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Abstract:

Cannabis remains the most used illicit drug in the world today. There is a fierce debate ongoing in the US and elsewhere
whether to approve cannabis and or its products as a medicine. Despite the lack of enough scientific and clinical
evidence to support cannabis as medicine, many parts of the US and other countries have legalized it as medicine.
Currently, based on pre-clinical and clinical research, products such as synthetic THC alone, e.g., dronabinol and nabilone
and in combination with cannabidiol (Sativex) have been approved as medicine. Furthermore, cannabidiol also has been
recently approved for the treatment of epilepsy in children. Research also shows that cannabidiol appears to have a great
potential for developing as a medicine to be able to treat a wide range of clinical conditions ranging from neuropathic
pain to Alzheimer’s and Parkinson’s diseases, muscular sclerosis, anxiety, depression to inflammatory conditions of
the gastrointestinal system. However, currently available research does not support the use of smoked cannabis as
a medicine to treat any of the above-mentioned health conditions. Other cannabinoids such as cannabichromene,
tetrahydro-cannabivarin, cannabigerol and others, although studied in many pre-clinical and clinical studies, research so
far suggests that much work is still needed before any of them can be individually approved as medicine by a regulatory
body of a country like the US Food and Drug Administration.
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Introduction

Cannabisremainsthe mostusedillicitdrugin the world with
an estimated 2.5% of the world’s population (180 million)
using it regularly’ and its use is associated with significant
social and health consequences.? Unequivocally, one of
the most pressing and important controversies worldwide
is the movement toward legalization of cannabis as
medicine. Questions about the medicinal value of cannabis
are now being fiercely debated, and despite the lack of
enough clinical evidence to support the use of cannabis
as medicine, 30 states and Washington, DC,, in the United
States and countries around the globe like Canada and
Uruguay have or continue to legalize cannabis as “medical
marijuana”. In addition, one of its active cannabinoids,
cannabidiol, is being used to treat a wide variety of clinical
conditions though it has been only recently approved
for only one indication, Dravet and Lennox-Gastaut
syndromes, a type of epilepsy in children two years of age
and older (https://www.fda.gov/newsevents/newsroom/
pressannouncements/ucm611046.htm). Thus, it is of
paramount importance that addiction physicians become
familiar with the adverse effects of cannabis use, clinical
evidence supporting the use of cannabis or its various
cannabinoid chemicals as medicine, and current laws
and policies governing medical cannabis, before they
recommend or prescribe cannabis or its products for the
treatment of any clinical condition. Therefore, we decided
to review the published literature in English on the
medicinal properties of cannabis and its products, their
use in clinical practice and offer observations.

Methods

To prepare this review, we used the NIH PubMed database
andkeywordsincluding cannabis, marijuana,cannabinoids,
delta-9-tetrahydrocannabinol, THC, cannabidiol, CBD,
health terms including epilepsy, health effects, medical
consequences, and identified, retrieved and reviewed
the papers published in English language relevant to the
medicinal value of cannabis and cannabinoids.

Cannabis as Medicine

Cannabis belongs to a species of the Cannabinaceae family,
first classified by Carl Linnaeus in 17933 Generally, of the
many varieties of cannabis cultivated in various parts of the
world, three are most commonly used: Cannabis sativa Linn,
C. indica Linn, and C. ruderalis Janisch, corresponding to
useful, Indian and wild cannabis plants. The chemotaxonomic
analysis of Cannabis shows that there are two biotypes of
Cannabis, C. sativa Linn. and four biotypes of C. indica Linn.
Plants with relatively high levels of tetrahydrocannabivarin
(A°-THCV) and/or cannabidivarin (CBDV) were common only
in C. indica Linn., thereby supporting a two-species concept
of Cannabis* It is a complex plant that has hundreds of
chemical constituents but only a few are pharmacologically
active. Of the 560 identified and characterized chemicals in

cannabis,” 104 are classified as cannabinoids,® while the rest
are terpenes and flavinoids. Of the 104 cannabinoids, only
two—delta-9-tetrahydrocannabinol (THC) and cannabidiol
(CBD)—have been extensively studied for their potential
therapeutic applications. The other cannabinoids such
as cannabichromene (CBC), cannabidolic acid (CBDA),
cannabidiol (CBD), delta-9-tetrahydrocannabivarin (A®-
THCV), cannabinol (CBN), delta-9-tetrahyrocannabinol (A®-
THC), cannabinol (CBL), delta-9-tetrahydrocannabivaric
acid (A°-THCAA), are the major components of C. sativa,
while cannabigerolic acid (CBGA), cannabigerol (CBG)
and delta-8-tetrahydrocannabinol (A%THC) are minor
constituents’ (Gul et al. 2015) and have been postulated
to have some medicinal value® Figure 1 below shows the
biosynthetic pathway of cannabinoids in the plant’® In
addition to phytocannabinoids, some endocannabinoids
serve as neurotransmitters within the brain or its periphery
and act on cannabinoid receptors in the brain,’® (CB1) "
or in periphery (CB2)."> The synthetic cannabinoids are
structurally similar to endocannabinoids and act by similar
mechanisms. Much work has been conducted with the
most prominent cannabinoid, A’>-THC, and then with the
second most studied cannabinoid, cannabidiol (CBD),
which has been postulated to have many pharmacologic
mechanisms of action, including immunosuppressive, anti-
inflammatory, analgesic, neuroprotective, antiepileptic,
and antipsychotic effects (Figure 2).” Limited pre-clinical or
almost non-existent clinical research has been conducted
with other cannabinoids. This paper reviews the current
research available on medicinal properties of cannabis and
its products including cannabinoids. Furthermore. the data
is discussed in the order of strength of available evidence on
various cannabis products. (Figure 1 & 2)

The Chinese Emperor Shen-Nung was the first to describe
the medicinal value of cannabis ' in 2737 BC and since
then many preparations of cannabis have been used for
recreational and medicinal purposes’'®'7. The biological
plausibility of cannabis as medicine is based on the
endocannabinoid system that is believed to be involved
in a wide range of bodily functions, including analgesia,
vomiting, immune system regulation, appetite, cognitive
processes and motor control. Cannabinoids, THC and CBD,
exert their effect by interacting with CB1 and CB2 receptors
in the body. The CB1 receptor is distributed widely and at
high levels in the hippocampus, cerebellum, basal ganglia,
and neocortex, in addition to peripheral nerve terminals.
CB1 receptors have been reported to possess analgesic,
anti-spasmodic, anti-tremor, anti-inflammatory, appetite
stimulant, and anti-emetic properties. The CB2 receptors are
found largely within the periphery of the brain, including
cells of the immune system, and have been reported to
possess anti-inflammatory, analgesic, anticonvulsant, anti-
psychotic, antioxidant, and neuroprotective properties.'®
As a result, both THC and CBD have been tested for their
therapeutic potential.”

The medicinal value of cannabis plant and/or its products
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has been discussed in recent excellent reviews'®202122
that show that there is little doubt about the potential
of cannabis or its cannabinoid constituents to treat a
wide range of clinical conditions. But many investigators
and medical organizations like the National Academy of
Sciences®® and American Society of Addiction Medicine
(ASAM)?* have recommended that additional research
be conducted before cannabis product or an individual
cannabinoid is prescribed for any clinical indication.
Currently, there are no FDA-approved indications for
cannabis as a medication. Below we will review the
available pharmacological, pre-clinical and clinical
research on cannabis, and various cannabinoids that show
that a few of these do have a potential to treat a wide
range of health conditions.

Currently, cannabis is not approved for any clinical
condition. Smoked cannabis was tested in a few studies
for effectiveness against nausea/vomiting but was found
to be of limited success® and resulted in side effects
including sedation.?® For its appetite stimulant effects, in
one study, smoked marijuana (one to three cigarettes with
total THC content of 3.9% a day) significantly increased
weight gain without increasing the viral load.?” In only one
randomized, double-blind, placebo-controlled study,?®
one marijuana cigarette containing 2% THC significantly
reduced intraocular pressure (IOP), suggesting it could be
developed to treat glaucoma. In a recent study,” 22 patients
with symptoms of Parkinson’s disease who were treated
with smoked marijuana, showed significantimprovement in
their sleep and pain scores without developing any adverse
effects. There are no clinical studies where smoked cannabis
was tested for treating either muscular sclerosis (MS), spinal
cord injuries, epilepsy, dystonia, or post-traumatic stress
disorder (PTSD).

Delta-9-Tetrahydrocannabinol alone or in combination
with Cannabidiol

THC is the most active psychoactive component of
Cannabis sativa. Linn. Based on extensive pre-clinical
and clinical studies including clinical trials, a synthetic
THC, dronabinol [Marinol®, Syndros®] has been approved
for the treatment of anorexia associated with weight
loss in AIDS patients and chemotherapy-induced nausea
and vomiting,’® Nabilone [Cesamet®], also a synthetic
cannabinoid similar to THC, has been approved for the
treatment of nausea and vomiting in patients undergoing
cancer treatment; and Sativex,® an oral spray containing
two cannabinoids—THC and CBD—in a 1:1 ratio, has been
approved in 28 countries including Canada® (but not the
U.S.) for moderate to severe spasticity due to multiple
sclerosis (MS) in patients who have not responded
adequately to other treatments. Although, both nabilone
and dronabinol were found to be potent anti-emetic
medications as compared to non-herbal medications such
as chlorpromazine, prochlorperazine, metoclopramide,
and haloperidol, their use has declined due to their
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undesirable side effects—including drowsiness, euphoria,
and sedation. THC significantly stimulated appetite and
improved weight gain of in HIV-infected patients®" and
others.3? Health Canada has approved Marinol as an
appetite stimulant in the treatment of AIDS-associated
anorexia and weight loss.*

