expression of activation markers and of
cannabinoid receptors. As of today, there are no
hits in Pubmed for “LRRK2-transgenic mice” and
“microglia”. However, CB2R in the glia has
already been suggested as a pharmacological tar-
get against PD-related inflammation (Gómez-
Gálvez et al. 2016). The authors were even able
to find the upregulation of the receptors in the
glial cells of patients using post-mortem samples.
It should be noted that VCE-003.2, which is a
synthetic quinone derivative of cannabigerol,
provided (in a PPARγ receptor-dependent way)
benefits against inflammation-driven neuronal
deterioration in a PD model in (García et al.
2018).

As also commented below, it is needed to
establish not only the target but the pharmacolog-
ical properties of the “therapeutic” cannabinoid,
i.e. whether more efficacious one will be an ago-
nist, an inverse agonist, or an allosteric
modulator. In this sense, it is informative the
case of the patient displaying mild cognitive
impairments and living independent but who
became seriously affected when nabilone was
administered. To know the reasons of such psy-
chosis, exacerbation would help in designing the
most appropriate type of cannabinoid to address
PD (Udow et al. 2018).

Familial early-onset PD may be caused by
mutations in the (PINK1) gene, which codes for
PTEN-induced putative kinase 1. (Madeo et al.
2016) reported in PINK1 knockout mice a CB1

receptor dysfunction that was dependent on dopa-
minergic transmission. The usefulness of such
finding in terms of PD therapy will require further
experimental effort.

6.5 Potential of Cannabinoids
in Alzheimer’s Disease

Cannabinoids are among the myriad of drugs that
transgenic models are efficacious reducing the
pathological hallmarks of Alzheimer’s disease
(AD) but that, unfortunately, have failed to
reach the patient (Franco and Cedazo-Minguez
2014). The handicap is double, i.e. apart from
the difficulty in assessing neuroprotection in
humans, it turns out that transgenic Alzheimer’s
disease models do not display neuronal death.
Accordingly, these models serve more for heredi-
tary cases (around 10% of total cases) and less for
sporadic non-hereditary cases (around 90% of
total cases). Can cannabinoids on delaying dis-
ease progression? Part of the answer came from
analogies, i.e. if cannabinoids are seemingly
neuroprotective in other neurodegenerative
diseases they may be also efficacious in
Alzheimer’s patients. Recently, the efficacy of
some cannabinoids (individually administered or
co-administered) has been tested in a so-called
phenotypic screening platform that “recapitulate
proteotoxicity, loss of trophic support, oxidative
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stress, energy loss, and inflammation” (Schubert
et al. 2019). Compounds were also assayed for
“their ability to remove intraneuronal amyloid”
(Schubert et al. 2019). The conclusion of syner-
gism upon coadministration is notable
(Sativex™/nabiximols is, in fact, a mixture of
compounds), but the conclusion that the agonists
of the CB1 receptors are affording
neuroprotection (Schubert et al. 2019) must be
taken with caution as i) previous data do not
support this view and ii) phenotypic platforms
may not be suitable to measure neuroprotection
in this disease. In fact, in one of the newest
transgenic models with quicker cognitive
impairment onset, the triple 3xTg-AD mice,
desensitization of the CB1 receptor may be a
“plausible strategy to improve behavior
alterations associated with genetic risk factors
for developing Alzheimer’s disease” (Llorente-
Ovejero et al. 2018). Other recent results on can-
nabinoid action on animal models of Alzheimer’s
disease are provided below.

In what symptoms are concerned, the use of
cannabinoids has been suggested to reduce agita-
tion and/or the aggressive behavior found in some
patients (Liu et al. 2015). A clinical trial to know
the efficacy of a synthetic cannabinoid, nabilone,
on agitation in moderate-to-severe Alzheimer’s
disease (Ruthirakuhan et al. 2019) has seemingly
been completed in March 2019 (https://
clinicaltrials.gov/ct2/show/NCT02351882)
though no results have been posted. A recent
meta-analysis based on double-blind, placebo-
controlled trials have retrieved six studies with a
total of 251 cases; the conclusion is that the
results are inconclusive in what concerns aggres-
sion or agitation (Ruthirakuhan et al. 2019).

Cannabidiol, which has recently reported as an
allosteric modulator of the CB1 and CB2 receptors
(Laprairie et al. 2015; Martínez-Pinilla et al.
2017; Navarro et al. 2018), may activate peroxi-
some proliferator-activated receptor γ (PPARγ)
and via the Wnt/β-catenin pathway, may reduce
the oxidative stress and neuroinflammation
associated with the disease. The authors propose
cannabidiol as a drug to combat Alzheimer’s dis-
ease (Vallée et al. 2017). The modulation of genes
in the mesenchymal stem cells suggests that

cannabidiol leads to an expression pattern that
could be more beneficial with any efficacious
anti-Alzheimer’s disease therapy (Libro et al.
2016).

Rats with intracerebroventricularly
administered okadaic acid appear as a model of
Alzheimer’s disease as they present, in some
brain regions, pathological hallmarks
(phosphorylated tau and ß-amyloid) and display
cognition deficits. Consistent with the potentially
relevant role of activated microglia in what
concerns neuroprotection, a selective CB2 recep-
tor agonist was effective in reducing cognitive
impairment, neurodegeneration and
neuroinflammation (Çak{r et al. 2019). The
potential of the receptor as a target for
neuroprotection is reinforced by the detection of
memory impairment and of Tau pathology in the
CB2 receptor knockout mice. Animals presented
Tau hyperphosphorylation, on a decrease of
AMPK activity and mitochondrial dysfunction
(Wang et al. 2018).

Classical activation of microglia has been con-
sidered as detrimental but this view has changed.
In fact, two different phenotypes arise from the
activation of resting M0 microglia such as M1 of
proinflammatory and M2 of neuroprotective (see
(Franco and Fernández-Suárez 2015) for review).
A recent discovery has linked the activated
microglia to neuroprotection in Alzheimer’s dis-
ease. We found that the primary cultures of
microglia from a transgenic AD mouse model
present the activated phenotype with an important
regulatory role of cannabinoids via cannabinoid
receptors and receptor heteromers (Navarro et al.
2018). These results in animals that, unlike
human patients, do not present any neuronal
death leads to the suggestive hypothesis that
microglia may be neuroprotective and prevent
neuronal death and consequently, the progression
of the disease. Results from the effects of
ß-amyloid in a novel immortalized microglial
cell line (McCarthy et al. 2016) may help in
designing drugs leading to microglial M2 pheno-
type skewing.

In addition, it should be noted that blood flow
is important for any neurodegenerative condition.
In this sense, both functional impairments that

86 C. Pérez-Olives et al.

https://clinicaltrials.gov/ct2/show/NCT02351882
https://clinicaltrials.gov/ct2/show/NCT02351882


may be regulated by ligands acting at the canna-
binoid receptors have been detected in the vessels
from a transgenic AD model (Navarro-Dorado
et al. 2016).

The negative regulation of ß-amyloid-
activated astroglial hemichannels is seen as a
neuroprotective mechanism exerted by
cannabinoids (Gajardo-Gómez et al. 2017).

Synthetic cannabinoids constituted by
indazolylketones are postulated to be potential
to combat Alzheimer’s disease as some of the
generated compounds are able to target the CB2

receptor to inhibit ß-secretase 1 (the enzyme that
participates in the production of the ß-amyloid
toxic peptide) and to inhibit butyryl cholinester-
ase (one of the enzymes that degrade a neuro-
transmitter reduced in the disease: acetylcholine)
(González-Naranjo et al. 2019).

Finally, an interesting hypothesis has been
emitted to explain the biphasic effects of THC
that is able to alter short-term memory, while it
improves neurological function in old animals
and in animal models of Alzheimer’s disease in
which the compound prevents neurodegenerative
processes. This paradox may be reconciled by
one of the properties of hormetic mechanisms,
namely different effects depending on the dose
(Calabrese and Rubio-Casillas 2018). Interest-
ingly, the benefits of THC on cognitive deficits
in transgenic Alzheimer’s disease mice models do
not happen in healthy aging of wild-type animals
(Aso et al. 2016). In addition, it should be noted
that the metabolism of an endocannabinoid,
2-arachidonoylglycerol, is altered by different
aggregates of ß-amyloid (Pascual et al. 2017),
thus suggesting that endocannabinoid metabolism
is altered in patients.

6.6 Potential of Cannabinoids
in Huntington’s Disease

Huntington’s disease is caused by neuronal death
due to an abnormal protein, consisting of
huntingtin with long poly-glutamine expansions.
Therefore, it is hereditary and the altered gene
contains CAG expansions that may be generated
during spermatogenesis. Recent results have

shown that torsional stress promote the genera-
tion of CAG expansions in the gene coding for
huntingtin (Simard et al. 2017).

Cannabinoids may be neuroprotective in this
disease as it has been demonstrated in the R6/2
rodent model of the disease. Neuroprotection was
achieved by a Sativex™-like combination of
compounds, although the motor performance
was not improved. The neuroprotective effect
was deduced, among others, from dystonia
improvement and increased metabolic activity
measured by PET in the basal ganglia. These
data suggest that an appropriate combination of
cannabinoids may affect disease progression
(Valdeolivas et al. 2017). In another recent report,
a different composition of compounds showed
symptoms of improvement. In fact, cannabinoids
improved dystonia, gait, and fine motor skills in
early-onset Huntington’s disease patients. In
some individuals, the treatment was associated
with less hypersalivation and less apathy and
irritability (Saft et al. 2018).

Spinocerebellar ataxias are hereditary neuro-
degenerative disorders some of which share
with Huntington’s the involvement of proteins
with poly-glutamine expansions. From word
with both models of spinocerebellar ataxia and
post-mortem samples from patients, it is found
that the CB1 receptors are upregulated in neurons
and the CB2 receptors are upregulated in the
Purkinje cells and glial cells present in different
regions of the cerebellum. It is thought that
activating the CB1 and CB2 receptors or
inhibiting the enzymes that degrade
endocannabinoids could result in neuroprotection
(Gómez-Ruiz et al. 2019). However, it was noted
in a rodent model, the targetted deletion of an
endocannabinoid-producing enzyme, monoacyl-
glycerol lipase, affords protection for huntingtin-
induced medium spiny neuronal loss and motor
impairment. The authors suggest that a reduction
in the availability of the product of the reaction,
2-arachidonoylglycerol, may be beneficial and
that the enzyme is a potential therapeutic target
for the disease (Ruiz-Calvo et al. 2019). As it
stands, it is not yet clear where, when, and how
decreased endocannabinoid tone is neuro-
protective and where, when, and how activation
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or blockage of cannabinoid receptors result in
neuroprotection.

One possible approach for drug development
is considering functional selectivity and receptor
functionality (Franco et al. 2018). In practice,
medicinal chemists are designing “biased” ago-
nist, i.e. molecules that upon binding to a given
receptor lead to differential signaling that may
affect the viability of cells expressing mutant
huntingtin (Laprairie et al. 2016). In a recent
review, the authors state: “Recent studies have
found that Gαi/o-biased CB1 agonists activate
extracellular signal-regulated kinase (ERK),
increase CB1 (receptor) protein levels, and
improve viability of cells expressing mutant
huntingtin” (Bagher et al. 2018). Tetrahydrocan-
nabinolic acid, another component of Cannabis
sativa, affords neuroprotection in two
Huntington’s disease cell models, one expressing
a mutated form of huntingtin (STHdhQ111/Q111
cells) and another expressing a protein with
94 poly-glutamine repeats (mHtt-q94). The
neuroprotective action is mediated by agonism
at PPARγ (Nadal et al. 2017). It remains to be
elucidated whether the compound may also act as
a biased agonist at the cannabinoid receptors. The
VCE-003.2 synthetic molecule, which was above
described in the section devoted to Parkinson’s
disease, also displays potential to combat
Huntington’s disease as it afforded progenitor
cell survival without losing the capacity to acti-
vate PPARγ. Hence, VCE-003.2 improved motor
deficits, reduced neuroinflammation, and
prevented medium spiny neuronal loss in the
rodent models of the disease (Díaz-Alonso et al.
2016).

It is well-known that Huntington’s disease has
no canonical drug to be used for delay neuronal
death. Sativex™ was used in a double-blind,
randomized, placebo-controlled clinical trial
with patients. Symptoms were not improved but
the positive aspect is that Sativex™ was safe and
well-tolerated (López-Sendón Moreno et al.
2016). Apart from longer treatment and higher
doses, the main issue in neurodegenerative
diseases is the difficulty in addressing the mea-
sure of neuroprotection in humans (see above).

In conclusion, the potential of cannabinoids
for neuroprotection is evident but the challenge
is to demonstrate select/develop the most appro-
priate cannabinoid receptor ligand and to demon-
strate its usefulness in clinical assays. As pointed
out by (Maccarrone et al. 2017): “The continued
characterization of individual cannabinoids in
different diseases (Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease, and
epilepsy) remains important”.
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Cannabidiol Therapy for Refractory
Epilepsy and Seizure Disorders 7
Victoria Golub and D. Samba Reddy

Abstract

Cannabis-derived cannabinoids have neuroac-
tive properties. Recently, there has been
emerging interest in the use of cannabidiol
(CBD)-enriched products for treatment of
drug-resistant epilepsy. In 2018, the FDA
approved the use of CBD-rich Epidiolex for
two severe forms of epilepsy in children
(Lennox-Gastaut and Dravet syndromes).
Experimental research supports the use of
CBD in many CNS disorders, though the
mechanisms underlying its anticonvulsant
and neuroprotective effects remain unclear.
CBD has been shown to reduce inflammation,
protect against neuronal loss, normalize
neurogenesis, and act as an antioxidant.
These actions appear to be due to the multimodal
mechanism of action of CBD in the brain. This
chapter briefly describes the current information
on cannabis pharmacology with an emphasis on
the clinical utility of CBD in the treatment of
refractory epilepsies and other related seizure
conditions. Clinical trials are ongoing for other
forms of epilepsy and refractory seizures
associated with infantile spasms, tuberous scle-
rosis, and Rett syndrome. Overall, adjunct CBD
has been found to be generally safe and effective

for treatment-resistant seizures in children with
severe early-onset epilepsy. Whether an add-on
CBD is efficacious for the long-term treatment
of various epilepsy and seizure types in adults
being tested in various clinical trials.

Keywords

Cannabis · Cannabidiol · CBD, THC ·
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7.1 Introduction

Epilepsy is the most complex and devastating
chronic brain disorder in children and adults.
Despite the influx of new anticonvulsant drugs
(AEDs) over the past 50 years, 30–40% of epi-
leptic patients still experience refractory seizures
that are untreatable by current medications. These
patients with treatment-resistant seizures are at a
much higher risk for persistent brain damage and
other secondary consequences of epileptic
seizures that adversely influence quality of life.
Polypharmacy to manage such seizures is
associated with serious side effects such as seda-
tion, somnolence, and cognitive impairment. This
is commonly observed in children with certain
types of devastating pediatric epilepsies, such as
Lennox-Gastaut, Doose, and Dravet syndromes
in which afflicted children have an increased
risk of death compared to their peers of the same
age (Autry et al. 2010). One explanation for this
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high percentage of refractory seizures is that pre-
clinical research and screening for AEDs has been
biased toward agents that modulate only a single
pathology in epileptogenesis; i.e., focused on
either reducing hyperexcitation or increasing
inhibition via the modulation of ion channels or
neurotransmission. This empirical approach often
ignores the multimodal intracellular components
that might serve as novel targets for the relief of
symptomatic seizures. Therefore, the need for
different therapeutic options to manage refractory
forms of epilepsy is still a current issue.

Cannabis is a generic term for products of the
plant Cannabis sativa L. This plant has been used
therapeutically for thousands of years
(Grotenhermen 2006). Marijuana is a dried mix-
ture of cannabis leaves and flowers. It was well
known that the cannabis plant had psychotropic
effects, inducing a "high" or euphoric effect.
Research over the past few decades led to the
identification of cannabinoids, which are
categorized into three primary classes: phytocan-
nabinoids, endocannabinoids, and synthetic
cannabinoids. Hemp, a strain of Cannabis sativa
L. (historically grown for fibrous materials found
in stalks and seeds), contains minimal amounts of
THC and low levels of CBD. An oil extracted
from cannabis seeds by cold pressing is called
Hemp oil or hempseed oil. It contains only trace
amounts of cannabinoids. CBD oil or hemp CBD
oil is an extract obtained from the flowering
portions of the hemp plant, then dissolved in
coconut or sesame oil. It contains no THC and
has no psychoactive properties. Cannabis oil is a
concentrated cannabis extract, often containing
very high THC levels.

Recently, the cannabis-derived phytocan-
nabinoids have shown compelling evidence as a
potential therapy for medication-resistant seizures
(Friedman and Devinsky 2015; Reddy and Golub
2016; O’Connell et al. 2017). Specifically, the
nonpsychoactive phytocannabinoid, cannabidiol
(CBD), has been well tolerated and retains both
anticonvulsant and anti-inflammatory properties,
though a mechanism of action that has yet to be
fully clarified (Reddy and Golub 2016; Billakota
et al. 2019). Some CBD-based pharmaceuticals
(Epidiolex, Realm Oil, and others) have been

suggested as potential therapies for refractory
epilepsy. In June 2018, the FDA approved
Epidiolex for the treatment of seizures associated
with two rare and very severe forms of pediatric
epilepsy, Lennox-Gastaut syndrome and Dravet
syndrome. Epidiolex has been approved in
patients aged two and older in these syndromes;
ongoing clinical trials are rapidly underway to
determine the efficacy of CBD-based treatments
in young, adult, and aged epileptic patients with
other types of refractory seizures, as well as for
many different neurological conditions.

The topic of cannabis in medical regimens has
been widely debated in both the academic and
political communities, with a special focus of
the rationale of cannabis products for children.
There are numerous stories and anecdotal
findings of desperate parents seeking cannabis
products to relieve their children’s seizures; how-
ever, what scientific evidence exists for cannabis’
effectiveness? This book chapter briefly discusses
the pharmacology of cannabis and reviews the
clinical utility of CBD in the treatment of refrac-
tory epilepsies.

7.2 Pharmacology of Cannabinoids

The cannabis plant contains over 100 compounds,
collectively referred to as phytocannabinoids
(ElSohly and Gul 2014). Among these products,
the two best characterized cannabinoids are tetra-
hydrocannabinol (THC) and cannabidiol (CBD)
(Fig. 7.1). Cannabidivarin (CBDV) is a variant of
CBD with some neuroactive properties.
Tetrahydrocannabidivarin, a structurally similar
compound to THC, is actually an antagonist of
THC. Δ-Tetrahydrocannabinolic acid (THCA),
the most abundant cannabinoid in cannabis bred
for recreational use, is a nonpsychoactive or
non-euphoric precursor of THC. THCA converts
to THC when heated or smoked. Most of the data
on CBD and THC compounds demonstrate anti-
convulsant properties in major experimental sei-
zure models (Rosenberg et al. 2017; Patra et al.
2019; Huizenga et al. 2019). However, there has
also been some evidence and discrepancy of
proconvulsive properties of THC in healthy
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animals, generally at high doses (Stadnicki et al.
1974; Martin and Consroe 1976). THC is psycho-
active and prone to tolerance, and therefore, is a
less likely therapeutic option for epilepsy. Con-
versely, CBD does not exert psychoactive effects.
Therefore, CBD has been selected for advanced
studies in experimental and clinical trials for
epilepsy.

While studying how THC exerting its psycho-
tropic effects, the endocannabinoid system was
discovered within the body. The
endocannabinoid system can influence many
neurophysiological processes, including neuronal
excitability, pain and inflammation, feeding and
energy regulation, and learning and memory, as
well as emotion regulation. Endocannabinoids
identified so far include anandamide,
2-arachidonoylglycerol, virodhamine,
N-arachidonoyl dopamine, and noladin ether.
These physiological functions of
endocannabinoids are mediated by cannabinoid
receptors (CBRs) that have been found within
the central nervous system, reproductive organs,
skin, and digestive tract (Grotenhermen 2006).

The primary pharmacological effects of THC
and CBD are due to their interaction with the
CBRs. There are two subtypes of CBRs, CB1

and CB2, which are G-protein-coupled receptors
that work primarily to inhibit adenylate cyclase
activity through the Gi/o pathway (Howlett et al.
1986). Through this mechanism, CB1 activation
can modulate neurotransmitter release in the brain
areas the receptors are most highly expressed, i.e.,
the limbic structures, cerebral cortex, basal
ganglia, and select areas of the midbrain and
medulla (Tsou et al. 1998). CB2 receptors are
located primarily on immune tissues and specific

cell types such as the spleen, lymph nodes,
B-cells, macrophages, and microglia (Galiegue
et al. 1995). Activation of CB2 receptors on
immune cells or organs may lead to immunosup-
pressive responses. Furthermore, there is limited
expression of CB2 receptors within the CNS,
located only in areas such as the hippocampus
and brainstem (Stempel et al. 2016). Unlike acti-
vation of CB1 receptors in these regions, CB2

activation has been demonstrated to trigger neu-
ronal excitation, which may explain the debate
among scientists over THC’s antiseizure abilities.
However, not all cannabinoids act on the
endocannabinoid system, as in the case of CBD.
A series of consecutive studies using the maximal
electroshock and pilocarpine models of epilepsy
observed that the anticonvulsant properties of
THC were due to its activity at CB1 receptors,
whereas the antiseizure properties of CBD were
CB1 independent and may occur via a different,
unknown mechanism (Wallace et al. 2001, 2002,
2003). Pharmacological mechanisms underlying
the therapeutic claims for reducing the prevalence
of epileptic seizures with CBD-enriched products
are currently poorly understood. The following
sections discuss the known pharmacokinetics
and mechanisms of two major (THC and CBD)
cannabinoids.

