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Cannabinoids: for better and for worse
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The use of cannabis as a drug has undergone a remarkable change of direction: considered as a symbol of countercultures
in past decades, it is presently being hailed as a cure for any number of diseases and conditions. Thus, despite concerns
about the safety of cannabis and cannabinoids, quite a few drugs that contain cannabinoids have recently been approved
by several drug agencies, and the medicinal and recreational use of cannabis has been legalized in various countries and
states. The promise of cannabinoids for therapeutic use, as well as potentially detrimental health risks and regulatory

issues, will need to be carefully weighed.
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Humans began to take advantage of the psychoactive prop-
erties of cannabis thousands of years ago. Today, more than
150 million people regularly smoke cannabis, making it one
of the world’s most popular recreational drugs' (see also
Crocq, in this issue, p 223). The major psychoactive ingre-
dient of cannabis in the Cannabis sativa plant is delta-9-
tetrahydrocannabinol (THC), another important compo-
nent is cannabidiol (CBD), and close to a hundred addi-
tional cannabinoids have been identified in the plant. As
the primary target of THC, mediating its psychoactive
effects, the cannabinoid type 1 receptor (CB1R) has been
cloned, functionally expressed,? and localized in the human
genome,’ followed by the molecular characterization of
the cannabinoid type 2 receptor (CB2R).* Both CB1R and
CB2R, members of the G protein-coupled receptor (GPCR)
gene family, represent the main receptors for the canna-
binoids. Soon thereafter, endogenous ligands binding to
these receptors were discovered, the “endocannabinoids,”
the best studied of which are anandamide or N-arachido-

noylethanolamide (AEA)’ and 2-arachidonoylglycerol
(2-AG). This rapid succession of key discoveries in the early
1990s spurred great interest in cannabinoid pharmacology
and motivated the development of CB1 or CB2 receptor
subtype-selective ligands, for example the CB1 receptor
antagonist/inverse agonist SR141716A (rimonabant),
launched for the management of obesity, and the neutral
antagonist AM4113. As the first, highly potent and selective
antagonist of the CB2 receptor, SR144528 was introduced.
Finally, it should be mentioned that there exist (less known)
non-CB1/non-CB2 receptors, with which THC, endocan-
nabinoids, and several synthetic CBIR/CB2R agonists and
antagonists can also interact.

In this context, cannabidiol (CBD) is of particular interest.
While THC acts as a partial agonist of CBI1R and may also
bind to CB2R, CBD exerts more complex effects involving
in addition other neurotransmitter and transduction signaling
systems. Thus, besides its weak action on CB1R and CB2R,
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it is also an agonist at the transient receptor potential cation
channel subfamily V member 1 (TRPV1) and a negative
allosteric modulator of CB1R. (As a net effect, CBD, unlike
THC, restrains rather than activates CB1 receptor signaling,
and therefore does not induce the psychoactive effects of
THC.) CBD also directly acts as positive allosteric modu-
lator at various GABA,, receptor subtypes.® Moreover, CBD
exerts action on receptors that mediate pain signaling and
inflammation, and one of the main CBD targets is at least
one receptor for the neurotransmitter serotonin, the SHT,
receptor.” Furthermore, CBD seems to bind to an orphan
GPCR called GPR5S5, potentially mediating its antiepi-
leptic effects. Importantly, CBD may inhibit the fatty acid
amide hydrolase (FAAH), leading (indirectly) to an increase
of endocannabinoids. In sum, CBD “wears many hats”,?
making it a promising candidate to develop therapeutic
approaches for quite a number of diseases.