Analgesic Effect. Oral THC in doses of 15 mg and 20 mg
was found effective against pain in 10 patients, but most
of those patients developed drowsiness and confusion.
A lower dose of 10 mg THC was ineffective as analgesic.®
Similarly, 10 mg and 20 mg doses of oral THC were as
effectiveas 60 mgand 120 mg of codeinein 36 patients with
cancer pain. However, the higher doses of THC frequently
produced drowsiness, dizziness, and mental disorders in
patients.** In a study of 40 women with postoperative pain,
a 5 mg dose of oral THC was ineffective as an analgesic.* In
another study of 21 patients, a single inhaled dose of 25 mg
of 9.4% THC herbal cannabis three times a day for five days
reduced the intensity of pain, improved sleep, and was
well-tolerated by patients with neuropathic pain, whereas
lower doses of THC (i.e., 2.5% and 6.0%) were ineffective.®
On the other hand, intravenous administration of THC
was ineffective as an analgesic in 10 healthy volunteers
undergoing tooth extraction.?” The analgesic effects of
THC or cannabidiol were comparable with codeine or
morphine. Finally, a sublingual single spray containing THC
and CBD in a 1:1 ratio (2.5 mg each), given daily for four
weeks, was effective as an analgesic in 34 patients with
chronic pain. Reported adverse reactions included dry
mouth, drowsiness, euphoria/dysphoria, and dizziness.®®

Multiple Sclerosis. In several studies, oral THC in capsule,
oral and sublingual spray containing THC and CBD were
tested for the treatment of multiple sclerosis. A double-
blind, randomized placebo-controlled trial of 630 patients
evaluated oral THC in capsule (206 patients), and oral
cannabis extract 2.5 mg THC+1.25 mg CBD, plus <5% other
cannabinoids in a capsule (211 patients) and 213 subjects
on placebo for 15 weeks.?® There were no objective effects
on spasticity, but subjective improvement in spasticity was
observed. There was objective improvement in mobility and
reduced frequency of hospitalization with oral THC. Adverse
drug reactions were mild and tolerable. One-year follow-
up showed positive effects on spasticity. Another study “,
involving 160 patients, evaluated oral Sativex® (THC 2.5 mg
plus 2.7 mg CBD) at doses of 2.5 to 120 mg/daily for six weeks.
There was a significant reduction in spasticity, better sleep
quality and mobility in patients treated with Sativex compared
to placebo. Adverse events were mild and well-tolerated.
Another small randomized, double-blind, parallel groups,
placebo-controlled study of 64 subjects reported beneficial
effects of THC+CBD (1:1 ratio) on pain and sleep disturbance
when given for four weeks. Adverse effects included dizziness,
dry mouth, and somnolence, while cognitive effects were
limited to long-term memory storage.*!

Spinal Cord Injuries. In one study of four patients, oral
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THC or C. sativa extract containing cannabidiol or a
combination of the two, administered in sublingual spray,
showed some improvement in spasticity, muscle spasm,
pain, vesical dysfunction, and sleep quality.*

Gilles de la Tourette’s Syndrome: In two randomized,
double-blind, placebo-controlled studies of cannabinols
involved 12 patients in one study* and 24 patients in
another,* oral THC (up to 10 mg/d for 6 weeks) significantly
reduced the frequency of tics. No drug-related serious
adverse effects were reported; however, one patient
dropped out because of anxiety and agitation.

Epilepsy: There are no studies of clinical significance where
THC alone was tested and found effective for treating

epilepsy.

Glaucoma: In one study, eye drops containing 0.01,
0.05, and 0.1% THC significantly reduced the intraocular
pressure. However, study subjects experienced significant
adverse effects, including tachycardia, palpitations, and
postural hypotension.** Cannabinoids seem to have
potential to treat glaucoma, but the accompanying
adverse systemic effects—such as reduced blood pressure,
psychotropic effects, and development of tolerance—may
discourage the development of cannabis formulations for
this indication.*

Parkinson'’s Disease: In two studies, one involving seven
patients”’ and the other involving 19 patients with
Parkinson’s disease®®*—no beneficial effects of oral THC
(nabilone) were found.

Dystonia: One randomized, crossover placebo-controlled
study of 15 patients found no beneficial effects of oral THC
(nabilone) on generalized and segmental dystonia.*

Post-Traumatic Stress Disorder: There are studies to show
that THC was is effective in the treatment of PTSD.

Cannabidiol (CBD)

Cannabidiol (CBD), is a non-psychoactive chemical
constituent of C. sativa Linn.,*° that acts via CB2 receptors
in the body. According to pharmacological profile of
CBD 13 and CBD’s non-addictive, anti-inflammatory,
neuroprotective, and antioxidant properties, CBD alone
or in combination with other cannabinoids including THC,
Mannucci et al. (2017)*' recommended that additional
clinical trials would be needed to confirm its use in
treating neurological conditions like Parkinson’s disease
(PD), Alzheimer’s disease (AD), multiple sclerosis (MS),
Huntington’s disease (HD), amyotrophic lateral sclerosis
(ALS), and cerebral ischemia. In combination with THC or
by itself, CBD has been tested in numerous small clinical
studies and clinical trials showing that it may have
potential to treat these and other conditions like anxiety,
depression, and many other non-CNS conditions such as

acne, heart disease, inflammation, liver disease and cancer.
The available evidence is briefly reviewed below.

Neuropsychiatric disorders

Epilepsy: The use of cannabis products in the treatment
of epilepsy has long been of interest to researchers and
clinicians alike; however, until recently very little published
data was available to support its use in the treatment of
epilepsy. Excellent reviews have been published on its
potential to treat several forms of epilepsy. 522354555657 The
antiepileptic action of CBD has been further confirmed by
small clinical studies *® and large randomized, double-blind,
placebo-controlled clinical trials.>>%%¢'In arandomized, dose-
ranging safety trial of CBD in Dravet syndrome, 34 patients
(10, 8, and 9) were randomized to three CBD dose groups
of 5, 10 and 2 mg/kg/day and 7 patients to the placebo
group. Thirty-two (94%) patients completed the study.®’
The plasma levels of CBD and its metabolites were dose-
related. The most common adverse effects were pyrexia,
somnolence, decreased appetite, sedation, vomiting,
ataxia and abnormal behavior. Although the CBD-treated
patients had more side effects than placebo, it was well
tolerated. CBD (Epidiolex; GW pharmaceuticals); tested in a
12-wk trial in patients with treatment resistant epilepsy, was
found effective in reducing seizures.? CBD treatment also
improved the energy level, memory, control/helplessness,
cognitive function, social interaction and general global
quality of life of children with epilepsy.®® It is important to
note that of the 102 clinical trials registered on CBD in www.
cliniclatrials.gov, 26 trials are studying the efficacy of CBD
for the treatment of one or more types of seizures. Results
from well planned and designed studies clearly showed
that CBD (Epidiolex) was able to reduce the frequency of
convulsions (tonic-clonic, tonic, clonic and atonic) seizures
in patients with Dravet and Lennox-Gastaut syndromes.5'*
In a 2013 survey of parents of children with treatment
resistant epilepsy, it was found that 84% of respondents
reported reduction of seizure frequency after taking CBD.%
On June 25, 2018, the FDA approved CBD (Epidiolex) for
the treatment of rare and severe forms of epilepsy-Lenox-
Gastaut syndrome and Dravet syndrome in children two
years of age and older. (https://www.fda.gov/newsevents/
newsroom/pressannouncements/ucmé611046.htm).

Schizophrenia: Preclinical and clinical studies show that
CBD could treat schizophrenia and other mental illness
related to psychosis®® and some of the positive symptoms
of schizophrenia (hallucinations, delusions) and even
negative symptoms of schizophrenia such as lack of
emotion, loss of social functioning.®” This effect of CBD
on schizophrenia seems to be by increasing the naturally
occurringendocannabinoid,anandamide,%®thus CBD could
be as effective as prescription antipsychotics in treating
psychosis, with the added benefit of causing fewer side
effects. On the other hand, although CBD was well tolerated
with no worsening of mood, suicidality or movement side
effects, it was ineffective at a dose of 600 mg/day in treating

08 | Volume 2| Number 2 | January 2019



the cognitive impairment and other neuropsychiatric
complications seen in patients with schizophrenia.®® CBD
attenuated the decrease in hippocampal neurogenesis
and dendrite spines density induced by chronic stress
and prevented microglia activation and the decrease in
the number of parvalbumin-positive GABA neurons in a
pharmacological model of schizophrenia.” On the other
hand, Khoury et al. (2017)”" systematically reviewed the
published studies and concluded that there was no strong
evidence to support CBD use in psychiatry at this time and
that large well-designed clinical trials are required to assess
the effects of CBD in psychiatric disorders. Osborne and his
colleagues 7% also suggested that the clinical evidence for
treating schizophrenia associated cognitive impairment
and other neurological disorders with CBD in humans is
unconvincing at this time.

The prolonged treatment of regular cannabis users with
200 mg/day of CBD over a 10-week period reduced the
neuroanatomical damage in the hippocampus without
causing any significant adverse side effects, suggesting
the neuroprotective role CBD plays against brain structural
harm conferred by chronic cannabis use.”*> Thus, CBD
might be a useful adjunct in the treatment of cannabis
dependence and arange of clinical disorders characterized
by hippocampal pathology (e.g, schizophrenia,
Alzheimer’s disease, and major depressive disorder).

Alzheimer’s and Parkinson’s diseases: CBD prevented
the development of amyloid plaques, that are biological
markers of Alzheimer's disease (AD), suggesting it could
treat AD.”*Watt et al. (2017)”° also showed in-vivo evidence
that would support its use in treating AD. However,
according to Mannucci et al. (2017),%" a significant amount
of clinical research and clinical trials are needed to confirm
its use in treating AD and other clinical conditions. In the
case of Parkinson'’s disease (PD), limited data are available
from controlled clinical trials in which patients with PD were
successfully treated with cannabinoids. In an exploratory
double-blind trial’s, seven patients with PD were either
treated with placebo, 75 mg/day CBD or 300 mg/day of
CBD. No significant effects on motor functions or general
symptoms were found, although patients reported that
their quality of life improved. CBD could improve the PD-
related symptoms like REM-sleep disturbances and the
quality of life of PD patients. In an open-label pilot study
with six patients (4 men and 2 women) with a diagnosis
of psychosis for at least 3 months, CBD at 150 mg/day for
4 weeks, in addition to their usual therapy, significantly
decreased the total scores of Unified Parkinson’s Disease
Rating Scale, with no adverse effects, suggesting that CBD
may be effective, safe, and well tolerated for the treatment
of the psychosis in PD.”

