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Abstract

Cannabis has a long history as a medicine and was a part of medical practice until the late 19th
century. The discovery of cannabidiol (CBD) and A9-tetrahydrocannabinol (THC) in the
mid-20th century, and then the various components of the endocannabinoid system (ECS)
over the following decades has again brought cannabis back into the public eye as a potential
therapeutic agent. At present, cannabis is being used in the community across the world for both
recreational and medical purposes. In the case of medical usage, it may be prescribed by a
medical doctor or purchased either legally or illicitly for medical purposes such as symptom
relief. Evidence for cannabis as a medicine is still an emerging field, and while potential
mechanisms of action for a variety of conditions have been elucidated, including cancer,
epilepsy, and chronic pain, high-quality randomized controlled trials in humans are still lacking.
Despite popular beliefs, cannabis, like all other medicines, has potential benefits and harms, and
long-term consumption of cannabis, even for medical reasons, may not be risk-free. In addition,
consumption via modes of administration such as smoking or using a bong may increase the risk
of negative health outcomes.

Introduction
A brief overview of the botany of cannabis

The Cannabaceae family (Order Rosales) is a small family of flowering plants currently encom-
passing 10 genera and 170 different species.” Of these, the Cannabis genus has been of significant
socio-cultural, entheogenic, and medicinal importance since antiquity, with additional utiliza-
tion as a food stuff, textile, and cordage.” Cannabis is associated with three species of flowering
plants: Sativa, Indica, and Ruderalis.” While historically contentious, the categorization of
cannabis, aside from the formal botanical nomenclature classification,” faces ongoing challenges
of overcoming the inconsistent application of “folk-taxonomy,” observed with the overuse of the
terms “Sativa” or “Indica”.' While these terms are ubiquitously applied across the medicinal,
legal adult-use, and illicit spheres, such terminology is pointless given the amount of cannabis
hybridization and interbreeding that has taken place,' rendering the terms as having little or no
practical relevance. For the purposes of this chapter, cannabis is perhaps best characterized
predominantly based on its phytochemistry, and the cultonomic categorisation laid down by the
International Code of Nomenclature for Cultivated Plants (ICNCP), which recognizes cannabis
cultivars by their economically important characteristics.’

Botanically, cannabis is characteristically dicotyledonous (possesses a tap root), annual,
dioecious (male and female reproductive parts are on separate plants) and herbaceous,” with
the primary product being the dried female inflorescence (cluster of flowers).® The unferti-
lized female plant produces the highest amounts of cannabinoids and terpenes, as secondary
metabolite production is deprioritised should fertilization occur. On these flowers, specifi-
cally the calyces and bracts, and to a lesser extent other structures such as flower leaves (that is
sugar leaves) and stems, are the main morphological structures of pharmacological interest—
the trichomes. Trichomes (From Greek trikho meaning ‘hair’) are small, unicellular or
multicellular filamentous appendages that grow outward from the epidermis and serve a
number of functions, including protecting the plant from ultraviolet irradiation, pathogens,
pest deterrence, excessive transpiration, and ruminant herbivores.”” Historically, these tri-
chomes have been harvested, most commonly using fine mesh sieves, and compressed into a
resinous material popular in illicit trade known as hashish (aka hash), representing a more
potent format for consumption than dried flower alone. Cannabis has two predominant
trichome types: glandular, cannabinoid-producing-trichomes (that is capitate-stalked glan-
dular trichomes) and non-glandular, non-cannabinoid producing trichomes.” The capitate
glandular trichomes of cannabis are the main site for cannabinoid and terpene/terpenoid
production and storage.”"’
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The history of cannabis as a medicine from pre-history to
present day

While in the twenty-first century the use of cannabis for medicinal
purposes is seeing a resurgence worldwide, cannabis has a long and
rich history.'' It is “certainly among the most ancient plants that
have been grown and exploited by humankind for its countless
properties and uses as a fiber, food, and drug plant”."” The use of
cannabis is suggested to predate human evolution,'” and paleobo-
tanical studies argue that it was present during the Holocene epoch
roughly 11,700 years ago.'” Central Asia has been suggested as the
place in which cannabis is indigenous,'* with archaeological evi-
dence placing the plant in China 6,000 years ago during the
Neolithic period.'” While the first documented use of cannabis as
a medicine remains contested, some suggest it dates back to
4000 BC'” where it was utilized as an anesthetic during surgery,
and elixirs were incorporated into certain Doaist religious ceremo-
nies.'® Others have argued that the earliest records of medicinal
cannabis date back to 2800 BC, where it was listed by Chinese
Emperor Shén Néng in his list of therapeutic indications."” Tt has
also been suggested by Li'” that the first documented medicinal use
of cannabis can be found in an herbal text of the 2nd century AD
(Book of Odes), which is filled with oral traditions which were
passed down from prehistoric times. However, cannabis is often
known for its place in traditional Indian medicine, as India devel-
oped a long and continuing tradition of cannabis cultivation for
medicinal and religious use.'>'® While cannabis also has a long and
rich history globally,'® it is this use in Indian medicine that saw it be
introduced to Western pharmacopeia’s in the nineteenth century.

Dr William Brooke O’Shaughnessy, a physician and professor of
chemistry and Materia Medica, is largely credited as the first to
apply a Western experimental method in studying cannabis during
his time in India in the 1830s.''” He noted that this cannabis,
which was described as Indian cannabis (Cannabis indica), was a
different variety from the cannabis being used in Europe for the
process of fiber manufacturing, which was Cannabis sativa.'” As
explained by Kalant (2001), he observed the use of cannabis “for the
treatment of spastic and convulsive disorders such as éhydrophobiai
(rabies), tetanus, cholera, and delirium tremens.” He sent supplies
of the plant to London for analysis and clinical study,"' and when
returning to England in 1841, he brought seeds of C. indica with
him for investigation by the Pharmaceutical Society.”’ By the end of
the nineteenth century, cannabis had been adopted into British
(and subsequently, Australian), and American pharmacopoeias
and was identified in the Lancet medical journal by the physician
of Queen Victoria, Sir J. Russel Reynolds, as a useful analgesic.
During this time, cannabis was used throughout Europe and
English-speaking countries for many different treatments and
remedies.' *’ This was due to the efforts of O’Shaughnessy and
others, such as French psychiatrist Jacques-Joseph Moreau and
Baron Antoine de Sacy, who were prominent figures in the study
of “hashish”.”” However, the approach to drugs as being a personal
choice outside of the scope of government intervention,”' began to
shift toward the end of the nineteenth century due to temperance
movements. These movements not only lobbied effectively for
increased controls regarding drugs but also framed them as prob-
lematic and requiring regulation,” inevitably affecting the legiti-
macy of cannabis as a medicine.

This delegitimization was coupled with the rise of orthodox
drugs, as more standardized, synthetic drugs such as opioids
became the focus of biomedicine,'' while cannabis became associ-
ated with “marijuana” through the political campaign Reefer Madness.
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Through cinema and newspaper reports, this campaign framed can-
nabis (‘marijuana’) as a dangerous drug used by minorities rather than
a medicine with a rich cultural history—demonising both cannabis
and those who used it."*’ The Commissioner of the Federal Bureau of
Narcotics at the time, Harry J. Anslinger, attempted to associate
cannabis with psychosis, mental deterioration, addiction, and violent
crimes."” This era of prohibition led to cannabis being removed from
the British Pharmacopeia in 1932 and to the introduction of the
United States Marijuana Tax Act of 1937. This latter act was opposed
by the American Medical Association at the time, who stated “that
legislation ~ should mnot prohibit medicinal use and scientific
investigation”."” Despite these efforts, it was removed from the Amer-
ican Pharmacopeia in 1942, and penalties for the possession of
cannabis increased in 1951 and 1956.”* By the 1970s, and largely
due to the rewriting of federal drug laws by President Richard Nixon,
cannabis was placed as a Schedule 1 substance under the Controlled
Substance Act of 1970. This meant cannabis was considered of high
abuse potential with no medicinal value,”’and was in the same sched-
ule as heroin and lysergic acid diethylamide (LSD)."

However, due to a rise in scientific interest, the twentieth
century saw cannabis be once again considered a medicine. It is
suggested that this interest in medicinal cannabis was a collateral
effect of the opioid abuse epidemic and increased research from
Israel.”* In 1964, the chemical structure responsible for the intox-
icating effects of cannabis was reported by two Israeli researchers,
Mechoulam and Gaoni, with this discovery being the gateway for
their research into the endocannabinoid system.'” Despite the
prohibitive scheduling of cannabis in America, this research
sparked a conversation about the medicinal use of cannabis around
the globe. Thus, in 1996, the 1996 Compassionate Use Act was
passed in California, and it became the first state in America to
allow for the use of medicinal cannabis.'” Since this time, both
medicinal and recreational cannabis have been made available in a
variety of states in America and the District of Columbia, yet it
remains prohibited federally. Outside of America, Uruguay became
the first country in the world to legalize recreational cannabis
in 2013, and other countries such as the Netherlands and Canada
allow for both medicinal and recreational use, whereas others such
as Australia allow just medicinal use, facilitating a slow return to the
acknowledgment of medicinal cannabis and its rich history.

The endocannabinoid system & impact of cannabis research on
science

Cannabidiol (CBD) was first discovered in 1940 by Adams and
colleagues”® but was not fully elucidated until 1963 by Mechoulam
and Shvo”’ through advances in separation chemistry. A year later,
A’-tetrahydrocannabinol (THC), the primary cannabinoid respon-
sible for the intoxicating effects of cannabis, was also discovered.””
With these discoveries commenced a renewed scientific interest in
cannabis research, which over 20 years later would discover specific
cannabinoid receptors; the cannabinoid 1 receptor (CB1) being
discovered in 1988, and the CB2 receptor being identified
in 1993,” both belonging to the family of 7-transmembrane G ;,
protein-coupled receptors (GPCR).”' CB1 receptors, encoded by the
CNRI1 gene, are ubiquitously distributed throughout the central
nervous system (CNS), where they are the most abundant GPCR,
far exceeding those for the neurotransmitters (NTs) they
modulates,”” being highly expressed in the hippocampus, basal
ganglia, and cerebellum; moderately expressed in the cerebral cortex,
amygdala, hypothalamus, and dorsal horn of the spinal cord; and
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minimally expressed in the thalamus.”” " CB1 receptors are highly

expressed on presynaptic terminals, whereby they mediate retro-
grade signaling of endocannabinoids and their subsequent ability to
inhibit synaptic transmission (suppressing the release of a range of
NTs), but are also expressed to a lesser extent in astrocytes, microglia,
and oligodendrocytes.”* Aside from CNS distribution, the CB1
receptor is also abundant across the peripheral nervous system
(PNS) and is found in the gastrointestinal tract, liver, skeletal
muscles, pancreas, lungs, bladder, adrenal glands, and cardio-
vascular and reproductive systems.’*’*"” In contrast, the CB2
receptor is expressed at much lower levels in the CNS compared
to CB1,”” but plays a crucial role in CNS immune response by
regulating microglial activities,” and being highly inducible
(up to 100 fold expression) following inflammation or tissue
injury.*”*' CB2 receptor presence has been noted in the tonsils,
bone marrow, pancreas, spleen, mast cells, and peripheral blood
leukocytes,*” and is primarily expressed when and where there is
active inflammation. Unlike CB1, the CB2 receptor appears to
be devoid of addiction liability or psychotropic effects and is a
promising therapeutic target in neuropathic pain and neuroin-
flammatory conditions.’’ Aside from the roles of CB1 and CB2,
numerous other receptors have been implicated as putative endo-
cannabinoid receptors, such as G-Protein Receptor (GPR) 55,"
GPR119" and GPRI18," further demonstrating the complexity
of the endocannabinoid system and the importance of continuing
research to fully elucidate its wide-ranging spectrum of biological
activities.

Concurrent research then solved the next piece of the physiological
puzzle—identifying the endogenous ligands that bound to these
cannabinoid receptors, with anandamide (N-arachidonoylethanola-
mide) being discovered in 1992"° and 2-AG (AEA; 2-arachidonoyl-
glycerol) in 1995."”** Both AEA and 2-AG are categorized as bioactive
lipids (arachidonic acid derivatives), belonging to the subclasses of
N-acylethanolamines and monoacylglercerols, respectively,”’ and are
synthesized on demand from cell membrane phospholipids, a stark
difference from classical NTs and neuropeptides, which are stored in
intracellular vesicles. Post-production, these endocannabinoids are
subsequently released into the synaptic cleft from the postsynaptic
terminal, where they bind to cannabinoid receptors on the presynaptic
membrane™’; This activity regulates synaptic neurotransmission
in a retrograde fashion, controlling both inhibitory and excitatory
inputs via inhibiting N- and P/Q-type Ca2+ channels and activating K
+ channels."””° AEA exerts partial agonism (akin to THC) at canna-
binoid receptors, activates transient receptor potential vanilloid
1 receptors (TRPV1),”" and was named anandamide from the Sanskrit
word “Ananda” meaning bliss—a reference to its ability to mimic the
psychotropic effects of THC.” In contrast, 2-AG exerts full agonism
at both cannabinoid receptors and is considered a fast retrograde
synaptic messenger. Aside from these two primary endocannabinoids,
other lipids have been identified with “endocannabinoid-like”
activity, such as 2-arachidonylglyceryl ether (2-AGE, noladin), O-ara-
chidonylethanolamine (virodhamine), N-palmitoylethanolamide
(PEA), N-oleoylethanolamine (OEA), N-stearoylethanolamine
(SEA), and N-arachidonyldopamine (NADA)*"% however. their
function(s) are currently unclear.

Finally, the enzymes involved in the synthesis and catabolism of
the endocannabinoids were the last piece to fall into place, such as
fatty acid amide hydrolase (FAAH), which is responsible for anan-
damide degradation, and monoacylglycerol lipase (MAGL), which
degrades 2-AG.”" Numerous other enzymes have since been dis-
covered that play an integral role in endocannabinoid biosynthesis
and degradation, such as the o/p-hydrolase domain (ABHD)

enzymes, such as ABHD6 and ABHD12, which collectively con-
tribute up to 15% of 2-AG hydrolysis™”* Interested readers will
find a comprehensive understanding of cannabinoid receptors,
their ligands, and associated enzymatic synthesis and degradation
pathways in the following articles.”””~’

The discovery of the cannabinoids within cannabis led to the
systematic unearthing of previously unknown cannabinoid recep-
tors, endogenous ligands, and the enzymes involved in ligand
synthesis and catabolism, resulting in what is now known as the
Endocannabinoid System (ECS). The ECS plays an important role
in regulating a broad list of physiological homeostatic processes
such as digestion, immune function, nociception (that is pain),
neural development, learning, memory, metabolism, inflamma-
tion, appetite regulation, cardiovascular and respiratory function,
and sleep-wake cycles,”">”” representing an entire neuromodulatory
system previously unknown to humanity and which is likely one of
the most significant medical discoveries of the last 60 years, pro-
viding a new understanding of previously unknown dysfunctions
in various diseases such as endometriosis, as well as potential
therapeutic targets to treat a wide range of conditions.

Phytochemistry and pharmacology

Currently, there are believed to be over 750 different secondary
metabolites’ identified across the different Cannabis varieties,
including the cannabinoids and terpenes/terpenoids, as well
as simple phenolic glycosides, flavonoids, aldehydes, ketones,
esters, phytosterols, coumarins, simple phenols, alkaloids, and fatty
acids.”™”” Many of these compounds have not been investigated for
pharmacological activity. This complex matrix of phytochemical
constituents makes it challenging for researchers to understand the
complete range of pharmacological activity associated with many
plant medicines but is also possibly why cannabis is being utilized
across a wide range of symptoms and clinical indications due to its
extensive multi-target activity.

Cannabinoids

The term cannabinoid is wide-ranging and is used to describe
synthetic cannabinoids, endocannabinoids (e.g. N-arachidonoy-
lethanolamine and 2-Arachidonoylglycerol) and phytocannabi-
noids (naturally occurring cannabinoids in plants);"*°" all of which
interact with cannabinoid (that is CB1, CB2) or other receptor types.
Generally, cannabinoids are highly lipophilic, able to permeate cell
membranes and cross the blood-brain barrier (whether via ingestion
or inhalation),” which offers both positive and negative attributes
when viewed as a medicinal agent.

The phytocannabinoids are a unique class of terpeno-phenolic
compounds, and to date, over 144 different cannabinoids have been
identified using high-performance liquid chromatography (HPLC),
mass spectrometry (MS) and other analytical methods,”” with some
being artifacts of analysis. The terpeno-phenolic cannabinoids are
derived from the enzymatic condensation of both a terpene moiety
(e.g. geranyl pyrophosphate) and a phenolic moiety (typically olive-
tolic acid or diverinic acid),”” which produces the progenitor com-
pound cannabigerolic acid (CBGA), the compound from which all
other cannabinoid acids are derived.

In the living plant, phytocannabinoids exist in acidic form, with
a carboxylic acid (COOH) group attached to the phenolic ring.”’
Removal of the carboxylic acid (that is decarboxylation) is required
to transform the acidic form into the neutral analog, usually
through exposure to heat or drying, or to a lesser extent, light.
Examples of these phytocannabinoid acids include cannabidiolic



acid (CBDA), Ag—tetrahydrocannabinolic acid (THCA), and can-
nabigerolic acid (CBGA), all of which transform through the
process of decarboxylation to the neutral analogs cannabidiol
(CBD), Ag—tetrahydrocannabinol (THC) and cannabigerol
(CBG), respectively. Aside from the presence of the carboxylic acid
group, another unique aspect of the cannabinoid molecule is the
polyketide chain in the meta position, which is typically pentyl
(5-carbons), but can also exhibit propyl (3-carbons) or methyl
(CHs), side chains.”” For a comprehensive analysis of phytocanna-
binoid chemistry and biogenesis, the reader is directed to the works
of Hanus and colleagues.”*

The phytocannabinoids are typically divided into 11 subclasses
based on their chemical structure, which comprises precursors,
byproducts, and degradation products, and includes A’-THC,
A*THC, CBG, CBD, cannabinol (CBN), cannabichromene
(CBC), cannabicyclol (CBL), cannabielsoin (CBE), cannabinodiol
(CBND), cannabitriol (CBT), and miscellaneous types.®” Of these,
CBD and THC have received the vast majority of research focus,
and due to this, they form the basis for formulation standardization
for the majority of medicinal cannabis products currently utilized
for patient care and symptom management worldwide.