7.3 Mechanism, Bioavailability,
and Metabolism of THC

THC is the most abundant compound found in
cannabis and is responsible for the psychoactive
effects commonly associated with the recreational
smoking of marijuana. It has also been associated

Fig. 7.1 Chemical
structures of the two major
phytocannabinoids CBD
and THC
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with changes in human cognition and perception
(Hofmann and Frazier 2013). THC acts as a par-
tial agonist of CB1 receptors in the
endocannabinoid system, which are predomi-
nantly found within the CNS, with especially
high concentrations in the hippocampus. It is
through this binding action that THC exerts it
anticonvulsive properties (Consroe et al. 1982).
The hippocampus is often a focal point for many
forms of epilepsies. Within the hippocampus,
CB1 receptors have been observed in high levels
within the CA1–3, and with highest expression in
the dentate gyrus (Glass et al. 1997). These
receptors have been further characterized onto
presynaptic GABAergic neurons of basket cells
as well as excitatory neurons (Irving et al. 2000;
Kawamura et al. 2006). THC administration can
reduce glutamate release in excitatory neurons, as
well as inhibit release from cholinergic neurons
and GABAergic interneurons (Shen et al. 1996;
Gifford et al. 2000; Katona et al. 2000). Further-
more, CB1 activation has been shown to inhibit
voltage-gated Ca2+ channels and increase K+

channel activity to inhibit presynaptic transmis-
sion (Shen et al. 1996).

THC also binds to a number of other targets
including CB2 receptors, located primarily on the
cells of the immune system; transient receptor
potential cation channels TRPA1, TRPM8, and
TRPV2; serotonin receptors; G-protein-coupled
GPR55 receptor; and the μ- and δ- opioid
receptors; as well as some subtypes of Na, K,
and Ca channels (Pertwee and Cascio 2014).
The mechanism by which THC produces anticon-
vulsant effects is believed to be through CB1

receptors (Detyniecki and Hirsch, 2015), but, as
previously mentioned, there is some controversy
over THC’s actual anticonvulsant effects. A
recent review of THC’s anticonvulsant properties
found 34 articles covering animal models of epi-
lepsy. Antiseizure effects were found in 21/34
studies (61.8%), no significant effects were
found in 11/34 studies (32.4%), and
proconvulsant effects were seen in 1/34 studies
(2.9%) (Rosenberg et al. 2015). The mixed results
for the anticonvulsant effects of THC are likely
due to the complicated pharmacology of the agent
as well as the diverse effects of the

endocannabinoid system, including the
modulation of both excitatory glutamatergic and
inhibitory GABAergic neurotransmission.

Both the absorption and bioavailability of
THC are highly dependent on the route of admin-
istration. Inhaling or smoking THC has the fastest
absorption, with peak plasma levels reached after
10 min and a bioavailability of about 25%. Oral
consumption of THC provides approximately 6%
bioavailability and slower absorption, taking any-
where from 2–6 h to reach peak plasma levels
(Gaston and Friedman 2009). Following absorp-
tion, THC binds to proteins within the blood to
circulate a volume of distribution of 3.4 L/Kg
before hepatic metabolism by cytochrome P450
enzymes CYP2C9, CYP2C19, and CYP3A4.
Excretion of THC metabolites occurs through
both urine and feces (Huestis 2007).

7.4 Mechanism, Bioavailability,
and Metabolism OF CBD

Contrary to THC, CBD has a very low affinity for
the orthosteric sites of the endocannabinoid
receptors. Numerous mechanisms have been pro-
posed to explain the anticonvulsant action of
CBD, though the exact mechanisms still remain
unknown. CBD shares some targets with cur-
rently available antiepileptic drugs (AED)
ethosuximide and zonisamide by blocking cal-
cium influxes through T-type voltage-gated cal-
cium channels (Ross et al. 2008). This activity is
similar to the actions of levetiracetam,
lamotrigine, and eslicarbazepine, which target
L-, P/Q, and N- type calcium channels. Recent
research has demonstrated that CBD can also
target aberrant mutant Nav1.6 sodium channel
activity, which is often associated with severe
syndromic epilepsies like Dravet syndrome
(Patel et al. 2016). Furthermore, Kaplan and
colleagues report a substantial reduction in the
frequency and duration of seizures in Scn1a
mutant Dravet mice by enhancing GABAergic
neurotransmission and decreasing action poten-
tial firing of excitatory neurons (Kaplan et al.,
2017). These changes in the excitation/inhibition
ratio were both mimicked and occluded by the
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inhibition of the lipid-activated G-protein coupled
receptor GPR55. Their results suggest GPR55 as
a target of the CBD’s anticonvulsant mechanism.
Other potential targets for CBD’s anticonvulsant
activity include agonism at 5-HT1A serotonin
receptors, TRPA1, and TRPV1/2 (Devinsky
et al. 2014b, b). Though serotonin receptors
seem like an unconventional target for epilepsy,
activation of 5-HT1A receptors via flenfluramine
administration has demonstrated to be an effec-
tive add-on treatment in Dravet syndrome
(Ceulemans et al. 2012).

It has been established that CBD binds poorly
to the orthosteric sites of the CB1 and CB2

endocannabinoid receptors, through which THC
exerts its major effects; however, some evidence
suggests that CBD can act at CB1 receptors as a
negative allosteric modulator. Recently, Straiker
et al. (2018) demonstrated that CBD has no direct
effect on excitatory transmission within autaptic
hippocampal neurons but does inhibit two forms
of endogenous cannabinoid-mediated retrograde
synaptic plasticity. CBD reduced depolarization-
induced suppression of excitation (DSE), an
endogenous 2-arachidonoyl glycerol
cannabinoid-mediated effect, as well as
metabotropic suppression of excitation without
affecting GABA-B receptor function (Straiker
et al. 2018). These results expanded on the
finding that CBD has a pharmacological profile
consistent with potent negative allosteric modula-
tion of CB1 signaling (Laprairie et al. 2015),
though implications for CBD antiseizure
properties are still somewhat limited.

The clinical pharmacokinetics and pharmacol-
ogy profile of CBD is outlined in Table 7.1. Bio-
availability and absorption of CBD is also highly
dependent of the route of administration, with
peak concentrations being reached after 10 min
when given intranasally, 2 h when orally con-
sumed, and over 15 h when administered through
a transdermal gel (Ohlsson et al. 1986; Deianna
et al. 2012). CBD has a low bioavailability of
10% due to high first-pass metabolism in the gut
and liver (Devinsky et al. 2014b, b). Both the
Cmax and area under the curve increase when
CBD is administered with a high-fat meal or
fatty vehicle (i.e., sesame oil- or coconut

oil-based suspension). Similar to THC, CBD is
highly lipophilic and reaches a volume of distri-
bution of 32 L/kg by traveling through the plasma
protein binding (Ohlsson et al. 1986). CBD is
metabolized in the liver predominately by the
cytochrome P450 enzymes CYP2C19 and
CYP3A4 before excretion in feces (Gaston and
Friedman 2009). The anticonvulsant effects of the
circulating metabolites of CBD, 7-COOH-CBD
and 6-OH-CBD, remain undefined.

7.5 Translational Studies of CBD
on the Comorbities of Epilepsy

Epilepsy is known first and foremost as a seizure
disorder, with patients experiencing a variety of
seizure types, i.e., convulsive, absence, atonic,
clonic, tonic, and myoclonic. These symptomatic
seizures can be induced by genetic, mechanical
injury, psychological, or viral causes. In many
cases, there is a period between the initial insult
and the onset of seizures. During this latency
period, several restructuring processes are under-
way, transforming a normal brain into a hyperex-
citable, epileptic one (Clossen and Reddy 2017).
These processes have been mirrored in many
rodent models, and include neuronal and blood-
brain barrier damage, inflammation, alterations in
neurogenesis, axonal/dendritic plasticity, and epi-
genetic changes (Reddy and Kuruba 2013;
Younus and Reddy 2017). Furthermore, patients
with epilepsy have a higher prevalence for psy-
chiatric disorders such as anxiety and depression.
Since epilepsy is associated with such a wide
array of neurological disruptions, it is critical
that new antiseizure drugs show neuroprotection
against some or all these factors. This section
describes the current preclinical understanding
of the neuroprotective actions of CBD that are
related to these epileptogenic processes and
comorbidities.

7.5.1 Neuroprotective Actions of CBD

CBD has been shown to have a wide spectrum of
actions, suggesting many therapeutic possibilities
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for the drug. CBD prevented oxidative damage in
an NMDA-mediated neurotoxicity rat model
(Hampson et al. 1998) and also prevents the
exacerbation of reactive oxygen/reactive nitrogen
species production (Campos et al. 2017). Reac-
tive oxygen species and reactive nitrogen species
(ROS/RNS) accumulation often leads to cell
injury and cell death, especially in high glucose-
induced mitochondrial production. CBD seems to
protect against cell death by enhancing intracellu-
lar recycling of cellular components. This
autophagic pathway can malfunction under stress,
thereby promoting more damaging mechanisms.
Hosseinzadeh et al. (2016) suggest the
neuroprotective effects of CBD in pilocarpine-
induced seizures may be due in part to its activa-
tion of hippocampal autophagic machinery to
promote cell survivability over cell death. In one
study of cerebral ischemia, CBD supplementation
improved basal respiration and enhanced mito-
chondrial function via the pentose-phosphate
pathway (Sun et al. 2017). CBD also normalizes
caspase-3 expression in rats with brain iron
overload and decreased β-amyloid protein

deposit-induced neurodegeneration
(Da Silva et al. 2014; Esposito et al. 2011).

7.5.2 Anti-inflammatory Actions
of CBD

Inflammation within epileptic foci can exacerbate
seizures and epileptogenesis. CBD ameliorates
expression of pro-inflammatory cytokines,
which can aggravate injury (Rajesh et al. 2007).
During hypoxic-ischemic brain damage, CBD
administration provided neuroprotection by
reducing the deleterious effects of glutamate tox-
icity and inflammatory molecule production such
as IL-6, TNF alpha, COX-2, and iNOS (Castillo
et al. 2010). These effects were mediated by
CBD’s activity on CB2 and adenosine receptors.
Together, these studies suggest CBD acts as an
antioxidant to reduce ROS/RNS, attenuates
inflammatory cascades, and significantly reduces
neurodegeneration in a variety of injury models.

Table 7.1 The clinical PK and pharmacological profile of CBD (Epidiolex)

Indications Treatment of seizures associated with Lennox-Gastaut syndrome or Dravet syndrome in
patients 2 years of age and older

Product Oral solution: 100 mg/ml
Dosage Starting dosage is 2.5 mg/kg, orally, twice daily (5 mg/kg/day) Maintenance dosage is 5 mg/

kg twice daily (10 mg/kg/day)
Maximum dosage is 10 mg/kg, twice daily (20 mg/kg/day)

Oral bioavailability 10%
Tmax (5–20 mg dose) 2.5 to 5 h
Volume of
distribution (Vd)

~32 L/kg

Metabolism CYP2C19 and CYP3A4 enzymes, and UGT1A7, UGT1A9, and UGT2B7 isoforms
Half-life (t1/2) 56 to 61 h
Clearance (CL) 1111 L/h
Protein binding >94%
Drug-drug
interactions

Potent inhibitor of CYP3A and CYP2C isozymes
Strong inducer of CYP3A4 or CYP2C19 isozymes
Substrates of CYP1A2 and CYP2B6

Common adverse
effects

Somnolence; decreased appetite; diarrhea; fatigue, malaise, asthenia; rash; insomnia, sleep
disorder, infections; and suicidal behavior and ideation

Warning and
precautions

Hepatocellular injury: It can cause transaminase elevations. Concomitant use of valproate and
higher doses of CBD increase the risk of transaminase elevations.

Discontinuation When discontinuing CBD, the dose should be decreased gradually, because of the risk of
increased seizure frequency and status epilepticus.
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7.5.3 CBD Facilitation
of Neurogenesis

Hippocampal neurogenesis is a major source of
plasticity in the brain with a variable rate through-
out the lifetime. It has been demonstrated in many
rodent models that seizures produce both short-
and long-term changes in cell proliferation
(Parent et al. 1997; Hattiangady et al. 2004).
Prolonged seizure activity leads to a significant
increase in neurogenesis in the dentate gyrus
cells, which can contribute to acute aberrant net-
work reorganization during epileptogenesis. Cell
proliferation returns to baseline approximately
1 month following status epilepticus in rats; how-
ever, in cases with extreme neuroinflammation
within the temporal regions, reduced
neurogenesis after status epilepticus has also
been observed (Hattiangady et al. 2004). It is
suggested that seizure-generated granule cells
have poorer survivability than new-born neurons
in a naïve animal, and that a lowered rate of
neurogenesis may be correlated with higher initial
injury severity (Mohpael et al. 2004).

Neuropsychiatric disorder models provide an
opportunity to study the mechanisms of
neurogenesis. In rodents, exposure to chronic
stressors induces dendritic remodeling and
reduced adult hippocampal neurogenesis (Bessa
et al. 2009). Reduced neurogenesis is recognized
as one of the major mechanisms related to smaller
hippocampal volume in patients suffering from
mood disorders and schizophrenia (Lucassen
et al. 2010). A study in 2010 demonstrated a
CBD-rich diet can increase BrdU-labeled new-
born neurons in the hippocampus (Wolf et al.
2010); however, the contributory role of
neurogenesis in epileptogenesis is still uncertain
(Danzer et al. 2019). CBD has also been shown to
prevent stress-induced reduction in neurogenesis
as well as prevent neurogenic disruption in a
genetic mouse model of Alzheimer’s disease
(Crippa et al. 2018; Esposito et al. 2011). Further-
more, CBD can modulate intracellular pathways
related to synaptic remodeling including the
Erk1/2 and Akt pathways (Solinas et al. 2013).
In an iron overload induced-brain damage model,

CBD administration normalized the expression of
synaptophysin, a critical protein involved in
proper synaptic and vesicular function (Da Silva
et al. 2014). These actions of CBD are indepen-
dent of cannabinoid receptor modulation.

7.5.4 Anxiolytic Actions of CBD

Initial studies investigating the effects of CBD on
anxiety-like behaviors yielded somewhat contra-
dictory results. In the early 1980s, Zuardi and
Karniol (1983) found 10 mg/kg of CBD
attenuated conditioned emotional responses in
rats, whereas Silveira Filho and Tufik (1981)
found no such effects with 100 mg/kg of CBD.
It was later found during a dose-response study
that CBD induces anxiolytic effects at low doses,
but those effects diminish with higher quantities
(Guimaraes et al. 1990). Since then, many studies
have demonstrated the anxiolytic effects of CBD
in preventing fear expression and reconsolidation
in models of generalized anxiety, PTSD, panic
disorder, and high-stress (Campos et al. 2012a,
2012b; Resstel et al. 2006; Stern et al. 2015).
Additionally, it was also demonstrated that acute
or repeated administration of CBD significantly
decreased the behavioral and autonomic
responses of acute restraint stress (Granjeiro
et al. 2011). CBD reduced anxiogenic effects
seen in acute stress via predator exposure in rats
as well as in chronic unpredictable stress
(Campos et al. 2012a, 2012b). The mechanism
of the anxiolytic effects of CBD are poorly under-
stood, but is most likely due to its interaction with
serotonin 5HT1A receptors. This anxiolytic
nature of CBD could also be associated with
antidepressant like properties, which have been
observed in forced-swim and bulbectomy models
in rats (Zanelati et al. 2010; Linge et al. 2016).
This is corroborated by a human study that shows
that CBD reduces anxiety in social anxiety disor-
der and that this is related to its effects on activity
in limbic and paralimbic brain areas (Crippa et al.
2011).
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7.6 Pivotal Clinical Trials That Led
to the Approval of Epidiolex

Early case reports and surveys on the use of
cannabis for epilepsy have historically been lim-
ited and underpowered with inconclusive results.
In the late nineteenth century, two prominent
British neurologists observed reductions in sei-
zure frequency when they treated their epileptic
patients with cannabis (Reynolds 1861; Gowers
1881). Despite these successes, cannabis
remained understudied as a possible therapeutic
for convulsive disorders until the 1970/80s. A
Cochrane review published in 2012 found four
controlled studies, which examined the therapeu-
tic potential of CBD for epilepsy (Gloss and
Vickrey 2014). This review searched for
randomized, controlled clinical trials that showed
direct evidence of anticonvulsant effects of CBD
in human seizures. They identified only four stud-
ies that fit their efficacy criteria, with a total
sample of 48 participants. Of these four trials,
two found limited improvements on seizure fre-
quency, but all had some methodological flaw
including small sample size and inadequate
blinding (Mechoulam and Carlini 1978; Cunha
et al. 1980; Ames and Cridland 1986; Trembly
and Sherman 1990). Dosing ranged from 200 mg
- 300 mg per day, and the only side effect reported
in any of these studies was somnolence. In gen-
eral, only short-term tolerability of CBD-enriched
therapeutics was demonstrated in these studies.

Two case studies received a lot of media atten-
tion when patients became seizure-free after treat-
ment with medical marijuana or extracts of its
components. In one case, a 24-year-old man
self-treated with 2–5 rolled cigarettes per night
containing whole plant marijuana in addition to
his prescribed AEDs and experienced a full
reduction in refractory seizures (Consroe et al.
1975). The second case report, which convinced
many parents with epileptic children to move to
Colorado, featured a young girl named Charlotte,
who suffered from severe Dravet syndrome. She
was started on a sublingual preparation of canna-
bis extract with a ratio of 16:1 CBD:THC in
tandem with her prescribed clobazam. After

3 months of treatment, Charlotte experienced
>90% reduction in seizures (Maa and Figi
2014). This strain is now named “Charlotte’s
Web” as a tribute to the success Charlotte found
using this extract. In 2013, an oil-based extract of
Charlotte’s Web, called Realm Oil, was tested in
13 patients whose diagnoses included Doose,
Dravet, and Lennox-Gastaut syndromes. A
parent-survey reported that 11/13 patients
reported a weekly reduction in seizures, and of
these 11, 8 experienced a 98–100% reduction in
seizures (Gedde and Maa 2013). An additional
caregiver survey yielded positive outcomes of
other CBD-enriched products in epilepsy. In one
survey, 16/19 responders (84%) reported a reduc-
tion in seizure frequency with cannabis therapy
(Porter and Jacobson 2013). Response rates
appear similar with all products but vary by syn-
drome (LGS > Dravet). Together with the steady
progress in experimental research, these case
reports and underwhelming trials paved the way
for the neoteric clinical trials and FDA approval
of Epidiolex for Lennox-Gastaut and Dravet
syndromes in 2018.

Lennox-Gastaut syndrome (LGS) is a rare,
severe, and drug-resistant form of epilepsy that
begins in early childhood and changes throughout
life. LGS is prevalent in ~4% of children with
epilepsy. The classic description of LGS focuses
on three typical clinical (classic triad) features:
(i) multiple seizure types; (ii) cognitive
impairment; and (iii) slow spike-wave EEG
(Bourgeois et al. 2014). LGS involves a variety
of seizure types including tonic and atypical
absence; drop seizures occur in at least 50%
patients. Many patients with LGS have significant
cognitive impairment. A distinct EEG pattern is
the third characteristic feature of LGS for most
patients. LGS presentation, however, is variable
and not all patients exhibit all components of the
classic triad at onset. LGS with cognitive and
physical impairments elicits a significant impact
on patients and caregivers. LGS signs and
symptoms may also change over time. Such
high-risk seizures may predispose patients to sta-
tus epilepticus or sudden unexpected death in
epilepsy (SUDEP) and head injury (Schmidt and
Bourgeois 2000). There is a high risk (14-fold) of
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mortality in children with LGS. Research is cur-
rently being carried out to identify genetic factors
in LGS.

The effectiveness of Epidiolex for the symp-
tomatic treatment of seizures associated with LGS
was founded on two randomized, double-blind,
placebo-controlled trials conducted in 2014–2015
(Thiele et al. 2018; Devinsky et al. 2018a,
2018b). Epidiolex contains >98% CBD and less
than <0.15% THC and is prepared in a
strawberry-flavored sesame oil-based suspension.
These trials included patients aged 2–55 years old
(Study 1 n ¼ 171; Study 2 n ¼ 225) and com-
pared doses of 10 mg/kg/day and 20 mg/kg/day of
Epidiolex versus placebo. A period of 4- weeks
was used to assess baseline seizures in LGS
patients. A minimum of 8 drop seizures, which
were inadequately controlled by their current
medications during this period, was required to
participate in the clinical trial. The most common
concomitant AEDs in these studies were
clobazam, valproate, lamotrigine, levetiracetam,
and rufinamide. A 2-week titration period
followed the 4-week baseline.

The primary efficacy measure was percent
change in seizure frequency during the 12-week
maintenance period. In both studies, Epidiolex-
treated patients observed a significantly greater
reduction in seizure frequency. In Study 1 (Thiele
et al. 2018), a 41% reduction in seizure was
observed with 20 mg/kg/day ( p ¼ 0.01). In
Study 2 (Devinsky et al. 2018a, b), a 36% reduc-
tion was seen at 10 mg/kg/day ( p < 0.01) and
38% reduction at 20 mg/kg/day ( p < 0.01) com-
pared to placebo. Secondary measures included
changes in Subject/Caregiver Global Impression
of Change (S/CGIC) during the last visit. This
scale was conducted using a 7-point comparison
impression on the status of the patient’s overall
condition at the beginning and ending of the
clinical trial using phrases such as “much
improved”, “slightly improved”, “no change”,
“much worse”, etc. The S/CGIC scores for Stud-
ies 1 and 2 most closely corresponded to “slightly
improved” in treated patients vs “no change” in
placebo groups. An additional observational
study reported 9/23 patients experience >50%
decrease in seizures, with a median reduction in

seizures of 32% for all patients when treated with
25 mg/kg per day of Epidiolex (cannabidiol) in
tandem with prescribed AEDs (Devinsky et al.
2014b, b). A similar report was made in 2015
with 25 patients (Oldham et al., 2015).

Dravet syndrome (DS) is a developmental dis-
order typified by severe seizures and delayed
onset of psychomotor deficits (Dravet et al.
2005). DS has distinct characteristics to confirm
diagnosis. Seizures typically develop in the first
year of life in infants in children with no apparent
developmental disabilities. The initial seizure is
often triggered by an illness and may present as a
prolonged, febrile and afebrile-generalized
seizures and progress to severe and often refrac-
tory epileptic encephalopathy; seizures decrease
in frequency and severity with sexual maturity
(Steel et al. 2017; Gataullina and Dulac 2017).
DS has a broad differential diagnosis with a typi-
cal and unique quartet characteristics:
(i) temperature sensitivity; (ii) prolonged seizures
in otherwise normally developing infant; (iii)
developmental delays following early normal
development; and (iv) myoclonic seizures. DS
affects motor and cognitive development. In
early childhood, seizures are triggered by hyper-
thermia, bathing, flashing lights, emotional stress,
visual patterns, and overexertion. In adolescence,
seizures persist, occurring more often during
sleep. In DS, seizures may be worsened by
AEDs that target sodium channels. In addition to
increasing the risk for SUDEP, many children are
frequently taken to the ER with status epilepticus,
which can lead to brain damage. The delayed
social and cognitive development and movement
disorders are additional clinical presentation in
adolescent DS patients. In a majority of cases,
mutations in the sodium channel gene SCN1A
form the genetic basis for DS (Fujiwara 2006;
�Steel et al. 2017). SCN1A+/� mice exhibits
symptoms reminiscent of human DS; they display
both thermally induced and spontaneous seizures,
and develop autism-like social deficits
(Rubinstein et al. 2015). The loss of function in
Nav1.1 channels in SCN1A+/� mice selectively
reduces sodium current and excitatory drive in
GABAergic interneurons contributing to height-
ened epileptogenesis.