Movement disorders/Multiple Sclerosis: Recently investigators
found that CBD worked well in an animal model of MS by
reducing the production of pro-inflammatory cytokines,
possibly by activating an important biological pathway
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which is blocked in MS.® For its anti-inflammatory and
neuroprotective effects, CBD was found effective in patients
with multiple sclerosis (MS) with resistant spasticity ° and
in combination with THC (Sativex [THC:CBD in a 1.1 ratio]),
effective in treating MS without adversely impairing driving
performance, ® and improving the mobility in patients with
MS.8" and in a small clinical trial, patients with moderate to
severe MS and who were resistant to other drugs, improved in
their spasticity-related symptoms when given Sativex. #

Trauma/Injuries/Stroke: CBD was tested for treating spinal
cord or traumatic brain injuries that can have permanent
life-altering effects and for which there are no effective
treatments. In rats, when CBD was applied immediately
before a spinal cord injury, the animals were less likely to
display problems with movement over the week following
the injury, suggesting that possibly CBD minimized the
extent of the damage and allowed for a better overall
recovery from the injury® But studies in humans are
needed to confirm its support in treating spinal cord
injuries. Similarly, because of its neuroprotective effects
seen in animal studies,® where CBD protected neurons
following an injury, it was suggested that it could be
developed to treat traumatic brain injury in humans. In the
case of stroke, animal research in rats®® and mice & show
that CBD protected against brain damage seen in stroke.
However, there are no data from studies in humans to
support its use in treating stroke in humans.

Anxiety and depressive disorders: CBD appears to be a
promising drug to treat anxiety disorders including opiate
use disorder, panic disorders, generalized anxiety disorder,
PTSD, and social anxiety disorder®” Several anecdotal
reports also support the benefits of CBD for treating
anxiety, but more clinical research is needed to support its
use in treating anxiety disorders. Pre-clinical research show
that CBD acts as an antidepressant by acting on serotonin
pathways in the brain.® CBD can specifically reduce
anhedonia, a symptom of depression that makes people
unable to feel joy or happiness.? Since CBD activates the
endocannabinoid system by increasing levels of naturally-
occurring cannabinoids, such as anandamide, research
suggests that changes in this endocannabinoid system
may be involved in depression and therefore, CBD could
treat depression. Since anxiety and depression occur in
bipolar disorder, it has been suggested °°' that CBD may
be able to provide mood stabilization in bipolar disorder
too. On the other hand, even though animal research
suggested that CBD could protect mania-related brain
damage, °> CBD failed to improve acute manic episodes of
bipolar in patients with mania.”

Sleep Disorders: Research in animal models shows that
CBD is effective in promoting wakefulness,®* and may be
related to CBD triggering increased levels of dopamine in
areas of the brain responsible for wakefulness °> suggesting
that CBD could someday play a role in promoting
wakefulness in disorders causing excessive sleepiness,
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such as narcolepsy. In a case report, Shannon and Opila-
Lehman (2016) % observed that CBD improved the quality
and quantity of sleep of a 10-year old young patient with
PTSD, likely due to its anxiety-relieving benefits.

Inflammation and Pain (Analgesic effect)

Based on preclinical evidence, several investigators
suggested that CBD could treat inflammatory diseases
of the gut such as colitis, © inflammatory bowel disease
(IBD),*® and Crohn'’s disease. * In a randomized, placebo-
controlled trial with 20 patients with Crohn's disease,
Naftali et al. (2017)* found that CBD at 10 mg/d, po,
was safe but not effective in treating Crohn's disease,
possibly due to small dose of CBD, the smaller number of
patients, or lack of synergism with other cannabinoids and
suggested further investigation. Cannabis is commonly
used as an alternative to non-steroidal pain medications
to treat different forms of pain. Studies in rats and mice
CBD had positive effects against incision related pain. It
reduced the sensory perception and emotional effects of
pain.'® Cannabidiol was ineffective at 45 mg/day for one
week in patients with chronic neuropathic pain.” In an
excellent review of the literature, (Darkovska-Serafimovska
et al. 2018) ' suggested that CBD could treat cancer pain
with mild to moderate side effects such as drowsiness,
nausea, vomiting, and dry mouth, but Mucke et al. (2018)'*
concluded that the potential benefits of cannabis-based
medicine (herbal cannabis, plant-derived or synthetic THC,
and THC/CBD oromucosal spray) in chronic neuropathic
pain might be outweighed by their potential harms.
The quality of evidence for pain relief outcomes reflects
the exclusion of participants with a history of substance
abuse and other significant comorbidities from the
studies, together with their small sample sizes. Hauser et
al. (2017)'% concluded that there is limited evidence for a
benefit of THC/CBD spray in the treatment of neuropathic
pain, but there is inadequate evidence for any benefit of
cannabinoids (dronabinol, nabilone, medical cannabis,
or THC/CBD spay) to treat cancer pain, pain of rheumatic
or Gl origin, anorexia in cancer or AIDS. Treatment with
cannabis-based medicines is associated with central
nervous and psychiatric side effects and concluded that
the public perception of the efficacy, tolerability, and
safety of cannabis-based medicines in pain management
and palliative medicine conflicts with the findings of
systematic reviews and prospective observational studies
conducted according to the standards of evidence-based
medicine.

Antiemetic effect (Nausea)

The proposed use of CBD for nausea is relatively more
recent. Preclinical research from animal studies showing
antiemetic effects of CBD in animals suggests that CBD
may stop nausea and vomiting in humans too. CBD may
be particularly helpful in treating nausea in patients that
are not getting relief from prescribed anti-nausea drugs.'*

Appetite Stimulant

Although smoked cannabis has been shown to increase
appetite and weight gain in patients with HIV/AIDS¥
without affecting viral load, and the oral THC also increased
weight gain in patients with cachexia (extreme loss of
weight),*' there are no studies in humans where CBD was
tested for appetite stimulant properties.

Treatment of Substance Use Disorders (e.g., tobacco,
opiate, cannabis)

Studies have been conducted to see if CBD could be used
to treat tobacco, opiate, and/or cannabis use disorders.
In a 2013 study by Morgan et al. (2013),'" 24 tobacco
smokers were randomized to receive an inhaler of CBD
or placebo for one week. They were instructed to use the
inhaler whenever they felt a craving to smoke. Over the
course of one week, those taking the CBD inhaler reduced
their number of cigarettes smoked by 40% while those
receiving the placebo inhaler did not decrease the number
of cigarettes they smoked. In a randomized, double-blind,
placebo controlled cross-over study,'® a single dose of 800
mg oral dose of CBD, reduced the salience and pleasantness
of cigarette cues, compared with placebo, after overnight
cigarette abstinence in dependent smokers, but CBD did not
influence tobacco craving or withdrawal or any subjectively
rated side effects. When tested in chronic cannabis users to
see if CBD treatment would protect against brain structural
harms conferred by chronic cannabis use, CBD showed
restorative effect on the subicular and CA1 subfields in
current cannabis users, especially those with greater lifetime
exposure to cannabis.”? In a randomized, double blind,
placebo-controlled trial, nabiximols (THC+CBD [Sativex])
combined with Motivational Enhancement Therapy and
Cognitive Behavioral Therapy (MET/CBT), was well tolerated
and reduced cannabis use and craving but not withdrawal
symptoms in chronic cannabis users.'”” Future trials with
higher doses of CBD were recommended for patients with
cannabis dependence. CBD was also tested to see if it would
treat psychological symptoms and cognitive function in
chronic cannabis users.'® Although, CBD was well tolerated
with no reported side effects, participants retrospectively
reported reduced euphoria when smoking cannabis. There
were no impairment of cognition or psychological function.
Importantly, participants reported significantly fewer
depressive and psychotic-like symptoms at post-treatment
relative to base-line, and exhibited improvements in
attentional switching, verbal learning, and memory.
Increased plasma CBD concentrations were associated with
improvements in attentional control and beneficial changes
in psychological symptoms. Greater benefits were observed
in dependent than in nondependent cannabis users. It was
concluded that prolonged treatment with CBD appeared
to have promising therapeutic effects for improving
psychological symptoms and cognition in regular cannabis
users. CBD may be a useful adjunct treatment for cannabis
dependence.
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Miscellaneous studies

CBD has been tested for antidiabetic,' hemodynamic
11011 apoptotic, cell proliferation and anticancer effects
"2 and see if it would treat diabetes or glycemic control,
high blood pressure, cancer or even viral hepatitis.'® In a
comprehensive review, the National Academy of Sciences?
concluded that cannabis and cannabinoids have potential
to treat a wide range of health ailments.

Thus, clinical research reviewed above and for the fact
that there are approximately 100+ clinical trials registered
at www.clinicaltrials.gov where CBD is being tested for
treating health conditions ranging from anxiety, depression,
epilepsy/seizures, Parkinson’s disease, psychosis,
schizophrenia, IBD, Crohn’s disease, alcohol use disorder,
cocaine use disorder, neuropathic pain, and others clearly
suggests that CBD could be developed as a medicine.