A°-Tetrahydrocannabinol (THC)

Cannabis is the most cultivated, trafficked, and consumed illicit
drug worldwide, and accounts for half of all drug seizures interna-
tionally.”” This is due to the content of THC, the main intoxicating/
psychoactive phytocannabinoid, which, through selective breeding
programs, is the most abundant cannabinoid found across the
hundreds of different cannabis cultivars (sometimes incorrectly
referred to as strains) observed across illicit, legal adult-use, and
medical domains.

THC exhibits high lipid solubility and is a partial agonist at both
the CB1 (K; = 10 nM) and CB2 (K| = 24 nM) receptors,33 binding
with relatively high affinity and expressing similarity to the endog-
enous cannabinoid anandamide.”™®” The interaction between
THC and CBI receptors results in a downregulation of the second-
ary messenger cAMP by inhibition of adenylate cyclase, resulting in
the intoxicating effects (euphoria, relaxation, analgesia) associated
with THC.” Aside from cannabinoid receptor interaction, other
receptor-mediated modulation includes positive allosteric modu-
lation of glycine receptors, antagonism of the TRPMS ion channel,
agonism at the PPAR-y nuclear receptor, agonism of TRPV2,
TRPV3, TRPV4, and TRPAL1 ion channels, and negative allosteric
modulation of serotonergic (5HT3) receptors as well as u and ¢
-opioid receptors.”**” THC also exhibits partial agonistic activity at
the orphan GPR18 and GPR55 receptors,”” which have been pro-
posed as putative cannabinoid receptors.”’

THC has a wide range of pharmacological activity described
in the literature, including analgesic,’”’” anti-inflammatory,
antioxidant,”” hypnotic,”* neuroprotective,”” bronchodilatory,
anticancer’ " appetite stimulant, and antiemetic actions.”** Such
pharmacological activity makes it clinically useful for many differ-
ent indications, including neuropathic pain,**° migraine,”” cancer
pain,” chemotherapy-induced nausea and vomiting,*” and chronic
pain.””" Additionally, THC has potential in the symptomatic
management of various neurological disorders such as multiple
sclerosis (that is muscle spasticity)g2 and Alzheimer’s disease,”” and
can lower intraocular pressure in glaucoma.”*””

THC bioavailability and pharmacokinetics, like all cannabinoids,
are primarily dependent on the route of administration (i.e., dosage
format) and formulation used.”® When inhaled, the bioavailability of
THC has been reported at 10-35%,”””" with such variability being in
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part due to intra- and inter-subject variability across factors such as
spacing of inhalations, hold time, the number and duration of
inhalations, and inhalation volume.”” Cannabinoids administered
via inhalation display comparable pharmacokinetics to intravenous
administration,”® with peak plasma concentration attained within 3—
10 minutes,”” and greater concentrations achieved relative to oral
ingestion, due largely to inhalation avoiding substantive first-pass
metabolism.”® Along with a fast onset of action, the duration of
effects of inhaled consumption typically ranges between 2 and
4 hours.'” Additionally, a third to half of cannabinoids present in
cannabis material are pyrolyzed during the combustive process of
smoking,” albeit this is not a concern for inhalation via vaporization
due to lower temperature utilisation. Furthermore, it is posited that
vaporisation reduces risks associated with combusted inhalation due
to the reduction in exposure to pyrolytic compounds,'”’ and is
comparable in pharmacokinetics to smoked cannabis, ** so it may
be a safer route of administration when fast onset of pharmacological
activity is required.

THC oral absorption is poor, slow, and unpredictable, with
oral bioavailability of THC food products (i.e., edibles) ranging
between 6% + 3%, and 10~20% in cannabis oral extracts.'”” Due to
extensive first-pass hepatic metabolism, delays in onset of phar-
macological effects compared to inhaled formats are noted, with
maximal plasma concentrations of THC usually occurring
between 60 and 120 minutes,””” with some studies showing
maximal plasma concentrations as late as 4-6 hours. Despite a
slow onset of effect, oral dosage forms confer a longer duration of
effect, ranging between 6 and 8 hours,'”” so are useful when longer-
lasting symptomatic relief may be required.

THC is rapidly distributed throughout well-vascularized tissues
and organs, predominantly the lungs, heart, brain, and liver,”® but
also the kidney, thyroid, and jejunum.”” Approximately 90% of
THC in blood is distributed via plasma, with the remaining 10% to
red blood cells, with 95-99% of plasma THC being bound to
plasma proteins such as lipoproteins and, to a lesser extent, albu-
min.”” Similar to other cannabinoids, fat is also a site for THC
accumulation, particularly with chronic administration. As such,
THC can diffuse out of fat and into blood days to weeks after
cessation of dosing, a cause for concern with relation to drug
driving laws in some jurisdictions where THC detection via oral
swab is an offense, even if cannabis is medically prescribed.'**

THC metabolism is primarily hepatic, via the isoenzymes
CYP2C9, CYP2C19, and CYP3A4.”° THC is predominantly
metabolized to 11-hydroxy-THC (11-OH-THC), a psychoactive
metabolite,'*” and 11-carboxy-THC (11-COOH-THC), which
after glucuronidation processes, are excreted in feces (65%) and
urine (20%).”” Extra-hepatic tissues (i.e., that express CYP450
enzymes), such as the intestines and brain, can also take part in
metabolism.”*”’ Furthermore, as THC is lipophilic, it can cross the
placenta and has been found in expressed breast milk,”® an impor-
tant clinical consideration given the impact of THC on the devel-
oping infant is not clear.

The elimination of THC is difficult to calculate and can vary
considerably amongst individuals, with the main reason being the
slow rediffusion of THC from body fat and other tissues back into
the circulatory system.”” Notwithstanding, THC plasma half-life
ranges between 1-3 days in infrequent consumers to 5-13 days in
chronic consumers.”

Cannabidiol (CBD)
CBD is a non-intoxicating phytocannabinoid with a well-established
safety profile, exhibiting no risk indicative of addiction or dependence
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potential.'” Interestingly, CBD displays little affinity for the CB1 or
CB2 receptor, with no direct interaction with the orthosteric binding
site being evident,'”” however, it has been proposed as a negative
allosteric modulator of the CBI receptor.'”” Notwithstanding, CBD
has had over 65 molecular targets identified,"’” distinct from the ECS,
and is a complex, multi-target molecule. CBD is an agonist for the
serotonin (5HT; 4)'” receptor, a partial agonist of 5HT, and non-
competitive antagonist of 5SHT , *” Additionally, CBD is a full agonist
at TRPV1'"” and activates TRPV2, TRPV3, and TRPV4 '”/, and has
also been noted as enhancing the activity of o-1 and o-3 glycine
receptors and PPAR-y.”” CBD has also been found to be an antagonist
of GPR55 and GPR18 and an agonist of TRPA1.""" Furthermore,
CBD is also an allosteric modulator of mu and delta-opioid
receptors,’'” and can increase the levels of anandamide due to an
inhibitory effect on FAAH.”” For a more detailed summary of the
range of CBD targets, the reader is directed to the works of Mlost and
colleagues.' "’

Much akin to THC, CBD is highly lipophilic and possesses poor
bioavailability, with some studies suggesting this can be as low as
6%.”° Conversely, 4-5 fold increases in CBD absorption have been
noted when ingested orally with a meal rich in fats."'* CBD exhibits
>95% protein binding capability,''” which is an important clinical
consideration in those impacted by low albumin levels or liver
disease. When inhaled, CBD has an average systemic bioavailability
of 31%” and shares a similar concentration-time profile as THC.”
Upon oral ingestion, CBD is subject to first-pass hepatic metabo-
lism, with a peak concentration generally being reached within 2—
3 hours. The Cyax and area under the curve (AUC) after oral
ingestion are dose dependent, with a dose of 10 mg of CBD
exhibiting a mean Cyax of 2.47 ng.mL at 1.27 hours, compared
to a dosage of 800 mg of CBD, which exhibited a Cyax of 77.9 ng.
mL, with a mean Tygax of 3 hours.''® The mean half-life (t-;,,) of
10 mg and 20 mg doses (administered orally) of CBD has been
reported at 1.09 and 1.97 hours, respectively, and 3 hours post-
smoking.' '

Similar to THC, CBD distribution is noted to rapidly distribute
through most tissues, particularly those that are well vascularized such
as the lungs, heart, brain, and liver, and due to its lipophilic nature it
has also been noted to accumulate in adipose tissue, particularly after
long-term use.”” The metabolism of oral CBD involves extensive
hepatic involvement, mainly through the cytochrome P450 system,
but can also impact drug excretion through the p-glycoprotein
drug transporter.””""” Specific to the former system of metabolism,
specific isoenzymes involved in CBD metabolism include CYP2C19,
CYP3A4, CYP1A1, CYP1A2, CYP2C9, and CYP2D6.”>'"® First-pass
hepatic metabolism causes the formation of numerous metabolites,
most notably 7-hydroxy-cannabidiol (7-OH-CBD) which occurs via
hydroxylation reaction. Due to the involvement of numerous iso-
enzymes, CBD has the potential to potentially impact the way certain
pharmaceutical medications are metabolized and therefore impact
their serum levels and subsequent therapeutic efficacy.

With a broad array of interactivity at numerous receptors, CBD
has a wide biochemical scope, with a therapeutic potential equal or
greater to that of THC. CBD has a well-researched anti-inflammatory
activity, it being suggested to enhance adenosine signalling by inhi-
biting adenosine inactivation."'” CBD also exhibits significant
neuroprotective, *’ antioxidant'”' immunomodulatory,'* antipsy-
chotic,” anxiolytic, ** antidepressant,'* anti-angiogenic, ** hypnotic,
sedative, analgesic, and antiemetic activity,” all of which are of poten-
tial benefit to multiple chronic diseases.

Common side effects that have been recorded in the literature
specific to CBD use in the clinical setting are changes in appetite,

diarrhea, sedation, tiredness, sleep disturbance, anemia, changes in
transaminase levels (elevation) or infection.''””'** Dose appears to
play an important role in both drug interactions and side effects/
adverse events associated with cannabidiol.

Minor cannabinoids

Aside from THC and CBD, numerous minor cannabinoids are
starting to garner research interest and are divided into neutral,
acidic, and varinic phytocannabinoids.'*® These include CBG,
CBN, CBC, THCA, CBGA, tetrahydrocannabivarin (THCV), and
cannabidivarin (CBDV),'?° albeit this list is not exhaustive.

Cannabigerol (CBG)

Like CBD, CBG is a non-intoxicating cannabinoid which was first
isolated in 1964 and is found more prevalently in commercial hemp
varieties.”' The acidic form of CBG, CBGA, is the major precursor
compound for other cannabinoids, including CBD, CBC, and
THC.'”” While there is conflicting data, the best evidence suggests
that CBG exhibits weak partial agonist activity at the CB1 and CB2
receptors, is a GABA uptake inhibitor, a potent TRPM8 antagonist,
an agonist of 02-adrenergic receptors, and works as a 5HT 5 antag-
onist.”*"'** Additionally, CBG activates TRPV1, TRPV2, TRPV3,
TRPV4, and TRPA1 channels; binds to and activates PPARy; and is a
potent competitive inhibitor of anandamide.””*'** While the
research on CBG is in its relative infancy compared to THC, there
is some data on the pharmacokinetics of CBG. CBG has a half-life of
2-6 hours after oral administration, and post-inhalation is present in
plasma within minutes and reaches T, in 0.17 hours, followed by a
rapid decrease in concentration (similar to THC and CBD).'*®
CBG is primarily metabolized by the CYP2]2, producing monohy-
droxy compounds, and is excreted in conjugated form through
urine.'”” As another multi-target cannabinoid, CBG has demon-
strated numerous pharmacological effects, including antioxidant,
anti-inflammatory, neuroprotective, antitumor, appetite-stimulating,
and antimicrobial activities.”"'**'*’

Cannabinol (CBN)

The non-intoxicating cannabinoid CBN was the first cannabinoid
isolated from cannabis in 1896,°* and its structure was reported
in 1940."" Unlike other cannabinoids, which have been identified
in other plants and fungi, CBN has as yet only been found in
cannabis.””" In contrast to the other cannabinoid acids and their
derivation from CBGA, a biosynthetic pathway for cannabinolic acid
has not yet been identified.'**'** As such, CBN is seen as an artifact of
degradation from THC (via aromatisation) generally mediated by
heat, light, and oxygen,'*>'”> and may be found in higher concen-
trations in aged cannabis products as levels of THC decrease. CBN
exhibits low binding affinities for the CB1 and CB2 receptors com-
parative to THC,'*® and is an agonist at TRPV1-TRPV4 channels, a
potent agonist of TRPAI, and inhibits activation of TRPMS8 as a
potent antagonist.'”*'** While not investigated extensively pre-
clinically or clinically, evidence suggests that CBN exhibits analgesic,
anti-inflammatory, antibacterial, orexigenic, hypnotic, anticancer,
and potential neuroprotective properties.'*>'*"'>*

Cannabichromene (CBC)

Along with THC, CBD, and CBN, CBC is another phytocannabi-
noid prevalent in various cannabis varieties. 1341 jke CBD and THC,
CBC is synthesized from CBGA and all share a common 3-
pentylphenol ring."”” The structure of CBC was not determined
until 1966, and its concentration in the plant is generally low



(0.2-0.3% dry weight),"" albeit this is dependent on chemotype. A
non-intoxicating cannabinoid, CBC is a potent activator of TRPA1
channels, a weak inhibitor of monoacylglycerol lipase (MAGL),
activates TRPV3 and TRPV4, and displays similar affinities for the
CB1 and CB2 receptors, causing receptor-mediated decreases in
cellular cAMP levels.”>'**'*” Pharmacological activity ascribed to
CBC includes antimicrobial, analgesic, antiproliferative, potential
neuroprotective, and anti-inflammatory effects.”"'*

A%-Tetrahydrocannabinol (A8-THC)

Unlike many of the other phytocannabinoids, A®-THC is an intox-
icating cannabinoid present in much smaller concentrations in the
cannabis plant than A°-THC."*® Due to this, many A®-THC prod-
ucts being used by consumers, particularly in North America, are
obtained via the cyclization (acid-catalysed conversion) of CBD."*”
AB-THC is a double bond isomer of A’-THC, differing in molec-
ular structure from A°-THC with the position of the double bond
being between carbon atoms 8 and 9, whereas A°-THC is between 9
and 10."*’ A®-THC was first derived from the cyclization of CBD
and found to be psychoactive,"*' but due to its differing structure, is
not as potent as A°-THC as it has lower affinity for CB1 recep-
tors."*”"** Similar to A’-THC, A®*-THC is a partial agonist of CB1
and CB2 receptors, but unlike A°-THC, it is far more chemically
stable, which, coupled with a lower intoxication profile, makes it an
attractive compound for further research.'”* However, 104 reports
of adverse events related to A®*-THC have been reported to the
Food and Drug Administration (FDA) between 2020 and 2022,'*
and are similar to acute cannabis intoxication seen in A’-THC,
which is important for clinician awareness, particularly given that a
lack of regulation of A®*-THC products across the USA makes this a
more challenging issue.'”” Pharmacological activities associated
with A8-THC include analgesia, antidepressant, lowering intraoc-
ular pressure, anticancer and decreased seizure activity,**'*

Terpenes and terpenoids

Much akin to the terpeno-phenolic cannabinoids, terpenes and
terpenoids are another phytochemical class manufactured within
the glandular trichomes of cannabis and form one of the largest
groups of plant chemicals, with between 15,000 and 20,000 being
fully characterized, and over 200 being reported across cannabis
varieties.”'*” Terpenes and terpenoids are essential oil components
that are volatile organic compounds commonly associated with the
different smells associated with plants,'*® and serve an important
protective role as secondary plant metabolites that can exhibit
antimicrobial and antifeedant properties. Specific to cannabis, the
glandular trichomes, which house these volatile compounds, are
believed to be a plant defense mechanism, particularly against light
stress,*” but also have antifeedant, antimicrobial, and insect-
repellent activity.”