7 Cannabidiol Therapy for Refractory Epilepsy and Seizure Disorders 101



The effectiveness for Epidiolex for the treat-
ment of seizures associated with DS was
demonstrated in one randomized, double-blind,
placebo-controlled trial (Devinksy et al. 2017;
NCT02091375). Like the LGS trials, this study
had a 4-week baseline, 2-week titration, and
12-week maintenance period. The minimum
requirements for trial participation were a
documented history of DS and at least 4 uncon-
trolled convulsive seizures while on stable AED
medication during the baseline period. Primary
efficacy measurement was based on percent
change from baseline in seizure frequency,
including atonic, tonic, clonic, and tonic-clonic
seizures during the treatment period. Patients
were aged between 2–18 years and at least 93%
(112/120) of participants were taking two or more
concomitant AEDs. Most commonly prescribed
AEDs during the DS study were clobazam,
valproate, stiripentol, levetiracetam, and
topiramate. A reduction in seizure frequency
was observed after 4-weeks of treatment with
20 mg/kg/day Epidiolex. The median frequency
of convulsive seizures decreased from 12.4 per
month to 5.9 per month in the treated patients,
compared to a decrease from 14.9 to 14.1 seizures
per month in the placebo group. Of the treated
participants (n ¼ 61), 43% had a > 50% reduc-
tion in seizures, including 5% who became
seizure-free. Among these patients, cannabidiol
treatment resulted in a significant reduction in
convulsive seizures versus placebo.

Safety and antiseizure effectiveness of an
open-label extension trial on the long-term CBD
treatment in patients with Dravet syndrome were
reported recently (Devinsky et al. 2019). Patients
who completed GWPCARE1 Part A
(NCT02091206) or Part B, or a second placebo-
controlled trial, GWPCARE2 (NCT02224703),
were invited to enroll in a long-term open-label
extension trial, GWPCARE5 (NCT02224573). A
purified CBD oral solution (100 mg/mL) was
titrated from 2.5 to 20 mg/kg/day over a 2-week
period, along with their existing medications. A
total of 264 enrolled in this open-label extension.
Common adverse events reported include diar-
rhea (34.5%), pyrexia (27.3%), decreased appe-
tite (25.4%), and somnolence (24.6%). In patients

from GWPCARE1 Part B, the median reduction
from baseline in monthly seizure frequency
assessed in 12-week periods up to week 48
ranged from 39% to 51% for total seizures.
After 48 weeks of treatment, 85% of patients/
caregivers reported improvement in the patient’s
overall condition. Overall, this study confirms
that long-term CBD treatment had a reasonable
safety profile and led to sustained reductions in
seizure frequency in patients with treatment-resis-
tant DS.

Long-term safety and efficacy of CBD in chil-
dren and adults with treatment resistant LGS or
DS from expanded access program were reported
recently (Laux et al. 2019). Since 2014, patients
with severe treatment-resistant epilepsies (TREs)
have been receiving add-on CBD in an ongoing,
expanded access program (EAP), which closely
reflects clinical practice. Twenty-eight percent of
LGS/DS patients withdrew, primarily owing to
lack of efficacy (20%). At 12 weeks, add-on
CBD reduced monthly seizures by 50% and
total seizures by 44%. At 12 weeks, the
proportions of patients with �50%, �75%, and
100% reductions in major motor seizures were
53%, 23%, and 6%; the proportions with
corresponding reductions in total seizures were
46%, 26%, and 5%. These results confirm that
CBD had an acceptable safety and efficacy during
long-term treatment in LGS or DS.

There is emerging evidence on long-term
safety and efficacy data for intractable epilepsies
beyond LGS and Dravet syndrome, as evident
from the open-label expanded access program
(Szaflarski et al. 2018). In January 2014, an
expanded access program (EAP) was initiated to
provide CBD to patients with treatment-resistant
epilepsy (TRE). Preliminary efficacy data have
been reported previously (Devinsky et al. 2016).
They have published an updated paper, reporting
pooled results for safety outcomes up to
144 weeks and efficacy endpoints up to
96 weeks in more than 600 patients (Szaflarski
et al. 2018). Of the 607 patients treated (median
treatment duration, 48 weeks; range
2–146 weeks), 76% of patients remained on treat-
ment. CCBD was associated with 51% and 48%
reductions in median monthly convulsive and
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total seizures, respectively, after 12 weeks of
treatment. Reductions in median monthly convul-
sive and total seizures were similar among visit
windows through 96 weeks of treatment. At visits
between weeks 12 and 96, inclusive, the �50%,
�75%, and 100% response rates were notable
and similar among time points. Overall, these
results from this ongoing EAP support previous
observational and clinical trial data showing that
add-on CBD may be an efficacious long-term
treatment option for TRE (Szaflarski et al.
2018b). CBD was generally well tolerated;
treatment-emergent adverse events were consis-
tent with those reported previously.

To date, most clinical trials have focused on
the assessment of safety and/or efficacy of CBD
in combination with prescribed antiepileptic
drugs. Studies focusing on genetically based
epilepsies such as Dravet, Lennox-Gastaut, and
West syndromes have been the most common.
However, there are currently over 20 clinical
trials ongoing to study the efficacy of CBD for a
number of neurological conditions including the
seizure-associated disorders of infantile spasms
(NCT02953548; NCT02954887), tuberous scle-
rosis complex (NCT02544750; NCT02544763),
Rett syndrome (NCT03848832), and refractory
epilepsy in adults (NCT02607904;
NCT02564952; NCT02565108; and
NCT02286986). These investigations of CBD
are providing rigorous information on the phar-
macological basis of their clinical use. A higher
dose of CBD is associated with a greater chance
for seizure improvement, though children may
respond better to lower doses of CBD than adults
(Hernando et al. 2018). There is promising early
indications of CBD’s effectiveness as an adjunct
AED for children with intractable generalized
epilepsy (Cilio et al. 2018; Carney et al. 2017).
A transdermal CBD gel is proposed as an adjunc-
tive therapy for the treatment of focal seizures in
adults (Sebree et al. 2016; O’Brien et al. 2018),
but further evaluation in double blind studies is
warranted to confirm such predictions.

7.7 Adverse Effects and Drug
Interactions

In controlled and uncontrolled trials in patients
with LGS and DS, 689 patients were treated with
CBD, including 533 patients treated for more than
6 months, and 391 patients treated for more than
1 year. In an expanded access program and other
compassionate use programs, 161 patients with
DS and LGS were treated with CBD, including
109 patients treated for more than 6 months,
91 patients treated for more than 1 year, and
50 patients treated for more than 2 years
(Devinsky et al. 2014b, b; Devinksy et al. 2017;
Szaflarski et al. 2018). In these clinical trials of
CBD, the most common adverse reactions that
occurred in CBD-treated patients (incidence at
least 10% and greater than placebo) were somno-
lence; decreased appetite; diarrhea; transaminase
elevations; fatigue, malaise, and asthenia; rash;
insomnia, sleep disorder, and poor quality sleep;
and infections. CBD can cause weight
loss (Szaflarski et al. 2018b). However, CBD
does not produce THC-like behavioral (reward-
ing) responses and it does not produce physical
dependence. There is increasing attention on the
importance of the relationship between sleep and
epilepsy. CBD therapy has been associated with
alterations in sleep architecture (Drake et al.
2018). Further research on the effects of CBD
on sleep parameters and related measures is
needed.

CBD is metabolized by CYP3A4 and
CYP2C19. Therefore, co-administration with a
moderate or strong inhibitor of CYP3A4 or
CYP2C19 can increase CBD plasma
concentrations, which may result in a greater
risk of adverse reactions. Conversely,
co-administration with a strong CYP3A4 or
CYP2C19 inducer can decrease CBD plasma
concentrations, which may lower the efficacy of
the drug. Co-administration of CBD increases
plasma concentrations of drugs that are
metabolized by CYP2C19 (e.g., diazepam) and
may increase the risk of adverse reactions with
these substrates. In addition, co-administration of
CBD produces a three-fold increase in plasma
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concentrations of N-desmethylclobazam, the
active metabolite of clobazam (a substrate of
CYP2C19. This drug interaction may increase
the risk of clobazam-related adverse reactions. In
addition, diet had a significant interaction on the
pharmacokinetics of CBD. In clinical pharmaco-
kinetic studies, high fat diet was found to increase
Cmax and AUC of CBD (Epidiolex) ~4 fold
(Taylor et al. 2018). In another pharmacokinetic
study, purified CBD capsules were administered
orally with and without food to adults with refrac-
tory epilepsy. An average of 14-fold and 4-fold
increases in Cmax and AUC respectively were
found in patients in the fed condition (Birnbaum
et al. 2019).

Some studies were performed to investigate
drug-drug interactions between CBD and fre-
quently prescribed AEDs. These trials found sig-
nificant changes in AED serum levels when CBD
and clobazam were taken in tandem (Friedman
et al. 2014; Geffrey et al. 2015). For those
patients, the dose of clobazam was reduced.
These studies also boasted a 50–55% reduction
in seizures in 11/13 patients, though the
remaining 2/13 patients experienced increased
seizure activity (Geffrey et al. 2015). The discrep-
ancy in efficacy could be due to varying
etiologies of epilepsy, since the mechanism of
CBD is still unknown.

As all completed clinical trials have tested
CBD with concurrent AED medications, the clin-
ical relevance of drug-drug interactions is
extremely important. Both CBD and THC inhibit
hepatic enzymes CYP2C19 at low levels, and
CYP3A4 at high levels. These enzymes are
induced by carbamazepine, topiramate, and phe-
nytoin, and are inhibited by sodium valproate,
and are responsible for the metabolism of many
AEDs (Gaston and Friedman 2009). An open
label CBD study found drug-drug interactions
with several AEDs taken by both children and
adults, including increases in levels of
rufinamide, topiramate, zonisamide,
eslicarbazepine, clobazam, and
N-desmethylclobazam (Devinsky et al. 2018a,
2018b; Jiang et al. 2013). The only significant
interactions observed were with clobazam and
N-desmethylclobazam, which increased to levels

above the therapeutic range. Clinically significant
drug interactions were observed with CBD and
clobazam and N-desmethylclobazam, which
increased to levels above therapeutic range.
Such actions of CBD have raised questions on
whether the observed antiseizure effects and side
effects of CBD therapy were related to a direct
action of CBD, or were due to CBD’s indirect
effects on elevation of N-desmethylclobazam
levels when coadministered with clobazam, a
antiseizure medication for DS. In a recent case
report from five patients receiving adjunctive
treatment with CBD exhibited increases in
brivaracetam levels by 95% to 280% (Klotz
et al. 2019). Another clinically significant drug
interaction between BCD and tacrolimus was
reported (Leino et al. 2019). Therefore, it is
advised that when taking these medications con-
currently with CBD, dosing may be altered to
reduce risk of interactions and serious adverse
effects.

7.8 Conclusions and Future
Perspectives

Among epileptic patients, 30% remain untreated
with currently available medications. Recent clin-
ical trials and experimental research have brought
new insights to the potential use of cannabinoids
for the treatment of epileptic seizures. CBD, the
active ingredient in Epidiolex, is a cannabinoid
that naturally occurs in the Cannabis sativa plant.
Preclinical models have demonstrated that CBD
not only possesses anticonvulsant properties but
may also be able to disrupt maladaptive processes
associated with epileptogenesis. CBD has been
shown to act as an antioxidant, reduce
proinflammatory cytokines, rescue neurogenesis,
and ameliorate neurodegeneration. Furthermore,
CBD can modulate neuropsychiatric disorders
such as anxiety and depression, which are often
seen as comorbidities in epileptic patients. Clini-
cal efforts from several well-designed trials of a
plant-based CBD (Epidiolex, Greenwich
Biosciences, Carlsbad, CA, USA) have
demonstrated the antiseizure efficacy in patients
>2 years old, especially when taken in tandem
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with currently prescribed AEDs (Elliott et al.
2019). Patients exhibited a favorable adverse
effect profile. However, CBD therapy has
associated adverse effects, with somnolence,
decreased appetite, and diarrhea being the most
common. Moreover, there is some concern for
drug-drug interactions, specifically with
clobazam, topiramate, rufinamide, phenytoin,
clonazepam, and carbamazepine. Similar benefi-
cial outcomes have been reported by an Israeli
clinical study with CBD-enriched medical canna-
bis in a population of children and adolescents
(Tzadok et al. 2016). Despite such overwhelming
therapeutic claims, the molecular basis of CBD
therapy for epilepsy remains unclear. It does not
appear to exert its anticonvulsant effects through
interaction with cannabinoid receptors. It is criti-
cal to know how CBD controls seizures so
chemists can design novel synthetic compounds
for epilepsy to surpass the hurdles of mixed CBD
extracts such as extraction, purification, and
standardization. In addition, it remains to be
determined if plant-based vs synthetic CBDs are
identical in terms of pharmacological outcomes,
both in effectiveness and side effects. Recently, a
synthetic, non-intoxicating 8,9-dihydrocan-
nabidiol (H2CBD) has been prepared and
demonstrated to have effectiveness comparable
to CBD both for decreasing the frequency and
severity of experimental seizures in rats (Mascal
et al. 2019). It is claimed that H2CBD cannot be
converted by any reasonable synthetic route into
THC, and thus could be a safe, noncontroversial
drug for seizure therapy.

Patient responsiveness to cannabis-enriched
therapeutics varies substantially, and in some
cases has been suggested to even exacerbate
seizures. This inconsistency in therapeutic
responses could be contributed to qualitative and
quantitative chemical variability in medical
products, individual differences in the etiology
of seizures between patients, or even in the path-
ological reorganization of epileptic circuits
between forms of epilepsy. Therefore, the con-
sensus among neurologists is to first clinically test
FDA-approved formulations of cannabis products
in specific epilepsy syndromes. However, market-
ing unapproved hemp or CBD-containing

products with uncertain formulations is often
seen in some dispensaries and wellness aisles of
grocery stores. These should not be considered
substitutes or generics for FDA-approved
medicines. These false advertisements can keep
patients from accessing appropriate and
recognized therapies (such as Epidiolex) to treat
serious, and in certain cases, fatal diseases. The
rigorous FDA-approval process is bypassed for
such dispensary products. FDA-approved CBD
products are available by prescription in both
specialty and retail pharmacies, but not
dispensaries. With adequate and well-controlled
clinical studies, physicians will have more confi-
dence in the drug’s potency and efficacy to sup-
port appropriate dosing in a variety of patients. To
this end, the FDA approved the first CBD-based
medication, Epidiolex, for two specific forms of
severe pediatric epilepsy: Lennox-Gastaut and
Dravet syndromes. There are ongoing clinical
trials to expand upon the efficacy, safety, and
dosing for other epilepsies, as well as different
age groups. CBD may impact a variety of brain
conditions (Pisanti et al. 2017); further research is
warranted to profile the full spectrum of CBD
pharmacology.

Cannabis and all its cannabinoids are con-
trolled substances and regulated by the Drug
Enforcement Administration. While most
cannabinoids are classified as Schedule I (banned
substances), the regulatory statutes are rapidly
changing with recent legislation. As of October
30, 2018, Hemp, defined as a cannabis plant
containing <0.3% THC has been descheduled.
Thus, on a federal account, the Agicultural
Improvement Act (also called the Farm bill)
extended the protections of Hemp research to
include plant products including Hemp-derived
CBD. This provision recognizes the importance
of experimental research to discover medicinal
uses and mechanistic pathways of cannabinoids
for epileptic disorders and other conditions. Pres-
ently, four products that are approved by the FDA
are de-classified from this schedule. The clini-
cally available THC and THC analogs are listed
in Schedule II/III and the plant-derived CBD
(Epidiolex) is listed in Schedule V. Recently, a
synthetic CBD (H2CBD) has been prepared and
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tested in experimental seizure models (Mascal
et al. 2019). It is claimed that the synthetic CBD
alternative is easier to purify than a plant extract,
eliminates the need to use agricultural land for
hemp cultivation, and could avoid legal
complications with cannabis-related products.
The synthetic H2CBD and CBD were found to
be equally effective for the reduction of both the
frequency and severity of seizures. Unlike the
plant-derived CBD, H2CBD cannot be converted
by synthetic route into THC, and thus has fewer
regulatory hurdles.
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Cannabinoid-Based Medicines
and Multiple Sclerosis 8
Clementina Manera and Simone Bertini

Abstract

The emerging role of the endocannabinoid
system (ECS) in the control of symptoms and
disease progression in multiple sclerosis
(MS) has been highlighted by recent studies.
MS is a chronic, immune-mediated, and demy-
elinating disorder of the central nervous sys-
tem with no cure so far. It is widely reported
that cannabinoids might be used to control MS
symptoms and that they also might exert
neuroprotective effects and slow down disease
progression. The aim of this chapter is to
give an overview of the main endogenous
and synthetic cannabinoids used for the symp-
tomatic amelioration of MS and their benefi-
cial outcomes, providing new possible
perspectives for the treatment of this disease.

Keywords

Multiple sclerosis · Endocannabinoid system ·
Cannabinoid receptors · Monoacylglycerol
lipase (MAGL) inhibitors · Fatty acid amide
hydrolase (FAAH) inhibitors ·
Arachidonoylethanolamine (AEA) reuptake
inhibitors

8.1 Introduction

Multiple sclerosis (MS) is an important neurolog-
ical disease that affects the central nervous system
(CNS). It is the most common neurological disor-
der in young adults and affects approximately 2.3
million people worldwide (Browne et al. 2014).
MS is more common in women than in men
(Koch-Henriksen and Sørensen 2010; Koch-
Henriksen et al. 2018), with a prevalence ratio
of 3:1 (Dunn et al. 2015b; Dunn et al. 2015a).
Regarding its etiology, it is now widely accepted
that genetic and environmental factors may con-
tribute to the onset and development of the dis-
ease (Hafler et al. 2007; Huynh and Casaccia
2013). MS is a chronic inflammatory immune-
mediated condition characterized by demyelin-
ation of the axons in the CNS. It gradually leads
to progressive neurodegeneration that damages
CNS myelin, leading to neuronal dysfunction
and a broad spectrum of neurological symptoms
that depend upon the site where lesions have
occurred in the brain and spinal cord. The
symptoms of MS include spasticity, sensory
alterations, weakness, painful spasms, bladder
dysfunction, tremor, ataxia, optic neuritis, fatigue,
and dysphagia (Compston 2008).

Molecular mechanisms of MS progression
remain unclear. However, the observed hallmarks
are considered as a consequence of three syner-
gistically mechanisms: inflammation, demyelin-
ation, and axonal damage. Recent evidence
indicates that MS is primarily a

This chapter is based in great parts on the Open Access
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neurodegenerative disease that starts in the brain
and then develops because of inflammation
(Lassmann et al. 2012). This hypothesis has led
to two models of MS immune-pathogenesis: the
“inside-out” and “outside-in.” In the first model, a
dysfunction of brain cells causes the immune
response that destroys myelin and leads to
blood-brain barrier (BBB) breakdown. In the sec-
ond model, a dysfunction of the periphery leads to
BBB damage, myelin disruption, and axonal
death (Stys et al. 2012). The subsequent high
presence of lymphocytes in the CNS and the
activation of innate immune cells (dendritic cell,
macrophages, and microglia) play key roles in
MS pathogenesis. The activation of autoimmune
cells, resident microglia, astrocytes, and
macrophages, results in an immunological storm
that involves abundant secretion of reactive spe-
cies, cytokines, chemokines, autoantibody pro-
duction, and enhanced excitotoxicity. There is a
continuing activation of resident microglia and
astrocytes producing pro-inflammatory mediators
that potentiate the neuroinflammatory response.
This results in oligodendrocytes and axonal dam-
age, and ultimately in demyelination, synaptic
alteration, and neuronal loss (Compston 2008;
Dutta and Trapp 2011; Calabrese et al. 2015;
Mahad et al. 2015). In the early phases of MS,
the oligodendrocytes generate new myelin, and
this remyelination is one of the reasons why
symptoms decrease or temporarily disappear in
relapsing-remitting MS (RR-MS) (Peferoen et al.
2014), which is the most common form of MS
(approximately 85–90% of all cases) (Compston
2008) and it is typified by unpredictable relapses
with full recovery or with sequelae. However, the
myelin sheaths are not completely rebuilt by
oligodendrocytes, and repeated attacks lead to
damage in the axons where scar-like plaques
build up with subsequent axonal loss (Cambron
et al. 2012), associated with the characteristic
symptoms of MS (Polman et al. 2011).

Over the last 15 years, a great amount of
preclinical studies has demonstrated that
compounds targeting the endocannabinoid sys-
tem (ECS) exert anti-inflammatory properties,
neuroprotective and immunomodulatory effects
(Chiurchiù et al. 2015b), allowing them to

alleviate symptoms and to limit progressive
neurodegeneration in animal models of MS
(Chiurchiù et al. 2018).

Cannabinoids exert neuroprotective effects
acting at multiple molecular sites that are in all
key cellular elements for the control of neuronal
survival (e.g., neurons, astrocytes, resting and
reactive microglia, and oligodendrocytes) and
also in key brain structures (e.g., BBB)
(Fernández-Ruiz et al. 2015). These effects are
due to activation of two G protein-coupled
receptors, the type-1 (CB1R) and type-2 (CB2R)
cannabinoid receptors.