Tetrahydro-Cannabivarin (THCV)

Since its first discovery by Merkus (1971)"'* as one of
the two cannabinoids in hashish and later detected in
urine of cannabis users,'™'"® THCV has been tested for its
pharmacologic activity in numerous animal studies but
only a few human studies. It antagonizes anandamide '’
and some of the THC effects''® and has high affinity for CB2
receptors thereby it differs from CBD and rimonabant.'"®
Since it acts on cannabinoid receptors like CBD, it may
have therapeutic potential to treat a wide range of health
conditions.™®

THCV  has antipsychotic, anti-inflammatory and
immunomodulatory properties. Through its enhancing
effects on 5-HT1A1 receptors and its anti-psychotic
activity, it could treat some of the negative effects of
schizophrenia.'?' Besides other cannabinoids like CBG, CBD,
and CBDV, THCV has potential to treat neurodegenerative
disorders like epilepsy.'?'2 In a small pilot trial, A>-THCV
was well tolerated at a dose of 10 mg and inhibited the
THC-induced verbal recall while potentiating the memory
effects of A°THC. But due to small sample size, dose
selected, and lack of A°-THC-induced psychotomimetic
and memory-impairing effect, these findings should be
interpreted with caution.’* By activating CB2 receptors
and down-regulating CB1 receptors or expression of
TRP channel mRNA, it inhibited nitrite production in
macrophages' and affected human sebocyte function
and thus it could also treat dry skin conditions like acne
(that is due to increased activity of sebaceous glands)
and psoriasis.'® Since it affected both the activity and the
expression of transient receptor potential (TRP) channels
of vanilloid type-1 or 2 (TRPV1, TRPV-2), it could treat
inflammatory conditions in the GI tract.'® It could also
treat inflammatory pain in mice.'®

THCV showed anti-nausea effects in rats.'” In terms of
metabolic activity, it showed hypophagic activity in mice'*°
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via both reward and aversion to food mechanisms in the
midbrain, anterior cingulate cortex, putamen and caudate,
suggesting its therapeutic potential in treating obesity.'
THCV ameliorated insulin sensitivity, did not increase
food intake or body weight, increased slightly the energy
expenditure, and dose-dependently reduced glucose
intolerance in ob/ob mice, without consistently affecting
plasma lipids. THCV restored insulin signaling in insulin-
resistant hepatocytes and myotubes, thereby suggesting
that THCV may be a novel therapeutic agent to treat obesity-
associated glucose intolerance with pharmacology different
from that of CB1 inverse agonists/antagonists.'*?

In a randomized, double-blind, placebo-controlled study,
THCV significantly decreased fasting plasma glucose and
improved pancreatic B-cell function, adiponectin and
apolipoprotein-A, suggesting that THCV could represent
a new therapeutic agent in glycemic control in subjects
with type2 diabetes.’ THCV also reduced the intracellular
lipid levels and adipocytes in hepatocytes, suggesting
that THCV might treat obesity-and metabolic syndrome-
related NAFLD/hepatosteatosis.’*?

THCV was found to be better than CBD and cannabidivarin
(CBDV) in decreasing the acetylcholine-induced
contractions in the mouse and human bladder and thus
could treat bladder dysfunction.” Finally, CBD, CBDV,
cannabigeral (CBG), and THCV readily penetrated the blood
brain barrier despite moderate behavioral anomalies, but
higher concentrations with oral administration and not
intraperitoneal route. In mice, the intraperitoneal route
gave higher concentrations than oral route, while in rats,
oral route resulted in higher brain levels of CBD and CBDV
but not THCV and CBG, and for CBG, the intraperitoneal
route was more effective. These data suggested that
the route of administration must be kept in mind when
administering different cannabinoids.’**

THCV also has potential to treat oxidative stress and
inflammation induced conditions like cancer, pain,
neurodegeneration, cardiovascular disease, obesity and
metabolic syndrome, diabetes and diabetic complications,
diabetic  cardiovascular  dysfunction, nephropathy,
retinopathy, and neuropathy.’® Finally, due to detection
of THCV in oral fluids and urine of people who smoked
cannabis,''*"'® it was suggested that THCV could serve
as a marker of illegal use/smoking of cannabis.'?73813
But among those prescribed dronabinol™ or Marinol,"®
THCV may not have the sensitivity to detect cannabis use,
possibly due to variability of available cannabis strains
smoked by cannabis users in community settings.'*

Cannabidivarin (CBDV):

CBDV, first isolated from Cannabis sativa Linn.,'*' occurs in
high concentrations in cannabis from northern India, C.
indica, in Hashish from Pakistan, and in small concentrationsin
Mexican varieties of cannabis. It is found in plants that are rich
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in CBD and low in THC. It is a non-psychoactive component
of cannabis. Several mechanisms seem to be involved in
the antiepileptic activity of CBDV.'#252143144145146123147 CBDV
may act via CB1 and CB2 receptors and modulate neuronal
excitability and neuroinflammation, may act via TRPVIT,
CB1-independent mechanisms'*'* including voltage gated
potassium and sodium channels, GPR55123, desensitization
of TPRV1148, GABAergic system'¥, or through the expression
of epilepsy-related genes (Fos, Casp3, Ccl3, Cc14, Npy, Arc,
Penk, Cam2a, Bdnf, and Egr1) in the hippocampus, neocortex
and prefrontal cortex.® These results provide the first
molecular confirmation of behaviorally observed effects
of CBDV, upon chemically-induced seizures and serve to
underscore its suitability for clinical development.

Recently a patient with symptomatic partial epilepsy
self-medicated himself with cannabis after the failure of
countless pharmacological/surgical treatments. Clinical
and video EEG evaluations were periodically performed,
and the serum levels of CBDV, CBD, and A°-THC were
repeatedly measured. There was a dramatic clinical
improvement in seizure frequency and cognitive function,
with parallel high plasma concentrations of CBDV.'¥
Several clinical studies/trials are underway to study a wide
range of ailments including epilepsy that could be treated
with CBDV, CBD, and other cannabinoids. Like CBC, CBDV
also has anti-inflammatory activity on human sebocytes
and could treat dry skin conditions like acne;'* and it
acts on human and animal bladder contractility.** Finally,
CBDV acts as a CB1 receptor inverse agonist and could be
developed to treat nausea.’®

Cannabigerol (CBG):

Cannabigerol showed beneficial effect on neuroinflammatory
and neurodegenerative processes through cell membrane
cannabinoid  receptor-dependent and -independent
mechanisms in a chronic model of multiple sclerosis. It
ameliorated the symptoms associated with TMEV infection
(Theiler's Murine Encephalomyelitis Virus, a model for
studying multiple sclerosis) decreased microglia reactivity
and modulated the expression of genes involved in MS
pathophysiology. Granja et al. (2012)*° suggested that
CBG could be developed to treat MS and perhaps other
neuroinflammatory diseases. Several in-vivo studies show
that it has antioxidant and anti-inflammatory properties
and may treat oxidative-stress related disorders ™' and
inflammatory conditions in the gut such as colitis,”” and
since it attenuated murine colitis, reduced nitric oxide
production in macrophages, and reduced ROS formation in
intestinal epithelial cells, it could be considered for clinical
experimentation in IBD patients.’ CBG reduced arachidonic
acid-induced ‘acne-like’ lipogenesis,”® and inhibited
proliferation of human epidermal keratinocytes via non-CB1/
CB2 mechanisms,'® it could treat acne and psoriasis. CBG
blocked progression of colon cancer in vivo and selectively
inhibited the growth of colorectal cells (CRC), the investigators
suggested that CBG could be developed to curing colon

cancer.”™ It inhibited the growth of breast cancer cells ' and
the growth of human oral epithelioid carcinoma cells.'

CBG reduced the intraocular pressure (IOP) in the Brown
Norway rat,” and in the cat '*® but not in the monkey.™
There are no human studies where CBG was tested for
treating glaucoma. CBG elicited hyperphagia by reducing
latency to feed and increasing frequency of food intake
without any effects on neuromotor activity in rats and
thus was suggested for developing for treating conditions
like cachexia and other disorders of eating and body
weight regulation’®. But in the satiated rat, CBD did not
show such effects on feeding, while CBD did'¢". Like other
cannabinoids CBC, THCV, and CBD, CBG also reduced
the acetylcholine-induced contractions in the mouse
and human bladder.®* Both CBG and THC suppressed
dose-dependently the FSH-stimulated accumulation of
progesterone and estrogen biosynthesis thereby showing
anti-gonadal activity in vitro;'®? and because plasma
concentration of THC similar those used in this study have
been reported in humans, repeated exposure of females
to THC may lead to ovarian dysfunction, due in part, to the
direct anti-gonadal activity to THC.

Cannabichromene (CBC)

Cannabichromene has positive effects on mouse neural
stem/progenitor cells (essential for brain function) and
could be used to treat neuroinflammatory conditions
including seizures/epilepsy'®. Independent of
cannabinoid receptors or TRPV1 receptors', it selectively
reduced inflammation-induced hypermotility in mice. It
regulates the production of inflammatory cytokines such
as MCP-2 [monocyte chemotactic protein], intraleukin-6
(IL-6), intraleukin-8 (IL-8) and tumor necrosis factor (TNF-
alpha) and thus could treat allergic contact dermatitis '*°
and dry skin conditions like acne due to its antifibrotic
action on mouse and human skin sebocytes'?. Finally,
CBC is metabolized by cardiac CYP450 (CYP2J2 resulting
in reduction in the formation of cardioprotective epoxides,
the possible mechanisms of cardiac complications of
cannabinoids, particularly CBC and A°-THC 166

Cannabivarin (CBV)

Since its discovery by Merkus'#in 1971 as one of the new
cannabinoids in Hashish, no preclinical or clinical data are
available on CBV.

CONCLUSION

Though cannabis has been legalized as medicine in many
parts of the world, research clearly shows that at least
smoked cannabis is of very limited clinical value. Its main
psychoactive and addictive cannabinoid, THC, has been
approved for the treatment of chemotherapy-induced
nausea and vomiting, anorexia, and in combination with
its non-psychoactive component, cannabidiol (Sativex)
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for nausea and vomiting, appetite stimulation, and
neuropathic pain in several countries except in the United
States. Cannabidiol (Epidiolex) is also approved for treating
a specific type of epilepsy-Dravet and Lenox-Gastaut
syndromes in children two years of age and older. Further,
clinical research and several clinical trials underway also
suggests that there is little doubt that CBD has a great
potential to treat a wide range of clinical conditions/
diseases (Figure 2) including anxiety, depression,
neuropathic and other chronic pain conditions, Alzheimer’s
and Parkinson’s diseases, MS, PTSD and inflammatory
conditions. Much more systematic research including
well-designed clinical trials are needed to further develop
CBD as medicine and get it approved by a regulatory

Figure 1: Cannabinoid biosynthesis, part 1-CBG, THC, CBD, and CBC

(Burke, A., 2014)°
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agency like the US Food and Drug Administration for its
clinical use. With additional research, CBD may become a
demonstrably effective medication to be indicated for a
range of symptoms and/or medical/psychiatric disorders,
with a better clinical understanding of appropriate dosing
and tolerability data. Much work is also needed on other
cannabinoids of the plant such as tetrahydrocannabivarin,
cannabigerol and cannabidivarin before any of them
is prescribed as medicine. We concur with the National
Academy of Sciences?® ASAM,'” and other medical
organizations that have recommended that additional
research be conducted before cannabis products can be
prescribed for other clinical indications.