Terpenes

Terpenes, often also referred to as isoprenoids, are characterized as
simple hydrocarbon compounds based on 5-carbon (C5) isoprene
units, with monoterpenes (C10) and sesquiterpenes (C15) being the
predominant components of essential oils,*’ and the main compo-
nents with noted pharmacological activity across cannabis varieties.
Monoterpenes are the most prevalent component in essential oils,
followed by sesquiterpenes, the former succumbing to higher loss
with drying, heat, and storage than the latter."”” Acyclic monoter-
penes such as B-myrcene, bicyclic monoterpenes such as a-pinene,
and monocyclic monoterpenes such as limonene have a broad range
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of pharmacological activities.””’ B-myrcene is an agonist at a2-

adrenergic receptors and TRPV1,"”" and has reported analgesic,
anti-inflammatory, antibacterial, and sedative pharmacological
effects, the latter being described as a “couch-lock” effect when in
concentrations over 0.5% in combination with THC.”'**">* Com-
mon in conifers, a-pinene is one of the most common terpenes in
nature and has noted anti-inflammatory, bronchodilatory properties
and inhibits the activity of acetylcholinesterase in the brain, poten-
tially aiding in memory and minimizing cognitive dysfunction
observed with THC intoxication.”'*>'”° Further research posits a-
pinene possesses antimicrobial, antioxidant, and anti-allergic activ-
ity."”” Common to lemon and other citrus varieties, d-limonene has
reported antibacterial, antifungal, insecticidal, anthelmintic, antioxi-
dant, anti-inflammatory, neuroprotective, antiviral, and anxiolytic
activities.” """’

B-caryophyllene (BCP) is one of the most commonly occurring
sesquiterpenes found in cannabis, particularly post-decarboxylation,
and exhibits a spicy, peppery aroma.'*® BCP is a selective full agonist
at the CB2 receptor, with some proposing BCP as a dietary phyto-
cannabinoid.”'*’ Additionally, BCP is an agonist at PPAR-y and the
toll-like receptor 4 (TLR4)/CD14/MD2 complex.'”" BCP exhibits
anti-inflammatory, gastroprotective, analgesic, anxiolytic, antibac-
terial, and antidepressant effects.”>'®" Structurally similar to BCP,
a-humulene (AKA a-caryophyllene) exhibits antibacterial, antifun-
gal, antiparasitic, and anti-inflammatory activity.'*

Terpenoids

Terpenoids are modified oxygen-containing terpenes with differ-
ent functional groups,'”'®" with at least 80 000 different com-
pounds characterized.'®” These terpenoids can be further divided
into ketones, ethers, esters, aldehydes, alcohols, and phenols.'”
Notable examples of monoterpene terpenoids include the acyclic
linalool and geraniol, monocyclic monoterpenoids such as thymol,
and bicyclic monoterpenoids thujone and cineole.”’ Linalool,
found in Lavandula (Lavender) species and certain cannabis vari-
eties, has reported antidepressant activity via inhibition of seroto-
nin reuptake,'**'® and also possesses antioxidant, anti-
inflammatory, antimicrobial, and anxiolytic activities.'®® Similar
to linalool, thymol also possesses anti-inflammatory, antioxidant,
and antimicrobial activity, as well as anticonvulsant, wound-
healing and radioprotective actions.'®”

Entourage effects

The concept of phytochemical synergy, whereby multiple phyto-
chemicals, or herbal medicines, interact in dynamic and meaning-
ful ways to augment or support absorption, reduce side effects, or
increase therapeutic potency, is not a new concept to herbalists,
having been discussed in formularies and pharmacopoeias since
ancient times.”' Specific to cannabis, Ben-Shabat and colleagues
coined the term “entourage effect” to describe the synergy/interac-
tivity of endogenous fatty acid glycerol esters (which are pharma-
cologically inactive) enhancing 2-AG activity,”'*” and later, the
possible synergistic or entourage-like activity between cannabi-
noids and terpenes was first posited by Russo.” While research is
ongoing into the possible synergistic relationships between various
classes of compounds in cannabis, some authors have speculated
whether the use of the term “entourage effect” is scientifically valid,
as other natural plant-based products that are also composed of a
broad spectrum of phytochemical compounds do not use such
terms but rather traditional pharmacological terms such as syner-
gistic, antagonistic, or additive effects.'”’
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Current evidence for medical benefit

While cannabis is being consumed by those in the community for a
variety of medical conditions and has a long, traditional, and
indigenous history as a medicine, there is currently a paucity of
animal and human studies in most conditions. People with chronic
conditions, or conditions where they do not feel that their current
therapies are effective, often self-medicate with cannabis.'”' Our
focus in this article will cover several areas that have the most
robust evidence, either positive or negative.

Cancer

Cancer appears to demonstrate an upregulation of both CB
receptors and endocannabinoids in tumors,'’* suggesting a dys-
regulation of the ECS may be involved in cancer pathogenesis and
progression, with different signaling pathways activated between
healthy and malignant cells.'”” There is a strong correlation
between expression of CB receptors and increased malignancy/
poorer prognosis in various types of cancers. Increased CBl
receptor expression has demonstrated worse prognosis across
ovarian,'”* pancreatic,'” prostate,'’® and colorectal cancers,'”’
while increased CB2 receptor expression indicated a worse prog-
nosis in breast cancer'”® and squamous cell carcinoma.'”” There
are some exceptions to this; for example, non-small-cell lung
cancer increased expression of CB1 and CB2 improved survival.'*’
In a similar fashion, there are often increased concentrations of
endocannabinoids such as AEA and 2-AG in tumors when com-
pared to surrounding healthy tissue.'®' Therefore, it’s reasonable
to assume that cannabinoid receptors are involved in key pathways
in cancer. Most of our mechanistic information on the role of the
ECS and endocannabinoids in cancer comes from preclinical
studies.

THC—in vitro

THC appears to prevent proliferation in certain cancer cells, with
THC’s effect on cancer cell growth and proliferation varying
depending on the type of cancer cell. In breast cancer, for example,
it appears to be at least partially dependent on CB receptor
expression, where some studies show an inhibition of cell growth
and proliferationlsz_l% with administration of THC, while others
show increased proliferative effects'®” when CB receptor expres-
sion was low. In addition to reducing proliferation, THC also
appears 8to induce apoptosis of tumor cells, via increasing cas-
pase-3."%°

CBD—in vitro

CBD appears to have anti-proliferative and pro-apoptotic
effects, resulting in inhibiting cell migration, invasion, and
metastasis.'”’ A recent review by O’Brien'®® covers this
in-depth, but in summary, animal models demonstrate inhibi-
tion of tumor progression in a number of cancers, including
brain, breast, lung, prostate, and colon cancer, and melanoma.'®”
The most likely mechanism of action is via modulation of
reactive oxygen species (ROS), endoplasmic reticulum
(ER) stress, and immune modulation. Reactive oxygen species
are a type of unstable molecule that contains oxygen and that
easily reacts with other molecules in a cell. Manipulation of the
levels of ROS appears to be pivotal in determining if a cell
proliferates or undergoes cell death.'” In certain cases, such as
in glioblastoma, CBD appears to increase the rate of ROS for-
mation in tumor, but not healthy cells, and, similar to THC,

increases the expression of caspase-3, leading to cell death.'”'
Likewise, the ER is an important organelle that plays a critical
role in post-translational modification, folding of proteins, and
quality control. This quality control occurs via the unfolded
protein response (UPR), occurring when there are too many
unfolded/misfolded proteins accumulating. The UPR temporar-
ily halts the protein synthesis and attempts to fold or repair these
proteins. If this is unable to be corrected, then there is an increase
in C/EBP homologous protein (CHOP), which in turn causes cell
apoptosis. Increases in ER stress via increased ROS appears to
lead to cell apoptosis. What is still unclear is whether CBD-
induced ER stress and ROS generation are mediated through
activation of the CB1, CB2, TRPV1, or other channels."®’

Cancer and cancer treatment symptom management

Most human studies have focused on either the side effects of
cancer treatment, such as chemotherapy-induced nausea and
vomiting (CINV), or of the cancer itself (such as weight loss
and pain). Most evidence is looking at synthesized trans-A9-
tetrahydrocannabinol, such as Dronabinol, or a CBD:THC-
containing extract such as nabiximols, which is extracted from
the cannabis plant itself. There is long-standing evidence dating
back to the 1970s demonstrating that THC is an effective treat-
ment for CINV,"”” however, more recent analyses have noted
that while cannabinoids are superior to placebo in reducing
CINV,'” many of the comparisons are not against modern
anti-emetic treatment regimens.'”* Therefore, while clinicians
do report significant benefits for cannabinoids in CINV,'”” firm
conclusions that it is an effective and safe anti-emetic cannot be
drawn, especially for orally delivered cannabinoids.'”® Cannabis
has long been known to stimulate the appetite, often colloquially
referred to as “the munchies.” There is some evidence that THC-
containing smoked cannabis does increase calorie intake in
healthy adults by around 40%, mostly due to increased snacking
between meals, leading to increased body weight.'”” Unfortu-
nately, while THC-containing extracts such as dronabinol appear
to increase appetite, their ability to increase body weight appears
to be less effective than other treatments such as megestrol.'””
Finally, there have been studies looking at the effect of cannabis
on chemotherapy-induced peripheral neuropathy. While prom-
ising, most of the evidence is in animal models,'”” with only one
small trial in 16 humans that showed some promising reductions
in neuropathic pain when taking Nabiximols*"’; however, no
fully powered RCT's have been undertaken to confirm this. There
currently is no evidence for a benefit for nabiximols in addition to
opioids in non-neuropathic cancer pain.”’’' To date, there have
not been any high-quality trials comparing whole plant extracts
to either placebo or other treatments for most cancer-related
outcomes.

Brain tumours

Preliminary evidence is emerging that demonstrates the potential
benefits of medicinal cannabis for glioblastoma (GBM) treatment in
humans. One double-blind RCT in people with GBM (n = 21)**
found those who had nabiximols + temozolomide (TMZ) had a
higher one-year survival rate (83%) than those in the placebo +
TMZ group (44%). While the nabiximols group had a higher rate
of adverse events, having a greater rate of both severe adverse events
and more serious adverse events, no interaction between the nabix-
imols and TMZ was observed. A larger RCT of 88 participants with
high-grade glioma found a nightly dose of THC-containing medicinal



cannabis products (THC:CBD ratio of either 1:1 or 4:1) improved
quality of life, sleep, and functional well-being.””” There is some
evidence CBD may also assist with managing refractory seizures
due to primary brain tumors. This case report included three patients
with epilepsy caused by brain tumors and found improvements in
seizure severity in all three, while two of the three subjects showed an
improvement in seizure frequency.””* Dosage of CBD seems to be
important, with previous evidence showing a strong correlation
between CBD dosage, plasma levels, and seizure control.””” While
the current evidence on cannabis for GBM is promising, further
research is needed to fully understand the impact of various medicinal
cannabis products in this population.

Neurological disorders

A number of neurological disorders, including amyotrophic lateral
sclerosis (ALS), Parkinson’s disease, Alzheimer’s disease, Hunting-
ton’s disease, Tourette’s syndrome, multiple sclerosis(MS) and
epilepsy all have potential therapeutic targets for cannabis or
cannabinoids*’**"* via modulation of cannabinoid receptors and
other non-cannabinoid receptors such as GPCRs. As with cancer,
most clinical studies have not examined whole plant consumption
but instead mostly focus on cannabinoid-based medications such
as dronabinol and Nabiximol. For a broader overview, the authors
recommend the reviews by Lacroix and colleagues”’” and Elliot and
colleagues””” as a starting point.

Parkinson’s disease

Parkinson’s disease (PD) shows evidence that the endocannabinoid
system undergoes a significant rearrangement after dopamine
depletion in both animal models of PD, and in humans, where
specific involvement of CB1 and CB2 receptors seems to be involved
in regulating motor behavior.”'’ Cannabis has been thought to be a
potential therapeutic because of its neuroprotective, antioxidant, and
anti-inflammatory properties, which may reduce symptoms and
potentially slow progression of PD.”'". Some cross-sectional’'* and
observational studies”"” have suggested potential benefits of canna-
bis for PD for both motor and non-motor symptoms, in particular
reductions in tremor, rigidity, bradykinesia, sleep, and pain. How-
ever, these significant changes are yet to be supported by high-quality
RCTs. To date, multiple systematic reviews have found no strong
evidence for cannabis improving overall symptoms of PD when
looking at high-level evidence.”'””"* This is likely to be at least
partially due to the fact that most RCTs are for a short term,
between 4 to 6 weeks, while observational studies show that most
of the benefit does not appear to occur until after 3 months of
usage.”'” It’s important to note that some participants in one of
the RCTs did not reach the target dosage due to THC-related side
effects.””” Future clinical trials should include a longer treatment
period to determine what benefits may occur with regular consump-
tion and also look at the potential benefits of CBD-only products,
as these may have less side effects compared to THC-containing
products.

Huntingtons

Mouse models demonstrate that the ECS is involved in the patho-
genesis of Huntington’s disease. For example, CB1 receptors progres-
sively lose their functionality in early-stage Huntington’s disease,
which may increase vulnerability to cytotoxic stimuli and cellular
damage.”'”"” THC and CBD may have a role in the management of
Huntington’s disease through their neuroprotective and antioxidant
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properties, both of which contribute to delaying disease progres-
sion.”'® A recent systematic review, which included three RCTs on
Huntington’s disease, found varied results.”’” One study (n = 44)
demonstrated improved symptoms with nabilone compared to pla-
cebo across a range of motor and non-motor symptoms.””’ However,
two studies found no improvements with medicinal cannabis despite
having substantial doses of THC in one study and CBD in the other. A
double-blind randomized cross over trial (n = 26) found no difference
between Sativex(®) in a dose of up to 32 mg THC/30 mg CBD per day
compared to placebo on motor, cognitive, behavioral, and functional
scores over a 12-week period.zz] Similarly, a small (n = 15) double-
blind crossover trial found a 6 week course of CBD (avg. dose 700 mg/
day) was not significantly different from placebo with regard to
chorea severity.”*

Tourettes syndrome

Preclinical research suggests that the ECS is dysregulated in Tour-
ette’s Syndrome. (TS) as demonstrated by a seven-fold increase
in 2-AG**", while CBI receptors that are located in the CNS are
thought to be impaired in those with TS.”** An overactive dopa-
minergic system is one of the most consistent neurochemical
abnormalities observed in TS.”****” Therefore, the ECS may play
an inhibitory effect on the overactive striatal dopaminergic system
observed in.””® Cross sectional data and case reports suggest
improvements on tic severity following cannabis consumption in
adolescents””” and adults®”*** with TS. A recent systematic review
of nine studies found cannabis was associated with a significant
reduction in tic severity and urgency.””” More recently, a small pilot
double-blind randomized controlled crossover trial (n = 12)**'
found no difference between a vaporized single 0.25 g dose of
THC 10%, balanced THC/CBD 9%/9%, CBD 13%, and placebo
on the Modified Rush Video-Based Tic Rating Scale (MRVTRS).
However, the 10% THC product produced a significant effect on tic
urge and distress.

Multiple sclerosis

Using animal models of MS, cannabinoids demonstrate activation
of CB1 receptors, which in turn inhibits other neurotransmitters
such as glutamine and decreases neuronal excitability by the acti-
vation of potassium channels,””” which can reduce spasticity, a
common symptom in MS. A recent review of systematic reviews,
including the results of 32 studies that included THC, CBD, THC:
CBD formulations, pharmaceutical cannabinoids (dronabinol and
nabilone), smoked C. sativa plant material, and oral cannabinoid
extracts, found evidence that cannabinoids reduced pain or painful
spasm.””” Similar evidence was also found by the authors for
reducing spasticity, with better evidence for THC:CBD formula-
tions; however, improvements in spasticity were dependent on the
scale used, with patient-reported scales demonstrating greater
benefit.”’” Outcomes with less convincing evidence include
changes in bladder function, ataxia, tremor, and sleep.

Epilepsy
CBD was thought to have therapeutic potential because GPR55
receptor expression in the hippocampus is increased in epilepsy””
and CBD may help control epileptic seizures by modulating neu-
ronal excitability via GPR55 receptor antagonism.”** By the block-
ing of GPR55 receptors, CBD mobilizes the influx of intracellular
Ca®", leading to decreased release of excitatory neurotransmitters
and thus reduced seizure activity.””

Under normal conditions, CB1 receptors play an important role in
regulating neuronal activity and neurotransmission. Animal models
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demonstrate that CB1 receptor expression is increased in epilepsy.””

This may suggest either (i) endogenous adaptations aimed to control
neuronal hyperexcitability in epilepsy or (ii) pathological alterations
that facilitate neuronal hyperexcitability.”””

CBI receptor agonists may have an anticonvulsant effect in
epilepsy; however, the evidence is mixed.””* CB1 receptor agonists,
including THC, are also limited by their narrow therapeutic win-
dow and psychoactive side effects.””” One way to address this is
through the use of low-dose CBIR agonists. One study suggested
that CB1R agonists may produce an anticonvulsant effect at low
doses. Conversely, they may have a proconvulsive effect through
TRPV1 channels at high doses.”*’

Although CBD has a lower affinity for CB1 receptors than THC, it
still may have a therapeutic effect for epilepsy through its action on
these receptors. CBD may work via negative allosteric modulation of
CB1 receptors.'”® Rather than binding to the orthosteric site, CB1
receptor allosteric modulators work by binding to small molecules or
proteins to affect receptor activity.”*' Because of this, negative allo-
steric modulators may reduce the potency of the CB1 receptor
agonists and thus the likelihood of their undesirable psychoactive
side effects. Certainly one study found that CBD reduced the efficacy
and potency of THC and 2-AG.'” Further research is required into
this unique “antagonist of agonists” effect of CBD and negative
allosteric modulators for epilepsy. Their use may prove useful in
ensuring the therapeutic benefits of THC while regulating their
unwanted proconvulsive and psychoactive side effects.

Both THC and CBD appear to have an anticonvulsant effect.
THC appears to work via agonism of CB1 and CB2; however, the
mechanism(s) of action for CBD are still at least partially unclear, as
they do not demonstrate the same properties at CB1 and CB2.”**
The anticonvulsant activity of CBD may involve blocking reuptake
of ANA, activation of TRPV1 receptors, and modulation of various
other receptors and compounds, including adenosine receptors,
voltage-dependent anion selective channel protein (VDACI),
and TNFa release.”” Both open-label, and randomized controlled
trials in children with Dravet Syndrome and Lennox—Gastaut
Syndrome,””” and in a mixed population of children and adults***
have demonstrated benefit for CBD in reducing seizure frequency.
Evidence for THC-containing products is currently less clear and
mostly relies on case reports and self-reported changes,”*’ and
unlike CBD, is associated with substantial adverse events.

Chronic non-cancer pain

This is a broad area, covering a range of conditions including pelvic
pain, headache, migraine, chronic neuropathic pain, chronic mus-
culoskeletal pain, and menstrual pain. There have been RCTs on
neuropathic pain, chronic prostatitis/pelvic pain, carpal tunnel
syndrome, and back pain, and non-randomized studies on pelvic
pain/menstrual pain. Overall the quality of evidence is either low or
very low, and this limits the ability to determine the effectiveness of
various cannabinoid medicines in this population.”** However,
given the difficulties in managing chronic pain, current clinical
practice guidance recommends offering a trial of non-inhaled
forms of cannabis or cannabinoids in people with chronic pain
that does not respond to standard treatment.”*’”

Side effects and clinical considerations in medicinal cannabis

A list of the common and rare adverse side effects associated with
cannabis-based medicines has been outlined in Table 1 below,
adapted from MacCallum and Russo.'"’