CB1R is widely expressed within the CNS
(cortical neurons and interneurons, oligoden-
drocytes, and astrocytes) and also in several
leukocytes infiltrating the brain (Galve-Roperh
et al. 2013). Initially, CB2R has been restricted
exclusively to immune cells (macrophages, mast
cells, and B and T lymphocytes) and immune
organs (spleen, thymus, and lymph nodes)
(Howlett et al. 2002). However, some evidence
showed the expression of CB2R in microglia of
the CNS (Klegeris et al. 2003), and more recently,
it has been also reported to be expressed in
brainstem neurons and astrocytes upon cellular
activation by an insult or inflammation
(Chiurchiù et al. 2015b; Atwood and Mackie
2010; Chiurchiù et al. 2015a).

The multiplicity of action of cannabinoids
allows reducing the excitotoxicity by acting
through neuronal CB1R, as well as the toxic
influence of reactive microgliosis by acting
through microglial CB2R, or enhancing the
trophic and metabolic support to neurons by act-
ing through astroglial CB1R and/or CB2R. In
particular, the activation of CB1R provides
neuroprotection regulating glutamate homeosta-
sis (Docagne et al. 2007). In fact, it is well
known that glutamate is a key mediator in neuro-
nal and oligodendrocyte damage in MS (Musella
et al. 2014), and CB1R agonists exert direct
neuroprotective effects by limiting glutamate
release and the excitotoxic damage characteristic
of several neurodegenerative disorders
(Fernández-Ruiz et al. 2010).

Furthermore, the protective effects of
CB2R activation in microglial cells upon
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inflammatory-induced CNS damage have been
demonstrated in preclinical models of MS
(Fernández-Ruiz et al. 2010). Microglia may be
in two activated states: M1 and M2. The classical
M1 state is characterized by release of
pro-inflammatory factors, i.e., interleukins
(IL-1beta, IL-18, and IL-6), prostanoids, and
inducible nitric oxide synthase (NOS2)-derived
NO. On the other hand, the neuroprotective M2
state, known as “alternative activation”, is
associated with the release of anti-inflammatory
factors, such as IL-10, IL-4, and NGF (Orihuela
et al. 2016). Microglia has a functional
endocannabinoid signaling system, composed of
cannabinoid receptors and the complete machin-
ery for the synthesis and degradation of
endocannabinoids. The expression of cannabi-
noid receptors, mainly CB2R, and the production
of endocannabinoids have been related to the
activation profile of these cells (Mecha et al.
2016).

In preclinical studies, the beneficial effects of
cannabinoids have been reported in different ani-
mal models of MS that are highly useful for
studying different aspects of inflammation, demy-
elination, remyelination, and neurodegeneration
in the CNS (Lassmann and Bradl 2017). Anyway,
so far, none of the available models is able to
cover the entire spectrum of clinical, immunolog-
ical, and pathological features of the disease. For
this reason, in order to have the complexity of MS
fully replicated, multiple models should be used.
The animal models more used are: – Experimen-
tal Autoimmune Encephalomyelitis (EAE),
which is a useful animal model of MS since
many of the pathologies observed in the CNS of
mice with EAE show strong similarity to those
found in the CNS of MS patients (McCarthy et al.
2012); – chronic relapsing experimental allergic
encephalomyelitis (CREAE) is an animal model,
which also presents relapsing-remitting paralytic
episodes and tremor and spasticity of limb
muscles during postrelapse remission strongly
similar to those of MS (Heremans et al. 1996); –
Theiler’s murine encephalomyelitis virus
(TMEV), which is an animal model characterized
by inflammation and demyelination similar to

those described in MS patients (Lassmann and
Bradl 2017).

8.2 Medicinal Cannabinoids

The significant interest for introducing
cannabinoid-based medicines into clinical prac-
tice for the treatment of MS substantially derived
from anecdotal reports of MS patients that expe-
rienced symptomatic relief after recreational use
of cannabis (i.e., smoking) (Clark et al. 2004).
These pieces of evidence have indeed stimulated
scientific research regarding the use of
cannabinoids in this therapeutic field. Therefore,
the efficacy of various cannabinoid preparations
in symptomatic treatment of MS and other neuro-
logical disorders has been evaluated in several
clinical studies in human patients (Fife et al.
2015). The medicinal grade cannabinoids that
are licensed for MS treatment change from coun-
try to country; off-label use also varies widely
(Fife et al. 2015; Johnson 2013; Gloss and Maa
2015).

The four licensed cannabinoid-based
medicines currently available are Marinol®,
Cesamet®, Sativex®, and Epidiolex®. The active
principle of Marinol® is dronabinol, i.e., synthetic
Δ9-tetrahydrocannabinol (Δ9-THC); Cesamet® is
based on nabilone (a synthetic analog of Δ9-
THC); nabiximols, a standardized ~1:1 (w/w)
mix of Δ9-THC and cannabidiol (CBD), both
extracted from Cannabis sativa, is the active prin-
ciple of Sativex®; Epidiolex®, whose active prin-
ciple is CBD, has been very recently approved for
the treatment of seizures associated with Lennox-
Gastaut syndrome or Dravet syndrome in patients
of 2 years of age and older.

Other preparations based on natural
cannabinoids contain essentially various quantita-
tive ratios of Δ9-THC and CBD, i.e., Bedrocan®

(22% Δ9-THC and < 1% CBD from Cannabis
sativa), Bedrobinol® (13.5% Δ9-THC and < 1%
CBD from Cannabis sativa), Bediol® (6.5% Δ9-
THC and 8% CBD from Cannabis sativa),
Bedica® (14% Δ9-THC and < 1% CBD from
Cannabis indica), Bedrolite® (<1% Δ9-THC
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and 9% CBD from Cannabis sativa), and
Bedropuur® (20%–24% Δ9-THC and < 1%
CBD from Cannabis indica).

The structures of the above-mentioned natural
and synthetic cannabinoids that have been studied
for the treatment of MS are shown in Table 8.1.

In the following paragraphs of this part, an
overview of the current findings about
dronabinol, nabilone, and nabiximols in the treat-
ment of MS will be provided.

8.2.1 Dronabinol

The synthetic pure isomer (�)-trans-Δ9-tetrahy-
drocannabinol (the main THC isomer found in the
cannabis plant) is officially called “dronabinol”.
Its original indication was the treatment of
chemotherapy-induced nausea and vomiting
(CINV). Subsequently, its use has been extended
to anorexia associated with weight loss in patients
affected with AIDS. These indications are still
retained.

Soft gelatin capsules with a range of three
dosages (2.5, 5, and 10 mg) are the current phar-
maceutical form of this drug.

Efficacy and safety of dronabinol in treating
MS symptoms has been specifically evaluated in
10 clinical studies published between 1981 and
2013 (Killestein et al. 2002; Zajicek et al. 2003;
Clifford 1983; Killestein et al. 2003; Svendsen
et al. 2004; Zajicek et al. 2005; Petro and
Ellenberger 1981; Ungerleider et al. 1987;
Freeman et al. 2006; Zajicek et al. 2013); almost
all of these studies are reported in 10 reviews
published between 2003 and 2016 (Shakespeare
et al. 2003; Whiting et al. 2015; Ben Amar 2006;
Zhornitsky and Potvin 2012; Koppel et al. 2014;
Karst et al. 2010; Jawahar et al. 2013; Mills et al.
2007; Andrzejewski et al. 2016; Wang et al.
2008) that have been included in a systematic
review of reviews on the basis of eligibility
criteria of methodological quality (AMSTAR
Tool: A Measurement Tool to Assess systematic
Reviews) (Nielsen et al. 2018). In particular, with
the aim of providing an overview of the current
findings about dronabinol, eight key clinical
outcomes in MS have been considered:

disability/disease progression, pain, spasticity,
bladder function, ataxia/tremor, sleep, quality of
life, and adverse effects (Nielsen et al. 2018).
Table 8.1 shows a summary of clinical evidence
for dronabinol.

Regarding the pain related to MS, positive
results were found (Zajicek et al. 2003; Svendsen
et al. 2004; Zajicek et al. 2005; Petro and
Ellenberger 1981). In the assessment of ataxia
and tremor, substantially no change was
evidenced (Killestein et al. 2002; Zajicek et al.
2003; Clifford 1983); the same for disability and
disease progression (Killestein et al. 2002;
Zajicek et al. 2003; Clifford 1983; Killestein
et al. 2003; Zajicek et al. 2013). Indeed, in some
cases, negative effects have been detected
(Killestein et al. 2002). In a noteworthy CUPID
study (Zajicek et al. 2013), a large amount of data
concerning treatment with dronabinol has been
provided, showing that it has no overall effect
on the progression of MS. Mixed findings,
although mostly positive, were highlighted
regarding the quality of sleep (Zajicek et al.
2003; Zajicek et al. 2005). For the rest of the
clinical outcomes (spasticity (Killestein et al.
2002; Zajicek et al. 2003; Zajicek et al. 2005;
Petro and Ellenberger 1981; Ungerleider et al.
1987), bladder function (Zajicek et al. 2003;
Freeman et al. 2006), and quality of life
(Killestein et al. 2002; Zajicek et al. 2003)),
mixed findings were also reported. The main
adverse effects reported for dronabinol are dizzi-
ness, euphoria, dry mouth, fatigue, and drowsi-
ness (Killestein et al. 2002; Zajicek et al. 2003;
Clifford 1983; Svendsen et al. 2004; Zajicek et al.
2005; Petro and Ellenberger 1981; Ungerleider
et al. 1987; Freeman et al. 2006); however, these
effects have been described more frequently as
mild to moderate. With the exception of patients
with pre-existing cognitive disfunctions, cogni-
tive impairment associated with the use of
dronabinol did not seem to be relevant (Killestein
et al. 2002; Zajicek et al. 2003; Svendsen et al.
2004; Zajicek et al. 2005; Freeman et al. 2006).

On the basis of the above-mentioned results,
the only significant clinical evidence regarding
dronabinol relates to its ability to relieve pain
associated with MS, while quite inconsistent
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Table 8.1 Summary of clinical evidence of dronabinol, nabilone, and nabiximolsa

Dronabinol
(synthetic Δ9-THC)

Nabilone
(synthetic analog of Δ9-THC)

Nabiximols
(Δ9-THC:CBD ~ 1:1 (W/W))

Structure(s)

O

OH

O

OH

O

H

H

O

OH

OH

HO

Formulation Soft gelatin capsules
(2.5, 5, and 10 mg)

Capsules
(0.25, 0.5, and 1 mg)

Oro-mucosal spray
(27 mg of Δ9-THC and 25 mg
of CBD / 1.0 mL)

Disability
and disease
progression

No evident changes No studies No evident changes

Pain Positive effects Positive effects Mixed findings (mostly
positive effects)

Spasticity Mixed findings Positive effects Mixed findings (mostly
positive effects)

Bladder
function

Mixed findings Positive effects Mixed findings

Ataxia and
tremor

No evident changes No studies No evident changes

Sleep Mixed findings (mostly
positive effects)

No studies Positive effects

Quality of
life

Mixed findings Mixed findings (mostly positive
effects)

Mixed findings

Adverse
effects

Mild to moderate. Principally
dizziness, euphoria, dry mouth,
fatigue, and drowsiness

Moderate sedation, dizziness, and
moderate weakness in the legs

Mild to moderate. Principally
drowsiness, dizziness,
headache, fatigue, impaired
balance, and disturbance in
attention

Num. Of
studies

10 3 11

Num. Of
reviews

11 5 12

Studies
(references)

(Killestein et al. 2002; Zajicek
et al. 2003; Clifford 1983;
Killestein et al. 2003;
Svendsen et al. 2004; Zajicek
et al. 2005; Petro and
Ellenberger 1981; Ungerleider
et al. 1987; Freeman et al.
2006; Zajicek et al. 2013)

(Martyn et al. 1995; Wissel et al.
2006; Turcotte et al. 2015)

(Wade et al. 2004; Collin et al.
2010; Centonze et al. 2009;
Rog et al. 2005; Wade et al.
2006; Conte et al. 2009; Rog
et al. 2007; Langford et al.
2013; Collin et al. 2007;
Leocani et al. 2014; Kavia
et al. 2010)

(continued)
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conclusions can be made for the other clinical
outcomes.

8.2.2 Nabilone

Nabilone is a synthetic dibenzopyran-9-one ana-
log of Δ9-THC (Table 8.1), available as a racemic
mixture of (S,S)-(+)- and (R,R)-(�)-isomers. In
1985, it was originally licensed for the treatment
of CINV in patients not responding to conven-
tional antiemetic therapies. The use of nabilone
for this therapeutic application has been partially
supplanted by the development of serotonin
5-HT3 receptor antagonists.

The current pharmaceutical form of nabilone
consists of capsules in strengths of 0.25, 0.5, and
1 mg. The effectiveness of nabilone in the treat-
ment of neuropathic, chronic and cancer pain, and
spasticity related to MS has recently been
addressed. However, there has been a minimal
amount of research on its use beyond its license,
over the last two decades. In fact, it has been
specifically evaluated for its effectiveness and
safety in treating MS symptoms in only three
clinical studies published between 1995 and

2015 (Martyn et al. 1995; Wissel et al. 2006;
Turcotte et al. 2015). These studies are reported
in four reviews published between 2006 and 2015
(Whiting et al. 2015; Ben Amar 2006; Koppel
et al. 2014; Karst et al. 2010) included in a sys-
tematic review of reviews on the basis of eligibil-
ity criteria of methodological quality (AMSTAR
Tool) (Nielsen et al. 2018). As mentioned above,
eight MS clinical outcomes have been consid-
ered: disability/disease progression, pain, spastic-
ity, bladder function, ataxia/tremor, sleep, quality
of life, and adverse effects (Nielsen et al. 2018). A
summary of clinical evidence about nabilone is
shown in Table 8.1.

Regarding pain (Martyn et al. 1995), spasticity
(Martyn et al. 1995; Wissel et al. 2006), and
bladder dysfunction (Martyn et al. 1995) related
to MS, positive effects due to nabilone were
found. Mixed findings (although mostly positive)
emerged in the evaluation of quality of life
(Martyn et al. 1995; Turcotte et al. 2015): one
study reported a significant improvement in
objective rating of general health status (Martyn
et al. 1995); another study, in which nabilone was
evaluated as an adjunctive drug to gabapentin,
reported an improvement in patient global

Table 8.1 (continued)

Dronabinol
(synthetic Δ9-THC)

Nabilone
(synthetic analog of Δ9-THC)

Nabiximols
(Δ9-THC:CBD ~ 1:1 (W/W))

Reviews
(references)

(Shakespeare et al. 2003;
Whiting et al. 2015; Ben Amar
2006; Zhornitsky and Potvin
2012; Koppel et al. 2014; Karst
et al. 2010; Jawahar et al. 2013;
Mills et al. 2007;
Andrzejewski et al. 2016;
Wang et al. 2008; Nielsen et al.
2018)

(Whiting et al. 2015; Ben Amar
2006; Koppel et al. 2014; Karst
et al. 2010; Nielsen et al. 2018)

(Whiting et al. 2015; Ben
Amar 2006; Koppel et al.
2014; Karst et al. 2010;
Jawahar et al. 2013; Mills
et al. 2007; Andrzejewski
et al. 2016; Wang et al. 2008;
Nielsen et al. 2018; Martyn
et al. 1995; Wissel et al. 2006;
Turcotte et al. 2015; Russo
and Guy 2006; Novotna et al.
2011; Giacoppo et al. 2017;
Wade et al. 2004; Collin et al.
2010; Centonze et al. 2009;
Rog et al. 2005; Wade et al.
2006; Conte et al. 2009; Rog
et al. 2007; Langford et al.
2013; Collin et al. 2007;
Leocani et al. 2014; Kavia
et al. 2010; Lakhan and
Rowland 2009; Keating 2017)

aAdapted from: Medicines (2018) 5:91
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impression of change, but no statistically signifi-
cant difference in “VAS impact” between
nabilone and placebo groups (Turcotte et al.
2015) (“VAS impact” refers to influence of pain
on patient’s daily activities, recorded using a
visual analog scale). Currently, there are no stud-
ies about the effect of nabilone on sleep quality of
MS patients and on disability/disease progres-
sion. Moderate sedation, dizziness, and moderate
weakness in the legs are the main adverse effects
reported for nabilone (Martyn et al. 1995; Wissel
et al. 2006).

It can be concluded that concerning three clin-
ical outcomes related to MS, i.e., pain, spasticity,
and bladder problems, there is positive evidence
for nabilone.

8.2.3 Nabiximols

First approved in Canada in 2005 for the treat-
ment of neuropathic pain associated with MS and
suddenly approved (2007) in the same country as
adjunctive analgesic treatment of advanced can-
cer pain, nabiximols is a specific extract from
cloned plants of Cannabis sativa consisting of
an approximate 1:1 fixed ratio of Δ9-THC and
CBD (Russo and Guy 2006).

Several European countries approved the drug
in the following years, and today it is available in
about 20 countries worldwide for the treatment of
MS-related moderate to severe spasticity in
patients not responsive to other antispasticity
therapies.

Nabiximols was developed in response to
widespread anecdotal reports about the usefulness
of cannabis for treating various symptoms related
to MS. The introduction of nonpsychoactive
phytocannabinoid CBD in the drug essentially
aims to reduce side effects of Δ9-THC.

Sativex® is the trade name of the drug based
on nabiximols; it is a pharmaceutical product
standardized in composition, formulation, and
dosage. It is formulated as an oro-mucosal spray
containing 27 mg of Δ9-THC and 25 mg of
CBD/1.0 mL, in an aromatized water–ethanol
solution. Each spray (or “puff”) delivers 0.1 mL
of solution, which corresponds to 2.7 mg of Δ9-

THC and 2.5 mg of CBD. Sativex® is available as
5.5 mL spray bottles (maximum 48 sprays) or as
10 mL spray bottles (maximum 90 sprays).

Being the absorption after an oro-mucosal
administration slower with respect to inhalation,
the high plasma levels that occur when cannabis
is smoked or vaporized are avoided. The
oro-mucosal administration is more rapid and
consistent than the oral administration (Novotna
et al. 2011), allowing a more direct access to
blood vessels through the mucosa and, as a
consequence, a more rapid plateau of plasma
concentration, without the problems related to
the oral route (Giacoppo et al. 2017). Further-
more, the delivery system in such a formulation
is very simple for the patients, allowing them to
self-manage a convenient and accurate titration of
dosage.

The effectiveness and safety of nabiximols in
treating MS symptoms has been widely evaluated
in 11 clinical studies published between 2004 and
2014 (Wade et al. 2004; Collin et al. 2010;
Centonze et al. 2009; Rog et al. 2005; Wade
et al. 2006; Conte et al. 2009; Rog et al. 2007;
Langford et al. 2013; Collin et al. 2007; Leocani
et al. 2014; Kavia et al. 2010); these studies are
reported in 11 reviews published between 2006
and 2017 (Whiting et al. 2015; Ben Amar 2006;
Koppel et al. 2014; Karst et al. 2010; Jawahar
et al. 2013; Mills et al. 2007; Andrzejewski et al.
2016; Wang et al. 2008; Giacoppo et al. 2017;
Lakhan and Rowland 2009; Keating 2017). Most
of these reviews have been included in a system-
atic review of reviews on the basis of eligibility
criteria of methodological quality (AMSTAR
Tool) (Nielsen et al. 2018). The eight main clini-
cal outcomes related to MS that have been con-
sidered are the same reported in the above
paragraphs, i.e., disability/disease progression,
pain, spasticity, bladder function, ataxia/tremor,
sleep, quality of life, and adverse effects (Nielsen
et al. 2018). Table 8.1 shows a summary of clini-
cal evidence about nabiximols.

Most of the results support the use of
nabiximols for MS-related pain. In fact, a signifi-
cant reduction in numeric rating scales (NRS) and
visual analogic scales (VAS) score was
highlighted in the treated group with respect to
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placebo group in many randomized controlled
trials (RCT) (Wade et al. 2004; Collin et al.
2010; Centonze et al. 2009; Rog et al. 2005;
Wade et al. 2006; Conte et al. 2009; Rog et al.
2007; Langford et al. 2013). The effectiveness of
nabiximols in the treatment of spasticity
associated with MS is highlighted in some clini-
cal trials, in particular regarding the patient’s
subjective evaluation scales (NRS) (Wade et al.
2004; Collin et al. 2010; Collin et al. 2007;
Leocani et al. 2014); the data concerning the
objective evaluation scales (Ashworth scale
(AS) and modified Ashworth scale (MAS)),
although in favor of the nabiximols, are not sta-
tistically significant in some cases (Collin et al.
2010; Collin et al. 2007). On the other hand, no
change in spasticity was found in some studies
(Centonze et al. 2009; Conte et al. 2009). The
usefulness of nabiximols in ameliorating overall
bladder symptoms related to MS is controversial,
given the contradictory evidence emerged in
diverse studies (Wade et al. 2004; Kavia et al.
2010). Nevertheless, this drug seems to be effec-
tive in reducing the number of bladder voids per
day (Kavia et al. 2010). While nabiximols has
been shown to improve subjective quality of
sleep (Wade et al. 2004), no statistically signifi-
cant positive change in tremor and ataxia
associated with MS has been demonstrated to
date (Wade et al. 2004; Collin et al. 2010).
Mixed findings are in general reported about the
quality of life; however, in some cases, a signifi-
cant average number of MS patients reported an
improvement of the global impression of change
following the treatment with nabiximols (Wade
et al. 2004; Rog et al. 2005; Langford et al. 2013;
Collin et al. 2007). The main adverse effects
associated with nabiximols are drowsiness, dizzi-
ness, headache, fatigue, impaired balance, and
disturbance in attention (Wade et al. 2004; Collin
et al. 2010; Centonze et al. 2009; Rog et al. 2005;
Wade et al. 2006; Conte et al. 2009; Rog et al.
2007; Collin et al. 2007). These effects are
referred to as mild to moderate, and generally
well tolerated. Clinical studies about nabiximols
have not shown any significant change in
parameters that can be referred to disability and
disease progression; these include the Barthel

index of activity of daily living (ADL) and walk-
ing time (10 mt) (Wade et al. 2004; Collin et al.
2010).

These extensive clinical evidences indicate
overall that pain, spasticity and quality of sleep
in MS patients are the indications for which
nabiximols could represent a valid therapeutic
option, and that in general the incidence of
adverse effects (not serious and well tolerated) is
quite low.