Figure 2: Pharmacologic actions of non-psychotropic cannabinoids (with

the indication of possible m ms of action).” (Izzo et al. 2009)
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Cannabis/cannabinoides comme médicament : sommes-nous la?

Jag H. Khalsa, MS, PhD., Bénévole spécial, Institut national de I'abus des drogues, Instituts nationaux de la santé,
Bethesda, Maryland, Gregory Bunt, MD, DFASAM, Ecole de médecine de I'Université de New York, New York, New York,
Marc Galanter MD, DFASAM, Ecole de médecine de I'Université de New York, New York, Norman Wetterau, MD, FAAFP,
FASAM, Centre médical de I'Université de Rochester, Rochester, New York.

Abstrait :

Le cannabis reste ladrogueillicite la plus utilisée dans le monde aujourd’hui. lly aun débat féroce en cours aux Etats-Unis et
ailleurs si d'approuver le cannabis et ou ses produits comme un médicament. Malgré le manque de preuves scientifiques
et cliniques suffisantes pour soutenir le cannabis comme médicament, de nombreuses parties des Etats-Unis et d’autres
pays l'ont [égalisée comme médicament. Actuellement, sur la base de recherches précliniques et cliniques, des produits
tels que le THC synthétique seul, p. ex., dronabinol et nabilone et en combinaison avec le cannabidiol (SATIVEX) ont
été approuvés comme médicament. En outre, cannabidiol a également été récemment approuvé pour le traitement
de I'épilepsie chez les enfants. La recherche montre également que cannabidiol semble avoir un grand potentiel pour
le développement comme médicament pour étre en mesure de traiter un large éventail de conditions cliniques allant
de la douleur neuropathique a I'Alzheimer et les maladies de Parkinson, la sclérose musculaire, 'anxiété, dépression
aux conditions inflammatoires du systeme gastro-intestinal. Toutefois, les recherches actuellement disponibles ne
soutiennent pas l'utilisation du cannabis fumé comme médicament pour traiter I'un des problémes de santé mentionnés
ci-dessus. D’autres cannabinoides tels que Cannabichromeéne, tétrahydro-cannabivarin, Cannabigérol et d'autres, bien
que étudié dans de nombreuses études précliniques et cliniques, la recherche jusqu'a présent suggere que beaucoup
de travail est encore nécessaire avant que I'un d’eux peut étre individuellement approuvés comme médicament par un
organisme de réglementation d'un pays comme l'administration des aliments et des médicaments des Etats-Unis.

References

(1) United Nations Office on Drugs and Crime. World Drug Report 2017. 2017. Economic Botany 28, 437-448. 1974.
(2 World Health Organization. The health and social effects of non-medical ~ (15) Gaoni Y, Mechoulam R. The isolation and structure of delta-1-
cannabis use. 2016. tetrahydrocannabinol and other neutral cannabinoids from hashish. J Am
(3)  Watts G. Cannabis confusions. BMJ 2006;332:175-176. Chem Soc 1971;93:217-224.
(4)  Hillig KW, Mahlberg PG. A chemotaxonomic analysis of cannabinoid  (16) Mechoulam R, Gaoni Y. Recent advances in the chemistry of hashish.
variation in Cannabis (Cannabaceae). Am J Bot 2004;91:966-975. Fortschr Chem Org Naturst 1967;25:175-213.
(5)  ElSohly MA, Radwan MM, Gul W, Chandra S, Galal A. Phytochemistry of ~ (17) Breivogel CS, Selley DE, Childers SR. Cannabinoid receptor agonist efficacy
(annabis sativa L. Prog Chem Org Nat Prod 2017;103:1-36. for stimulating [355]GTPgammas binding to rat cerebellar membranes
(6)  EISohly MA, Mehmedic Z, Foster S, Gon C, Chandra S, Church JC. Changes correlates with agonist-induced decreases in GDP affinity. J Biol Chem
in Cannabis Potency Over the Last 2 Decades (1995-2014): Analysis of 1998;273:16865-16873.
Current Data in the United States. Biol Psychiatry 2016;79:613-619. (18) Kumar RN, Chambers WA, Pertwee RG. Pharmacological actions
(7)  GulW, Gul SW, Chandra S, Lata H, Ibrahim EA, ElSohly MA. Detection and and therapeutic uses of cannabis and cannabinoids. Anaesthesia
Quantification of Cannabinoids in Extracts of Cannabis sativa Roots Using 2001;56:1059-1068.
LC-MS/MS. Planta Med 2018;84:267-271. (19) Ben AM. (annabinoids in medicine: A review of their therapeutic
(8)  Smith DE. Review of the American Medical Association Council on Scientific potential. J Ethnopharmacol 2006;105:1-25.
Affairs report on medical marijuana. J Psychoactive Drugs 1998;30:127-136.  (20) Russo EB. Cannabis and epilepsy: An ancient treatment returns to the
(9)  Burke A. Cannabinoid biosynthesis, part 1-CBG, THC, (BD and (BC. fore. Epilepsy Behav 2016.
6-25-2014.  https://www.marijuana.com/news/2014/06/cannabinoid-  (21) Pinkas J, Jablonski P, Kidawa M, Wierzba W. Use of marijuana for medical
biosynthesis-part-1-chg-thc-cbd-and-cbc/accessed — September 20, purposes. Ann Agric Environ Med 2016;23:525-528.
2018. (22) Khalsa J, Bunt G, Galanter M, Wetterau N. Medicinal uses of cannabis and
(10)  Atakan Z. Cannabis, a complex plant: different compounds and different cannabinoids. In: Miller SC FDSRRR, ed. Principles of Addiction Medicine.
effects on individuals. Ther Adv Psychopharmacol 2012;2:241-254. Hagerstown, Maryland: Lippincott, Williams, and Wilkins, 2018 Nov;
(11) Devane WA, Dysarz FA, Il Johnson MR, Melvin LS, Howlett AC. 2018.
Determination and characterization of a cannabinoid receptor in rat  (23) National Academies of Sciences, Commitee on the Health Effects of
brain. Mol Pharmacol 1988;34:605-613. Marijuana: An Evidence Review and Research Agenda. The Health
(12) Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a Effects of Cannabis and Cannabinoids: The Current State of Evidence and
peripheral receptor for cannabinoids. Nature 1993;365:61-65. Recommendations for Research. 2017. The National Academy of Sciences
(13) lzzo AA, Borrelli F, Capasso R, Di M, V, Mechoulam R. Non-psychotropic Press, Washington, DC. http://nationalacademies.org/hmd/reports/2017/
plant cannabinoids: new therapeutic opportunities from an ancient herb. health-effects-of-cannabis-and-cannabinoids.aspx, accessed September
Trends Pharmacol Sci 2009;30:515-527. 22, 2018.

(14) Li HL. An archaeological and botanical account of cannabis in China. ~ (24) ASAM. Public Policy Statement on Medical Marijuana. 2010. ASAM, Chevy

14 | Volume 2| Number 2 | January 2019



(39)

(40)

Chase, Maryland, https://www.asam.org/docs/default-source/public-
policy-statements/Tmedical-marijuana-4-10.pdf?sfvrsn=3110dféb_0,
accessed September 22, 2018 .

Chang AE, Shiling DJ, Stillman RC et al. A prospective evaluation of delta-
9-tetrahydrocannabinol as an antiemetic in patients receiving adriamycin
and cytoxan chemotherapy. Cancer 1981;47:1746-1751.

Chang AE, Shiling DJ, Stillman RC et al. Delata-9-tetrahydrocannabinol
as an antiemetic in cancer patients receiving high-dose methotrexate. A
prospective, randomized evaluation. Ann Intern Med 1979;91:819-824.
Abrams DI, Hilton JF, Leiser RJ et al. Short-term effects of cannabinoids in
patients with HIV-1 infection: a randomized, placebo-controlled clinical
trial. Ann Intern Med 2003;139:258-266.

Devinsky 0, Cross JH, Laux L et al. Trial of Cannabidiol for Drug-Resistant
Seizures in the Dravet Syndrome. N Engl J Med 2017;376:2011-2020.
Lotan I, Treves TA, Roditi Y, Djaldetti R. Cannabis (medical marijuana)
treatment for motor and non-motor symptoms of Parkinson disease: an
open-label observational study. Clin Neuropharmacol 2014;37:41-44.
Anonymous. Ten pharmaceuticals basd on cannabis. 2013, https:/
medicalmarijuana.procon.org/view.resource.php?resourcelD=000883;
accessed September 22, 2018.

Beal JE, Olson R, Laubenstein L et al. Dronabinol as a treatment for
anorexia associated with weight loss in patients with AIDS. J Pain
Symptom Manage 1995;10:89-97.

Jatoi A, Windschitl HE, Loprinzi CL et al. Dronabinol versus megestrol acetate
versus combination therapy for cancer-associated anorexia: a North Central
(ancer Treatment Group study. J Clin Oncol 2002;20:567-573.

Noyes R, Jr., Brunk SF, Avery DA, Canter AC. The analgesic properties
of delta-9-tetrahydrocannabinol and codeine. Clin Pharmacol Ther
1975;18:84-89.

Noyes R, Jr., Brunk SF, Baram DA, Canter A. Analgesic effect of delta-9-
tetrahydrocannabinol. J Clin Pharmacol 1975;15:139-143.

Buggy DJ, Toogood L, Maric S, Sharpe P, Lambert DG, Rowbotham
DJ. Lack of analgesic efficacy of oral delta-9-tetrahydrocannabinol in
postoperative pain. Pain 2003;106:169-172.

Ware MA, WangT, Shapiro S et al. Smoked cannabis for chronic neuropathic
pain: a randomized controlled trial. CMAJ 2010;182:E694-E701.