The receptors interacting with cannabinoids and endo-
cannabinoids are widely distributed in the human brain.
Specifically, CB1Rs are expressed in two main neuronal
populations, the cortical glutamatergic and GABAergic
forebrain neurons. In contrast, CB2Rs are mainly expressed
in peripheral organs; certain CB2Rs, however, are also
expressed postsynaptically in neuronal somatodendritic
brain areas. The expression of CB2R can be increased
under certain pathological conditions such as addiction,
inflammation, anxiety, or epilepsy. Moreover, CB1R and
CB2R knockout experiments, at least against certain genetic
backgrounds, suggest that CBRs may play important roles
in pathological conditions. Lutz, in this issue (p 207), elab-
orates the neurobiology of cannabinoid receptor signaling
in great depth and breadth. Because, as he outlines, internal
and external impacts on ECS components can both lead to
dysregulation of ECS activity and subsequently to possible
neuropsychiatric disorders, pharmacological intervention
targeting the ECS appears to be a promising therapeutic
approach. Spanagel, in this issue (p 241), comprehensively
reviews the action of cannabinoids and the ECS in reward
processing and the development of addictive behavior.
Accordingly, understanding the underlying mechanisms
allows drawing conclusions on potential pharmacological
interventions, which target endocannabinoid signaling and
are of promise for cannabis, alcohol, and opioid use disor-
ders. (About 9% of the people who regularly use cannabis
will develop a cannabis use disorder).” Maldonado et al, in
this issue (p 229), update recent advances on the function of

the ECS in modulating fear, anxiety, and stress. Moreover,
they review the pathophysiological role of each component
of this system in the control of these protective emotional
responses that also trigger pathological emotional disor-
ders, and discuss future possible treatment strategies for
these. Di Marzo, in this issue (p 259), expands the ECS to
include several endocannabinoid-like lipid mediators, their
metabolic enzymes, and their molecular targets to form the
“endocannabinoidome.” This complex signaling system is
deeply involved in the development of major neuropsychi-
atric disorders and provides a substrate for future therapeutic
drugs to treat these diseases, including, importantly, also
noneuphoric plant cannabinoids, particularly cannabidiol.
The endocannabinoidome also plays a role in the micro-
biota-gut-brain axis, which is emerging as an important
actor in the control of affective and cognitive functions
and in their pathological alterations. Complementarily,
Fadda and coauthors, in this issue (p 271), will provide a
summary of cannabinoid effects in support of possible ther-
apeutic applications for major depression, bipolar disorder,
anxiety, posttraumatic stress disorder, and schizophrenia,
highlighting benefits and risks of cannabinoid use in the
management of these illnesses. According to Morrison and
Murray, in this issue (p 251), cannabis points to the synaptic
pathology of mental disorders. Cannabis can elicit an acute
psychotic reaction, and its long-term use is a risk factor for
schizophrenia. The authors outline how aberrant synaptic
components disrupt the highest psychological functions.
They discuss the contrast between endocannabinoids which
are important for learning and memory in the hippocampus
and the impairment of hippocampal-dependent cognitive/
memory performance resulting from exogeneous CB1R
agonist administration such as THC. Various other pro-psy-
chotic compounds such as ketamine and methamphetamine
share the same ability to disrupt synaptic signaling and the
structural plasticity of dendritic spines in the hippocampus,
basal ganglia or cerebral cortex.

The consumption of cannabis is particularly perilous where
THC content varies greatly according to the type of prepa-
ration used. Thus, according to the EU Drug Market Report
2019, THC content varies between 5% and 11% in herbal
preparation/marijuana, between 7% and 18% in resin prepa-
ration/hashish, and up to 99% in crystalline synthetic THC
or “spice”.'’ Similarly, the chemical analysis of “street”
cannabis by the US Drug Enforcement Agency over the
last two decades resulted in dramatically increased levels
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of THC which are 10 to 100 times greater than that of CBD.
The increased THC content of cannabis may exacerbate the
potential detrimental consequences of cannabis use, espe-
cially concerning cognitive and psychiatric side effects."
Also, beginning cannabis use during early adolescence may
lead to specific attentional dysfunction in adulthood." To
emphasize other detrimental consequences of cannabis,
smoking cannabis during pregnancy has been associated
with lower birth weight, which is also reported for tobacco
smoking during pregnancy. Cannabis may cause orthostatic
hypotension and increase the risk of fainting and falls. It
may increase the risk of road traffic accidents. Also, recur-
rent severe vomiting is reported in regular cannabis users.
The use of pure synthetic THC may even lead to death."