8.3 Endocannabinoid System
Modulators

8.3.1 CB1R and CB2R Ligands

One of the first studies of cannabinoids’ effect in
animal models of MS was reported by Lyman
et al. in 1989 (Lyman et al. 1989), who showed
the effects of daily administration of Δ9-THC, an
active component of marijuana with partial CB1R
agonist activity and limited effects on CB2R, on
EAE progression in rats. Indeed, the development
of EAE was ameliorated and the examination of
central nervous system tissue revealed a marked
reduction of inflammation in the Δ9-THC-treated
animals with respect to control animals (Lyman
et al. 1989) indicating that Δ9-THC was able to
inhibit both clinical and histologic EAE. Subse-
quently, Wirguin et al. (Wirguin et al. 1994)
reported the activity of Δ8-THC (Table 8.2) on
EAE. This phytocannabinoid is more stable and
less psychotropic than Δ9-THC and it binds
CB1Rs with high affinity. Δ8-THC was shown
to significantly reduce the incidence and severity
of neurological manifestations of EAE. This com-
pound was considered a prodrug, indeed the inhi-
bition of the prostanoid production by action of
an active metabolite of Δ8-THC, formed from the
first-pass metabolism in the liver, was proposed
as potential mechanisms of action. This hypothe-
sis was supported by the evidence that the benefi-
cial influence of Δ8-THC only occurred on oral
administration and not with parenteral injection
(Wirguin et al. 1994).

Several studies were developed regarding the
role of endogenous and synthetic cannabinoids in
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Table 8.2 ECS modulators and their effects shown in different animal models of MSa

Structure
Name

Origin
Activity

Animal model
Effects

Δ9-THC

Phytocannabinoid
CB1R partial
agonist

In EAE rats:
amelioration of EAE progression (Lyman
et al. 1989)
In CREAE mice:
amelioration of tremor and spasticity
(Baker et al. 2000)

Δ8-THC

Phytocannabinoid
CB1R ligand

In EAE rats:
amelioration of the clinical manifestations
of EAE (Wirguin et al. 1994)

WIN 55,212–2

Synthetic
cannabinoid
CB2R agonist

In CREAE mice:
amelioration of tremor and spasticity
(Baker et al. 2000)
In TMEV-infected mice:
improvement of motor function on
established neurological symptomatology;
stimulation of the remyelination; reduction
of microglial activation and of the number
of CD4 + -infiltrated T cells (Arevalo-
Martin et al. 2003)

JWH-133

Synthetic
cannabinoid
CB2R agonist

In CREAE mice:
amelioration of tremor and spasticity
(Baker et al. 2000)
Intrathecal administration in EAE mice:
reduction, dose dependently, of both
mechanical and cold hypersensitivity
without any signs of ataxia or sedation
(Fu and Taylor 2015)

Methanandamide

Endocannabinoid
CB1R/CB2R
agonist

In CREAE mice:
amelioration of tremor and spasticity
(Baker et al. 2000)

Palmitoylethanolamide (PEA)

Endocannabinoid
CB1R/CB2R
agonist

In CREAE mice:
transient inhibition of spasticity (Baker
et al. 2000)

Arachidonyl-2-chloroethylamide (ACEA)

Synthetic
cannabinoid
CB1R agonist

In TMEV-infected mice:
improvement of motor function on
established neurological symptomatology;
stimulation of the remyelination; and
reduction of microglial activation and of
the number of CD4 + -infiltrated T cells
(Rahimi et al. 2015)

JWH-015

Synthetic
cannabinoid
CB2R agonist

In TMEV-infected mice:
improvement of motor function on
established neurological symptomatology;
stimulation of the remyelination; and
reduction of microglial activation and of
the number of CD4 + -infiltrated T cells
(Arevalo-Martin et al. 2003)

(continued)
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Table 8.2 (continued)

Structure
Name

Origin
Activity

Animal model
Effects

O-1966

Synthetic
cannabinoid
CB2R agonist

In the chronic EAE model:
improved motor function; reduction of
rolling and adhesion of endogenous
leukocytes to pial microvasculature
(Zhang et al. 2009)

Gp-1a

Synthetic
cannabinoid
CB2R agonist

In EAE mice:
reduction of clinical scores; amelioration
of the recovery (Kong et al. 2014)

Compound 21

Synthetic
cannabinoid
CB2R agonist

In EAE mice:
- reduction of the clinical scores and
symptoms; decrease of leukocyte
infiltration in the spinal cord and
demyelination in white matter (Han et al.
2015)

PM-226

Synthetic
cannabinoid
CB2R agonist

In TMEV-infected mice:
dampening of neuroinflammation
(Morales et al. 2016; Mecha et al. 2013)

Compound 57

Synthetic
cannabinoid
CB2R agonist

In EAE mice:
alleviation of the clinical symptoms of
EAE; protection of the murine central
nervous system from immune damage (Shi
et al. 2017)

VCE-004.8

Synthetic
cannabinoid
CB2R agonist

In EAE and TMEV mice:
immunomodulatory activity; inhibition of
inflammatory chemokines, chemokines
receptors, and cytokines; inhibition of the
expression of adhesion molecules (VCAM
and ICAM-1); and induction of the
expression of the hypoxia-inducible factor
(HIF) (Navarrete et al. 2018)

Δ-caryophyllene (BCP)

Phytocannabinoid
CB2R agonist

In EAE mice:
reduction of mechanical hyperalgesia,
inflammation, and pain (Alberti et al.
2017)

aAdapted from: Medicines (2018) 5:91
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CREAE animal model. Baker et al. evidenced
that the CBR agonists R(+)-WIN 55,212–2
(Table 8.2), Δ9-THC, methanandamide
(Table 8.2) and JWH-133 (Table 2) were able to
ameliorate both tremor and spasticity in CREAE
mice (Baker et al. 2000). In particular, a role of
CB1Rs in controlling tremor and of both canna-
binoid receptors in the development of spasticity
was suggested (Baker et al. 2000). In the same
work was reported that the endocannabinoid
palmitoylethanolamide (PEA) (Table 8.2) caused
a transient inhibition of spasticity (Baker et al.
2000). However, more recently, it was
demonstrated that co-administration of PEA
with CBD in EAE was not as active as treatment
with each compound alone, indicating that these
nonpsychoactive cannabinoids could have antag-
onistic interactions in EAE (Rahimi et al. 2015).

Further research showed that in TMEV-
infected mice, WIN 55,212–2 (Table 8.2),
arachidonyl-2-chloroethylamide (ACEA), a
selective CB1R agonist (Table 8.2), and
JWH-015, a weak selective CB2R agonist
(Table 8.2), were able to improve motor function,
to promote the remyelination, and to reduce
microglial activation and the number of CD4+
infiltrated T cells (Arevalo-Martin et al. 2003).
Further studies reported that WIN 55,212–2
restored self-tolerance to a myelin self-antigen
while ameliorating the disease in a long-term
manner. The therapeutic effect of WIN
55,212–2 correlated with a decrease in the activa-
tion of CD4+CD25+Foxp3� T cells and an
increase in regulatory CD4+CD25+Foxp3+ T
cells in the CNS, along with alterations in the
cytokine and chemokine milieu. These findings
demonstrated for the first time that the suppres-
sion of autoimmune responses to myelin antigens
underlies the therapeutic effect of CBR agonists
in the treatment of MS (Arevalo-Martin et al.
2003).

Recent studies were focused on the develop-
ment and study of CB2R selective agonists as the
best therapeutic approach for the treatment of
MS, thanks to their lack of central side effects
usually associated with a CB1R modulation.

First of all, the resorcinol derivative O-1966
(Table 8.2) was shown to significantly improve

motor function in the chronic EAE model, at a
concentration of 1 mg kg-1 and to reduce rolling
and adhesion of endogenous leukocytes (Zhang
et al. 2009). Moreover, the 1,4-dihydro-6-
methylindeno[1,2-c]pyrazole derivative, Gp-1a
(Table 8.2), was demonstrated to be able to
reduce clinical scores and ameliorate the recovery
in EAE mice presenting a long-term reduction in
demyelination and axonal loss. Two different
mechanisms were proposed for this compound,
indeed at first, it was able to affect Th1/Th17
differentiation in peripheral immune organs and
subsequently it affects pathogenic T cell accumu-
lation in the CNS and reduces the expression of
chemokine and adhesion molecules in the CNS
(Kong et al. 2014).

Furthermore, in 2015, Han et al. reported that a
new quinoline-2,4(1H,3H)-dione derivative,
compound 21 (Table 8.2), with selective CB2R
agonist activity, significantly reduced the clinical
scores and symptoms of the EAE mice model, by
remarkably decreasing leukocyte infiltration in
the spinal cord and demyelination in white matter
(Han et al. 2015).

In the same year, Fu et al. (Fu and Taylor
2015) showed that intrathecal administration of
JWH-133 (Table 8.2), a selective CB2R agonist,
in EAE mice, dose dependently reduced both
mechanical and cold hypersensitivity without
any signs of ataxia or sedation. The
co-administration of JWH-133 with a selective
CB2R antagonist dose dependently attenuated
the inhibitory effects of JWH-133. These data
suggested that the selective targeting of spinal
CB2Rs reduced signs of neuropathic pain in
EAE mice without any side effects (Fu and Taylor
2015).

During the following year, chromenopyrazole
nucleus was identified as the promising scaffold
to obtain CBR ligands (Morales et al. 2016).
Structural modifications have been studied in
order to achieve CB2R selectivity and the struc-
tural changes led to the synthesis of chromenoi-
soxazole derivative PM-226 (Table 8.2) as
selective CB2R agonist. This compound damp-
ened neuroinflammation in the TMEV mouse
model by reducing microglial activation to levels
close to those of the control group (Morales et al.
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2016). This decrease in the microglia activation
determined a reduction of inflammatory events
and an improvement of the neurological status
of treated animals (Mecha et al. 2013).

In 2017, Ying Shi et al. reported the identifica-
tion of new potent and selective indole-based
CB2R agonists (Shi et al. 2017) and one of
them, compound 57 (Table 8.2), was selected to
be studied in a EAE mouse model. This com-
pound significantly showed to be able to alleviate
the clinical symptoms and to protect the murine
central nervous system from immune damage.
Furthermore, histological examination of spinal
cords demonstrated a significant reduction of leu-
kocyte infiltration and the extent of demyelination
(Shi et al. 2017).

Very recently, Navarrete et al. (Navarrete et al.
2018) provided evidence that VCE-004.8
(Table 8.2), an amino-quinone derivative of
CBD, is a promising small molecule with
multitarget activity, being a PPAR and CB2R
agonist with potent anti-inflammatory activity.
VCE-004.8 showed immunomodulatory activity
in EAE and TMEV mice models, inhibiting sev-
eral inflammatory chemokines, chemokines
receptors, and cytokines that play a key role in
the pathogenesis of MS. In addition, VCE-004.8
inhibited the expression of adhesion molecules
such as VCAM and ICAM-1. Remarkable is the
finding that VCE-004.8 strongly induced the
expression of the hypoxia-inducible factor
(HIF), which can have a beneficial role in MS
by modulating the immune response and favoring
neuroprotection and axonal regeneration
(Navarrete et al. 2018).

The sesquiterpene β-caryophyllene (BCP)
(Table 8.2) is a CB2R-selective agonist already
reported in the literature for its anti-inflammatory
and analgesic effects in mouse models of inflam-
matory and neuropathic pain (Sharma et al.
2016). Very recently, it is reported that BCP is
able to attenuate disease progression by reducing
mechanical hyperalgesia, inflammation, and pain
in the EAE mouse model (Alberti et al. 2017).
When BCP was co-administered with a selective
CB2R antagonist, the effects were reversed,
demonstrating that BCP action was CB2R-
mediated (Alberti et al. 2017).

8.3.2 Inhibitors of Metabolic
Enzymes of Endocannabinoids

An alternative approach to modulate ECS
consists in the blocking of the metabolic enzymes
of the two main endocannabinoids (ECs), 2-AG
and AEA. This is an interesting therapeutic strat-
egy, as enhancing EC levels is expected to pre-
serve the beneficial effects derived from the direct
activation of CBRs but limiting potential side
effects mostly associated with direct CB1R
agonists. Moreover, in MS patients, there is a
significant alteration of the metabolic enzymes,
mainly of FAAH and of MAGL (Benito et al.
2007; Chiurchiù et al. 2013). In particular, differ-
ent studies using TMEV-infected mice showed
that the inhibition of FAAH determines an
improvement of the motor symptoms, with a
reduction of inflammatory response and the
downregulation of macrophage and of microglial
function (Mestre et al. 2005; Ortega-Gutiérrez
et al. 2005). Furthermore, it was demonstrated
that chronic and long-term inhibition of FAAH,
via genetic ablation, produces clinical remission
and ameliorates long-term results in EAE mouse
model (Webb et al. 2008).

Other studies showed that 2AG-treatment
ameliorated the acute phase of disease with
delay of disease onset and reduced disease mor-
tality and long-term clinical disability in EAE
models (Lourbopoulos et al. 2011). Moreover,
the expression of cannabinoid receptors was
increased and it was accompanied by an increase
of the M2-macrophages in the perivascular
infiltrations. These results indicated that 2-AG
treatment may provide direct (via cannabinoid
receptors) and immune (via M2 macrophages)-
mediated neuroprotection in the EAE model
(Lourbopoulos et al. 2011).

As 2-AG is the main endocannabinoid present
in the brain, and it is a full agonist of both canna-
binoid receptors, many studies were performed on
the MAGL inhibitors. However, it was
demonstrated that chronic MAGL inhibition and
subsequently increase of 2-AG in the brain pro-
voke a functional antagonism of the cerebral
ECS, with tolerance to the analgesic effects of
acute enzymatic inhibition, cross-tolerance to
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CB1R agonists, reduction of expression and func-
tion of the CB1Rs, and interruptions in
endocannabinoid-dependent synaptic plasticity
(Schlosburg et al. 2010).

In contrast, a recent work reported that the
chronic administration of JZL184 reduced the
neurological consequences of disease progression
in EAE mice, reducing the myelin loss and
inflammation of spinal cord white matter
(Bernal-Chico et al. 2015). Furthermore, it was
demonstrated that the repeated administration of
JZL184 at a dose of 8 mg kg�1 did not provoke
changes in CB1R expression in the hippocampus,
and there was not tolerance to the anxiolytic and
analgesic effects of the MAGL inhibitor (Bernal-
Chico et al. 2015).

Recently, Brindisi et al. reported the β-lactam-
based compound 4a (Table 8.3) as a very potent
hMAGL inhibitor, with high selectivity toward
FAAH, other serine hydrolases and cannabinoid
receptors (Brindisi et al. 2016). This compound
exerted a surprising beneficial effect on the pro-
gression of the MS disease in EAE model, due to
the CB1R- and CB2R-mediated action. Histolog-
ical evaluation of myelin demonstrated a signifi-
cant reduction of the demyelinated area in the
EAE mice treated with compound 4a (Brindisi
et al. 2016). Finally, oral administration of 4a at
1 mg kg�1 dose dependently reversed the lower-
ing of the threshold to cold stimuli (cold plate
test) induced by oxaliplatin (OXP), indicating its
efficacy in the treatment of neuropathic pain,
which clearly depends on the increased levels of
2-AG and the subsequent indirect modulation of
cannabinoid receptors (Brindisi et al. 2016).

As above reported, the irreversible MAGL
inhibition causes pharmacological tolerance and
receptor desensitization. For these reasons, some
studies on reversible inhibitors were developed.
An interesting example is given by the compound
21 (Table 8.3) synthesized by Hernández-Torres
et al. (Hernández-Torres et al. 2014). This com-
pound showed a sub-micromolar IC50 value for
MAGL inhibition and very good selectivity
against FAAH, ABDH6, ABHD12, and both
CBRs (Hernández-Torres et al. 2014). In EAE
mouse, it demonstrated to significantly increase
the levels of 2-AG in spinal cord, improving

clinical symptoms and decreasing tissue damage
in the spinal cords. Importantly, catalepsy or other
motor impairments that are observed after the
administration of irreversible MAGL inhibitors,
did not occurred.

The negative effects due to the prolonged inhi-
bition of MAGL enzymes do not occur by FAAH
inhibition. Indeed, it was demonstrated that the
prolonged inhibition of FAAH produced no toler-
ance or no changes in the expression or function
of the CB1R (Pryce et al. 2013). Pryce et al.
demonstrated that potent FAAH inhibitors such
as CAY10402 (Table 8.3) and CAY10400
(Table 8.3) inhibited spasticity but did not induce
any hypothermia, typical of cannabimimetic
effects. However, CAY10400 and CAY10402
have poor pharmacokinetics, and therefore, their
development is unlikely as therapeutic drugs
(Pryce et al. 2013).

A valid alternative is represented by com-
pound URB597 (Table 8.3), which is a potent
irreversible FAAH inhibitor with an improved
pharmacokinetic profile (Pryce et al. 2013). The
administration of URB597 induced spasticity
alleviation immediately without an increased
effect after four daily doses. However, the use of
this inhibitor was not associated with CB1R tol-
erance. Actually, the study emphasized the
benefit because the level of spasticity at the base-
line after four administrations was lower than the
baseline before treatment.

Nevertheless, the inhibition of the above-
reported enzymes, MAGL and FAAH, can also
drive to enhanced neurotoxicity due to an
increase in the availability of endocannabinoids,
which, together with elevated COX-2 activity,
may convert endocannabinoids in new
oxygenated derivatives, so-called prostamides
(derived from AEA) or prostaglandin-
glycerylesters (derived from 2-AG), which may
be highly toxic for neurons (Alhouayek and
Muccioli 2014).

Another effective approach to modulate the
ECS is to act on AEA reuptake, and on this
basis, many selective inhibitors of cellular reup-
take of AEA have been developed. In particular,
compounds O-3246 and O-3262 (Table 8.3) were
reported to have very high potency as inhibitors
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Table 8.3 Inhibitors of metabolic enzymes of ECs and their effects shown in different animal models of MSa

Structure Name Activity Animal model Effects

JZL 184

Irreversible
MAGL
Inhibitor

In EAE mice:
reduction of myelin loss; reduction of inflammation on
spinal cord white matter (Bernal-Chico et al. 2015)

Compound 4

Irreversible
MAGL
Inhibitor

In EAE mice:
analgesic effect (Brindisi et al. 2016)

Compound 21

Reversible
MAGL
Inhibitor

In EAE mice:
decrease of tissue damage in the spinal cords (Hernández-
Torres et al. 2014)

CAY 10402

Irreversible
FAAH
Inhibitor

In Biozzi ABH mice:
inhibition of spasticity (Pryce et al. 2013)

CAY 10400

Irreversible
FAAH
Inhibitor

In Biozzi ABH mice:
inhibition of spasticity (Pryce et al. 2013)

URB597

Irreversible
FAAH
Inhibitor

In Biozzi ABH mice:
inhibition of spasticity (Pryce et al. 2013)

O-3246

AEA
reuptake
inhibitor

In CREAE mice:
inhibition of spasticity (Ligresti et al. 2006)

O-3262

AEA
reuptake
inhibitor

In CREAE mice:
inhibition of spasticity (Ligresti et al. 2006)

(continued)
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of AEA cellular uptake and a negligible activity
as FAAH inhibitors, CB1R and CB2R ligands,
and TRPV1 agonists. These compounds have
been shown to inhibit spasticity in CREAE
mice, confirming the potential utility of selective
AEA uptake inhibitors as antispasticity drugs in
MS (Ligresti et al. 2006).

Furthermore, it has been found that UCM707
(Table 8.3), a potent and selective inhibitor of the
AEA reuptake (Ortega-Gutiérrez et al. 2005), was
able to improve the motor function in a TMEV-
IDD mouse model, and at the histological level, it
reduced microglial activation, diminished major
histocompatibility complex class II antigen
expression and decreased cellular infiltrates in
the spinal cord (Ortega-Gutiérrez et al. 2005).
Additionally, in microglial cells, UCM707
decreases the production of the proinflammatory
cytokines tumor necrosis factor (TNF)-alpha,
interleukin (IL)-1beta, and IL-6; reduces nitric
oxide levels and inducible nitric oxide synthase
expression; and is able to potentiate the action of
a subeffective dose of the endocannabinoid anan-
damide. These results confirm the role played by
the ECS at the level of immunomodulation, and
they are in agreement with experiments that
describe how the blockade of microglial activa-
tion represses the development of the EAE model
of MS (Ortega-Gutiérrez et al. 2005).