Table 1. Side effects associated with cannabis-based medicines

Most common Common Rare

Drowsiness/fatigue

Dizziness

Dry mouth

Cough, phlegm, bronchitis
(smoking only)

Anxiety

Nausea

Cognitive effects

Euphoria
Blurred vision
Headache

Orthostatic hypotension
Toxic psychosis/paranoia
Depression
Ataxia/dyscoordination
Tachycardia

Cannabis Hyperemesis
Diarrhoea

Table 2. Common narrow therapeutic index pharmaceutical drugs

Common narrow therapeutic index drugs

Anti-arrhythmics (e.g., quinidine,
disopyramide)

Monoamine oxidase inhibitors (e.g.,
selegiline, phenelzine)

Hypoglycaemics (e.g., insulin) Antineoplastics (e.g., methotrexate)

Antiepileptics/anticonvulsants
(e.g., phenytoin, valproic acid)

Opioid analgesics (e.g., Fentanyl,
hydromorphone)

Immunosuppressants Barbiturates

(e.g., cyclosporine)

Mood-altering drugs (e.g., lithium
carbonate)

Theophylline (1,3-dimethylxanthine)

Anti-HIV drugs (e.g., saquinavir) Cardiac glycosides (e.g., digoxin)

Tricyclic antidepressants Blood thinners (e.g., warfarin)

Adapted from Sinclair 2014.

It should be noted that the majority of the side effects noted in
Table 3 are associated with THC. In relation to CBD, a Therapeutic
Goods Administration (TGA) report on the safety of low-dose
cannabidiol published in 2020 noted that the most common side
effects reported were diarrhea, changes in weight or appetite,
tiredness, sedation, sleep disturbances, infection, anemia, and ele-
vated transaminase levels."'”"'*” The majority of evidence specific
to the safety of CBD and potential side effect profile has investi-
gated doses of 2 mg/kg/day (@120 mg per day), with minimal data
investigating lower doses of 1 mg/kg/day, and with regard to
elevated transaminase levels and hepatic injury, this has largely
been observed at doses of 10-20 mg/kg/day (@620-1240 mg in
adults); however, no evidence of abnormal liver function tests or
hepatic injury was observed at the dose range of 60 mg of CBD per
day.l 17

In a recent scoping review of systematic reviews investigating
the benefits and harms of medical cannabis (mainly THC), adverse
effects were reported in most reviews comparing cannabis with
placebo, with serious adverse effects reported in 36% of reviews and
51% reporting minor adverse effects.”*” Of the serious adverse
effects, these included psychotic symptoms, severe dysphoria, sei-
zure, and urinary tract infection, while the most commonly
reported minor adverse events included drowsiness, dizziness,
dry mouth, and nausea.”** Withdrawals due to adverse events in
this scoping review were reported in 37% of reviews.”**

Cannabis, particularly with frequent, long-term, or excessive
use, can cause potentially negative long-term health outcomes,
even when used medically. While many people use cannabis for
medicinal or recreational purposes with few issues, there are
potential risks, especially depending on the dose, method of con-
sumption, individual health factors, and the variety and phyto-
chemical composition of cannabis used.
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Table 3. Metabolic drug—drug interactions between CBD and enzyme substrates, inhibitors or inducers

Enzyme Medications involved

Outcome(s) and management
recommendations

CYP3A4 substrates

Immunosuppressants, chemotherapeutics, antidepressants, antipsychotics, opioids, 1. Increased risk of side effects related to sub-
benzodiazepines, z-hypnotics, statins, calcium channel blockers, others

strate.
2. Avoid co-administration, reduce substrate
dose, monitor for adverse effects and toxicity.
3. Avoid prescribing cascade with new treatment
for side effects.

CYP3A4 inhibitors

Strong: Protease inhibitors, ketoconazole, loperamide, nefazodone Moderate: 1. Increased CBD bioavailability, possible
Amiodarone, verapamil, cimetidine, aprepitant, imatinib

increase in risk of adverse effects.
2. Reduce CBD dose.

CYP3A4 inducers
phenobarbital, rifampicin, efavirenz, pioglitazone

Strong: Enzalutamide, phenytoin Moderate: Carbamazepine, topiramate, 1. Decreased CBD bioavailability, possible

decrease in CBD effectiveness.
2. Increase CBD dose.

CYP2C19 substrates
carisoprodol, cyclophosphamide, warfarin

Antidepressants, antiepileptics, proton pump inhibitors, clopidogrel, propranolol, 1. Increased risk of side effects related to sub-

strate.
2. Avoid co-administration, reduce substrate
dose, monitor for adverse effects and toxicity.
3. Avoid prescribing cascade with new treatment
for side effects.

CYP2C19 inhibitors
ketoconazole, clopidogrel, fluconazole, efavirenz

Strong: Fluvoxamine, fluoxetine Other: Proton pump inhibitors, cimetidine, 1. Increased CBD bioavailability, possible

increase in risk of adverse effects.
2. Reduce CBD dose.

CYP2C19 inducers

Rifampin, carbamazepine, phenobarbital, phenytoin, St. John’s Wort 1. Decreased CBD bioavailability, possible

decrease in CBD effectiveness.
2. Increase CBD dose.

CYP2C8/9 substrates

Rosiglitazone, burprenorphine, montelukast, celecoxib, sulfonylureas, losartan, 1. Increased risk of side effects related to sub-
naproxen, phenobarbital, phenytoin, rosuvastatin, valsartan, warfarin

strate.
2. Avoid co-administration, reduce substrate
dose, monitor for adverse effects and toxicity.
3. Avoid prescribing cascade with new treatment
for side effects.

Adapted from'*”.

Schizophrenia

There has been consistent evidence over the last 40 years that there
is a relationship between schizophrenia and cannabis use.”*” Lon-
gitudinal data is supportive of a causal relationship,”*”*"" and a
recent 2016 meta-analysis identified that there is an increased risk
of psychosis in ultra-high-risk adolescents with a DSM-diagnosed
cannabis use disorder.””" Of particular importance in this discus-
sion is that the majority of studies have been conducted on partic-
ipants consuming illicit, non-quality-assured cannabis products,
which are typically bred to have higher THC concentrations, and it
appears that it is the THC that is of concern within this cohort. The
psychotropic effects of THC may mimic the presentation of psy-
chotic symptoms, namely sensory alteration, paranoia, euphoria,
and hallucinations,”*”*** with laboratory-based experiments dem-
onstrating that patients with schizophrenia appear to be more
sensitive to the psychosis-inducing effects of THC versus healthy
controls.”*”*”* Conversely, CBD has minimal deleterious psycho-
tropic or impairing effects, with evidence showing it may actually
be beneficial in treatment-resistant schizophrenia,”******** albeit
more clinical evidence is necessary.

Cannabis hyperemesis syndrome

Cannabis hyperemesis syndrome (CHS) is a relatively new medical
diagnosis, characterized by recurrent episodic nausea, emesis,
abdominal pain, and subsequent dehydration in people that have

. 256,
used cannabis.”®

long and chronic history of cannabis use, often over 10 years.
The pathophysiology of CHS is poorly understood, but an unusual
and defining characteristic in the case report literature to reduce
nausea and vomiting by patients is compulsive immersion in hot
water, be that shower or bath. This can be up to 20 times per day
and/or for prolonged periods of time. This compulsive behavior to
reduce symptoms has been described in all but 2 reported cases,
being considered a pathognomonic feature of CHS.*”’

* Typical presentation is in young adults with a
256

Pregnancy and lactation

The ECS has a fundamental role to play in various aspects of
neurodevelopment as well as peripheral organogenesis. CB1 and
CB2 receptor mRNA has been characterized by day 11 of gestation
in rat models,”” and by week 14 in human embryos,””” with
increasing concentrations of CB1 receptors in the frontal cortex,
hippocampus, and cerebellum occurring by week 19.°” There is
also a role for the endocannabinoids themselves, with AEA being
present in very low levels during the early development period,”®'
and slowly increasing throughout gestation.”*> Conversely, 2-AG
levels appear to be much higher than AEA in early pregnancy,
similar to those in adult brains, and peak very soon after birth.”"*
This uneven distribution of CB1 receptor expression in the brain
during early phases of development, along with the fluctuations in
expression as development progresses, combined with the changes
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in levels of circulating endocannabinoids, suggests that the ECS
may play a vital role in the maturation of the nervous system.

Animal models support that the ECS, and especially CB1 recep-
tors, is involved in various aspects of neural development and
neuronal identity acquisition, including neuronal migration,
synaptogenesis, axonal elongation, migration and connectivity, glia
formation, and neural stem cell proliferation and differentia-
tion.”**°, The involvement of the ECS in neural development
is supported by human studies demonstrating neurological effects
in offspring that have received cannabis exposure in utero, includ-
ing increased aggression and attention in young girls at 18 months
of age,”* a decrease in short-term memory at 3 years of age”®” and
lower verbal reasoning scores and deficits in short term memory at
age 6.°°° While a long history of cannabis consumption during
pregnancy has been noted, there is a lack of robust safety data.'***”
A recent 2020 review concludes that the literature available suggests
that no amount of cannabis use in pregnancy and lactation is safe
and that it has the “potential for adverse maternal, foetal and long-
term childhood development”.*”

Additionally, the American College of Obstetricians and Gyne-
cologists, the American Academy of Paediatrics, the Food and
Drug Administration (FDA), and the US Centres for Disease
Control and Prevention all state that people should avoid cannabis
use during pregnancy and while breastfeeding.””' In Australia, both
the Queensland government and the TGA mirror such recommen-
dations, stating that products containing THC are generally not
appropriate for patients who are pregnant, planning on becoming
pregnant, or breastfeeding.”’> The use of cannabis while breast-
feeding remains contentious, with limited and inconsistent evi-
dence about its effects on breast milk composition and the infant. A
small PK study (n = 8) found that low concentrations of THC were
detected in breast milk up to 4 hours after inhalation of 0.1 g
cannabis (23.18% THC). These concentrations were such that an
exclusively breastfed infant would ingest approximately 2.5% of the
maternal THC dose.””” Similarly, a prospective study of 20 breast-
feeding mothers found that THC and CBD accumulate in breast
milk.””* A recent cross-sectional study also found that cannabis
may alter the macronutrient profile of breast milk; breast milk
samples with detectable cannabis metabolites had greater levels of
protein and lower fat levels than samples without detectable can-
nabis metabolites.””” While these studies suggest potential alter-
ations to breast milk composition with cannabis, the long-term
effects of exposure to THC and CBD on the developing brain are
unclear, and research is needed into the long-term effects of can-
nabis exposure during breastfeeding.

Cannabis and the cardiovascular system

Clinical guidance on the use of medicinal cannabis has indicated
that cannabis preparations should be used cautiously in those with
unstable cardiac conditions such as angina pectoris, due largely to
the ability of THC to cause tachycardia and possible hypoten-
sion.'”” Further evidence highlights that consumption of higher
doses of cannabis can cause postural hypotension that can lead to
dizziness and syncope.”’**”” The mechanism behind the increased
heart rate associated with cannabis use is believed to be related to
vasodilation causing reflex tachycardia.””””’* Additionally, canna-
bis use has a reported arrhythmogenic activity, with evidence
suggesting a 20-100% increase in heart rate, which can last up to
2-3 hours.””’

Moreover, a systematic review of case reports has identified that
cannabis use may be associated with atrial fibrillation,””* with other

11

case report evidence reporting ventricular tachycardia in a heart
transplant patient and ventricular fibrillation””” being observed;
however, large-scale evidence of this in clinical trials of quality-
assured and standardized medicinal cannabis products is scarce.

Some of the proposed mechanisms for cannabis causing car-
diovascular events include autonomic dysfunction, endothelial
damage, increased sympathetic activity, angiopathy, and higher
than normal carboxyhemoglobin levels.””” While growing case
reports/series of acute coronary syndrome (i.e., myocardial infarc-
tion) and cannabis use have been reported worldwide, this has been
predominantly in otherwise healthy, young, male cannabis con-
sumers. Cannabis smoking has been associated with an increased
risk of myocardial infarction 4.8 times over baseline within 1 hour
of use”’’; however, in a long-term 18-year follow-up study, there
was no statistically significant association between cannabis use
and mortality.

Cannabis and the cerebrovascular system

Akin to the cardiovascular system, research into the impact of
cannabis on the cerebrovascular system largely focuses on recrea-
tional and illicit use; such research is also early and lacks the depth
required to draw accurate findings but is important to mitigate risk.
Evidence exists that proposes a 17% increase in risk of hospitali-
zation due to acute ischemic stroke amongst recreational cannabis
users (independently associated) between the ages of 18—54 years”*’
and a temporal link has been reported in several case studies with
no other apparent causation.”””*%!

A prospective study in 48 young patients demonstrated that
cannabis use was associated with multifocal angiopathy resulting in
ischemic stroke,””” and numerous underlying mechanisms poten-
tially contributing to stroke after cannabis consumption, including
hypotension, vasculitis, vasospasm, and cerebral vasoconstriction
syndrome.”””**" Other proposed mechanisms include cerebral
auto-dysregulation, cardioembolism, increased carboxyhemoglo-
bin levels, and cerebral artery luminal stenosis.”””

Cannabis and cognitive effects

The cognitive effects of cannabis, particularly associated with
inhaled high-potency THC-dominant chemovars, are well docu-
mented.””’ Changes to functional and structural integrity, memory,
learning, and increased anhedonia have been documented,”** with
inconsistent evidence specific to attention, learning, executive
function, motor and perceptual motor function, sleep, and forget-
fulness/retrieval of information also being noted.”*”**° Further
evidence supporting these cognitive effects was highlighted in a
significant review conducted by the National Academies of Science,
Engineering, and Medicine, which highlighted that moderate evi-
dence exists of a statistical association between acute cannabis use
and impairment in learning, attention, and memory domains.”’
Specific to intelligence, measured by the Intelligent Quotient
(IQ), it has long been touted in population-based drug-specific
educational strategies that cannabis use reduces human intelligence
by damaging or killing brain cells (i.e., neurons). While consump-
tion of cannabis, particularly those chemovars high in THC, can
cause a decreased function in short-term memory (as discussed
above), these effects are usually short-lived and resolve with ces-
sation. A 2016 review of two longitudinal twin studies conducted by
Jackson et al published in the Proceedings of the National Academy
of Sciences found that cannabis-using twins failed to show signif-
icantly greater IQ decline relative to their abstinent siblings,
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suggesting that observed IQ declines are more attributable to
familial or other factors.””’

Cannabis-associated drug interactions

The evidence of cannabis causing drug interactions is still an
evolving area of research, and this section aims to capture the
available data for pharmacokinetic and pharmacodynamic inter-
action types. Currently, the majority of evidence relating to can-
nabis and drug interactions is based largely on In-vitro and In-vivo
studies,”*®”"” with the relevance and impact of such experimental
findings still needing to be elucidated to determine the extent of
clinical impact.

Pharmacodynamic (PD) interactions are defined as when
drugs (including herbal medicines and supplements) can impact
or modify each other’s pharmacological effects directly.””” Essen-
tially, pharmacodynamic interactions are concerned with the
biochemical and physiological effects the drug(s) have on the
body and include the relationship between drug concentration
and magnitude of drug effects.””' THC exhibits more noted
potential PD interactions than CBD, particularly around phar-
maceutical agents related to analgesia and sedation, and other
non-prescribed depressants such as alcohol. Evidence exists of
individuals (n—21) who vapourized cannabis and experienced
increased analgesic effects of opioids despite no alteration in
plasma opioid levels.””” Interestingly, studies have also suggested
that medicinal cannabis preparations reduce the consumption of
opioids,””” with another study also demonstrating this in the
endometriosis cohort.””* In relation to alcohol, low-dose alcohol
was found to increase the blood levels of THC, which may explain
the reduced performance when mixing THC-based cannabinoid
products and alcohol, and is why alcohol use during the trial is
highlighted in the inclusion criteria.

In an animal model of neuropathic pain, it was found that THC
exhibited a synergistic interaction with gabapentin, whereby gaba-
pentin improved the therapeutic window of THC while also
enhancing its anti-allodynic activity.””” Similarly, additive effects
of THC with CNS depressants and antihistamines are also possible,
as in an increase in tachycardia with concomitantly administered
tricyclic antidepressants, sympathomimetics, and stimulants.””
Both types of additive PD interactions are an important clinical
consideration.

Pharmacokinetic (PK) interactions, on the other hand, are
much less easy to predict. Due to the fact that PK interactions are
largely unpredictable until observed in the clinical literature, they
are of far greater clinical concern, particularly for medications that
are categorized as narrow therapeutic index (NTI),””" as outlined in
Table 2.

Other factors are important considerations when it comes to PK
interactions, such as age-related changes to organ function in the
elderly or very young, inter-individual variability, comorbidities,
gender, body composition, pregnancy, and organ function. All can
impact drug responses and should be carefully considered when
assessing potential drug interactions, whether they are of a phar-
macokinetic or pharmacodynamic action.””’

CBD is metabolized via CYP3A4, which is the same isoenzyme
that 60% of clinically prescribed drugs are also metabolized
through.”” CYP2C19 is also another isoform through which
extensive metabolism occurs. Additionally, CBD can inhibit
CYP2C19, CYP2D6, and CYP2C9 and may also inhibit certain
CYP3 family members.””” Ketoconazole, ritonavir, itraconazole,
and clarithromycin inhibit CYP3A4, which could potentially lead
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to increased levels of CBD in serum when concomitantly con-
sumed.””” Conversely, CBD may increase serum levels of sildenafil,
cyclosporine, antihistamines, statins, anti-retrovirals, and haloper-
idol.””” A list of metabolic drug interactions related to CBD has
been described below in Table 3.