RaftD, GreggJ, GhiaJ, Harris L. Effects of intravenous tetrahydrocannabinol
on experimental and surgical pain. Psychological correlates of the
analgesic response. Clin Pharmacol Ther 1977;21:26-33.

Notcutt W, Price M, Miller R et al. Initial experiences with medicinal
extracts of cannabis for chronic pain: results from 34 ‘N of 1 studies.
Anaesthesia  2004;59:440-452.

Zajicek J, Fox P, Sanders H et al. Cannabinoids for treatment of spasticity
and other symptoms related to multiple sclerosis (CAMS study): multicentre
randomised placebo-controlled trial. Lancet 2003;362:1517-1526.
Wade DT, Makela P, Robson P, House H, Bateman C. Do cannabis-based
medicinal extracts have general or specific effects on symptoms in
multiple sclerosis? A double-blind, randomized, placebo-controlled
study on 160 patients. Mult Scler 2004;10:434-441.

Rog DJ, Nurmikko TJ, Friede T, Young CA. Randomized, controlled trial of
cannabis-based medicine in central pain in multiple sclerosis. Neurology
2005;65:812-819.

Wade DT, Robson P, House H, Makela P, Aram J. A preliminary controlled
study to determine whether whole-plant cannabis extracts can improve
intractable neurogenic symptoms. Clin Rehabil 2003;17:21-29.
Muller-Vahl KR, Schneider U, Koblenz A et al. Treatment of Tourette’s
syndrome with Delta 9-tetrahydrocannabinol (THC): a randomized
crossover trial. Pharmacopsychiatry 2002;35:57-61.

(44)

(45)

(46)

(47)

(48)

(49)

(50)

(51)

(52)

(53)
(54)
(55)
(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

INTERNATIONAL
ADDICTION REVIEW

Muller-VahIKR, SchneiderU, PrevedelHetal. Delta9-tetrahydrocannabinol
(THQ) is effective in the treatment of tics in Tourette syndrome: a 6-week
randomized trial. J Clin Psychiatry 2003;64:459-465.

Merritt JC, Crawford WJ, Alexander PC, Anduze AL, Gelbart SS.
Effect of marihuana on intraocular and blood pressure in glaucoma.
Ophthalmology ~ 1980;87:222-228.

Tomida I, Pertwee RG, Azuara-Blanco A. Cannabinoids and glaucoma. Br
J Ophthalmol 2004;88:708-713.

Sieradzan KA, Fox SH, Hill M, Dick JP, Crossman AR, Brotchie JM.
(Cannabinoids reduce levodopa-induced dyskinesia in Parkinson’s disease:
a pilot study. Neurology 2001;57:2108-2111.

Carroll (B, Bain PG, Teare L et al. Cannabis for dyskinesia in Parkinson
disease: a randomized double-blind crossover study. Neurology
2004;63:1245-1250.

Fox SH, Kellett M, Moore AP, Crossman AR, Brotchie JM. Randomised,
double-blind, placebo-controlled trial to assess the potential of
cannabinoid receptor stimulation in the treatment of dystonia. Mov
Disord  2002;17:145-149.

World Health Organization ECoDD2. Cannabidiol. 2017. World Health
Organization, Expert Committee on Drug Dependence, Pre-Review
Report, Agenda Item-5.2, Geneva, 6-10 November 2017. http://www.
who.int/medicines/access/controlled-substances/5.2_(BD.pdf; accessed
September 22, 2018.

Mannucci C, Navarra M, Calapai F et al. Neurological Aspects of Medical
Use of Cannabidiol. CNS Neurol Disord Drug Targets 2017;16:541-553.
Bialer M, Johannessen SI, Levy RH, Perucca E, Tomson T, White HS.
Progress report on new antiepileptic drugs: A summary of the Thirteenth
Eilat Conference on New Antiepileptic Drugs and Devices (EILAT XIII).
Epilepsia 2017;58:181-221.

Friedman D, Sirven JI. Historical perspective on the medical use of
cannabis for epilepsy: Ancient times to the 1980s. Epilepsy Behav 2017.
Lippiello P, Balestrini S, Leo A et al. From cannabis to cannabidiol to treat
epilepsy, where are we? Curr Pharm Des 2016.

Perucca E. Cannabinoids in the Treatment of Epilepsy: Hard Evidence at
Last? J Epilepsy Res 2017;7:61-76.

Reddy DS. The Utility of Cannabidiol in the Treatment of Refractory
Epilepsy. Clin Pharmacol Ther 2017;101:182-184.

Upadhya D, Castro OW, Upadhya R, Shetty AK. Prospects of Cannabidiol
for Easing Status Epilepticus-Induced Epileptogenesis and Related
Comorbidities. Mol Neurobiol 2018;55:6956-6964.

Kaplan EH, Offermann EA, Sievers JW, Comi AM. Cannabidiol Treatment
for Refractory Seizures in Sturge-Weber Syndrome. Pediatr Neurol
2017;71:18-23.

Thiele EA, Marsh ED, French JA et al. Cannabidiol in patients with seizures
associated with Lennox-Gastaut syndrome (GWPCARE4): a randomised,
double-blind, placebo-controlled phase 3 trial. Lancet 2018;391:1085-
1096.

Devinsky 0, Verducci C, Thiele EA et al. Open-label use of highly purified
(BD (Epidiolex(R)) in patients with CDKL5 deficiency disorder and Aicardi,
Dup15q, and Doose syndromes. Epilepsy Behav 2018.

Devinsky O, Patel AD, Thiele EA et al. Randomized, dose-ranging safety
trial of cannabidiol in Dravet syndrome. Neurology 2018;90:¢1204-1211.
Devinsky O, Marsh E, Friedman D et al. Cannabidiol in patients with
treatment-resistant epilepsy: an open-label interventional trial. Lancet
Neurol  2016;15:270-278.

Rosenberg EC, Louik J, Conway E, Devinsky O, Friedman D. Quality of Life
in Childhood Epilepsy in pediatric patients enrolled in a prospective,
open-label clinical study with cannabidiol. Epilepsia 2017;58:e96-e100.

www.iar-journal.com | 15



International Addiction Review

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71

(72)

(73)

(74)

(75)

(76)

(77

(78)

(79)

(80)

(81)

(82)

(83)

(84)

Devinsky O, Patel AD, Cross JH et al. Effect of Cannabidiol on Drop Seizures
in the Lennox-Gastaut Syndrome. N Engl J Med 2018;378:1888-1897.
Porter BE, Jacobson C. Report of a parent survey of cannabidiol-enriched
cannabis use in pediatric treatment-resistant epilepsy. Epilepsy Behav
2013;29:574-577.

Schubart (D, Sommer E, Fusar-PoliP,de WL, Kahn RS, Boks MP. Cannabidiol
as a potential treatment for psychosis. Eur Neuropsychopharmacol
2014;24:51-64.

Deiana S. Medical use of cannabis. Cannabidiol: a new light for
schizophrenia? Drug Test Anal 2013;5:46-51.

Leweke FM, Piomelli D, Pahlisch F etal. Cannabidiol enhances anandamide
signaling and alleviates psychotic symptoms of schizophrenia. Transl
Psychiatry 2012;2:¢94.

Boggs DL, Surti T, Gupta A et al. The effects of cannabidiol (CBD) on
cognition and symptoms in outpatients with chronic schizophrenia
a randomized placebo controlled trial. Psychopharmacology (Berl)
2018;235:1923-1932.

da Silva VK, de Freitas BS, Dornelles VC et al. Novel insights into
mitochondrial molecular targets of iron-induced neurodegeneration:
Reversal by cannabidiol. Brain Res Bull 2018;139:1-8.

Khoury JM, Neves MCLD, Roque MAV et al. Is there a role for cannabidiol
in psychiatry? World J Biol Psychiatry 2017;1-16.

Oshorne AL, Solowij N, Weston-Green K. A systematic review of the
effect of cannabidiol on cognitive function: Relevance to schizophrenia.
Neurosci Biobehav Rev 2017;72:310-324.

Beale C, Broyd SJ, Chye Y et al. Prolonged Cannabidiol Treatment Effects
on Hippocampal Subfield Volumes in Current Cannabis Users. Cannabis
Cannabinoid Res 2018;3:94-107.

Libro R, Diomede F, Scionti D et al. Cannabidiol Modulates the Expression
of Alzheimer’s Disease-Related Genes in Mesenchymal Stem Cells. Int J
Mol Sci 2016;18.

Watt G, Karl T. In vivo Evidence for Therapeutic Properties of Cannabidiol
(CBD) for Alzheimer's Disease. Front Pharmacol 2017;8:20.

Chagas MH, Zuardi AW, Tumas V et al. Effects of cannabidiol in the
treatment of patients with Parkinson’s disease: an exploratory double-
blind trial. J Psychopharmacol 2014;28:1088-1098.

Zuardi AW, Crippa JA, Hallak JE et al. Cannabidiol for the treatment of
psychosis in Parkinson’s disease. J Psychopharmacol 2009;23:979-983.
Giacoppo S, Pollastro F, Grassi G, Bramanti P, Mazzon E. Target regulation
of PI3K/Akt/mTOR pathway by cannabidiol in treatment of experimental
multiple sclerosis. Fitoterapia 2017;116:77-84.

Lus G, Cantello R, Danni MC et al. Palatability and oral cavity tolerability
of THC:(BD oromucosal spray and possible improvement measures
in multiple sclerosis patients with resistant spasticity: a pilot study.
Neurodegener Dis Manag 2018;8:105-113.

Celius EG, Vila C. The influence of THC:(BD oromucosal spray on driving
ability in patients with multiple sclerosis-related spasticity. Brain Behav
2018;8:e00962.

Rudroff T, Sosnoff J. Cannabidiol to Improve Mobility in People with
Multiple Sclerosis. Front Neurol 2018;9:183.

Vermersch P, Trojano M. Tetrahydrocannabinol:Cannabidiol Oromucosal
Spray for Multiple Sclerosis-Related Resistant Spasticity in Daily Practice.
Eur Neurol 2016;76:216-226.

Kwiatkoski M, Guimaraes FS, Del-Bel E. Cannabidiol-treated rats
exhibited higher motor score after cryogenic spinal cord injury. Neurotox
Res 2012;21:271-280.