8.4 Conclusions

Millions of people worldwide are affected by MS,
a progressive neurodegenerative disease without
any effective cure so far and whose symptoms are
still difficult to manage. The modulation of dis-
tinct components of ECS (CBRs, degrading
enzymes, and AEA transporters) may represent

a new and promising therapeutic strategy to con-
trol symptoms and disease progression of MS, as
demonstrated by recent studies performed in ani-
mal models of MS. It has been reported that
cannabinoids can relieve symptoms of MS by
essentially activating the CB1R. The increase of
endocannabinoid levels through the inhibition of
the degrading enzymes of AEA and/or 2-AG
(FAAH and MAGL, respectively) and of the
AEA transporter can lead to the amelioration of
spasticity. Moreover, the changes reported for the
ECS in different MS models have been associated
with adaptive responses for limiting neuronal
damage. Specifically, the activation of CB1R
regulates glutamate homeostasis and excitotoxic
damage, providing neuroprotection. Furthermore,
it has been has been shown in preclinical models
of MS that CB2R activation has a protective
effect in microglial cells upon inflammatory-
induced CNS damage. Finally, an enhancing
trophic and metabolic support to neurons is
mediated by astroglial CB1R and/or CB2R,
thus reducing excitotoxicity and leading
neuroprotection. On the basis of the above results,
it is reasonable to conceive a synergistic action
between the simultaneous modulation of more
targets of ECS and conventional therapies, pro-
ducing more beneficial effects. Therefore, the
study of multitarget modulators of ECS has been
emerging in the last few years, to achieve this
goal. These agents offer the possibility of
modulating the ECS in a safer and more effective
way with respect to a single target modulation,
directly and indirectly modulating cannabinoid
receptor activity through different mechanisms
of action (Chicca et al. 2018). Although there is
still a need for extensive preclinical studies, we
can hypothesize that multitarget modulators of
ECS could be able to control disease progression

Table 8.3 (continued)

Structure Name Activity Animal model Effects

UCM707

AEA
reuptake
inhibitor

In TMEV-IDD mice:
improvement of motor function; reduction of microglial
activation; and decrease of cellular infiltrates in the spinal
cord (Ortega-Gutiérrez et al. 2005)

aAdapted from: Medicines (2018) 5:91
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and symptoms MS, possibly having a great trans-
lational potential and representing promising
candidates for clinical development.
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Psychiatric Disorders and Cannabinoid
Receptors 9
Neal Joshi and Emmanuel S. Onaivi

Abstract

With the increasing global use of medical and
adult recreational use of cannabis and
cannabinoids, this chapter provides overview
of evidence from animal and human studies on
psychiatric disorders and cannabinoid
receptors. We review and present evaluation
of the relationship between changes in the ECS
and psychiatric disorders. Evidence suggests
the existence of a relationship between
changes in components of the ECS, and some
of the symptoms present in psychiatric
disorders. Both CB1Rs and CB2Rs are
components of the endocannabinoid system
with different cellular and tissue localization
patterns that are differentially expressed in the
CNS and PNS and are emerging targets for the
treatment of number psychiatric disorders. As
cannabis preparations are widely used for rec-
reation globally, it is predictable that cannabis
use disorders (CUDs) will increase and there is
currently no available treatment for CUDs.
Although major advances have been reported
from cannabinoid and ECS research, there are
gaps in scientific knowledge on long-term

consequences of cannabis use. Adolescent
and cannabis use during pregnancy presents
further challenges, and more research will
uncover the signaling pathways that couple
the gut microbiota with the host ECS. Devel-
opment of cannabis and cannabinoid
nanomedicine for nanotherapy will certainly
overcome some of the shortcomings and
challenges in medicinal and recreational use
of cannabis and cannabinoids. Thus, nanotech-
nology will allow targeted delivery of canna-
binoid formulations with the potential to
elevate their use to scientifically validated
nanotherapeutic applications as the field of
cannabis nanoscience matures.
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CNR cannabinoid receptor gene
CNS central nervous system
CP cerebral palsy
CUDs Cannabis use disorders
DSI/DSE Depolarization-induced suppres-

sion of inhibition / excitation
eCB endocannabinoids
ECS endocannabinoid system
ENS enteric nervous system
ERK1/2 Extracellular signal-regulated

kinase 1/2
ET essential tremor
FAAH Fatty acid amide hydrolase
GABA Gamma-Aminobutyric acid
GPCR G protein-coupled receptor
HD Huntingtin disease
IC insular cortex
JNK c-jun N-terminal kinase
LTD long-term depression
MAGL Monoacylglycerol lipase
MAOIs monoamine oxidase inhibitors
MS Multiple sclerosis
NAc nucleus accumbens
PBMCs peripheral blood mononuclear cells
p-CREB phosphor-cAMP response

element-binding protein
PD Parkinson’s disease
PET positron emission tomography
PI3K/Akt phosphatidylinositol-3-kinases /

protein kinase B
PNS Peripheral nervous system
PPARs peroxisome proliferator-activated

receptors
SNPs single nucleotide polymorphisms
SNRIs selective norepinephrine reuptake

inhibitors
SSRIs selective serotonin reuptake

inhibitors
TBI Traumatic brain injury
TCAs tricyclic antidepressants
THC tetrahydrocannabinol
TRPV1 transient receptor potential

vanilloid type 1
TS Tics and Tourette’s syndrome

9.1 Introduction

The shifting landscape on cannabis
medicalization, legalization, and recreational use
is due in part to advances in cannabis and canna-
binoid molecular genetics, and the discovery of
the endocannabinoid system (ECS) in human
body and brain (Onaivi et al. 2012). Review of
the accumulating scientific evidence from canna-
bis plant constituents, animal, and human studies
reveals a previously unknown but ubiquitous and
complex cannabinoid and ECS that is involved in
almost all aspects of mammalian physiology and
pathology (Joshi and Onaivi 2019). In this chap-
ter, we review the growing awareness of the
pharmacotherapeutic potential and limitation of
targeting cannabinoid receptors (CBRs) and
other components of the ECS in psychiatry. The
components of the ECS are emerging as multifac-
eted therapeutic targets for cannabis constituents
in a number of psychiatric and neurological
disorders. The accruing evidence for the thera-
peutic efficacy of phytocannabinoids is promising
for a number of psychiatric disorders. Although
cannabis has been used for millennia, it is not
benign, and there are side effects associated with
use and exposure during pregnancy and in
adolescents with psychiatric vulnerability. Fur-
thermore, the type 1 cannabinoid receptors
(CB1Rs) are now regarded as one of the most
abundant G protein-coupled receptors (GPCRs)
in the mammalian brain and have been exten-
sively studied for their role in the biology of
depression, pain, behavior, anxiety, neurodegen-
erative diseases, nausea, and substance abuse
disorders. However, the neuronal function of
type 2 cannabinoid receptors (CB2Rs) has been
less investigated for central nervous system
(CNS) function, because they were thought to
be predominantly found in immune cells in the
periphery and were called peripheral CB2Rs.
With the increasing global use of cannabis and
the risk of cannabis use disorders (CUDs), there
are still lingering doubts, controversy, and debate
about the functional neuronal localization and
role of CB2Rs (Ghose 2009). The drawback
from some previous studies has been the
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unsuccessful attempts by some groups to generate
mice with selective deletion of CB2Rs from
neurons and the generation of CB2R-GFP and
CB2R-EGFP with peripheral CB2R promoter-
driven transgenic reporter mouse line or other
flaws in designs that detected microglial but not
neuronal expression of CB2Rs (Ghose 2009;
Lopez et al. 2018; Schmöle et al. 2015). Indeed,
our studies provided the first evidence for neuro-
nal CNS effects of CB2Rs, and its possible role in
drug addiction, eating disorders, psychosis,
depression, and autism spectrum disorders
(ASDs), (Onaivi et al. 2006a; Onaivi et al. 2015;
Onaivi et al. 2013; Onaivi et al. 2008; Ishiguro
et al. 2007; Ishiguro et al. 2010a; Ishiguro et al.
2010b; Onaivi et al. 2011). Cell type-specific
mechanisms of CB2Rs are unclear because the
existing CB2R gene knockout mice are constitu-
tive gene knock, with partial/incomplete deletion
of CB2Rs, and are not suitable for tissue- and cell
type-specific studies at molecular, pharmacologi-
cal, and behavioral levels. Therefore, using
Cre/Lox P technology, we created Cnr2-floxed
mice to produce CB2R cKO, DAT-Cnr2, and
Cx3cr1-Cnr2 mice with deletion of CB2Rs in
dopamine neurons and microglia, respectively
(Liu et al. 2017). Characterization of these mice
provides further evidence for the involvement of
CB2Rs in models of psychiatric function and
disorders (Liu et al. 2017; Onaivi et al. 2018;
Canseco-Alba et al. 2018a; Canseco-Alba et al.
2019; Canseco-Alba et al. 2018b).

With increasing global decriminalization and
legalization of adult cannabis use, there are grow-
ing concerns for CUDs (Acheson and Fantegrossi
2019; Melis et al. 2017), especially as cannabis
and cannabinoids including cannabidiol (Premoli
et al. 2019) are thought to be safe in comparison
with the effects of alcohol, tobacco products, and
opioids. In light of the opioid epidemic in USA,
there is distinct CNS localization of mu-opioid
receptors—the target of opioids and CBRs—the
target of cannabis and cannabinoids. CBRs both
CB1Rs and CB2Rs are distributed in different
areas of the brain; they are not in the pons and
medulla oblongata, areas controlling breathing
and respiration. This is why there are no cannabis
overdosing resulting in respiratory depression or

cardiovascular failure that is associated with the
current opioid epidemic. This is because opioid
receptors are abundant in the pons and medulla
oblongata—brain areas involved in the control of
respiration, and overdosing on opioids are
associated with respiratory depression from opi-
oid addiction. Thus, there is an increasing focus
on the therapeutic effects (Premoli et al. 2019), of
cannabis and cannabinoids, and targeting CBRs
and components of the ECS in psychiatric
disorders as reviewed in this chapter.

9.2 Endocannabinoid Signaling
in Psychiatric Disorders

Disruption of the endocannabinoid system is
associated with psychopathologies involved in
psychiatric disturbances and neurological
disorders (Onaivi et al. 2015). The ECS consists
of CBRs that are activated by cannabinoids,
endocannabinoids (eCBs), and their metabolic
enzymes (Onaivi et al. 2012; Joshi and Onaivi
2019; Zou and Kumar 2019). Cannabinoids mod-
ulate signal transduction pathways associated
with GPCRs, ionotropic, and nuclear receptors
to exert their biological and therapeutic effects
in psychiatry (Zou and Kumar 2019). G protein-
coupled receptor, GPCR-CBR signaling activities
in neuronal, glia cells, and ion channels have been
demonstrated in vitro and in vivo models. A
number of these studies provide CBR signaling
network and pathways associated with mitogen-
activated protein kinase (MAKP) signaling
pathways including extracellular signal-regulated
kinase 1/2 (ERK1/2), c-jun N-terminal kinase
(JNK), p38, β-arrestins, and phosphatidy-
linositol-3-kinases (PI3K) / protein kinase B
(Akt) pathways. For example, CBR-mediated
β-arrestin 1 and 2 translocation is a key mediator
of GPCR desensitization and internalization that
is species, subtype of CBRs, and agonist depen-
dent (Zou and Kumar 2019; Ibsen et al. 2019).
eCBs exert modulatory action on retrograde sig-
naling and act as retrograde messengers at many
synapses in the CNS. Some investigators have
suggested GPR55 as a putative CB3R as it
triggers distinct signaling pathways in response
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to inflammatory mediators. However, we and
others have suggested that TRPV1 or VR1 be
classified as CB3R, as anandamide is a CBR
partial agonist, but a full agonist at the transient
receptor potential cation channel subfamily V
member 1, (TRPV1) also called vanilloid receptor
1 (VR1) (Joshi and Onaivi 2019). It turns out that
2-AG is associated with the effects of
eCB-mediated retrograde signaling by
cannabinoids as the level of 2-arachidonyl glyc-
erol (2-AG) is about 1000 times more than anan-
damide (AEA) (Zou and Kumar 2019).
Therefore, 2-AG serves as retrograde messenger
at various types of synapses throughout the brain
and is a high efficacy ligand for the translocation
of β-arrestins (Ibsen et al. 2019). However, AEA
has also been shown to contribute to
eCB-mediated synaptic transmission with evi-
dence supporting a tonic role of AEA (Figs. 9.1
and 9.2). The modulatory action of eCB-induced
retrograde signaling on GABA-ergic and
glutamatergic systems indicates that the main
excitatory and inhibitory systems are in part
under the influence of the ECS. The discovery
that eCBs are principal mediators of retrograde
synaptic communication demonstrates the pivotal
role that eCBs play as retrograde messengers in
GABA-ergic and glutamatergic synapses. One of
the major advantages for the physiological
actions of CBRs may be associated with the
quick response needed for the sequestration of
G-proteins and the retrograde signaling of eCBs
on presynaptic CB1Rs to inhibit neurotransmitter
release. Such retrograde action of eCBs on the
inhibition of neurotransmitter release like GABA,
glutamate, serotonin, dopamine is modified by
CBRs and other components of the ECS that are
molecular targets in psychiatric disorders.
Depolarization-induced suppression of inhibition
(DSI) / excitation (DSE) and in long-term depres-
sion (LTD) at both excitatory and inhibitory
synapses provided evidence supporting retro-
grade eCB signaling system in the brain (Castillo
et al. 2012; Ohno-Shosaku and Kano 2014).

Thus, eCBs are critically involved in the sup-
pression of synaptic transmission and
eCB-mediated communication between neurons
and microglia. This is one of the current focuses

of study with the identification of CB2R neuro-
immune cross talk following conditional deletion
of CB2Rs in microglia and dopamine neurons
(Liu et al. 2017; Onaivi et al. 2018; Canseco-
Alba et al. 2018a; Canseco-Alba et al. 2019;
Canseco-Alba et al. 2018b). Therefore, existing
evidence suggests that alterations in
endocannabinoid signaling are present in a range
of psychiatric disorders. Targeting components of
ECS components provides therapeutic potential
of cannabinoid medicines as CBRs and other
components of the ECS that are involved in
diverse neural, immune, function, and dysfunc-
tion (Robson 2014), in psychiatric disorders.

9.3 ECS Modulation
of Neuro-Immune–Microbiome
Cross Talk in Psychiatric
Disorders

ECS components participate in numerous physio-
logical processes that include immune and meta-
bolic regulatory functions contributing to the
maintenance of an organism’s homeostasis
(Onaivi et al. 2012; Magid et al. 2019; Lin et al.
2013). Increased eCB levels and signaling have
been linked with inflammation in animal models
and human inflammatory disturbances and CBRs
providing protective effects in the inflamed gut
(Lin et al. 2013). New and improved knowledge
has revealed gut-brain neural communication
(Kaelberer et al. 2018), and the gut microbiome
has been found to signal in part through the ECS
network (Di Marzo 2018). Interactions between
gut microorganisms and the ECS highlight a role
in the gut microbiota-ECS axis (Lin et al. 2013;
Kaelberer et al. 2018; Di Marzo 2018; Cani et al.
2016). Thus, the gut microbiome and endocanna-
binoidome relationship seems to be bidirectional
and their alterations have been linked with
dysbiosis, increased microglial
neuroinflammation in mental disorders, such as
psychosis, depression, anxiety, and neurological
disturbances (Di Marzo 2018; Cani et al. 2016;
DiPatrizio 2016). CBRs and associated orphan
and putative cannabinoid GPCRs are expressed
at high levels in the immune and/or central
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nervous systems (CNS) and regulate a number of
neurophysiological processes, including key
events involved in neuroinflammation. As such,
these receptors have been identified as emerging
therapeutic targets for a number of brain disorders
in which neuroinflammation is a key feature,

including multiple sclerosis (MS) and
Alzheimer’s disease (AD). There is increasing
attention on the role of the ECS components in
mediating immune function with a focus on the
immune processes that contribute to
neuroinflammatory conditions. The gut

Neural network
Neural functions
Ion channels
Synaptic functions
Ligand functions

Immune responses
Inflammation
Cell apoptosis
Cell degeneration
Neural disorders

Neuron

CNS CB2Rs

Microglia

Target

Neuropsychiatric and AUDs

Fig. 9.1 Schematic of ECS neuro-immune signaling in neuropsychiatric disorders. In our studies, we used both IBA1
and CD11b antibodies, as IBA1 is a good marker that does not cross-react with neurons and astrocytes, while CD11b is a
good marker for changes in microglia morphology

Fig. 9.2 Cannabis and Human genomes. The decoding of
the cannabis and human genomes with 10 and 23 chromo-
somal pairs with 9 and 22 autosomes, respectively, have

similar sex chromosomes. There are 30, 074 genes in the
decoded cannabis genome and 30, 000 human genes
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microbiota plays a critical role in immune system
function and regulation of gastrointestinal
activities (Kaelberer et al. 2018). Blockade of
the CB1R was reported to alter gut microbiota
and attenuates inflammation and diet-induced
obesity (Mehrpouya-Bahrami et al. 2017).

Microglia cells are the brain’s innate immune
cells and primary contributors of CNS
neuroinflammatory responses. Microglia-
mediated neuroinflammation has been implicated
in the progression of neuropsychiatric disorders.
Neuro-immune signaling is emerging as a con-
tributor to a number of neuropsychiatric disorders
and stress increase in brain levels of known innate
immune signaling molecules (Crews et al. 2017).
Neuroinflammation is also emerging as a key
component in the effects of CB2Rs, expressed
in macrophages, microglia, and neurons
(Fig. 9.1) that are also key regulators of the
immune response (Onaivi et al. 2012).
eCB-mediated communication between neuron
and neuroglia shows that microglial cells and
astrocytes are able to produce eCBs (Zou and
Kumar 2019). After conducting the initial
pioneering work that culminated in the discovery
of functional neuronal CB2Rs (Onaivi et al.
2006b), we have now created and generated
mice with cell type-specific deletion of CB2Rs
to continue to move the field forward. This will
allow us to investigate the cell type-specific func-
tional roles of CB2Rs using DAT-Cnr2 and
Cx3Cr1-Cnr2 cKO mice to determine the
neuro-immune basis of CB2R activity in alcohol
preference and consumption. With accumulating
evidence of an interaction between the immune
system, the gut microbiota, and the ECS, we have
initiated studies to determine the role of neuro-
immune-microbiome endocannabinoid axis in
mouse CNS models to identify pro- and anti-
inflammatory effects of CBRs. Others have suc-
cessfully generated Syn-Cnr2 cKO mice in which
synaptic deletion of CB2Rs was shown to medi-
ate a cell type-specific plasticity in the hippocam-
pus (Stempel et al. 2016), and from our recent
reports (Liu et al. 2017; Canseco-Alba et al. 2019;
Onaivi et al. 2006b).

9.4 Cannabinoid Receptors
in Psychiatric and Neurological
Disorders

The medical use of cannabis and cannabinoids
targeting the CBRs and other components of the
ECS had been controversial because evidence of
the efficacy to manage many disease conditions
was often lacking. There is however increasing
evidence-based research to support CBRs in psy-
chiatric, neurological, and other medical
indications and Food and Drug Administration
(FDA-approved indications) (Kill 2019; Rubin
2018). Furthermore, there are now approved
FDA indications supported by high-quality
emerging evidence, and current claims and uses
for which there is inadequate evidence (Kill
2019). The conclusions of National Academies
of Sciences, Engineering and Medicine on the
current state of evidence on the health effects of
cannabis and cannabinoids provide support for
the legitimate study, regulation, and prescription
of therapeutic cannabinoids (National Academies
of Sciences, Engineering, and Medicine 2017).
Not surprisingly, based on positive randomized
clinical trials, dronabinol and nabilone have FDA
approval for chemotherapy-induced nausea and
vomiting and appetite stimulation in conditions
that cause weight loss such as in HIV-AIDS. FDA
also recently approved cannabidiol for the man-
agement of Dravet syndrome and Lennox-
Gastaut syndrome that are pediatric epilepsies
(Devinsky et al. 2017; Thielle et al. 2018). Thus,
disruption of CBRs and endocannabinoid signal-
ing is implicated in an array of psychopathologies
ranging from autoimmune diseases associated
with neuropsychiatric mental disturbances like
anxiety, Autism spectrum disorders (ASDs),
depression, insomnia, psychosis, addiction, and
neurological disorders such as Alzheimer’s, epi-
lepsy, multiple sclerosis, Parkinsonism, stroke,
traumatic brain injury. However, acute or chronic
activation of CBRs can produce neurologic
adverse effects including impaired learning,
memory, attention, and motor coordination,
while chronic use can lead to cannabis use
disorders (CUDs) in vulnerable individuals (Kill
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2019). It is also important to consider the effects
of cannabis use in those with mental illness and
individuals predisposed to developing addictive
disorders (Lowe et al. 2019).

9.4.1 Role of CBRs in Anxiety-Related
Disorders

Anxiety disorders are a common global mental
illness characterized by feelings of fear and
anxiogenesis, and the ECS system is involved in
the bidirectional regulation of neural anxiety
circuits and behavior (Yin et al. 2018). Anec-
dotally, different subjective effects have been
reported in individual who have smoked mari-
juana, and in some instances, the opposite have
been reported. This is not surprising as numerous
constituents of the cannabis plant, not only induce
biphasic dose-response profile, with low and high
doses producing anxiolysis and anxiogenesis, but
also have antagonistic effects (Yin et al. 2018;
Onaivi et al. 1990). Therefore, systematic
research investigating the interactions between
CBR activity and which cannabis constituent or
mixtures mediates anxiolysis remains an area of
study with the changing legal status of medicinal
and legal use of cannabis. However, advances and
progress in ECS and cannabinoid research using
transgenic mouse models and proxy methods of
accessing states are providing the underlying
mechanisms and brain circuits associated with
expression of the different CBR subtypes and
ECS machinery involved in the mediation of anx-
iety. For example, CB1Rs are densely expressed
pre-synaptically and involved in retrograde sig-
nally associated with the inhibition of neurotrans-
mitter releases, whereas our recent studies with
mice with selected deletion of CB2Rs from dopa-
mine neurons showed a reduced anxiety-like
behavior in the plus maze and two-compartment
black and white models of anxiety (Liu et al.
2017). Impaired 2-AG signaling in hippocampal
glutamatergic neurons has been reported to affect
anxiety-like behavior (Guggenhuber et al. 2015).
CBRs have been identified in the insular cortex
(IC) of rodents and humans. IC hyperactivity and
its connectivity to amygdala have been linked

with affective and anxiety disorders (Andrade
et al. 2019). Studies in humans have investigated
THC and cannabidiol (CBD) and have reported
opposing effects, with higher doses of THC pro-
ducing anxiogenic and CBD producing
anxiolysis and counteracting the effects of THC
(Andrade et al. 2019; Papagianni and Stevenson
2019). Anxiety- and other trauma-related
disorders are common psychiatric disturbances
with inadequate therapeutic options. These anxi-
ety disorders include generalized anxiety, panic,
social anxiety, phobias, and separation anxiety,
with post-traumatic stress disorder (PTSD) and
obsessive-compulsive disorder. The current treat-
ment approaches with benzodiazepines and selec-
tive serotonin reuptake inhibitors (SSRIs) have
limitations and side effects. Preclinical and ongo-
ing clinical studies suggest that anxiety and
related disorders are associated with decreased
eCB tone and that CBRs in the brain are involved
in the anxiolytic effects of cannabinoids
(Papagianni and Stevenson 2019; Sloan et al.
2018; Korem et al. 2016). Therefore, more
research is needed to elucidate the constituents
of cannabis and what ECS components can be
targeted for the therapeutic potential for the treat-
ment of anxiety disorders. Limited positron emis-
sion tomography (PET) studies using available
radiotracers in humans have revealed
dysregulation of CB1Rs. The development of
radiotracers for other components of the ECS
may reveal novel targets in a number of psychiat-
ric and neurological disorders in anxiety
(Papagianni and Stevenson 2019; Sloan et al.
2018). There has also been recent focus on CBD
for a number of neuropsychiatric disorders with
some success in pediatric epilepsies, and many
trials have begun for the treatment of other
neuropsychiatric diseases. CBD appears to be a
multi-target drug, and the molecular mechanism
(s) of action of CBD in many of the psychiatric
disorders are of major research efforts (Premoli
et al. 2019). In vivo imaging is a powerful way to
quantify CB1R radioligand binding in patients. A
study looked at the CB1R radioligand, [11C]
OMAR, in patients with PTSD using PET. In
the PTSD group, [11C]OMAR volume of distri-
bution was increased compared to healthy
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controls and trauma-exposed controls. Interest-
ingly, but also consistent with the fact that
women are more prone to anxiety disorders, this
finding was more pronounced in women. Periph-
eral anandamide concentrations were lower in the
PTSD group compared to healthy and trauma
controls, which may be involved in why there
was receptor upregulation in the PTSD group.
Peripheral cortisol levels in the PTSD group and
trauma control groups were lower compared to
the healthy control. These findings may pave way
for understanding and determining if medical
marijuana is efficacious for PTSD. In some states,
medical marijuana is approved for PTSD and
some studies indicate symptomatic improvement
from this treatment. Such data would support the
notion that marijuana can provide symptomatic
relief due to decreased peripheral anandamide
concentrations along with CB1R upregulation.