Furthermore, due to the high-protein-binding characteristics of
CBD, it also has the potential to interact with other drugs that are
similarly highly protein bound, such as warfarin, cyclosporine, and
amphotericin B. Specific to CBD, the CBD-dominant product
Epidiolex did cause elevation of the N-desmethyl clobazam metab-
olite of the anticonvulsant clobazam at doses of 25 mg/kg/day,
which produced clinical effects of sedation, with noted caution
suggested to be applied to other benzodiazepines and valproic acid
being noted.””®

THC and its metabolite 11-hydroxy-THC (11-OH-THC) are the
main intoxicating cannabinoids associated with cannabis, whether
use is illicit or medicinal. It has been stated that 11-OH-THC is
equipotent, or more potent, an intoxicant as THC.*”

THC is metabolised by P450 enzymes, predominantly CYP3A4
and CYP2C9.””° THC also exerts a broad inhibitory effect on
CYP3A, CYP2D6, CYP2C9, CYP2C19, CYP2A6, CYP2B6,
CYP1A1/2, and CYP2J2.%°%*% In difference to CBD, THC and
its metabolites have been found to be poor substrates or inhibitors
of either P-glycoprotein or BCRP,”" but it has been found to exert a
strong inhibitory effect on carboxylesterase 1 (CES1).”””

In contrast to CBD, there is a general paucity of evidence for
specific examples of PK interactions in the literature. Studies of
Sativex (Nabiximols) have shown that THC bioavailability was
increased by up to 27% and 11-OH-THC by 204% when
co-administered with ketoconazole (400 mg over 5 days), which
is a potent CYP3A4 inhibitor.””” Participants of this study expe-
rienced adverse events, notably impacting the central nervous
system, and were posited to be caused by THC and 11-OH-THC
toxicity.””” Conversely, when co-administered with 600 mg of
rifampicin over 10 days (a potent CYP3A4 and CYP2CI9
inducer), THC Cyax decreased by 36% and 11-OH-THC by
87%, whilst omeprazole (40 mg over 6 days), which is a CYP2C19
inhibitor, caused no change in THC or its primary metabolites
bioavailability.”"”

Given these concerns, it is interesting to note that a systematic
review in 2014 determined that studies of THC, CBD, and CBN
inhibition and induction of major human CYP-450 isoforms
generally reflect a low risk of clinically significant drug interac-
tions with most use, but that human clinical data is lacking.’"’
MacCallum and Russo'” are similarly supportive of this view,
being prescribing cannabinoid physicians, positing that there is
no drug that cannabis cannot be used with, and that “pertinent
drug interaction studies” are few, not just for major cannabinoids
such as THC and CBD, but even more so for the minor cannabi-
noids. With the plethora of medicinal and adult-use cannabis
products entering markets internationally, many containing
minor cannabinoids such as CBG, THCV, CBC, and others, more
research is needed to more fully understand the PK characteristics
of these minor cannabinoid compounds and their potential role in
drug interactions.

Conclusion

At present, cannabis is being used in the community for both
recreational and medical purposes. In the case of medical usage,
it may be prescribed by a medical doctor or purchased either legally
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or illicitly for medical purposes such as symptom relief. Despite a
long history, evidence for cannabis as a medicine is still an emerg-
ing field, and while potential mechanisms of action for a variety of
conditions have been elucidated, high-quality randomized con-
trolled trials in humans are still lacking for many conditions that
cannabis is being used for. Despite popular belief, cannabis, like all
other medicines, has potential benefits and harms, and long-term
consumption of cannabis, even for medical reasons, may not be
risk-free. In addition, consumption via modes of administration
such as smoking or using a bong may increase the risk of negative
health outcomes. Further research on quality-controlled medicinal
cannabis is required for us to determine what benefits and risks
there may be to its use as a medicine for a variety of conditions.

Author contribution. Conceptualization: J.S., H.A., M.A.; Writing — original
draft: J.S., H.A., M.A,; Writing — review & editing: ].S., H.A., M.A.; Supervision:
M.A.

Financial support. This research received no specific grant from any funding
agency, commercial or not-for-profit sectors.

Competing interests. MA has previously been an advisory board member for
Evolv Therapeutics, is currently an advisory board member for Nectar Brands,
both of which sell medicinal cannabis products. He has also received grants
from OzMediCann Group and Cannim to run clinical studies on medicinal
cannabis for women’s health conditions. JS is employed as the chief scientific
officer for Australian Natural Therapeutics Group. JS also sits on the board of
the Australian Medicinal Cannabis Association and the scientific advisory
board for United in Compassion, all in a pro bono capacity. HA has previously
published articles for Cannabiz, an industry publication.

References

1. McPartland JM. Cannabis systematics at the levels of family, genus, and
species. Cannabis Cannabinoid Res. 2018;3(1):203-212.

2. Sinclair J. The endocannabinoid system and cannabis (Chapter 20). In:
Hechtman L, ed. Advanced Clinical Naturopathic Medicine. Elsevier
Health Sciences; 2020.

3. Karki P, Rangaswamy M. A review of historical context and current
research on cannabis use in India. Indian ] Psychol Med. 2022;45(2):
105-116.

4. Small E, Cronquist, A. A practical and natural taxonomy for Cannabis.
Taxon. 1976;25:405-435.

5. Upton R, ElSohly, M., Romm, A., Russo, E., Sexton, M, eds. Cannabis
Inflorescence. Scotts Valley, CA: American Herbal Pharmacopoeia; 2013.

6. Tanney CAS, Backer R, Geitmann A, Smith DL. Cannabis glandular
trichomes: a cellular metabolite factory. Front Plant Sci. 2021;12:721986.

7. Wang X, Shen C, Meng P, Tan G, Lv L. Analysis and review of trichomes
in plants. BMC Plant Biol. 2021;21(1):70.

8. Kovalchuk I, Pellino M, Rigault P, et al. The genomics of cannabis and its
close relatives. Annu Rev Plant Biol. 2020;71:713-739.

9. Russo EB. Taming THC: potential cannabis synergy and phytocannabinoid-
terpenoid entourage effects. Br ] Pharmacol. 2011;163(7):1344-1364.

10. Zandkarimi F, Decatur J, Casali J, Gordon T, Skibola C, Nuckolls C.
Comparison of the cannabinoid and terpene profiles in commercial
cannabis from natural and artificial cultivation. Molecules. 2023;28(2):
833. doi: 10.3390/molecules28020833. PMID: 36677891; PMCID:
PMC9861703.

11. Kalant H. Medicinal use of cannabis: history and current status. Pain Res
Manag. 2001;6(2):80-91.

12. Pisanti S, Bifulco M. Medical cannabis: a plurimillennial history of an
evergreen. ] Cell Physiol. 2019;234(6):8342-8351.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

13

Ben Amar M. Cannabinoids in medicine: a review of their therapeutic
potential. ] Ethnopharmacol. 2006;105(1-2):1-25.

. Frankhauser M. History of cannabis in Western Medicine. In: Russo EB,

ed. Cannabis and Cannabinoids: Pharmacology, Toxicology, and Thera-
peutic Potential. New York: The Hamworth Integrative Healing Press;
2002:37-51.

Li H-L. An archaeological and historical account of cannabis in China.
Econ Bot. 1974;28(4):437-448.

Warf B. High points: an historical geography of cannabis. Geogr Rev. 2014;
104(4):414-438.

Crocq M-A. History of cannabis and the endocannabinoid system. Dia-
logues Clin Neurosci. 2020;22(3):223-228.

Sinclair J. The Ethnopharmacology of Cannabis: From the Neolithic to
Now. Hemp Health & Innovation Expo; 2018.

Baron EP. Comprehensive review of medicinal marijuana, cannabinoids,
and therapeutic implications in medicine and headache: what a long
strange trip it’s been .... Headache: ] Head Face Pain. 2015;55(6):885-916.
Adler H, Burnett CJ. “Psychic Poisons” or emerging medicines: a thematic
analysis of cannabis representations in australian nineteenth-century
periodicals. Journal of Communication Inquiry. 2024:1-21. https://doi.
org/10.1177/01968599241248611.

Malleck D. (Ed.). Drugs, Alcohol and Addiction in the Long Nineteenth
Century. 2020, Volume I (1st ed.). Routledge. https://doi.org/10.4324/
9780429436116.

Allen M, Thomas N. Problem substances: temperance and the control of
addictive drugs in nineteenth-century Australia. Soc Hist Alcohol Drugs.
2021;35(1):3-32.

Mathre M, Byrne A. Cannabis series—the whole story Part 3: the US
Cannabis prohibition and beyond. Drugs Alcohol Today. 2002;2(1):4-9.
Bridgeman MB, Abazia DT. Medicinal cannabis: history, pharmacology,
and implications for the acute care setting. P&T. 2017;42(3):180—188.
Aldrich M. History of therapeutic cannabis. In: Mathre ML, ed. Cannabis
in Medical Practice: A Leglal, Historical and Pharmacological Overview of
the Therapeutic Use of Marijuana United States. McFarland & Company;
1997:35-55.

Adams R, Hunt M, Clark JH. Structure of Cannabidiol, a product isolated
from the marihuana extract of Minnesota wild Hemp. ] Am Chem Soc.
1940;62:196-200.

Mechoulam R, Shvo Y, Hashish I. The structure of cannabidiol. Tetrahe-
dron. 1963;19(12):2073-2078.

Gaoni Y, Mechoulam R. Isolation, structure and partial synthesis of an
active constituent of hashish. ] Am Chem Soc. 1964;86:1646—1647.
Devane WA, Dysarz FA, 3rd, Johnson MR, Melvin LS, Howlett AC.
Determination and characterization of a cannabinoid receptor in rat
brain. Mol Pharmacol. 1988;34(5):605-613.

Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a
peripheral receptor for cannabinoids. Nature. 1993;365(6441):61-65.
Maccarrone M, Bab I, Biro T, et al. Endocannabinoid signaling at
the periphery: 50 years after THC. Trends Pharmacol Sci. 2015;36(5):
277-296.

Russo EB. Beyond cannabis: plants and the endocannabinoid system.
Trends Pharmacol Sci. 2016;37(7):594-605. doi: 10.1016/j.tips.2016.04.
005. Epub 2016 May 11. PMID: 27179600.

Shahbazi F, Grandi V, Banerjee A, Trant JF. Cannabinoids and cannabi-
noid receptors: the story so far. iScience. 2020;23(7):101301.

Zou S, Kumar U. Cannabinoid receptors and the endocannabinoid sys-
tem: signaling and function in the central nervous system. Int ] Mol Sci.
2018;19(3):833. doi: 10.3390/ijms19030833. PMID: 29533978; PMCID:
PMC5877694.

Mackie K. Distribution of cannabinoid receptors in the central and
peripheral nervous system. Handb Exp Pharmacol. 2005;(168):299-325.
Mackie K. Cannabinoid receptors: where they are and what they do. J
Neuroendocrinol. 2008;20Suppl 1:10-14.

Pertwee R. Pharmacological and therapeutic targets for A9-
tetrahydrocannabinol and cannabidiol. Euphytica. 2004;140:73-82.

Lu HC, Mackie K. An introduction to the endogenous cannabinoid
system. Biol Psychiatry. 2016;79(7):516-525.


https://doi.org/10.3390/molecules28020833
https://doi.org/10.1177/01968599241248611
https://doi.org/10.1177/01968599241248611
https://doi.org/10.4324/9780429436116
https://doi.org/10.4324/9780429436116
https://doi.org/10.1016/j.tips.2016.04.005
https://doi.org/10.1016/j.tips.2016.04.005
https://doi.org/10.3390/ijms19030833

14

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.
61.

62.

. TaoY, Li, L, Jiang, B, Feng, Z, Yang, L, Tang, ], Chen Q, Zhang J, Tan Q,
Feng H, Chen Z, Zhu G. Cannabinoid receptor-2 stimulation suppresses
neuroinflammation by regulating microglial M1/M2 polarization through
the cAMP/PKA pathway in an experimental GMH rat model. Brain Behav
Immun.2016;58:118-129. doi: 10.1016/j.bbi.2016.05.020. Epub 2016 May
31. PMID: 27261088.

Bie B, Wu J, Foss JF, Naguib M. An overview of the cannabinoid type
2 receptor system and its therapeutic potential. Curr Opin Anaesthe-
$i01.2018;31(4):407—414.

Maresz K, Carrier EJ, Ponomarev ED, Hillard CJ, Dittel BN. Modulation
of the cannabinoid CB2 receptor in microglial cells in response to inflam-
matory stimuli. ] Neurochem. 2005;95(2):437-445.

Howlett AC. The cannabinoid receptors. Prostaglandins Other Lipid
Mediat. 2002;68—69:619—631.

Yang H, Zhou J, Lehmann C. GPR55—a putative “type 3” cannabinoid
receptor in inflammation. J Basic Clin Physiol Pharmacol. 2016;27(3):
297-302.

Brown AJ. Novel cannabinoid receptors. Br J Pharmacol. 2007;152(5):
567-575.

Penumarti A, Abdel-Rahman AA. The novel endocannabinoid receptor
GPR18 is expressed in the rostral ventrolateral medulla and exerts tonic
restraining influence on blood pressure. ] Pharmacol Exp Ther. 2014;349
(1):29-38.

Devane W, et al. Isolation and structure of a brain constituent that binds to
the cannabinoid receptor. Science.1992;258:1946-1949.

Mechoulam R, Ben-Shabat S, Hanus L, et al. Identification of an endog-
enous 2-monoglyceride, present in canine gut, that binds to cannabinoid
receptors. Biochem Pharmacol. 1995;50(1):83-90.

Sugiura T, Kondo S, Sukagawa A, et al. 2- Arachidonoylglycerol: a possible
endogenous cannabinoid receptor ligand in brain. Biochem Biophys Res
Commun. 1995;215(1):89-97.

Scherma M, Masia P, Satta V, Fratta W, Fadda P, Tanda G. Brain activity
of anandamide: a rewarding bliss? Acta Pharmacol Sin. 2019;40(3):
309-323.

Ohno-Shosaku T, Kano M. Endocannabinoid-mediated retrograde mod-
ulation of synaptic transmission. Curr Opin Neurobiol. 2014;29:1-8.
Ross RA. Anandamide and vanilloid TRPV1 receptors. Br ] Pharmacol.
2003;140(5):790-801.

Maccarrone M, Finazzi-Agro A. The endocannabinoid system, ananda-
mide and the regulation of mammalian cell apoptosis. Cell Death Differ.
2003;10(9):946-955.

Zhang H, Li X, Liao D, Luo P, Jiang X. Alpha/beta-hydrolase domain-
containing 6: signaling and function in the central nervous system. Front
Pharmacol. 2021;12:784202.

Bononi G, Tuccinardi T, Rizzolio F, Granchi C. Alpha/beta-hydrolase
domain (ABHD) inhibitors as new potential therapeutic options against
lipid-related diseases. ] Med Chem. 2021;64(14):9759-9785.

Rodriguez de Fonseca F, Del Arco I, Bermudez-Silva FJ, Bilbao A, Cippi-
telli A, Navarro M. The endocannabinoid system: physiology and phar-
macology. Alcohol Alcohol. 2005;40(1):2-14.

Pacher P, Batkai S, Kunos G. The endocannabinoid system as an emerging
target of pharmacotherapy. Pharmacol Rev. 2006;58(3):389-462.
Mechoulam R, Parker LA. The endocannabinoid system and the brain.
Annu Rev Psychol. 2013;64:21-47.

Battista N, Di Tommaso M, Bari M, Maccarrone M. The endocannabinoid
system: an overview. Front Behav Neurosci. 2012;6:9.

ElSohly M. Chemical constituents of Cannabis. In: Grotenherman F,
Russo, E, eds. Cannabis and Cannabinoids: Pharmacology, Toxicology
and Therapeutic Potential. New York: Haworth Press Inc; 2002.

Pate D. Chemical ecology of Cannabis. ] Int Hemp Assoc. 1994;2:32-37.
Franco G, Smid S, Viegas C Jr. Phytocannabinoids: general aspects and
pharmacological potential in neurodegenerative diseases. Curr Neuro-
pharmacol. 2021;19(4):449-464.

Berman P, Futoran K, Lewitus GM, et al. A new ESI-LC/MS approach for
comprehensive metabolic profiling of phytocannabinoids in Cannabis. Sci
Rep. 2018;8(1):14280.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

M. Armour, J. Sinclair and H. Adler

Giacoppo S, Mandolino G, Galuppo M, Bramanti P, Mazzon E. Canna-
binoids: new promising agents in the treatment of neurological diseases.
Molecules. 2014;19(11):18781-18816.

Hanus LO, Meyer SM, Munoz E, Taglialatela-Scafati O, Appendino G.
Phytocannabinoids: a unified critical inventory. Nat Prod Rep. 2016;33
(12):1357-1392.

Cannabis. 2024. https://www.who.int/teams/mental-health-and-substance-
use/alcohol-drugs-and-addictive-behaviours/drugs-psychoactive/cannabis.
Pertwee RG. The diverse CB1 and CB2 receptor pharmacology of three
plant cannabinoids: delta9-tetrahydrocannabinol, cannabidiol and
delta9-tetrahydrocannabivarin. Br | Pharmacol. 2008;153(2):199-215.
Howlett AC, Blume LC, Dalton GD. CB(1) cannabinoid receptors and
their associated proteins. Curr Med Chem. 2010;17(14):1382-1393.
Morales P, Hurst DP, Reggio PH. Molecular targets of the phytocanna-
binoids: a complex picture. Prog Chem Org Nat Prod. 2017;103:103-131.
Sulcova A. Pharmacodynamics of cannabinoids. Arch Pharm Pharma Sci.
2019;3:11-18.

Ramirez-Orozco RE, Garcia-Ruiz R, Morales P, Villalon CM, Villafan-
Bernal JR, Marichal-Cancino BA. Potential metabolic and behavioural
roles of the putative endocannabinoid receptors GPR18, GPR55 and
GPR119 in feeding. Curr Neuropharmacol. 2019;17(10):947-960.

Rahn EJ, Hohmann AG. Cannabinoids as pharmacotherapies for neuro-
pathic pain: from the bench to the bedside. Neurotherapeutics. 2009;6(4):
713-737.