Schiavon AP, Soares LM, Bonato JM, Milani H, Guimaraes FS, Weffort de
Oliveira RM. Protective effects of cannabidiol against hippocampal cell

death and cognitive impairment induced by bilateral common carotid
artery occlusion in mice. Neurotox Res 2014;26:307-316.

Pazos MR, Cinquina V, Gomez A et al. Cannabidiol administration after
hypoxia-ischemia to newborn rats reduces long-term brain injury and
restores neurobehavioral function. Neuropharmacology 2012;63:776-783.
Hayakawa K, Mishima K, Nozako M et al. Repeated treatment with
cannabidiol but not Delta9-tetrahydrocannabinol has a neuroprotective
effect without the development of tolerance. Neuropharmacology
2007;52:1079-1087.

Blessing EM, Steenkamp MM, Manzanares J, Marmar CR. Cannabidiol
as a Potential Treatment for Anxiety Disorders. Neurotherapeutics
2015;12:825-836.

de Mello Schier AR, de Oliveira Ribeiro NP, Coutinho DS et al.
Antidepressant-like and anxiolytic-like effects of cannabidiol: a
chemical compound of Cannabis sativa. CNS Neurol Disord Drug Targets
2014;13:953-960.

Shoval G, Shbiro L, Hershkovitz L et al. Prohedonic Effect of Cannabidiol in
a Rat Model of Depression. Neuropsychobiology 2016;73:123-129.
Ashton CH, Moore PB. Endocannabinoid system dysfunction in mood and
related disorders. Acta Psychiatr Scand 2011;124:250-261.

Ashton CH, Moore PB, Gallagher P, Young AH. Cannabinoids in bipolar
affective disorder: a review and discussion of their therapeutic potential.
J Psychopharmacol 2005;19:293-300.

Valvassori SS, Elias G, de SB et al. Effects of cannabidiol on amphetamine-
induced oxidative stress generation in an animal model of mania. J
Psychopharmacol  2011;25:274-280.

Zuardi A, Crippa J, Dursun S et al. Cannabidiol was ineffective for manic
episode of bipolar affective disorder. J Psychopharmacol 2010;24:135-137.
Murillo-Rodriguez E, Millan-Aldaco D, Palomero-Rivero M, Mechoulam R,
Drucker-Colin R. The nonpsychoactive Cannabis constituent cannabidiol
is a wake-inducing agent. Behav Neurosci 2008;122:1378-1382.
Murillo-Rodriguez E, Millan-Aldaco D, Palomero-Rivero M, Mechoulam R,
Drucker-Colin R. Cannabidiol, a constituent of Cannabis sativa, modulates
sleep in rats. FEBS Lett 2006;580:4337-4345.

Shannon S, Opila-Lehman J. Effectiveness of Cannabidiol Oil for Pediatric
Anxiety and Insomnia as Part of Posttraumatic Stress Disorder: A Case
Report. Perm J 2016;20:108-111.

Couch DG, Maudslay H, Doleman B, Lund JN, 0'Sullivan SE. The Use of
Cannabinoids in Colitis: A Systematic Review and Meta-Analysis. Inflamm
Bowel Dis 2018;24:680-697.

Hasenoehrl C, Storr M, Schicho R. Cannabinoids for treating inflammatory
bowel diseases: where are we and where do we go? Expert Rev
Gastroenterol Hepatol 2017;11:329-337.

Naftali T, Mechulam R, Marii A et al. Low-Dose Cannabidiol Is Safe but Not
Effective in the Treatment for Crohn’s Disease, a Randomized Controlled
Trial. Dig Dis Sci 2017;62:1615-1620.

(100) Genaro K, Fabris D, Arantes ALF, Zuardi AW, Crippa JAS, Prado WA.

Cannabidiol Is a Potential Therapeutic for the Affective-Motivational
Dimension of Incision Pain in Rats. Front Pharmacol 2017;8:391.

(101) Darkovska-Serafimovska M, Serafimovska T, Arsova-Sarafinovska

Z, Stefanoski S, Keskovski Z, Balkanov T. Pharmacotherapeutic
considerations for use of cannabinoids to relieve pain in patients with
malignant diseases. J Pain Res 2018;11:837-842.

(102) Mucke M, Phillips T, Radbruch L, Petzke F, Hauser W. Cannabis-based

medicines for chronic neuropathic pain in adults. Cochrane Database Syst
Rev 2018;3:(D012182.

(103) Hauser W, Fitzcharles MA, Radbruch L, Petzke F. Cannabinoids in Pain

Management and Palliative Medicine. Dtsch Arztebl Int 2017;114:627-634.

16 | Volume 2| Number 2 | January 2019



(104) Davis MP. Cannabinoids for Symptom Management and Cancer Therapy:
The Evidence. J Natl Compr Canc Netw 2016;14:915-922.

(105) Morgan CJ, Das RK, Joye A, Curran HY, Kamboj SK. Cannabidiol reduces
cigarette consumption in tobacco smokers: preliminary findings. Addict

Behav 2013;38:2433-2436.

(106) Hindocha C, Freeman TP, Grabski M et al. Cannabidiol reverses attentional
bias to cigarette cues in a human experimental model of tobacco
withdrawal. Addiction 2018.

(107)Trigo JM, Soliman A, Quilty LC et al. Nabiximols combined with
motivational enhancement/cognitive behavioral therapy for the
treatment of cannabis dependence: A pilot randomized clinical trial. PLoS
One 2018;13:¢0190768.

(108) Solowij N, Broyd SJ, Beale C et al. Therapeutic Effects of Prolonged
(Cannabidiol Treatment on Psychological Symptoms and Cognitive

Function in Regular Cannabis Users: A Pragmatic Open-Label Clinical
Trial. Cannabis Cannabinoid Res 2018;3:21-34.

(109) Jadoon KA, Ratcliffe SH, Barrett DA et al. Efficacy and Safety of Cannabidiol
and Tetrahydrocannabivarin on Glycemic and Lipid Parameters in Patients
With Type 2 Diabetes: A Randomized, Double-Blind, Placebo-Controlled,
Parallel Group Pilot Study. Diabetes Care 2016;39:1777-1786.

(110) Sultan SR, Millar SA, England TJ, 0'Sullivan SE. A Systematic Review
and Meta-Analysis of the Haemodynamic Effects of Cannabidiol. Front
Pharmacol 2017;8:81.

(111) Jadoon KA, Tan GD, 0’Sullivan SE. A single dose of cannabidiol reduces
blood pressure in healthy volunteers in a randomized crossover study. JCI
Insight 2017;2.

(112) Kalenderoglou N, Macpherson T, Wright KL. Cannabidiol Reduces
Leukemic Cell Size - But Is It Important? Front Pharmacol 2017;8:144.

(113) Lowe HI, Toyang NJ, McLaughlin W. Potential of Cannabidiol for the
Treatment of Viral Hepatitis. Pharmacognosy Res 2017;9:116-118.

(114) Merkus FW. Cannabivarin and tetrahydrocannabivarin, two new
constituents of hashish. Nature 1971;232:579-580.

(115) EISohly MA, Feng S, Murphy TP et al. Delta 9-tetrahydrocannabivarin
(delta 9-THCV) as a marker for the ingestion of cannabis versus Marinol. J
Anal Toxicol 1999;23:222-224.

(116) ElSohly MA, deWit H, Wachtel SR, Feng S, Murphy TP. Deltad-
tetrahydrocannabivarin as a marker for the ingestion of marijuana versus
Marinol: results of a clinical study. J Anal Toxicol 2001;25:565-571.

(117) Mechoulam R. Plant cannabinoids: a neglected pharmacological treasure
trove. Br J Pharmacol 2005;146:913-915.

(118) Pertwee RG, Thomas A, Stevenson LA et al. The psychoactive plant
cannabinoid, Delta9-tetrahydrocannabinol, is antagonized by Delta8-
and Delta9-tetrahydrocannabivarin in mice in vivo. Br J Pharmacol
2007;150:586-594.

(119) McPartland JM, Duncan M, Di M, V, Pertwee RG. Are cannabidiol
and Delta(9) -tetrahydrocannabivarin negative modulators of the
endocannabinoid system? A systematic review. Br J Pharmacol
2015;172:737-753.

(120) Pertwee RG. The diverse (B1 and (B2 receptor pharmacology of three
plant cannabinoids: deltad-tetrahydrocannabinol, cannabidiol and
deltad-tetrahydrocannabivarin. Br J Pharmacol 2008;153:199-215.

(121) Cascio MG, Zamberletti E, Marini P, Parolaro D, Pertwee RG. The
phytocannabinoid, Delta(9)-tetrahydrocannabivarin, can act through
5-HT(T)A receptors to produce antipsychotic effects. Br J Pharmacol
2015;172:1305-1318.

(122) Hill AJ, Weston SE, Jones NA et al. Delta(9)-Tetrahydrocannabivarin
suppresses in vitro epileptiform and in vivo seizure activity in adult rats.
Epilepsia 2010;51:1522-1532.

INTERNATIONAL
ADDICTION REVIEW

(123) Gaston TE, Friedman D. Pharmacology of cannabinoids in the treatment
of epilepsy. Epilepsy Behav 2017;70:313-318.

(124) Englund A, Atakan Z, Kralj A, Tunstall N, Murray R, Morrison P. The effect
of five day dosing with THCV on THC-induced cognitive, psychological
and physiological effects in healthy male human volunteers: A placebo-
controlled, double-blind, crossover pilot trial. J Psychopharmacol
2016;30:140-151.

(125) Romano B, Pagano E, Orlando P et al. Pure Delta(9)-tetrahydrocannabivarin
and a (annabis sativa extract with high content in Delta(9)-
tetrahydrocannabivarin inhibit nitrite production in murine peritoneal
macrophages. Pharmacol Res 2016;113:199-208.

(126) Olah A, Markovics A, Szabo-Papp J et al. Differential effectiveness of
selected non-psychotropic phytocannabinoids on human sebocyte
functions implicates their introduction in dry/seborrhoeic skin and acne
treatment. Exp Dermatol 2016;25:701-707.