9.4.2 Role of CBRs in Depression

Neuroanatomical distribution of CBRs and
components of the ECS in neural circuits
associated with processing and regulation of
human emotion have been linked to the formation
and development of depression (Zhou et al. 2017;
Arjmand et al. 2019; Ishiguro et al. 1836; Ibarra-
Lecue et al. 2018). Evidence from preclinical and
clinical studies indicates an impairment of the
ECS pathway in animal models and in patients
with depression (Poleszak et al. 2018). Pathway
analysis following a bipolar disorder genome-
wide association study identifies and implicates
ECS gene sets, indicating that bipolar disorder is
part of a spectrum of highly correlated psychiatric
and mood disorders. Further evidence from
patients with bipolar disorders indicates a putative
role of CB2Rs (Zhou et al. 2017; Arjmand et al.
2019; Ishiguro et al. 1836; Ibarra-Lecue et al.
2018). Although most studies have focused on
CB1Rs, our studies have implicated the involve-
ment of CB2Rs in rodent models of CNS
disorders and in human subjects with psychiatric
disorders like substance abuse, depression, and
psychosis (Onaivi et al. 2008; Ishiguro et al.
2007; Ishiguro et al. 2010a). There are other

findings and reports showing alteration in eCB
levels, metabolizing enzymes, and CBRs in
patients with psychiatric disorders. Table 9.1
shows polymorphisms in the CB1R and CB2R
genes that are associated with psychiatric
disorders. CBRs and components of the ECS
influence the activity and function of neural
circuits associated with hypothalamic-pituitary-
adrenal (HPA) axis, involved in affective
behaviors. The use of CB1R antagonist as anti-
obesity medication was withdrawn due to its
anxiety-, depression-, and suicide-inducing
effects in some patients. This revealed a role of
CB1Rs in depression (Ibarra-Lecue et al. 2018;
Onaivi 2010). Polymorphisms in eCB
metabolizing enzymes along with alterations in
eCB levels have also been implicated in depres-
sion. Furthermore, the ECS has been shown to
modulate multiple monoaminergic systems,
which can also influence mood and cognition.
The raphe nuclei, locus coeruleus, and ventral
tegmental area are targets of many classes of
pharmacological agents such as selective seroto-
nin reuptake inhibitors (SSRIs), selective norepi-
nephrine reuptake inhibitors (SNRIs), tricyclic
antidepressants (TCAs), and monoamine oxidase
inhibitors (MAOIs). All of these areas and many
of their inputs and outputs are modulated by the
ECS. Therefore, it is no surprise that the ECS may
have potential therapeutic effects in depression
and other mood disorders. CB1R density and
their downstream signaling were increased in the
dorsolateral prefrontal cortex (DLPFC) in post-
mortem subjects with depression-related suicides.
The increased levels of CB1R-mediated signaling
using a [35S]GTPγS binding assay in suicide
subjects were comparable to controls (Hungund
et al. 2004). These results may point to a potential
therapeutic treatment in depression and suicidal
patients. Although many studies have looked at
CB1Rs, exciting studies are now emerging
looking at central CB2Rs in depression and anxi-
ety. A recent study investigated a Cnr2 knockout
mouse using assays for depressive behavior, anx-
iety, and motor activity. Using an immune
stressor, poly I:C, heterozygous Cnr2-KO mice
experienced significantly decreased amount of
time spent in the open arms of the zero maze
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compared to saline-treated controls, indicating an
increase in anxiety-like behavior. Furthermore,
anxiety-like behavior was further bolstered in
the rotated pulley model, which was induced by
poly I:C, showed that the Cnr2-KO mice had a
higher number of pulley rotations compared to
controls (Ishiguro et al. 2018). ECS involvement
in depression presents components of the ECS as
therapeutic targets for the development
antidepressants (Poleszak et al. 2018).

9.4.2.1 Role of CBRs
in the Antidepressant Action
of Ketamine

The recent approval by the FDA for a nasal keta-
mine spray (esketamine; Spravato) for treatment-
resistant depression has made the inquiry into its
mechanism even more pressing. A recent study
probed into the possibility of the ECS and its
interaction with ketamine in relation to depression
in mice. First, they injected 5 and 10 mg/kg of
ketamine, which reduced immobility time in the
forced swim test (FST), compared to control,

Table 9.1 Endocannabinoid system and CNR gene polymorphisms in psychiatric disorders

CNR Genes Polymorphism (Onaivi et al.
2013) Linkage or Association

CB2R Associate with mouse model of impulsivity behavior
CNR2 (Q63R) but not (H316Y) Associated with alcoholism and depression
CNR2 (rs41311993) Associated with bipolar disorder
CNR2 (FAAH C385A) Associated with childhood trauma, anxiety, and depression
CNR2 (R63Q) Associated with childhood trauma, anxiety, and depression
CNR1/ FAAH gene Associated impulsivity and marijuana use
CNR1 rs806375, rs806371, rs806368 Associated with drug addiction
CNR1 rs806380, rs806368, rs754387 Associated with cannabis dependence
1359 G/A CNR1 variant Associated with alcohol dependence
1359 G/A CNR1 variant Not associated with Tourette syndrome
1359 G/A CNR1 variant Not associated with alcohol withdrawal tremens
CNR1, FAAH, DRD2 gene Associated with comorbidity of alcoholism & antisocial
CNR1 SNPs No association with anorexia nervosa
CNR1 (AAT)n repeats Associated with restricting and binging/purging anorexia nervosa
CNR1 (AAT)n repeats Associated with depression in Parkinson’s disease
CNR1 SNPs Associated to striatal responses to facial expression
(AAT)n repeats Association with attention deficit hyperactivity disorder (ADHD) in

alcoholics
CNR1 SNP haplotype Risk factor for ADHD and post-traumatic stress disorder (PTSD)
1359 G/A CNR1 variant Associated with schizophrenia
(AAT)n repeats Not associated with schizophrenia and mood disorders
(AAT)n repeats Associated with schizophrenia
(AAT)n repeats Associated with hebephrenic schizophrenia
CNR1 rs6454674 Associated with schizophrenia severity
CNR1 variants Associated with depression and anxiety
CNR1 variants and (AAT)n repeats Associated with impulsivity
1359 G/A CNR1 tag SNP Associated with antipsychotic response but not schizophrenia
CNR1 SNPs No association with cognitive impairment in MS
CNR1rs12720071 Associated with cognitive performance in schizophrenia
CNR1 rs1049353 Associated with reduction in caudate volume in psychosis
CNR1 rs2023239 Associated with a protective effect against lifetime MDD
aThe above includes gene polymorphisms catalog indicating inconsistencies in variation of the ECB system CB1R and
CB2R genes in some neuropsychiatric disturbances. Further studies with more number of participants from different
ethnic backgrounds are required, with consideration of epigenetic and exposomic factors (Onaivi et al. 2013)
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which shows an antidepressant effect. A CB1R
agonist, ACPA, and an antagonist, AM251, were
also used. Administration of ACPA showed
decreased immobility time compared to control
in the FST, indicating an antidepressant effect.
Interestingly, when administering combined
non-effective doses of AM251 or a CB2 inverse
agonist, AM630 with non-effective doses of keta-
mine resulted in antidepressant effects compared
to control (Khakpai et al. 2019). The link with the
ECS might partially explain the mechanism
behind ketamine’s antidepressive effects. Upon
activation of the CBRs along with the retrograde
signaling associated with the modulation of other
neurotransmitters, the hypothalamic-pituitary-
adrenal axis is associated with providing thera-
peutic benefits (Onaivi et al. 2015; Onaivi et al.
2013). This is the bases for the modulation of the
ECS as therapeutic targets, or as adjunctive treat-
ment in generalized depression. While the role of
the ECS in depression is incompletely
understood, a number of anecdotal reports and
individual variation in antidepressant and
depression-like symptoms after consumption of
cannabis have been reported (Onaivi et al. 2015;
Onaivi et al. 2013).

9.4.3 Role of CBRs in Schizophrenia

Schizophrenia also known as psychosis is a
devastating psychiatric syndrome affecting 1%
of the world population without a cure, and anti-
psychotic medications are not effective in all
patients. Despite the efforts to elucidate the
causes of schizophrenia, the etiopathogenesis
remains elusive (Ibarra-Lecue et al. 2018). In
vulnerable individuals, the use of cannabis has
been known to precipitate psychotic episodes.
Alterations in the ECS components in the brains
of patients with schizophrenia have been reported
(Castillo et al. 2012), and CB1Rs have been
implicated in many psychiatric disorders and
recent advances have sparked more interest into
the ECS role in schizophrenia. As discussed
above, ECS system components are expressed in
the immune and/or central nervous systems
(CNS) and regulate a number of

neurophysiological processes, including key
events involved in neuroinflammation. ECS inter-
action with neuroglia changes has been
implicated in the pathobiology of schizophrenia.
Results on the changes and alterations in CBRs
from imaging and postmortem studies of brains
from schizophrenia patients compared to controls
have yielded inconsistent data with either increase
or decrease in CB1R and gene expression in brain
areas involved in schizophrenia (Ibarra-Lecue
et al. 2018). Many factors have been considered
for the inconsistent results when studying CBRs
and other components of the ECS in brains of
schizophrenics, including age, sex, and the
subtypes of schizophrenia. The anterior cingulate
gyrus in patients with schizophrenia, bipolar dis-
order, and major depression were evaluated in
postmortem brains, and CB1R immunohisto-
chemical stain was used. In the major depression
group, the intake of SSRIs reduced the density of
cortical CB1R immunoreactive neurons com-
pared to control. In bipolar disorder, patients tak-
ing first-generation antipsychotics had reduced
glial CB1R immunoreactive density (Koethe
et al. 2007). The results from CB1R changes in
different schizophrenic brain regions, provided an
indication for the involvement of CB1Rs in this
pathology (Ibarra-Lecue et al. 2018). The role of
CB2Rs in schizophrenia has not been well
investigated when compared to CB1Rs. This
was because many investigators were not able to
detect the presence of neuronal CB2Rs in healthy
brains, and therefore, their role in neuropsy-
chiatric disorders has been much less well
characterized. We and others, and many recent
studies have reported the discovery and func-
tional characterization of neuronal brain CB2Rs.
Indeed, our studies provided the first evidence for
neuronal CNS effects of CB2Rs and its possible
role in schizophrenia and neuropsychiatric
disorders (Onaivi et al. 2012; Onaivi et al. 2015;
Ishiguro et al. 2010a; Ishiguro et al. 1836). It must
be noted and acknowledged as discussed below
that the role of CB2Rs in CNS disturbances
involving neurodegenerative diseases associated
with neuroinflammation and neuropathic pain has
been extensively reported (Hill et al. 2012; Russo
2018; Basavarajappa et al. 2017). CB2Rs in glial

140 N. Joshi and E. S. Onaivi



cells are modulators during inflammatory
conditions. Therefore, modulation of eCB signal-
ing in glia cells may provide pharmacological
targets to treat and prevent neuroinflammatory
response (Fig. 9.1, and Fig. 9.2), white matter
deficits, and pathological mechanisms seen in
schizophrenia (de Aleida and Martins-de-Souza
2018).

In our ongoing studies, many features of CBR
gene structures, SNPs, copy number variations
(CNVs), CPG island, microRNA regulation, and
the impact in neuropsychiatry and where possible
in rodent models are evaluated. Accumulating
evidence suggests the importance of CNVs in
the etiology of neuropsychiatric disorders. The
clinical consequences of CNV in the coding and
non-coding CNR gene sequences associated with
human phenotypes and disorders are mostly
unknown and under investigation. With advances
in genomic technologies and the analysis and
identification of CNR gene CNVs may uncover
the relationship (if any), between CNR gene
CNVs to phenotype and disease. While CNR1
and CNR2 SNPs have been associated with a
number of neuropsychiatric disorders (see
Table 9.1), it is unclear to what extent CNR
gene CNVs are involved in psychiatric disorders.
Therefore, more studies are needed to determine
the role and contribution of CNR gene CNV to
conditions of endocannabinoid dysregulation in
psychological and psychiatric disorders. How-
ever, a number of focused studies on the
polymorphisms in components of ECS have
shown that CNR1 and limited studies for CNR2
genes (Table 9.1) contribute to the pathogenesis
of specific subtypes of schizophrenia (Onaivi
et al. 2013; Ishiguro et al. 2010a; Ibarra-Lecue
et al. 2018). We investigated genetic associations
between CNR2 gene polymorphisms and schizo-
phrenia in a selected population, and the results
from our studies identified that polymorphism in
CNR2 gene (Table 9.1) with low CB2R expres-
sion and function indicates an increased risk of
schizophrenia (Ishiguro et al. 2010a) when com-
bined with other risk factors. Other studies have
evaluated eCB levels and eCB enzymes in
schizophrenic patients with reports of alterations
in 2-AG metabolizing enzyme and in eCB levels

in patients with schizophrenia. These findings
warrant further investigation into ECS changes
and functional implications of ECS in schizophre-
nia subtypes. Identification of the roles of ECS
components may be valuable in designing new
medication targets in the treatment of
schizophrenia.

9.4.4 Role of CBRs Addictive
Disorders

Addictive disorders are now not only limited to
drugs of abuse, with the emergence of digital
technology, but also to cell phone, various
gaming platforms, and food and gambling. Gen-
erally, therefore addictive disorders are chronic
relapsing disorders characterized by impulsivity
and compulsive disorders that are known to be
present in psychiatric (De Luca and Fattore 2015;
Onaivi 2008; Malloy-Diniz et al. 2007) and
addictive disorders. There is accumulating evi-
dence indicating a central role for this previously
unknown but ubiquitous ECS in the regulation of
the rewarding effects of abused substances. Thus,
an endocannabinoid hypothesis of drug reward
and addiction was postulated (Onaivi 2008).
eCBs mediate retrograde signaling in neuronal
tissues and are involved in the regulation of syn-
aptic transmission to suppress neurotransmitter
release by the presynaptic CBRs. This powerful
modulatory action on synaptic transmission has
significant functional implications and
interactions with the effects of abused substances
(De Luca and Fattore 2015; Onaivi 2008). In
humans, recent studies have revealed diverse
responses by the ECS to long-term exposure to
several drugs of abuse, and cannabis, ethanol,
opioids, nicotine, and cocaine were found to
alter the ECS regardless of their diverse pharma-
cological mechanism of action. Our data, along
with those from other investigators, provide
strong new evidence for a role for ECS modula-
tion in the effects of drugs of abuse, and specifi-
cally for involvement of CBRs in the neural basis
of addiction (De Luca and Fattore 2015; Onaivi
2008; Malloy-Diniz et al. 2007). We suggested
that cannabinoids and eCBs appear to be involved
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in adding to the rewarding effects of addictive
substances, including, nicotine, opiates, alcohol,
cocaine, and BDZs. The results suggest that the
ECS may be an important natural regulatory
mechanism for drug reward and a target for the
treatment of addictive disorders. In animal
models, the ECS appears to be also involved in
the ability of drugs and drug-associated cues to
reinstate drug-seeking behavior in animal models
of relapse (De Luca and Fattore 2015). As shown
in Table 9.1, polymorphisms in the CB1R and
CB2R genes have been associated with substance
dependence and drug-related behaviors (De Luca
and Fattore 2015; Onaivi 2008). Consequently,
the ECS is involved in reward mechanisms that
facilitate the hedonic value of natural and drug
rewards (De Luca and Fattore 2015; Onaivi
2008). This system participates in the primary
rewarding effects of cannabinoids, nicotine, alco-
hol, and opioids and in the common mechanisms,
underlying drug addiction and relapse to drug-
seeking behavior. In turn, many drugs of abuse,
including cannabinoids, opioids, and alcohol, and
nicotine, can alter differently the levels of eCBs in
selected brain regions (De Luca and Fattore
2015). Therefore, substantial data now point to a
role for the ECS in triggering and/or preventing
reinstatement of drug-seeking behavior. It
appears that the effects of perturbation of the
ECS by drugs of abuse can be ameliorated by
restoring the perturbed system using cannabinoid
ligands. It is not surprising that CB1R antagonists
were briefly approved as an anti-obesity medica-
tion in Europe and its potential promise in the
reduction in drug use, in smoking cessation, and
reduction in alcohol consumption. Nevertheless,
due to serious side effects of depression and sui-
cide, rimonabant was withdrawn from use
(Onaivi 2010). The promiscuous action and dis-
tribution of CBRs in most relevant biological
systems provide the EPCS with limitless signal-
ing capabilities for cross talk within, and possibly
between, receptor families, which may explain
the myriad behavioral effects associated with
smoking marijuana. The ECS therefore appears
to play a central role in regulating the neural
substrate underlying many aspects of drug addic-
tion, including craving and relapse. The findings

that the ECS is involved in the reinstatement
model provided evidence of the ECS in the neural
machinery-underlying relapse. In summary, there
is a lot more to learn and research to be done to
better understand the nature and neurobiology of
the eCB physiological role in addictive- and
feeding-related disorders.

9.4.5 Role of CBRs in Other
Psychiatric Disorders: Autism
Spectrum Disorders (ASDs)
and Attention Deficit
Hyperactivity Disorders (ADHD)

Several studies highlight a key involvement of
ECS in ASD pathophysiology (Krebs et al.
2019; Crume et al. 2018; Gunn et al. 2016;
Chakrabarti et al. 2015; Maccarrone et al. 2010;
Zhang and Alger 2010; Zamberletti et al. 2017;
Zou et al. 2019; Brigida et al. 2017; Crespi et al.
2010). In addition to autism, the ECS is also
involved in several other psychiatric disorders
(ADHD, anxiety, major depression, bipolar disor-
der, and schizophrenia). ECS is a key regulator of
metabolic and cellular pathways involved in
autism, such as food intake, energy metabolism,
and immune system control. ASD is also
characterized by immune system dysregulation.
The mRNA and protein for CB2R and ECS
enzymes were significantly dysregulated, further
indicating the involvement of the ECS in
ASD-associated immunological disruptions.
Alterations in eCB signaling in neurodeve-
lopmental disorders may be associated with expo-
sure to cannabis and cannabinoids in utero or
during adolescence (Krebs et al. 2019; Crume
et al. 2018; Gunn et al. 2016). The use of cannabis
during pregnancy may increase adverse outcomes
for women and their neonates. As the use of
cannabis continues to gain social acceptance,
pregnant women and their medical providers
could benefit from health education on potential
adverse effects of use of cannabis during preg-
nancy. Babies exposed to cannabis while in the
womb may suffer significant and permanent
changes in neuroplasticity that could alter brain
maturation and cause long-lasting changes that
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persist in the adult brain (Krebs et al. 2019;
Crume et al. 2018; Gunn et al. 2016). This is
because exogenous cannabinoids interfere with
eCB regulation of brain maturation during ado-
lescence. The role of ECS in ASD is a relatively
understudied topic. Some studies and hypotheses
may lead us to think the ECS plays a role in the
multiple aspects of ASD such as social reward
responsivity, circadian rhythm, anxiety-related
symptoms, and neuronal development
(Chakrabarti et al. 2015). The existing evidence
shows potential ECS involvement in fragile X
syndrome, in which 10–30% of patients are also
diagnosed with ASD. In the highly characterized
fragile X mental retardation (Fmr1) knockout
mice, some studies showed that ECS-mediated
responses of GABAergic synapses are increased
in the dorsal striatum and hippocampus in the
Fmr1-KO mouse model. In the hippocampus,
this effect was indirect via group I mGluR activa-
tion which can upregulate the levels of eCBs
(Maccarrone et al. 2010; Zhang and Alger
2010). Other studies report the presence of
alterations in the ECS as well as the effects of
its pharmacological manipulations in animal
models of ASD-like behaviors (Onaivi et al.
2018; Zamberletti et al. 2017; Zou et al. 2019).
In our studies, we used the BTBR T + tf/J mice
that have been shown to exhibit autism-like
behavioral phenotypes. The data indicated the
BTBRmice have an abnormal regulation of dopa-
mine functioning with an upregulated CBR2A
gene expression in naïve BTBR mouse model of
ASD. These results along with our findings
indicating an increased risk of schizophrenia in
patients with low CB2R function (Ishiguro et al.
2010a), which is in agreement with the hypothe-
sis that autism and schizophrenia represent dia-
metric conditions (Crespi et al. 2010). Moreover,
more research needs to be done to understand the
nature of the neurochemical changes recorded in
our preliminary study in the hippocampus, stria-
tum, and frontal cortex, where the levels of dopa-
mine and serotonin and their metabolites were
differentially altered in the BTBR and C57BL/
6 J mice. Thus, our data provide a basis for further
studies in evaluating the role of ECS and mono-
aminergic systems in the etiology of ASDs.

Collectively, the findings to date indicate that
the ECS plays a key role in the pathophysiology
of ASD and may provide new insights into poten-
tial interventions and could represent a novel
target and strategy for ASD pharmacotherapy.