Aggarwal SK. Cannabinergic pain medicine: a concise clinical primer and
survey of randomized-controlled trial results. Clin J Pain. 2013;29(2):
162-171.

Kopustinskiene DM, Masteikova R, Lazauskas R, Bernatoniene J., Can-
nabis Sativa L. Bioactive compounds and their protective role in oxidative
stress and inflammation. Antioxidants (Basel). 2022;11(4):660. doi:
10.3390/antiox11040660. PMID: 35453344; PMCID: PMC9030479.
Kaul M, Zee PC, Sahni AS. Effects of cannabinoids on sleep and their
therapeutic potential for sleep disorders. Neurotherapeutics. 2021;18(1):
217-227.

Hampson AJ, Grimaldi M, Axelrod J, Wink D. Cannabidiol and (—)
Delta9-tetrahydrocannabinol are neuroprotective antioxidants. Proc Natl
Acad Sci USA. 1998;95(14):8268-8273.

Williams SJ, Hartley JP, Graham JD. Bronchodilator effect of deltal-
tetrahydrocannabinol administered by aerosol of asthmatic patients.
Thorax. 1976;31(6):720723.

Munson AE, Harris LS, Friedman MA, Dewey WL, Carchman RA.
Antineoplastic activity of cannabinoids. J Natl Cancer Inst. 1975;55(3):
597-602.

Sanchez C, Galve-Roperh I, Canova C, Brachet P, Guzman M. Delta9-
tetrahydrocannabinol induces apoptosis in C6 glioma cells. FEBS Lett.
1998;436(1):6-10.

Blazquez C, Salazar M, Carracedo A, et al. Cannabinoids inhibit glioma
cell invasion by down-regulating matrix metalloproteinase-2 expression.
Cancer Res. 2008;68(6):1945-1952.

Carracedo A, Gironella M, Lorente M, et al. Cannabinoids induce apo-
ptosis of pancreatic tumor cells via endoplasmic reticulum stress-related
genes. Cancer Res. 2006;66(13):6748—6755.

Ruiz L, Miguel A, Diaz-Laviada I. Delta9-tetrahydrocannabinol induces
apoptosis in human prostate PC-3 cells via a receptor-independent mech-
anism. FEBS Lett. 1999;458(3):400—404.

Leelawat S, Leelawat K, Narong S, Matangkasombut O. The dual effects of
delta(9)-tetrahydrocannabinol on cholangiocarcinoma cells: anti-
invasion activity at low concentration and apoptosis induction at high
concentration. Cancer Invest. 2010;28(4):357—-363.

Whyte DA, Al-Hammadi S, Balhaj G, Brown OM, Penefsky HS, Souid AK.
Cannabinoids inhibit cellular respiration of human oral cancer cells.
Pharmacology. 2010;85(6):328-335.

Machado Rocha FC, Stefano SC, De Cassia Haiek R, Rosa Oliveira LM, Da
Silveira DX. Therapeutic use of Cannabis sativa on chemotherapy-induced
nausea and vomiting among cancer patients: systematic review and meta-
analysis. Eur ] Cancer Care (Engl) 2008;17(5):431-443.


https://doi.org/10.1016/j.bbi.2016.05.020
https://www.who.int/teams/mental-health-and-substance-use/alcohol-drugs-and-addictive-behaviours/drugs-psychoactive/cannabis
https://www.who.int/teams/mental-health-and-substance-use/alcohol-drugs-and-addictive-behaviours/drugs-psychoactive/cannabis
https://doi.org/10.3390/antiox11040660

CNS Spectrums

85

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

. Berman JS, Symonds C, Birch R. Efficacy of two cannabis based medicinal
extracts for relief of central neuropathic pain from brachial plexus avul-
sion: results of a randomised controlled trial. Pain. 2004;112(3):299-306.
Eisenberg E, Ogintz M, Almog S. The pharmacokinetics, efficacy, safety,
and ease of use of a novel portable metered-dose cannabis inhaler in
patients with chronic neuropathic pain: a phase 1a study. J Pain Palliat
Care Pharmacother. 2014;28(3):216-225.

McGeeney BE. Cannabinoids and hallucinogens for headache. Headache.
2013;53(3):447-458.

Noyes R Jr, Brunk SF, Baram DA, Canter A. Analgesic effect of delta-9-
tetrahydrocannabinol. J Clin Pharmacol. 1975;15(2—-3):139-143.
McCabe M, Smith FP, Macdonald JS, Woolley PV, Goldberg D, Schein PS.
Efficacy of tetrahydrocannabinol in patients refractory to standard antie-
metic therapy. Invest New Drugs. 1988;6(3):243-246.

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(5):440—452.

National Academies of Sciences, Engineering and Medicine. The Health
Effects of Cannabis and Cannabinoids: The Current State of Evidence and
Recommendations for Research. Washington, DC: The National Acade-
mies Press; 2017.

Wade DT, Makela P, Robson P, House H, Bateman C. Do cannabis-based
medicinal extracts have general or specific effects on symptoms in mul-
tiple sclerosis? A double-blind, randomized, placebo-controlled study
on 160 patients. Mult Scler. 2004;10(4):434—441.

Currais A, Quehenberger, O., M Armando, A. et al. Amyloid proteotoxi-
city initiates an inflammatory response blocked by cannabinoids. npj
Aging Mech Dis. 2016;2:16012. https://doi.org/10.1038/npjamd.2016.12
Merritt JC, Crawford W], Alexander PC, Anduze AL, Gelbart SS. Effect of
marihuana on intraocular and blood pressure in glaucoma. Ophthalmol-
ogy. 1980;87(3):222-228.

Jarvinen T, Pate DW, Laine K. Cannabinoids in the treatment of glau-
coma. Pharmacol Ther. 2002;95(2):203-220.

Lucas CJ, Galettis P, Schneider J. The pharmacokinetics and the
pharmacodynamics of cannabinoids. Br J Clin Pharmacol. 2018;84(11):
2477-2482.

Grotenhermen F. Pharmacokinetics and pharmacodynamics of cannabi-
nioids. Clin Pharmacokinet. 2003;42:327-360.

Chayasirisobhon S. Mechanisms of action and pharmacokinetics of can-
nabis. Perm J. 2020;25:1-3.

Huestis MA. Human cannabinoid pharmacokinetics. Chem Biodivers.
2007;4(8):1770-1804.

MacCallum CA, Russo EB. Practical considerations in medical cannabis
administration and dosing. Eur J Intern Med. 2018;49:12-19.

Gieringer D, St. Laurent, S., Goodrich, S. Cannabis vaporizer combines
efficient delivery of THC with effective suppression of pyrolytic com-
pounds. ] Cannabis Ther. 2004;1:7-27.

Newmeyer MN, Swortwood M]J, Barnes AJ, Abulseoud OA, Scheidweiler
KB, Huestis MA. Free and glucuronide whole blood cannabinoids’ phar-
macokinetics after controlled smoked, vaporized, and oral cannabis
administration in frequent and occasional cannabis users: identification
of recent cannabis intake. Clin Chem. 2016;62(12):1579-1592.

Lunn S, Diaz P, O’Hearn S, et al. Human pharmacokinetic parameters of
orally administered delta(9)-tetrahydrocannabinol capsules are altered by
fed versus fasted conditions and sex differences. Cannabis Cannabinoid
Res. 2019;4(4):255-264.

Perkins D, Brophy H, McGregor IS, et al. Medicinal cannabis and driving:
the intersection of health and road safety policy. Int ] Drug Policy. 2021;97:
103307.

Lemberger L, Crabtree RE, Rowe HM. 11-hydroxy-9-tetrahydrocannabi-
nol: pharmacology, disposition, and metabolism of a major metabolite of
marihuana in man. Science. 1972;177(4043):62—64.

Cannabidiol (CBD). 2018. Critical Review Report. https://cdn.who.int/
media/docs/default-source/controlled-substances/whocbdreportmay2018-
2.pdf?omnisendContactID=6324d469573db4001c1c0414&sfvrsn=
£78db77_2 Accessed September 3, 2024.

Britch SC, Babalonis S, Walsh SL. Cannabidiol: pharmacology and ther-
apeutic targets. Psychopharmacology (Berl). 2021;238(1):9-28.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

15

Laprairie RB, Bagher AM, Kelly ME, Denovan-Wright EM. Cannabidiol is
a negative allosteric modulator of the cannabinoid CB1 receptor. Br |
Pharmacol. 2015;172(20):4790—4805.

Russo EB, Burnett A, Hall B, Parker KK. Agonistic properties of canna-
bidiol at 5-HT1a receptors. Neurochem Res. 2005;30(8):1037-1043.
Bisogno T, Hanus L, De Petrocellis L, et al. Molecular targets for canna-
bidiol and its synthetic analogues: effect on vanilloid VR1 receptors and on
the cellular uptake and enzymatic hydrolysis of anandamide. Br J Phar-
macol. 2001;134(4):845-852.

Castillo-Arellano J, Canseco-Alba A, Cutler SJ, Leon F. The polypharma-
cological effects of cannabidiol. Molecules. 2023;28(7):3271. doi: 10.3390/
molecules28073271. PMID: 37050032; PMCID: PMC10096752.
Kathmann M, Flau K, Redmer A, Trankle C, Schlicker E. Cannabidiol is an
allosteric modulator at mu- and delta-opioid receptors. Naunyn Schmie-
debergs Arch Pharmacol. 2006;372(5):354-361.

Mlost ], Bryk M, Starowicz K. Cannabidiol for pain treatment: focus on
pharmacology and mechanism of action. Int ] Mol Sci. 2020;21(22):
8870. doi: 10.3390/ijms21228870. PMID: 33238607; PMCID:
PMC7700528.

Taylor L, Gidal B, Blakey G, Tayo B, Morrison G. A phase I, randomized,
double-blind, placebo-controlled, single ascending dose, multiple dose,
and food effect trial of the safety, tolerability and pharmacokinetics of
highly purified cannabidiol in healthy subjects. CNS Drugs. 2018;32(11):
1053-1067.

Martinez Naya N, Kelly J, Corna G, Golino M, Abbate A, Toldo S.
Molecular and cellular mechanisms of action of cannabidiol. Molecules.
2023;28(16):5980. doi: 10.3390/molecules28165980. PMID: 37630232;
PMCID: PMC10458707.

Millar SA, Stone NL, Yates AS, O’Sullivan SE. A systematic review on the
pharmacokinetics of cannabidiol in humans. Front Pharmacol. 2018;9:
1365.

Australian Government. Safety of Low Dose Cannabidiol. Canberra, ACT:
Therapeutic Goods Administration. Australian Government; 2020;1-20.
Zendulka O, Dovrtelova G, Noskova K, et al. Cannabinoids and cyto-
chrome P450 interactions. Curr Drug Metab. 2016;17(3):206—226.
Burstein S. Cannabidiol (CBD) and its analogs: a review of their effects on
inflammation. Bioorg Med Chem. 2015;23(7):1377-1385.

Sanchez AJ, Garcia-Merino A. Neuroprotective agents: cannabinoids. Clin
Immunol.2012;142(1):57-67.

Castillo A, Tolon MR, Fernandez-Ruiz J, Romero J, Martinez-Orgado J.
The neuroprotective effect of cannabidiol in an in vitro model of newborn
hypoxic-ischemic brain damage in mice is mediated by CB(2) and aden-
osine receptors. Neurobiol Dis. 2010;37(2):434—440.

Bergamaschi MM, Queiroz RH, Chagas MH, et al. Cannabidiol reduces
the anxiety induced by simulated public speaking in treatment-naive
social phobia patients. Neuropsychopharmacology. 2011;36(6):1219—
1226.

Zanelati TV, Biojone C, Moreira FA, Guimaraes FS, Joca SR. Antidepressant-
like effects of cannabidiol in mice: possible involvement of 5-HT1A receptors.
Br ] Pharmacol. 2010;159(1):122-128.

Solinas M, Massi P, Cantelmo AR, et al. Cannabidiol inhibits angiogenesis
by multiple mechanisms. Br ] Pharmacol. 2012;167(6):1218-1231.
Brown JD, Winterstein AG. Potential adverse drug events and drug-drug
interactions with medical and consumer cannabidiol (CBD) use. J Clin
Med. 2019;8(7):989. doi: 10.3390/jcm8070989. PMID: 31288397; PMCID:
PMC6678684.

Walsh KB, McKinney AE, Holmes AE. Minor cannabinoids: biosynthesis,
molecular pharmacology and potential therapeutic uses. Front Pharmacol.
2021;12:777804.

Cuttler C, Stueber A, Cooper ZD, Russo E. Acute effects of cannabigerol
on anxiety, stress, and mood: a double-blind, placebo-controlled, cross-
over, field trial. Sci Rep. 2024;14(1):16163.

Calapai F, Cardia L, Esposito E, et al. Pharmacological aspects and
biological effects of cannabigerol and its synthetic derivatives. Evid Based
Complement Alternat Med. 2022;2022:3336516.

Jastrzab A, Jarocka-Karpowicz I, Skrzydlewska E. The origin and biomed-
ical relevance of cannabigerol. Int J Mol Sci. 2022;23(14):7929. doi:
10.3390/ijms23147929. PMID: 35887277; PMCID: PM(C9322760.


https://doi.org/10.1038/npjamd.2016.12
https://cdn.who.int/media/docs/default-source/controlled-substances/whocbdreportmay2018-2.pdf?omnisendContactID=6324d469573db4001c1c0414&sfvrsn=f78db177_2
https://cdn.who.int/media/docs/default-source/controlled-substances/whocbdreportmay2018-2.pdf?omnisendContactID=6324d469573db4001c1c0414&sfvrsn=f78db177_2
https://cdn.who.int/media/docs/default-source/controlled-substances/whocbdreportmay2018-2.pdf?omnisendContactID=6324d469573db4001c1c0414&sfvrsn=f78db177_2
https://cdn.who.int/media/docs/default-source/controlled-substances/whocbdreportmay2018-2.pdf?omnisendContactID=6324d469573db4001c1c0414&sfvrsn=f78db177_2
https://doi.org/10.3390/molecules28073271
https://doi.org/10.3390/molecules28073271
https://doi.org/10.3390/ijms21228870
https://doi.org/10.3390/molecules28165980
https://doi.org/10.3390/jcm8070989
https://doi.org/10.3390/ijms23147929

16

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

Adams R, Baker BR, Wearn RB. Structure of CANNABINOL. III. Synthesis
of cannabinol, 1-hydroxy-3-n-amyl-6,6,9-trimethyl-6-dibenzopyran. JACS.
1940;62(8):2204-2207. https://doi.org/10.1021/ja01865a083.

Khouchlaa A, Khouri S, Hajib A, et al. Health benefits, pharmacological
properties, and metabolism of cannabinol: a comprehensive review. Ind.
Crops Prod. 2024;213:118359.

Maioli C, Mattoteia D, Amin HIM, Minassi A, Caprioglio D. Cannabinol:
history, syntheses, and biological profile of the greatest “Minor” canna-
binoid. Plants (Basel). 2022;11(21):2896. doi: 10.3390/plants11212896.
PMID: 36365350; PMCID: PMC9658060.

Tahir MN, Shahbazi F, Rondeau-Gagne S, Trant JF. The biosynthesis of
the cannabinoids. ] Cannabis Res. 2021;3(1):7.

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(4):1444-1460.

Udoh M, Santiago M, Devenish S, McGregor IS, Connor M. Cannabi-
chromene is a cannabinoid CB(2) receptor agonist. Br ] Pharmacol. 2019;
176(23):4537-4547.

Gaoni Y, Mechoulam R. Cannabichromene, a new active principle in
hashish. Chemn Commun. 1966;1:20-21.

Zagzoog A, Mohamed KA, Kim H]JJ, et al. In vitro and in vivo pharma-
cological activity of minor cannabinoids isolated from Cannabis sativa. Sci
Rep. 2020;10(1):20405.

Abdel-Kader MS, Radwan MM, Metwaly AM, Eissa IH, Hazekamp A,
ElSohly MA. Chemistry and pharmacology of delta-8-tetrahydrocannab-
inol. Molecules. 2024;29(6).

Bozman ME, Manoharan SVRR, Vasavada T. Marijuana variant of con-
cern: delta 8-tetrahydrocannabinol (delta-8-THC, A8-THC). Psychiatry
Res Case Rep. 2022;1(2):100028.

Kruger JS, Kruger DJ. Delta-8-THC: delta-9-THC’s nicer younger sibling?
J Cannabis Res. 2022;4(1):4.

Tagen M, Klumpers LE. Review of delta-8-tetrahydrocannabinol (Delta
(8)—THC): comparative pharmacology with Delta(9)—THC. Br ] Phar-
macol. 2022;179(15):3915-3933.

Hollister LE, Gillespie HK. Delta-8- and delta-9-tetrahydrocannabinol
comparison in man by oral and intravenous administration. Clin Phar-
macol Ther. 1973;14(3):353—357.

Leas EC, Harati RM, Satybaldiyeva N, et al. Self-reported adverse events
associated with A(8)-tetrahydrocannabinol (delta-8-THC) use. ] Canna-
bis Res. 2023;5(1):15.

LoParco CR, Rossheim ME, Walters ST, Zhou Z, Olsson S, Sussman SY.
Delta-8 tetrahydrocannabinol: a scoping review and commentary. Addic-
tion. 2023;118(6):1011-1028.

Dwivedi C, Harbison RD. Anticonvulsant activities of delta-8 and delta-9
tetrahydrocannabinol and uridine. Toxicol Appl Pharmacol. 1975;31(3):
452-458.

Semlali A, Beji S, Ajala I, Rouabhia M. Effects of tetrahydrocannabinols on
human oral cancer cell proliferation, apoptosis, autophagy, oxidative
stress, and DNA damage. Arch Oral Biol. 2021;129:105200.

Langenheim JH. Higher plant terpenoids: a phytocentric overview of their
ecological roles. ] Chem Ecol. 1994;20(6):1223-1280.