(127) DePL, Ligresti A, Moriello AS et al. Effects of cannabinoids and cannabinoid-
enriched Cannabis extracts on TRP channels and endocannabinoid
metabolic enzymes. Br J Pharmacol 2011;163:1479-1494.

(128) Bolognini D, Costa B, Maione S et al. The plant cannabinoid Delta9-
tetrahydrocannabivarin can decrease signs of inflammation and
inflammatory pain in mice. Br J Pharmacol 2010;160:677-687.

(129) Rock EM, Sticht MA, Duncan M, Stott C, Parker LA. Evaluation of the
potential of the phytocannabinoids, cannabidivarin (CBDV) and Delta(9)
-tetrahydrocannabivarin (THCV), to produce (B1 receptor inverse
agonism symptoms of nausea in rats. Br J Pharmacol 2013;170:671-678.

(130) Riedel G, Fadda P, McKillop-Smith S, Pertwee RG, Platt B, Robinson L.
Synthetic and plant-derived cannabinoid receptor antagonists show
hypophagic properties in fasted and non-fasted mice. Br J Pharmacol
2009;156:1154-1166.

(131) Tudge L, Williams C, Cowen PJ, McCabe C. Neural effects of cannabinoid
(B1 neutral antagonist tetrahydrocannabivarin on food reward and
aversion in healthy volunteers. Int J Neuropsychopharmacol 2014;18.

(132) Wargent ET, Zaibi MS, Silvestri C et al. The cannabinoid Delta(9)-
tetrahydrocannabivarin (THCV) ameliorates insulin sensitivity in two
mouse models of obesity. Nutr Diabetes 2013;3:e68.

(133) Silvestri C, Paris D, Martella A et al. Two non-psychoactive cannabinoids
reduce intracellular lipid levels and inhibit hepatosteatosis. J Hepatol
2015;62:1382-1390.

(134) Pagano E, Montanaro V, Di GA et al. Effect of Non-psychotropic Plant-
derived Cannabinoids on Bladder Contractility: Focus on Cannabigerol.
Nat Prod Commun 2015;10:1009-1012.

(135) Deiana S, Watanabe A, Yamasaki Y et al. Plasma and brain
pharmacokinetic profile of cannabidiol (CBD), cannabidivarine (CBDV),
Delta(9)-tetrahydrocannabivarin (THCV) and cannabigerol (CBG) in rats
and mice following oral and intraperitoneal administration and (BD
action on obsessive-compulsive behaviour. Psychopharmacology (Berl)
2012;219:859-873.

(136) Horvath B, Mukhopadhyay P, Hasko G, Pacher P. The endocannabinoid
system and plant-derived cannabinoids in diabetes and diabetic
complications. Am J Pathol 2012;180:432-442.

(137) Scheidweiler KB, Andersson M, Swortwood MJ, Sempio C, Huestis MA.
Long-term stability of cannabinoids in oral fluid after controlled cannabis
administration. Drug Test Anal 2017;9:143-147.

(138) Swortwood MJ, Newmeyer MN, Andersson M, Abulseoud OA,
Scheidweiler KB, Huestis MA. Cannabinoid disposition in oral fluid after
controlled smoked, vaporized, and oral cannabis administration. Drug
Test Anal 2017;9:905-915.

(139) RadunzL, Westphal F, Maser E, Rochholz G. THCVA-A - a new additional marker

www.iar-journal.com | 17



International Addiction Review

forillegal cannabis consumption. Forensic Sci Int 2012;215:171-174.

(140) Levin FR, Mariani JJ, Brooks DJ, Xie S, Murray KA. Delta9-
tetrahydrocannabivarin testing may not have the sensitivity to detect
marijuana use among individuals ingesting dronabinol. Drug Alcohol
Depend  2010;106:65-68.

(147) Ross SA, EISohly MA, Sultana GN, Mehmedic Z, Hossain CF, Chandra S.
Flavonoid glycosides and cannabinoids from the pollen of Cannabis sativa
L. Phytochem Anal 2005;16:45-48.

(142) Bialer M, Johannessen SI, Levy RH, Perucca E, Tomson T, White HS.
Progress report on new antiepileptic drugs: A summary of the Twelfth
Eilat Conference (EILAT XII). Epilepsy Res 2015;111:85-141.

(143) Hill AJ, Williams CM, Whalley BJ, Stephens GJ. Phytocannabinoids as novel
therapeutic agents in CNS disorders. Pharmacol Ther 2012;133:79-97.

(144) Hill TD, Cascio MG, Romano B et al. Cannabidivarin-rich cannabis extracts
are anticonvulsant in mouse and rat via a (B1 receptor-independent
mechanism. Br J Pharmacol 2013;170:679-692.

(145) Chandra S, Lata H, EISohly MA, Walker LA, Potter D. Cannabis cultivation:
Methodological issues for obtaining medical-grade product. Epilepsy
Behav 2017;70:302-312.

(146) Turner SE, Williams CM, Iversen L, Whalley BJ. Molecular Pharmacology of
Phytocannabinoids. Prog Chem Org Nat Prod 2017;103:61-101.

(147) Morano A, Cifelli P, Nencini P et al. Cannabis in epilepsy: From clinical
practice to basic research focusing on the possible role of cannabidivarin.
Epilepsia Open 2016;1:145-151.

(148) dos Santos RG, Hallak JE, Leite JP, Zuardi AW, Crippa JA. Phytocannabinoids
and epilepsy. J Clin Pharm Ther 2015;40:135-143.

(149) Amada N, Yamasaki Y, Williams CM, Whalley BJ. Cannabidivarin (CBDV)
suppresses pentylenetetrazole (PTZ)-induced increases in epilepsy-
related gene expression. Peer) 2013;1:¢214.

(150) Granja AG, Carrillo-Salinas F, Pagani A et al. A cannabigerol quinone
alleviates neuroinflammation in a chronic model of multiple sclerosis. J
Neuroimmune Pharmacol 2012;7:1002-1016.

(157) Giacoppo S, Gugliandolo A, Trubiani O et al. Cannabinoid (B2 receptors
are involved in the protection of RAW264.7 macrophages against the
oxidative stress: an in vitro study. Eur J Histochem 2017;61:2749.

(152) Borrelli F, Fasolino |, Romano B et al. Beneficial effect of the non-
psychotropic plant cannabinoid cannabigerol on experimental
inflammatory bowel disease. Biochem Pharmacol 2013;85:1306-1316.

(153) Wilkinson JD, Williamson EM. Cannabinoids inhibit human keratinocyte
proliferation through a non-CB1/CB2 mechanism and have a potential
therapeutic valuein the treatment of psoriasis. ) Dermatol Sci 2007;45:87-
92.

(154) Borrelli F, Pagano E, Romano B et al. Colon carcinogenesis is inhibited
by the TRPM8 antagonist cannabigerol, a Cannabis-derived non-
psychotropic cannabinoid. Carcinogenesis 2014;35:2787-2797.

(155) Ligresti A, Moriello AS, Starowicz K et al. Antitumor activity of plant
cannabinoids with emphasis on the effect of cannabidiol on human
breast carcinoma. J Pharmacol Exp Ther 2006;318:1375-1387.

(156) Baek SH, Kim YO, Kwag JS, Choi KE, Jung WY, Han DS. Boron trifluoride
etherate on silica-A modified Lewis acid reagent (VII). Antitumor activity
of cannabigerol against human oral epitheloid carcinoma cells. Arch
Pharm Res 1998;21:353-356.

(157) Szczesniak AM, Maor Y, Robertson H, Hung O, Kelly ME. Nonpsychotropic
cannabinoids, abnormal cannabidiol and canabigerol-dimethyl heptyl,
act at novel cannabinoid receptors to reduce intraocular pressure. J Ocul
Pharmacol Ther 2011;27:427-435.

(158) Colasanti BK. A comparison of the ocular and central effects of delta
9-tetrahydrocannabinol and cannabigerol. J Ocul Pharmacol 1990;6:259-269.

(159) GreenK, Symonds CM, Oliver NW, Elijah RD. Intraocular pressure following
systemic administration of cannabinoids. Curr Eye Res 1982;2:247-253.

(160) Brierley DI, Samuels J, Duncan M, Whalley BJ, Williams CM. Cannabigerol
is a novel, well-tolerated appetite stimulant in pre-satiated rats.
Psychopharmacology (Berl) 2016;233:3603-3613.

(161) Farrimond JA, Whalley BJ, Williams CM. Cannabinol and cannabidiol exert
opposing effects on rat feeding patterns. Psychopharmacology (Berl)
2012;223:117-129.

(162) Adashi EY, Jones PB, Hsueh AJ. Direct antigonadal activity of
cannabinoids: suppression of rat granulosa cell functions. Am J Physiol
1983;244:E177-E185.

(163) Shinjyo N, Di M, V. The effect of cannabichromene on adult neural stem/
progenitor cells. Neurochem Int 2013;63:432-437.

(164) Izzo AA, Capasso R, Aviello G et al. Inhibitory effect of cannabichromene,
a major non-psychotropic cannabinoid extracted from Cannabis sativa,
on inflammation-induced hypermotility in mice. Br J Pharmacol
2012;166:1444-1460.

(165) Petrosino S, Verde R, Vaia M, Allara M, luvone T, Di M, V. Anti-
inflammatory Properties of Cannabidiol, a Nonpsychotropic Cannabinoid,
in Experimental Allergic Contact Dermatitis. J Pharmacol Exp Ther
2018;365:652-663.

(166) Arnold WR, Weigle AT, Das A. Cross-talk of cannabinoid and
endocannabinoid metabolism is mediated via human cardiac CYP2J2. )
Inorg  Biochem 2018;184:88-99.

(167) American Society of Addiction Medicine. Public Policy Statement on
Marijuana, Cannabinoids, and Legalization, adopted by the Board of
Directors, Sep 21, 2015. 1-11. 9-21-2015. American Society of Addiction
Medicine. https://www.asam.org/resources/publications/magazine/read/
article/2015/09/25/asam-issues-new-policy-statement-on-marijuana-
cannabinoids-and-legalization; accessed September 22, 2018.

18 | Volume 2| Number 2 | January 2019