9.5 CBRs and Comorbidity
between Psychiatric Disorders
and Neurological Disturbances

Several lines of evidence suggest a primary func-
tion and involvement of components of the ECS
in the degenerative process (Basavarajappa et al.
2017). Psychiatric disorders are common in many
neurological disorders, including epilepsy,
migraine, Alzheimer’s disease (AD), Parkinson’s
disease (PD), Huntingtin disease (HD), Multiple
sclerosis (MS), Brain tumors (BT), essential
tremor (ET), and cerebral palsy (CP), Tics and
Tourette’s syndrome (TS), epilepsy, migraine,
and stroke (Hesdorffer 2016). Traumatic brain
injury (TBI) is a common injury characterized
by a change in brain function after an external
blow to the head and is highly comorbid with
psychiatric disorders. TBI is associated with sub-
stance abuse, problem gambling, psychological
distress, risk-taking, and impulsivity and espe-
cially antisocial both violent and non-violent
(Vaughn et al. 2019; Turner et al. 2019). Our
current knowledge on the emerging role of the
ubiquitous ECS in neuro-immune-microbiome
cross talk provides targets to study comorbidity
between psychiatric disorders and neurological
illness. However, these comorbidities increase
disease burden and may complicate the treatment
of the combined disorders. Initial studies of the
comorbidity of psychiatric and neurological
disorders were cross-sectional, and time order of
the associations was impossible to elucidate.
Work that is more recent has clarified time
associations between psychiatric disorders and
neurological disorders, particularly in epilepsy
and stroke where epidemiological evidence
suggests that there is a bidirectional relationship.
Although these relationships are understood in
many neurological disorders, routine screening
for psychiatric disorders in neurological disorders
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is infrequent. The brief summary below
capitulates the contribution of the ECS to the
development of neurodegenerative generative
and other neurological disorders in a number of
animal models and human studies. With the ubiq-
uitous distribution of all components of the ECS
in most cells and tissues in man and mouse,
changes in the ECS machinery have been
reported in brain areas associated with the
symptoms of AD. Studies indicating alterations
of specific component (s) in ECS cellular, and
molecular machinery in brain circuits underlying
the symptoms in HD, PD, MS, TBI, BT, ET, CP,
TS, epilepsy, migraine, and stroke have been
reported (Hill et al. 2012; Russo 2018;
Basavarajappa et al. 2017). For example, there is
evidence to suggest that synthetic and natural
cannabinoids may help patients with Alzheimer’s
disease-related aggression and agitation. Since
AD is a disease of the elderly, many medications
are limited to control certain symptoms of AD
because of their side effect profile and have not
been overly beneficial. Cannabinoids have been
of great interest in many neurodegenerative
diseases since they pose relatively less risk for
abuse and adverse effects. In a study that
investigated CB1R and social interaction and
aggression, they showed that grouped housed
CB1R KO mice spent more time in threat behav-
ior compared to grouped wild type mice. Along
with this notion, the grouped CB1R KO had an
increased time engaged in attack behavior with
increased time in each attack compared to WT
mice (Rodriguez-Arias et al. 2013). There is evi-
dence to suggest that synthetic and natural
cannabinoids may help patients with Alzheimer’s
disease-related aggression and agitation (Liu et al.
2015). Since AD is a disease of the elderly, many
medications are limited to control certain
symptoms of AD because of their side effect
profile and have not been overly beneficial.
Cannabinoids have been of great interest in
many neurodegenerative diseases since they
pose relatively less risk for abuse and adverse
effects.

There is growing awareness of the involve-
ment of gut microbiome and inflammation in a
number of psychiatric and neurological disorders.

The ECS system interaction with the microbiome
and neuroglia cells in the brain is providing new
therapeutic targets but also in understanding
underlying mechanism (s) associated with psychi-
atric and neurological disorders. With the increas-
ing use of cannabis and cannabinoids, an ECS
pharmacogenomic test on individualized basis
could be used for diagnosis and whether or not
medical cannabis can be of therapeutic benefit.
Much more mechanistic studies using in vitro and
in vivo techniques, need to be done to improve
the detection and treatment of patients affected by
neurological and psychiatric disorders when can-
nabis and cannabinoids are indicated.
Cannabinoids and CBRs have the ability to con-
trol both anti-inflammatory, anti-oxidant,
neuroprotective, and neuromodulatory functions.
In addition, the ECS modulates other biochemical
pathways that could complement their effects on
other receptors, ion channels, and enzymes. Thus,
the use of cannabinoids provides interesting,
unique, and potential therapeutic investigations
in psychiatric and neurological disorders. There-
fore, an overwhelming number of studies now
document CB2R expression in neuronal, endo-
thelial, and glial cells. Mounting evidence also
shows that CB2Rs and its gene variants may
play possible roles in psychiatric and neurological
disorders with associated inflammatory reactions.

9.6 CBR Polymorphisms
and Epigenetic Mechanisms
in Psychiatric Disorders

Table 9.1 presents a brief summary of genetic
polymorphisms of cannabinoid receptor genes.
Genetic polymorphisms of the endocannabinoid
system, including CB1R, CB2R, and FAAH
genes, have been linked or associated with a
number of psychiatric and neurological disorders
(Onaivi et al. 2015; Onaivi et al. 2013; Onaivi
et al. 2008; Ishiguro et al. 2007; Ishiguro et al.
2010a). Studies show that single nucleotide
polymorphisms (SNPs) of CNR1 and FAAH
may contribute to drug addiction and other
neuropsychiatric disorders. CBR gene variants
may provide a deeper insight and novel targets
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for the effects of cannabinoids in drug addiction
and other neuropsychiatric disorders. Variations
in genes encoding cannabinoid receptors that are
involved in drug addiction, and obesity, for exam-
ple, provide therapeutic targets in
endocannabinoid insufficiency syndrome (Onaivi
2010). Previously, we demonstrated the charac-
teristic features in CB1R gene, and such features
and variations in CB2R gene have not been fully
characterized (Zhang et al. 2004). Many studies
have reported that variations in CB1R genes are
linked to drug addiction vulnerability in different
ethnic groups (Zhang et al. 2004), and some of
these variations are associated with mental and
neurological disorders (Onaivi et al. 2015; Onaivi
et al. 2013; Zhang et al. 2004). Rare genetic
variants in CNR1 and DAGLA genes in neuro-
logical phenotypes were reported. In this study,
variations in CNR1, CNR2, DAGLA, FAAH, and
MGLL genes were studied for any associations
with neurological phenotypes. They concluded
from their study that mainly CNR1 and DAGLA
were associated with neurological phenotypes,
but not the other aforementioned genes. Of these
genes, CNR1 were associated with migraines,
memory disorders, and sleep disorders along
with or without anxiety (Smith et al. 2017).
These results and other similar studies provide
insight into potential ECS treatments into many
neurological and psychiatric disorders. Therefore,
the study of the CBR genomic structure, and its
polymorphic nature, subtype specificity and their
variants, and associated regulatory elements that
confer vulnerabilities to a number of neuropsy-
chiatric disturbances, may provide a deeper
insight into the underlining mechanisms. Thus,
understanding the ECS in the human body and
brain will contribute to elucidating this natural
regulatory mechanism and provide potential ther-
apeutic targets in health and disease. A prelimi-
nary study of ECS regulation showing distinct
alterations of CNR1 promoter DNA methylation
in patients with schizophrenia was reported. This
study examined DNA methylation in peripheral
blood mononuclear cells (PBMCs) in patients
with schizophrenia, bipolar disorder, and major
depressive disorder. The goal of the study was to
measure the alterations of the promoter site of the

CNR1 gene. The only significant changes were
found in schizophrenia, but not any of the previ-
ously mentioned disorders. In human PBMCs,
there was an upregulation of CNR1 and decreased
CpG methylation in schizophrenic patients com-
pared to control. These results were confirmed in
an animal model of schizophrenia, which was
done by administering prenatal methylazoxy-
methanol (MAM) acetate that showed an increase
in CNR1 expression in the PFC. There was also
reduced DNA CpG site methylation in the pro-
moter itself (D’Addario et al. 2017). In rodent
studies, prenatal exposure to cannabis triggers
epigenetic changes with possible
transgenerational immunological consequences
(D’Addario et al. 2017).

Epigenetic regulation of ECS components
under both physiological and pathological
conditions as well as the epigenetic changes
induced by eCB signaling is an emerging poten-
tial target of ECS ‘epigenetic therapy’
(D’Addario et al. 2017; Parira et al. 2017;
Zumbrun et al. 2015). Initial focus is to under-
stand how CB1Rs evoke epigenetic mechanisms,
either by directly interacting with the epigenetic
machinery or by indirectly. In studies of histone
modifications due to cannabinoid signaling,
THC-modulated multiple histone modification
sites like H3K4me3, H3K9me3, H3K27me3,
and H3K36me3 in differentiating mouse lymph
node cells showing histone modifications are
associated with THC-mediated alterations in
antigen-specific T-cell responses (Parira et al.
2017). Alterations in DNA methylation status to
the effects of cannabinoids indicated that parental
exposure to THC altered DNA methylation status
of genes related to synaptic plasticity in rat
nucleus accumbens (Parira et al. 2017). Another
study done in mice showed that THC administra-
tion increased methylation at the promoter region
of DNA methyltransferases 3A and 3B in
myeloid-derived immune suppressor cells and
correspondingly reduced expression of the same
DNA methyltransferases (Parira et al. 2017). Fur-
thermore, methylation at the promoter regions of
Arg1 and STAT3 was decreased by THC, which
led to further increases in levels of Arg1 and
STAT3 expression. Arg1, which can metabolize
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L-arginine, suppresses T-cell function while
increasing activation and function of these
immunosuppressive cells. Cannabinoid signaling
has also been shown to be associated with modu-
lation in certain microRNA-based epigenetic
mechanisms. In other studies, data from animal
models suggest that in utero exposure to
cannabinoids results in profound T-cell dysfunc-
tion and a greatly reduced immune response to
viral antigens. Furthermore, evidence from ani-
mal studies indicates that the immunosuppressive
effects of cannabinoids can be mediated through
epigenetic mechanisms such as altered
microRNA, DNA methylation, and histone mod-
ification profiles. Such studies support the
hypothesis that that parental or prenatal exposure
to cannabis can trigger epigenetic changes that
could have significant immunological
consequences for offspring as well as long-term
transgenerational effects. Epigenetic effects of
cannabinoids reveal the ability of cannabinoids
to modify neuronal and immune cell functionality
either via histone modifications like H3 lysine
methylations or by altering DNA methylation
(D'Addario et al. 2017; Parira et al. 2017;
Zumbrun et al. 2015). A better understanding of
the epigenetic regulation of eCB signaling as well
as the eCB regulation of epigenetic mechanisms
will be of great value for the possible design of
more specific eCB epigenetic drugs. Therefore,
more studies on the potential maternal and pater-
nal transgenerational and/or epigenetic effects of
cannabinoid abuse are needed with global chang-
ing landscape in recreational and medical use of
cannabis and cannabinoids.

9.7 Emerging Trends in Targeting
CBRs in Psychiatric
and Neurological Disorders

Advances and new discoveries due to evidence-
based in vivo and in vitro studies on molecular
and cellular mechanisms of CBRs have
implications in psychiatric and neurological
disorders. These recent advances in understand-
ing the biological actions of cannabis products are
expanding the therapeutic indications and

opportunities. Of course, there are continuing
trials and tribulations in clinical trials of cannabi-
noid pharmacotherapy, leading to the withdrawal
of CB1R antagonist in obesity and clinical trial
tragedy of the FAAH inhibitor that was stopped.
The involvement of the ECS in most biological
systems shows their vital importance in homeo-
stasis, and disruption in functioning of the ECS
leads to catastrophic adverse effects, with
suicides and brain-dead patients during clinical
trials and use in obesity, respectively. One expla-
nation for the lethal side effects is CBR ligand
bias, which is beginning to be accessed (Laprairie
et al. 2017a). Ligand-biased binding to its recep-
tor shifts the equilibrium of receptor-dependent
signaling toward other possible pathways. Appar-
ently, the limited success of the development of
cannabinoid-based therapeutics may be
associated with ligand bias (Laprairie et al.
2017a). Progress in understanding of CBR struc-
ture and quantification of ligand bias, dimeriza-
tion, and allosteric modulation of CBRs will
optimize drug design, and selection of
cannabinoids to match patient indication
(Laprairie et al. 2017a; Callén et al. 2012;
Alaverdashvili and Lapraire 2018; Tham et al.
2019; Laprairie et al. 2017b; Laprairie et al.
2019). Most cannabinoid drug development and
targeting of orthosteric site on CB1R at which
eCBs and THC bind. Adverse psychotropic
effects limit the clinical utility of CB1R
orthosteric agonists (Tham et al. 2019; Laprairie
et al. 2017b; Laprairie et al. 2019). This has
prompted the search and development of CB1R
positive allosteric modulators (PAMs) that
enhance orthosteric ligand binding, with
improved reduced psychotropic side effects
when used in psychiatric and neurological
disorders (Tham et al. 2019; Laprairie et al.
2017b; Laprairie et al. 2019). Therefore, allosteric
modulation of CB1R holds great therapeutic
potential. This is because allosteric modulators
do not possess intrinsic efficacy, but instead aug-
ment PAM or diminish negative allosteric modu-
lation (NAM), the receptor’s response to
endogenous ligand. Consequently, CB1R alloste-
ric modulators have an effect ceiling, which
allows for the tempering of CB1R signaling
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without the desensitization, tolerance, depen-
dence, and psychoactivity associated with
orthosteric compounds. Several challenges exist
for the development of CB1R allosteric
modulators, such as receptor subtype specificity,
translation to in vivo systems, and mixed alloste-
ric/agonist/inverse agonist activity. Despite these
challenges, elucidation of crystal structures of
CB1R and CB2R and compound design based
on structure-activity relationships will advance
the field. This recent work on the determination
of the crystal structures of CB1R and CB2R
(Fig. 9.3) reveals a yin-yang relationship and
functional profile of CB2R antagonism versus
CB1R agonism (Hua et al. 2016; Li et al. 2019).
The formation of functional CB1R and CB2R
heteromers in neuronal cells in the brain indicates
that activation of either receptor leads to negative
modulation of the partner receptor via heteromers
(Callén et al. 2012). Dimerization of CBRs has
therapeutic implication and impact on CNS func-
tion and it was suggested that CBR1-CB2R
heteromers must be taken into account when
designing therapeutic approaches toward
alterations involving the ECS (Callén et al.
2012). The direct activation of CBRs results in
several beneficial effects; therefore, several CBRs
ligands have been synthesized and tested in vitro
and in vivo, with disappointing advancement for
clinical development due mainly to side effects on
the CNS. However, other approaches are being
developed for allosteric modulators that might
offer a novel therapeutic approach to achieve
potential therapeutic benefits avoiding inherent
side effects of orthosteric ligands.

The evidence-based scientific knowledge
supports novel approaches to cannabinoid-based
medication and cannabis use in psychiatric
disorders and medicine. With the rapidly
expanding nanomedicine formulation of
nanoparticulate cannabinoid products presents
new opportunities and approaches for cannabis
use in health and disease. Development of canna-
bis and cannabinoid nanomedicine for
nanotherapy will certainly overcome some of the
shortcomings and challenges in medicinal and
recreational use of cannabis and cannabinoids.
As cannabinoids are a class of lipophilic

compounds, the use of different surfactants and
delivery systems to improve cannabinoid solubil-
ity and enhance bioavailability must be consid-
ered. To overcome these limitations, nanoparticle
formulations may offer an attractive alternative.
In practice, this means that the cannabinoids will
be ‘packed’ in endogenous nanoparticles, offer-
ing the opportunity to effectively deliver the can-
nabis and cannabinoid formulations to the
diseased sites, by applying nanotechnological
advances to nanomedicine. The application of
nanotechnology to medicine involves employing
nanoparticles not only to enhance the action of
drugs, but also expected to improve diagnosis and
therapy of diseases and reduce health care cost
(Ngwa et al. 2017). Thus, nanotechnology will
allow targeted delivery of cannabinoid
formulations with the potential to elevate their
use to scientifically validated nanotherapeutic
applications as the field of cannabis nanoscience
matures. In last decade, the success of new and
creative nanosynthetic tools has fashioned new
opportunities in drug design, which allows crea-
tion of drugs, prodrugs, or diagnostic gears at
nanosize regime (Patra et al. 2018). Advances in
nanoparticle formulations of cannabinoids as
therapeutic molecules for different routes of
delivery into peripheral, CNS, and wearable skin
patches are being developed for nanomedicine
outcomes. A number of ongoing studies are
building nanoparticles for nanodelivery of canna-
bis, cannabinoids, and endocannabinoid system
components as nanotherapeutics (Singh et al.
2018). Now it is possible to predictively synthe-
size nanosized objects with well-defined surface
chemistry and predefined size and morphology,
which permit certain degree of control over ther-
apeutic outcomes and minimizes side effects of
the drugs. Encapsulation strategies for cannabis
products and edibles will require greater physical
stability, protection against oxidation, and flavor
masking using liposomes, micelles, polyplexus,
polymersomes, and silica nanoparticles as the
industry matures and develops. While research
in nanoengineering area is still not sufficiently
mature, but it is conceivable that the surface of
nano-objects can be tailored to control the solu-
bility of the drugs, ensuring effective circulation
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time, and limiting the biodistribution. In addition,
this strategy allows one to control drug release,
which in turn reduces and diminishes immunoge-
nicity. One of the very promising strategies has
been to conjugate the nano-object surface with
microenvironment-specific and/or receptor-
specific biomacromolecules such as peptides,
proteins, aptamers. A very elegant review of
such studies provides a comprehensive picture
of accomplishments and bottlenecks in the
research in this area (Spicer et al. 2018).

9.8 Current State of Evidence
on the Health Effects
of Cannabis and Cannabinoids

The conclusions of the National Academies of
Sciences, Engineering and Medicine (National
Academies of Sciences, Engineering, and Medi-
cine 2017) provide support for the legitimate
study, regulation, and prescription of therapeutic
cannabinoids. Evidence supports reform to
allow the legitimate study, regulation, and pre-
scription of therapeutic cannabinoids (National

Academies of Sciences, Engineering, and
Medicine 2017). The following conclusions
have invigorated the debate over cannabis use
and present opportunities for quality improve-
ment and approaches to bridge the gaps
between safe cannabis products, science, and
medicine:

a). Conclusive and substantial evidence that
cannabis and cannabinoids are effective in nausea
and vomiting and in multiple sclerosis spasticity,
b). Moderate evidence that cannabis or
cannabinoids are effective in sleep apnea, fibro-
myalgia, and some chronic pain, and acute cogni-
tive impairment, c). Limited evidence that
cannabis or cannabinoids are effective in Tourette
syndrome, anxiety, dementia, glaucoma,
HIV/AIDS, and appetite, and d). There is substan-
tial evidence of a statistical association between
cannabis use and increased risk of motor vehicle
crashes, lower birth weight of the offspring
exposed to cannabis and cannabinoids in-utero,
and psychosis in vulnerable individuals.

Fig. 9.3 The
determination of the crystal
structures of CB1R and
CB2R reveals a yin-yang
relationship and functional
profile of CB2R
antagonism versus CB1R
agonism (Hua et al. 2016;
Li et al. 2019)
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9.9 Concluding Remarks

Existing evidence suggests that alterations in eCB
signaling are present in a range of psychiatric
disorders. Targeting components of ECS
components provides therapeutic potential of can-
nabinoid medicines as CBRs and other
components of the ECS are involved in diverse
neural, immune, function, and dysfunction, in
psychiatric disorders. The ECS evidently gives
novel ideas and options in the field of antidepres-
sant treatment; however, further studies are
needed to determine which group of patients
could benefit from this type of therapy. The
ECS is also involved in the pathogenesis and
treatment of depression, though its role in this
psychiatric disorder has not been fully under-
stood. Both the pro- and antidepressant activities
have been reported after cannabis consumption,
and a number of preclinical studies have
demonstrated that both agonist and antagonist of
the endocannabinoid receptors act similarly to
antidepressants. Identification of the roles of
ECS components may be valuable in designing
new medications targets in the treatment of
schizophrenia. The ECS may be an important
natural regulatory mechanism for drug reward
and a target for the treatment of addictive
disorders. Several studies highlight a key involve-
ment of ECS in ASD pathophysiology. In addi-
tion to autism, the ECS is also involved in several
other psychiatric disorders (ADHD, anxiety,
major depression, bipolar disorder, and schizo-
phrenia). Our findings indicating an increased
risk of schizophrenia in patients with low CB2R
function, is in agreement with the hypothesis that
autism and schizophrenia represent diametric
conditions. Collectively, the findings to date indi-
cate that the ECS plays a key role in the patho-
physiology of ASD and may provide new insights
into potential interventions and could represent a
novel target and strategy for ASD pharmacother-
apy. Our current knowledge on the emerging role
of the ubiquitous ECS in neuro-immune-
microbiome cross talk provides targets to study
comorbidity between psychiatric disorders and
neurological illness. There is also growing

awareness of the involvement of gut microbiome
and inflammation in a number of psychiatric and
neurological disorders. The ECS system interac-
tion with the microbiome and neuroglia cells in
the brain is providing new therapeutic targets but
also in understanding underlying mechanism
(s) associated with psychiatric and neurological
disorders. Mounting evidence shows that CB2Rs
and its gene variants may play possible roles in
psychiatric and neurological disorders with
associated inflammatory reactions. With the
increasing use of cannabis and cannabinoids, an
ECS pharmacogenomic test on individualized
basis could be used for diagnosis and whether or
not medical cannabis can be of therapeutic
benefit. A better understanding of the epigenetic
regulation of eCB signaling as well as the eCB
regulation of epigenetic mechanisms will be of
great value for the possible design of more spe-
cific eCB epigenetic drugs. Therefore, more stud-
ies on the potential maternal and paternal
transgenerational and/or epigenetic effects of can-
nabinoid abuse are needed with the global chang-
ing landscape in recreational and medical use of
cannabis and cannabinoids. Development of can-
nabis and cannabinoid nanomedicine for
nanotherapy will certainly overcome some of the
shortcomings and challenges in medicinal and
recreational use of cannabis and cannabinoids.
As cannabinoids are a class of lipophilic
compounds, the use of different surfactants and
delivery systems to improve cannabinoid solubil-
ity and enhance bioavailability must be consid-
ered. To overcome these limitations, nanoparticle
formulations may offer an attractive alternative.
In practice, this means that the cannabinoids will
be ‘packed’ in endogenous nanoparticles, offer-
ing the opportunity to effectively deliver the can-
nabis and cannabinoid formulations to the
diseased sites, by applying nanotechnological
advances to nanomedicine. The application of
nanotechnology to medicine involves employing
nanoparticles not only to enhance the action of
drugs, but also expected to improve diagnosis and
therapy of diseases and reduce health care cost.
Thus, nanotechnology will allow targeted deliv-
ery of cannabinoid formulations with the poten-
tial to elevate their use to scientifically validated
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nanotherapeutic applications as the field of can-
nabis nanoscience matures.
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