Siddiqui T, Khan MU, Sharma V, Gupta K. Terpenoids in essential oils:
chemistry, classification, and potential impact on human health and
industry. Phytomedicine Plus. 2024;4(2):100549.

Lydon J, Teramura AH, Coffman CB. UV-B radiation effects on photo-
synthesis, growth and cannabinoid production of two Cannabis sativa
chemotypes. Photochem Photobiol. 1987;46(2):201-206.

Masyita A, Mustika Sari R, Dwi Astuti A, et al. Terpenes and terpenoids as
main bioactive compounds of essential oils, their roles in human health
and potential application as natural food preservatives. Food Chem X.
2022;13:100217.

Chacon FT, Raup-Konsavage WM, Vrana KE, Kellogg JJ. Secondary
terpenes in Cannabis sativa L.: synthesis and synergy. Biomedicines.
2022;10(12).

Surendran S, Qassadi F, Surendran G, Lilley D, Heinrich M. myrcene-
what are the potential health benefits of this flavouring and aroma agent?
Front Nutr. 2021;8:699666.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

M. Armour, J. Sinclair and H. Adler

do Vale TG, Furtado EC, Santos JG Jr, Viana GS. Central effects of citral,
myrcene and limonene, constituents of essential oil chemotypes from
Lippia alba (Mill.) n.e. Brown. Phytomedicine. 2002;9(8):709-714.
Rufino AT, Ribeiro M, Sousa C, et al. Evaluation of the anti-inflammatory,
anti-catabolic and pro-anabolic effects of E-caryophyllene, myrcene and
limonene in a cell model of osteoarthritis. Eur ] Pharmacol. 2015;750:141—
150.

Miyazawa M, Yamafuji C. Inhibition of acetylcholinesterase activity by
bicyclic monoterpenoids. | Agric Food Chem. 2005;53(5):1765-1768.
Sommano SR, Chittasupho C, Ruksiriwanich W, Jantrawut P. The can-
nabis terpenes. Molecules. 2020;25(24).

Salehi B, Upadhyay S, Erdogan Orhan I, et al. Therapeutic potential of
alpha- and beta-pinene: a miracle gift of nature. Biomolecules. 2019;9(11):
738. doi: 10.3390/biom9110738. PMID:  31739596; PMCID:
PMC6920849.

Lin H, Li Z, Sun Y, et al. D-Limonene: promising and sustainable natural
bioactive compound. Appl Sci. 2024;14(11):4605.

Eddin LB, Jha NK, Meeran MFN, Kesari KK, Beiram R, Ojha S. Neuro-
protective potential of limonene and limonene containing natural prod-
ucts. Molecules. 2021;26(15):4535. doi: 10.3390/molecules26154535.
PMID: 34361686; PMCID: PMC8348102.

Hashiesh HM, Sharma C, Goyal SN, et al. A focused review on CB2
receptor-selective pharmacological properties and therapeutic potential
of beta-caryophyllene, a dietary cannabinoid. Biomed Pharmacother.
2021;140:111639.

Hanus LO, Hod Y. Terpenes/terpenoids in cannabis: are they important?
Med Cannabis Cannabinoids. 2020;3(1):25-60.

Dalavaye N, Nicholas M, Pillai M, Erridge S, Sodergren MH. The clinical
translation of alpha-humulene—a scoping review. Planta Med. 2024;90
(9):664—674.

Desaulniers Brousseau V, Wu BS, MacPherson S, Morello V, Lefsrud M.
Cannabinoids and terpenes: how production of photo-protectants can be
manipulated to enhance Cannabis sativa L. phytochemistry. Front Plant
Sci. 2021;12:620021.

Lopez V, Nielsen B, Solas M, Ramirez M]J, Jager AK. Exploring pharma-
cological mechanisms of lavender (Lavandula angustifolia) essential oil on
central nervous system targets. Front Pharmacol. 2017;8:280.

Dos Santos ERQ, Maia JGS, Fontes-Junior EA, do Socorro Ferraz Maia C.
Linalool as a therapeutic and medicinal tool in depression treatment: a
review. Curr Neuropharmacol. 2022;20(6):1073-1092.

Maczka W, Duda-Madej A, Grabarczyk M, Winska K. Natural com-
pounds in the battle against microorganisms-linalool. Molecules. 2022;
27(20):6928. doi: 10.3390/molecules27206928. PMID: 36296521; PMCID:
PMC9609897.

Nagoor Meeran MF, Javed H, Al Taee H, Azimullah S, Ojha SK. Phar-
macological properties and molecular mechanisms of thymol: prospects
for its therapeutic potential and pharmaceutical development. Front
Pharmacol. 2017;8:380.

Bone K. A Cllinical Guide to Blending Liquid Herbs: Herbal Formulations
for the Individual Patient. St Louis: Churchill Livingstone; 2003.
Ben-Shabat S, Fride E, Sheskin T, et al. An entourage effect: inactive
endogenous fatty acid glycerol esters enhance 2-arachidonoyl-glycerol
cannabinoid activity. Eur ] Pharmacol. 1998;353(1):23-31.

Christensen C, Rose M, Cornett C, Alleso M. Decoding the postulated
entourage effect of medicinal cannabis: what it is and what it isn’t. Bio-
medicines. 2023;11(8):2323. doi: 10.3390/biomedicines11082323. PMID:
37626819; PMCID: PMC10452568.

Sinclair J, Toufaili Y, Gock S, et al. Cannabis use for endometriosis: clinical
and legal challenges in Australia and New Zealand. Cannabis Cannabi-
noid Res. 2022;7(4):464—472.

Cherkasova V, Wang B, Gerasymchuk M, Fiselier A, Kovalchuk O,
Kovalchuk I. Use of cannabis and cannabinoids for treatment of cancer.
Cancers. 2022;14(20):5142.

Velasco G, Sanchez C, Guzman M. Towards the use of cannabinoids as
antitumour agents. Nature Reviews Cancer. 2012;12(6):436—444.
Messalli EM, Grauso F, Luise R, Angelini A, Rossiello R.Cannabinoid
receptor type 1 immunoreactivity and disease severity in human epithelial
ovarian tumors. Am ] Obstetr Gynecol. 2014;211(3):234.e1-¢6.


https://doi.org/10.1021/ja01865a083
https://doi.org/10.3390/plants11212896
https://doi.org/10.3390/biom9110738
https://doi.org/10.3390/molecules26154535
https://doi.org/10.3390/molecules27206928
https://doi.org/10.3390/biomedicines11082323

CNS Spectrums

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Michalski CW, Oti FE, Erkan M, et al. Cannabinoids in pancreatic
cancer: correlation with survival and pain. Int ] Cancer. 2008;122(4):
742-750.

Chung SC, Hammarsten P, Josefsson A, et al. A high cannabinoid CB1
receptor immunoreactivity is associated with disease severity and out-
come in prostate cancer. Eur | Cancer. 2009;45(1):174—182.

Jung CK, Kang WK, Park JM, et al. Expression of the cannabinoid type I
receptor and prognosis following surgery in colorectal cancer. Oncol Lett.
2013;5(3):870-876.

Pérez-Gomez E, Andradas C, Blasco-Benito S, et al. Role of cannabinoid
receptor CB2 in HER2 pro-oncogenic signaling in breast cancer. J Natl
Cancer Inst. 2015;107(6):djv077.

Klein Nulent TJW, Van Diest PJ, van der Groep P, et al. Cannabinoid
receptor-2 immunoreactivity is associated with survival in squamous cell
carcinoma of the head and neck. Br ] Oral Maxillofacial Surg. 2013;51(7):
604-609.

Milian L, Mata M, Alcacer J, et al. Cannabinoid receptor expression in
non-small cell lung cancer. Effectiveness of tetrahydrocannabinol and
cannabidiol inhibiting cell proliferation and epithelial-mesenchymal tran-
sition in vitro. PLoS One. 2020;15(2):€0228909.

Ligresti A, Bisogno T, Matias , et al. Possible endocannabinoid control of
colorectal cancer growth. Gastroenterology. 2003;125(3):677—687.
Takeda S, Yoshida K, Nishimura H, et al. A9-Tetrahydrocannabinol
disrupts estrogen-signaling through up-regulation of estrogen receptor
B (ERB). Chem Res Toxicol. 2013;26(7):1073-1079.

Von Bueren A, Schlumpf M, Lichtensteiger W. Delta (9)-tetrahydrocannab-
inol inhibits 17p-estradiol-induced proliferation and fails to activate andro-
gen and estrogen receptors in MCF7 human breast cancer cells. Anticancer
Res. 2008;28(1A):85-89.

Caffarel MM, Sarri6 D, Palacios J, Guzmdn M, Sinchez C. A9-
tetrahydrocannabinol inhibits cell cycle progression in human breast
cancer cells through Cdc2 regulation. Cancer Res. 2006;66(13):6615—-6621.
McKallip R], Nagarkatti M, Nagarkatti PS. A-9-tetrahydrocannabinol
enhances breast cancer growth and metastasis by suppression of the
antitumor immune response. | Immunol. 2005;174(6):3281-3289.
Semlali A, Beji S, Ajala I, Rouabhia M. Effects of tetrahydrocannabinols on
human oral cancer cell proliferation, apoptosis, autophagy, oxidative
stress, and DNA damage. Arch Oral Biol. 2021;129:105200.

Seltzer ES, Watters AK, MacKenzie D Jr, Granat LM, Zhang D. Cannabidiol
(CBD) as a promising anti-cancer drug. Cancers (Basel) 2020;12(11):3203.
doi: 10.3390/cancers12113203. PMID: 33143283; PMCID: PMC7693730.
O’Brien K. Cannabidiol (CBD) in cancer management. Cancers (Basel)
2022;14(4).

McAllister SD, Soroceanu L, Desprez P-Y. The antitumor activity of plant-
derived non-psychoactive cannabinoids. J Neuroimmune Pharmacol.
2015;10(2):255-267.

Nakamura H, Takada K. Reactive oxygen species in cancer: current
findings and future directions. Cancer Sci. 2021;112(10):3945-3952.
Massi P, Vaccani A, Bianchessi S, Costa B, Macchi P, Parolaro D. The non-
psychoactive cannabidiol triggers caspase activation and oxidative stress
in human glioma cells. Cell Mol Life Sci. 2006;63(17):2057—2066.
Trameér MR, Carroll D, Campbell FA, Reynolds DJM, Moore RA, McQuay
HJ. Cannabinoids for control of chemotherapy induced nausea and
vomiting: quantitative systematic review. Bmyj. 2001;323(7303):16.
Whiting PF, Wolff RF, Deshpande S, et al. Cannabinoids for medical use: a
systematic review and meta-analysis. JAMA. 2015;313(24):2456-2473.
Chow R, Valdez C, Chow N, et al. Oral cannabinoid for the prophylaxis of
chemotherapy-induced nausea and vomiting—a systematic review and
meta-analysis. Support Care Cancer. 2020;28:2095-2103.

Abrams DI. Cannabis, cannabinoids and cannabis-based medicines in
cancer care. Integr Cancer Therap. 2022;21:15347354221081772.
Hesketh PJ, Kris MG, Basch E, et al. Antiemetics: ASCO guideline update.
J Clin Oncol. 2020;38(24):2782-2797.

Foltin RW, Fischman MW, Byrne MF. Effects of smoked marijuana on
food intake and body weight of humans living in a residential laboratory.
Appetite. 1988;11(1):1-14.

Turcott JG, del Rocio Guillen Nufiez M, Flores-Estrada D, et al. The effect
of nabilone on appetite, nutritional status, and quality oflife in lung cancer

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

17

patients: a randomized, double-blind clinical trial. Support Care Cancer.
2018;26:3029-3038.

Rahn E, Makriyannis A, Hohmann A. Activation of cannabinoid CBI and
CB2 receptors suppresses neuropathic nociception evoked by the chemo-
therapeutic agent vincristine in rats. Br ] Pharmacol. 2007;152(5):765-777.
Lynch ME, Cesar-Rittenberg P, Hohmann AG. A double-blind, placebo-
controlled, crossover pilot trial with extension using an oral mucosal
cannabinoid extract for treatment of chemotherapy-induced neuropathic
pain. J Pain Sympt Manag. 2014;47(1):166—173.

Boland EG, Bennett MI, Allgar V, Boland JW. Cannabinoids for adult
cancer-related pain: systematic review and meta-analysis. BMJ Support
Palliat Care. 2020;10(1):14-24.

Twelves C, Sabel M, Checketts D, et al. A phase 1b randomised, placebo-
controlled trial of nabiximols cannabinoid oromucosal spray with temo-
zolomide in patients with recurrent glioblastoma. Br J Cancer. 2021;124
(8):1379-1387.

Schloss J, Lacey J, Sinclair J, et al. A phase 2 randomised clinical trial
assessing the tolerability of two different ratios of medicinal cannabis in
patients with high grade gliomas. Front. Oncol. 2021;11:649555. doi:
10.3389/fonc.2021.649555. PMID: 34094937; PMCID: PMC8176855.
Warren PP, Bebin EM, Nabors LB, Szaflarski JP. The use of cannabidiol
for seizure management in patients with brain tumor-related epilepsy.
Neurocase. 2017;23(5-6):287-291.

Szaflarski JP, Hernando K, Bebin EM, et al. Higher cannabidiol plasma
levels are associated with better seizure response following treatment with
a pharmaceutical grade cannabidiol. Epilepsy Behav. 2019;95:131-136.
Fragoso YD, Carra A, Macias MA. Cannabis and multiple sclerosis. Expert
Rev Neurotherap. 2020;20(8):849—854.

Haddad F, Dokmak G, Karaman R. The efficacy of cannabis on multiple
sclerosis-related symptoms. Life. 2022;12(5):682.

Lacroix C, Alleman-Brimault I, Zalta A, et al. What do we know about
medical cannabis in neurological disorders and what are the next steps?
Front Pharmacol. 2022;13:883987. doi: 10.3389/fphar.2022.883987.
PMID: 35571129; PMCID: PMC9091192.

Elliott J, DeJean D, Clifford T, et al. Cannabis-based products for pediatric
epilepsy: An updated systematic review. Seizure. 2020;75:18-22.

Bougea A, Koros C, Simitsi A-M, Chrysovitsanou C, Leonardos A, Stefanis
L. Medical cannabis as an alternative therapeutics for Parkinsons’ disease:
Systematic review. Complem Therap Clin Pract. 2020;39:101154.
Stampanoni Bassi M, Sancesario A, Morace R, Centonze D, Iezzi E.
Cannabinoids in Parkinson’s disease. Cannabis Cannabinoid Res. 2017;
2(1):21-29.

Venderova K, Ruzicka E, Vorisek V, Visnovsky P. Survey on cannabis use
in Parkinson’s disease: subjective improvement of motor symptoms. Mov
Disord. 2004;19(9):1102-1106.

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(2):41-44.
Urbi B, Corbett J, Hughes I, et al. Effects of cannabis in Parkinson’s
disease: a systematic review and meta-analysis. ] Parkinson’s Dis. 2021;
12(2):495-508.

Carroll CB, Bain PG, Teare L, et al. Cannabis for dyskinesia in Parkinson
disease. Neurology. 2004;63(7):1245-1250

van der Stelt M, Veldhuis WB, Maccarrone M, et al. Acute neuronal injury,
excitotoxicity, and the endocannabinoid system. Mol Neurobiol. 2002;26
(2-3):317-346.

Fernandez-Ruiz J. The endocannabinoid system as a target for the treat-
ment of motor dysfunction. Br ] Pharmacol. 2009;156(7):1029-1040.
Sagredo O, Pazos MR, Satta V, Ramos JA, Pertwee RG, Fernandez-Ruiz J.
Neuroprotective effects of phytocannabinoid-based medicines in experi-
mental models of Huntington’s disease. ] Neurosci Res. 2011;89(9):1509—
1518.

Akinyemi E, Randhawa G, Longoria V, Zeine R. Medical marijuana effects
in movement disorders, focus on huntington disease; a literature review. J
Pharm Pharmaceut Sci. 2020;23:389-395.

Curtis A, Mitchell I, Patel S, Ives N, Rickards H. A pilot study using
nabilone for symptomatic treatment in Huntington’s disease. Mov Disord.
2009;24(15):2254-2259.


https://doi.org/10.3390/cancers12113203
https://doi.org/10.3389/fonc.2021.649555
https://doi.org/10.3389/fphar.2022.883987

18

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

Lépez-Sendén Moreno JL, Garcia Caldentey ], Trigo Cubillo P, et al. A
double-blind, randomized, cross-over, placebo-controlled, pilot trial with
Sativex in Huntington’s disease. ] Neurol. 2016;263(7):1390—1400.
Consroe P, Laguna J, Allender J, et al. Controlled clinical trial of canna-
bidiol in Huntington’s disease. Pharmacol Biochem Behav. 1991;40(3):
701-708.

Di Marzo V, Hill MP, Bisogno T, Crossman AR, Brotchie JM. Enhanced
levels of endogenous cannabinoids in the globus pallidus are associated
with a reduction in movement in an animal model of Parkinson’s disease.
FASEB ]. 2000;14(10):1432-1438.

Yoon DY, Gause CD, Leckman JF, Singer HS. Frontal dopaminergic
abnormality in Tourette syndrome: a postmortem analysis. ] Neurol Sci.
2007;255(1-2):50-56.

Singer HS, Szymanski S, Giuliano J, et al. Elevated intrasynaptic dopamine
release in Tourette’s syndrome measured by PET. Am ] Psychiatry. 2002;
159(8):1329-1336.

Giuffrida A, Parsons LH, Kerr TM, Rodriguez de Fonseca F, Navarro M,
Piomelli D. Dopamine activation of endogenous cannabinoid signaling in
dorsal striatum. Nat Neurosci. 1999;2(4):358-363.

Hasan A, Rothenberger A, Miinchau A, Wobrock T, Falkai P, Roessner V.
Oral delta 9-tetrahydrocannabinol improved refractory Gilles de la Tour-
ette syndrome in an adolescent by increasing intracortical inhibition: a
case report. J Clin Psychopharmacol. 2010;30(2):190-192.

Thaler A, Arad S, Schleider LB, et al. Single center experience with medical
cannabis in Gilles de la Tourette syndrome. Parkinsonism Relat Disord.
2019;61:211-213.

Abi-Jaoude E, Chen L, Cheung P, Bhikram T, Sandor P. Preliminary
evidence on cannabis effectiveness and tolerability for adults with tourette
syndrome. J Neuropsychiatry Clin Neurosci. 2017;29(4):391-400.

Serag I, Elsakka MM, Moawad MHEGJ, et al. Efficacy of cannabis-based
medicine in the treatment of Tourette syndrome: a systematic review and
meta-analysis. Eur ] Clin Pharmacol. 2024;80(10):1483-1493.
Abi-Jaoude E, Bhikram T, Parveen F, Levenbach J, Lafreniere-Roula M,
Sandor P. A double-blind, randomized, controlled crossover trial of
cannabis in adults with tourette syndrome. Cannabis Cannabinoid Res.
2022;8(5):835-845.

Nielsen S, Germanos R, Weier M, et al. The use of cannabis and canna-
binoids in treating symptoms of multiple sclerosis: a systematic review of
reviews. Curr Neurol Neurosci Rep. 2018;18(2):8.

Khan AA, Shekh-Ahmad T, Khalil A, Walker MC, Ali AB. Cannabidiol
exerts antiepileptic effects by restoring hippocampal interneuron func-
tions in a temporal lobe epilepsy model. Br ] Pharmacol. 2018;175(11):
2097-2115.

Rosenberg EC, Chamberland S, Bazelot M, et al. Cannabidiol modulates
excitatory-inhibitory ratio to counter hippocampal hyperactivity. Neuron.
2023;111(8):1282-1300.8.

Gray RA, Whalley BJ. The proposed mechanisms of action of CBD in
epilepsy. Epileptic Disorders. 2020;22(S1):S10-S5.

Lazarini-Lopes W, da Silva-Junior RMP, Servilha-Menezes G, Do Val-da
Silva RA, Garcia-Cairasco N. Cannabinoid Receptor Type 1 (CBIR)
expression in limbic brain structures after acute and chronic seizures in
a genetic model of epilepsy. Front Behav Neurosci. 2020;14:602258. doi:
10.3389/fnbeh.2020.602258. PMID: 33408620; PMCID: PMC7779524.
Huizenga MN, Wicker E, Beck VC, Forcelli PA. Anticonvulsant effect of
cannabinoid receptor agonists in models of seizures in developing rats.
Epilepsia. 2017;58(9):1593-1602.

Rosenberg EC, Tsien RW, Whalley BJ, Devinsky O. Cannabinoids and
epilepsy. Neurotherapeutics. 2015;12(4):747-768.

Vasincu A, Rusu RN, Ababei DC, et al. Exploring the therapeutic potential
of cannabinoid receptor antagonists in inflammation, diabetes mellitus,
and obesity. Biomedicines. 2023;11(6):1667. doi: 10.3390/biomedi-
cines11061667. PMID: 37371762; PMCID: PMC10296259.

Manna SS, Umathe SN. Involvement of transient receptor potential vanil-
loid type 1 channels in the pro-convulsant effect of anandamide in
pentylenetetrazole-induced seizures. Epilepsy Res. 2012;100(1-2):113-124.
Wootten D, Christopoulos A, Sexton PM. Emerging paradigms in GPCR
allostery: implications for drug discovery. Nat Rev Drug Discov. 2013;12
(8):630—644.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

M. Armour, J. Sinclair and H. Adler

Wallace MJ, Martin BR, DeLorenzo R]. Evidence for a physiological role of
endocannabinoids in the modulation of seizure threshold and severity.
Eur ] Pharmacol. 2002;452(3):295-301.

Gaston TE, Szaflarski JP. Cannabis for the treatment of epilepsy: an
update. Curr Neurol Neurosci Rep. 2018;18(11):73.

Devinsky O, Marsh E, Friedman D, et al. Cannabidiol in patients with
treatment-resistant epilepsy: an open-label interventional trial. Lancet
Neurol. 2016;15(3):270-278.

O’Connell BK, Gloss D, Devinsky O. Cannabinoids in treatment-resistant
epilepsy: a review. Epilepsy Behav. 2017;70:341-348.

Moore RA, Fisher E, Finn DP, et al. Cannabinoids, cannabis, and
cannabis-based medicines for pain management: an overview of system-
atic reviews. Pain. 2021;162:S67-S79.

Busse JW, Vankrunkelsven P, Zeng L, et al. Medical cannabis or canna-
binoids for chronic pain: a clinical practice guideline. BMJ. 2021;374:
n2040.

Pratt M, Stevens A, Thuku M, et al. Benefits and harms of medical
cannabis: a scoping review of systematic reviews. Syst Rev. 2019;8(1):320.
Sarris J, Sinclair J, Karamacoska D, Davidson M, Firth J. Medicinal
cannabis for psychiatric disorders: a clinically-focused systematic review.
BMC Psychiatry. 2020;20(1):24.

Gage SH, Hickman M, Zammit S. Association between cannabis and
psychosis: epidemiologic evidence. Biol Psychiatry. 2016;79(7):
549-556.

Kraan T, Velthorst E, Koenders L, et al. Cannabis use and transition to
psychosis in individuals at ultra-high risk: review and meta-analysis.
Psychol Med. 2016;46(4):673—681.

D’Souza DC, Perry E, MacDougall L, et al. The psychotomimetic effects of
intravenous delta-9-tetrahydrocannabinol in healthy individuals: impli-
cations for psychosis. Neuropsychopharmacology. 2004;29(8):1558-1572.
D’Souza DC, Abi-Saab WM, Madonick S, et al. Delta-9-tetrahydrocannab-
inol effects in schizophrenia: implications for cognition, psychosis, and
addiction. Biol Psychiatry. 2005;57(6):594—608.

Leweke FM, Piomelli D, Pahlisch F, et al. Cannabidiol enhances ananda-
mide signaling and alleviates psychotic symptoms of schizophrenia.
Transl Psychiatry. 2012;2:e94.

Zuardi AW, Morais SL, Guimaraes FS, Mechoulam R. Antipsychotic effect
of cannabidiol. ] Clin Psychiatry. 1995;56(10):485—-486.

Galli JA, Sawaya RA, Friedenberg FK. Cannabinoid hyperemesis syn-
drome. Curr Drug Abuse Rev. 2011;4(4):241-249.

Wallace EA, Andrews SE, Garmany CL, Jelley MJ. Cannabinoid hyper-
emesis syndrome: literature review and proposed diagnosis and treatment
algorithm. South Med J. 2011;104(9):659—664.

Buckley N, Hansson S, Harta G, Mezey E. Expression of the CB1 and CB2
receptor messenger RNAs during embryonic development in the rat.
Neuroscience. 1997;82(4):1131-1149.

Biegon A, Kerman IA. Autoradiographic study of pre- and postnatal
distribution of cannabinoid receptors in human brain. Neuroimage.
2001;14(6):1463-1468.

Mato S, Del Olmo E, Pazos A. Ontogenetic development of cannabinoid
receptor expression and signal transduction functionality in the human
brain. Eur ] Neurosci. 2003;17(9):1747-1754.

Fernandez-Ruiz J, Berrendero F, Hernandez ML, Ramos JA. The endog-
enous cannabinoid system and brain development. Trends Neurosci. 2000;
23(1):14-20.

Berrendero F, Sepe N, Ramos JA, Di Marzo V, Fernandez-Ruiz JJ. Analysis
of cannabinoid receptor binding and mRNA expression and endogenous
cannabinoid contents in the developing rat brain during late gestation and
early postnatal period. Synapse. 1999;33(3):181-191.

Maccarrone M, Guzman M, Mackie K, Doherty P, Harkany T. Program-
ming of neural cells by (endo)cannabinoids: from physiological rules to
emerging therapies. Nat Rev Neurosci. 2014;15(12):786-801.

Harkany T, Mackie K, Doherty P. Wiring and firing neuronal networks:
endocannabinoids take center stage. Curr Opin Neurobiol. 2008;18(3):
338-345.

Martinez-Pena AA, Perono GA, Gritis SA, et al. The impact of early life
exposure to cannabis: the role of the endocannabinoid system. Int ] Mol
Sci. 2021;22(16):8576.


https://doi.org/10.3389/fnbeh.2020.602258
https://doi.org/10.3390/biomedicines11061667
https://doi.org/10.3390/biomedicines11061667

CNS Spectrums

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

285.

El Marroun H, Hudziak JJ, Tiemeier H, et al. Intrauterine cannabis
exposure leads to more aggressive behavior and attention problems
in 18-month-old girls. Drug Alcohol Depend. 2011;118(2-3):470—475.
Day NL, Richardson GA, Goldschmidt L, et al. Effect of prenatal mari-
juana exposure on the cognitive development of offspring at age three.
Neurotoxicol Teratol. 1994;16(2):169—175.

Goldschmidt L, Richardson GA, Willford J, Day NL. Prenatal marijuana
exposure and intelligence test performance at age 6. ] Am Acad Child
Adolesc Psychiatry. 2008;47(3):254-263.

Russo EB. Cannabis treatments in obstetrics and gynecology: a historical
review. | Cannabis Therap. 2002;2(3—4):5-35.

Polcaro J, Vettraino, IM. Cannabis in pregnancy and lactation—a review.
Missouri Med. 2020;117(5):400-405.

Grant KS, Conover E, Chambers CD. Update on the developmental
consequences of cannabis use during pregnancy and lactation. Birth
Defects Res. 2020;112(15):1126-1138.

Guidance for the use of medicinal cannabis in Australia: Overview. 2017.
https://www.tga.gov.au/sites/default/files/guidance-use-medicinal-canna
bis-australia-overview.pdf (accessed February 25, 2022.

Baker T, Datta P, Rewers-Felkins K, Thompson H, Kallem RR, Hale TW.
Transfer of inhaled cannabis into human breast milk. Obstetr Gynecol.
2018;131(5):783-788.

Moss MJ, Bushlin I, Kazmierczak S, et al. Cannabis use and measurement
of cannabinoids in plasma and breast milk of breastfeeding mothers.
Pediatr Res. 2021;90(4):861-868.

Narayanan P, Bertrand K, Waalen J, Chambers C, Ferran K, Bandoli G.
The effect of cannabis consumption during lactation on the macronutrient
concentrations in breast milk. Breastfeed Med. 2025;20(1):33—41.

Jones RT. Cardiovascular system effects of marijuana. J Clin Pharmacol.
2002;42(S51):585-63S.

Goyal H, Awad HH, Ghali JK. Role of cannabis in cardiovascular disor-
ders. J Thorac Dis.2017;9(7):2079-2092.

Korantzopoulos P, Liu T, Papaioannides D, Li G, Goudevenos JA. Atrial
fibrillation and marijuana smoking. Int J Clin Pract. 2008;62(2):308-313.
Mittleman MA, Lewis RA, Maclure M, Sherwood JB, Muller JE. Triggering
myocardial infarction by marijuana. Circulation. 2001;103(23):2805-2809.
Rumalla K, Reddy AY, Mittal, MK Recreational marijuana use and acute
ischemic stroke: a population-based analysis of hospitalized patients in the
United States. ] Neurol Sci.2016;364:191-196.

Thanvi B, Treadwell, SD. Cannabis and stroke: is there a link? Postgrad
Med ]. 2009;85(1000):80—-83.

Wolff V, Lauer V, Rouyer O, et al. Cannabis use, ischemic stroke, and
multifocal intracranial vasoconstriction: a prospective study in 48 con-
secutive young patients. Stroke. 2011;42(6):1778-1780.

Memedovich KA, Dowsett LE, Spackman E, Noseworthy T, Clement F.
The adverse health effects and harms related to marijuana use: an overview
review. CMAJ Open. 2018;6(3):E339-E346.

Garfield JB, Lubman DI, Yucel M. Anhedonia in substance use disorders: a
systematic review of its nature, course and clinical correlates. Aust N Z |
Psychiatry. 2014;48(1):36-51.

Ganzer F, Broning S, Kraft S, Sack PM, Thomasius R. Weighing the
evidence: a systematic review on long-term neurocognitive effects of
cannabis use in abstinent adolescents and adults. Neuropsychol Rev.
2016;26(2):186-222.

286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

302.

303.

19

Broyd SJ, van Hell HH, Beale C, Yucel M, Solowij N. Acute and chronic
effects of cannabinoids on human cognition-a systematic review. Biol
Psychiatry. 2016;79(7):557-567.

Jackson NJ, Isen JD, Khoddam R, et al. Impact of adolescent marijuana use
on intelligence: results from two longitudinal twin studies. Proc Natl Acad
Sci U S A. 2016;113(5):E500-E508.

Yamaori S, Ebisawa ], Okushima Y, Yamamoto I, Watanabe K. Potent
inhibition of human cytochrome P450 3A isoforms by cannabidiol: role of
phenolic hydroxyl groups in the resorcinol moiety. Life Sci. 2011;88(15—
16):730-736.

Watanabe K, Yamaori S, Funahashi T, Kimura T, Yamamoto I. Cytochrome
P450 enzymes involved in the metabolism of tetrahydrocannabinols
and cannabinol by human hepatic microsomes. Life Sci. 2007;80(15):
1415-1419.

Cascorbi I. Drug interactions--principles, examples and clinical conse-
quences. Dtsch Arztebl Int. 2012;109(33-34):546-555; quiz 56.

Sinclair J, Sinclair, C. Polypharmacy and drug-nutraceutical interactions.
In: Sarris J, Wardle, ], eds. Clinical Naturopathy: An Evidence-based Guide
to Practice. Sydney, Australia: Elsevier Australia; 2014:823-838.

Abrams DI, Couey P, Shade SB, Kelly ME, Benowitz NL. Cannabinoid-opioid
interaction in chronic pain. Clin Pharmacol Ther. 2011;90(6):844-851.
Haroutounian S, Ratz Y, Ginosar Y, et al. The effect of medicinal cannabis
on pain and quality-of-life outcomes in chronic pain: a prospective open-
label study. Clin ] Pain.2016;32(12):1036—1043.

Armour M, Sinclair J, Noller G, et al. Illicit cannabis usage as a manage-
ment strategy in new zealand women with endometriosis: an online
survey. ] Womens Health (Larchmt). 2021;30(10):1485-1492. doi:
10.1089/jwh.2020.8668. Epub 2020 Dec 3. PMID: 33275491.

Alsherbiny MA, Li CG. Medicinal cannabis-potential drug interactions.
Medicines (Basel). 2018;6(1).

Polson G, Chung, M., Hirani, S., Le-Short, C. Cannabis drug interactions.
In: Narouze SN, ed. Cannabinoids and Pain. Cham: Springer; 2021.
Balachandran P, Elsohly M, Hill KP. Cannabidiol interactions with med-
ications, illicit substances, and alcohol: a comprehensive review. | Gen
Intern Med. 2021;36(7):2074-2084.

Russo EB. Current therapeutic cannabis controversies and clinical trial
design issues. Front Pharmacol.2016;7:309.

Brown JD. Potential adverse drug events with tetrahydrocannabinol
(THC) due to drug-drug interactions. J Clin Med. 2020;9(4).

Lopera V, Rodriguez A, Amariles P. Clinical relevance of drug interactions
with cannabis: a systematic review. J Clin Med. 2022;11(5):1154. doi:
10.3390/jcm11051154. PMID: 35268245; PMCID: PMC8911401.

. Chen X, Unadkat JD, Mao Q. Tetrahydrocannabinol and its major metab-

olites are not (or are poor) substrates or inhibitors of human
p-glycoprotein [ATP-binding cassette (ABC) B1] and breast cancer resis-
tance protein (ABCG2). Drug Metab Dispos. 2021;49(10):910-918.

Stott C, White L, Wright S, Wilbraham D, Guy G. A phase I, open-label,
randomized, crossover study in three parallel groups to evaluate the effect
of Rifampicin, Ketoconazole, and Omeprazole on the pharmacokinetics of
THC/CBD oromucosal spray in healthy volunteers. Springerplus. 2013;2
(1):236.

Stout SM, Cimino NM. Exogenous cannabinoids as substrates, inhibitors,
and inducers of human drug metabolizing enzymes: a systematic review.
Drug Metab Rev. 2014;46(1):86-95.


https://www.tga.gov.au/sites/default/files/guidance-use-medicinal-cannabis-australia-overview.pdf
https://www.tga.gov.au/sites/default/files/guidance-use-medicinal-cannabis-australia-overview.pdf
https://doi.org/10.1089/jwh.2020.8668
https://doi.org/10.3390/jcm11051154

	Recreational drugs repurposed for medicinal use-cannabis
	Introduction
	A brief overview of the botany of cannabis
	The history of cannabis as a medicine from pre-history to present day
	The endocannabinoid system and impact of cannabis research on science
	Phytochemistry and pharmacology
	Cannabinoids
	9-Tetrahydrocannabinol (THC)
	Cannabidiol (CBD)

	Minor cannabinoids
	Cannabigerol (CBG)
	Cannabinol (CBN)
	Cannabichromene (CBC)
	8-Tetrahydrocannabinol (8-THC)

	Terpenes and terpenoids
	Terpenes
	Terpenoids

	Entourage effects

	Current evidence for medical benefit
	Cancer
	THC-in vitro
	CBD-in vitro

	Cancer and cancer treatment symptom management
	Brain tumours

	Neurological disorders
	Parkinson’s disease
	Huntingtons
	Tourettes syndrome
	Multiple sclerosis
	Epilepsy

	Chronic non-cancer pain
	Side effects and clinical considerations in medicinal cannabis
	Schizophrenia
	Cannabis hyperemesis syndrome
	Pregnancy and lactation
	Cannabis and the cardiovascular system
	Cannabis and the cerebrovascular system
	Cannabis and cognitive effects
	Cannabis-associated drug interactions

	Conclusion
	Author contribution
	Financial support
	Competing interests
	References