Moreover, the use of cannabinoids can produce adverse
side effects when employed for therapeutic purposes. For
instance, the use of CBD can be associated with diarrhea
or somnolence, and may also result in abnormalities in
liver function tests. The US Food and Drug Administra-
tion (FDA) has warned the public against using vaping
products that contain THC. These products have been
found to have been implicated in a large proportion of
the reported cases of serious lung pathologies associated
with vaping. When cannabis or its products are uninten-
tionally consumed by children, this may lead to emer-
gency-room admission. There have also been reports of
contamination of cannabis or cannabinoid products with
pesticides, microorganisms, or other substances. Finally,
some cannabis-/cannabinoid-containing products may
contain quantities of cannabinoids that are substantially
different from what is stated on their labels, and therefore
can be responsible for unexpected side effects.

Most studies on the endocannabinoid system (ECS) focus
on anandamide and 2-AG. These are synthesized from
membrane-associated lipid precursors, on-demand, act only
locally, and are metabolized rapidly after intake, resulting
in a short duration of action. Thus, compounds which affect
the levels of endocannabinoids by increasing their half-
life might be promising. 2-AG is a full agonist of CBIR
and CB2R with moderate-to-low affinity. Anandamide is
a high-affinity partial agonist of CBI1R with low activity
at CB2R. The basal level of 2-AG is approximately 1000
times higher than anandamide in the brain and may be the
primary endogenous ligand for brain CBR." In addition,
2-AG potentiates GABA, receptors, whereas anandamide

is one of the vanilloid receptor agonists, also called the
TRPV1 agonist.” These endocannabinoids retrogradely
stimulate CB1 receptors on presynaptic terminals, leading
to short- or long-term suppression of neurotransmitter
release. Their overall effect is either excitatory or inhibi-
tory depending on the presynaptic inhibition of GABAergic
or glutamatergic transmission, respectively. Then, GABA
inhibition may result in disinhibition of dopamine trans-
mission in the ventral tegmental area; endocannabinoids
may also interact with glutamate in the nucleus accumbens;
both interactions may contribute to reward (for review see
Spanagel in this issue, p 241). Fatty acid amide hydrolase
(FAAH) is the principal catabolic enzyme of anandamide.
Specific inhibitors of this enzyme have been studied in order
to increase the level of endocannabinoids and as potential
medications for various disorders such as pain, inflamma-
tion, and anxiety, as well as cancer.'® However, according to
Habib et al,"” the inhibition of the expression of the newly
identified pseudogene FAAH-OUT constitutes a much more
promising therapeutic avenue to induce an analgesic and
anxiolytic effect than that of the inhibitory molecules of the
enzyme FAAH which have failed in humans and even led
to severe side effects.

Despite the concerns about the safety of cannabis and
cannabinoids as mentioned above, several drugs that contain
cannabinoids were recently approved by drug agencies. Thus,
cannabidiol was approved by both the FDA and the Euro-
pean Medicines Agency (Di Marzo, in this issue, p 259) for
the treatment of seizures associated with Lennox-Gastaut
syndrome or Dravet syndrome, two rare and severe forms
of epilepsy. Dronabinol and nabilone (synthetic THC) were
approved by the FDA to treat nausea and vomiting associated
with cancer chemotherapy. Dronabinol is also used in case of
loss of appetite and weight related to AIDS. Modest benefits
of cannabinoids were also reported in patients with chronic
pain or multiple sclerosis. Due to the adverse effects inevi-
tably linked to the stimulation of CB1 receptors, researchers
have preferentially looked for compounds that may target
CB2 or non CB1/non CB2 receptors, or also compounds that
may increase the level of endocannabinoids which may act
as neuromodulators. At present, numerous clinical trials that
are investigating potential medical benefits of many chemical
components of cannabis are painting a promising picture.'®

Hall, in this issue (p 281) will discuss the effects of cannabis
legalization in Canada and the US, as well as their poten-
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tial consequences for public health. The risk of increased
cannabis use and cannabis use disorders and their poten-
tial health consequences for the general population, is
likely to increase, at least in the most fragile and precar-
ious populations. This was already observed worldwide
with alcohol and tobacco. The very powerful alcohol and
tobacco industry and the revenue generated by taxes for the
governments make it difficult to reverse legalization once

the decision is made. Marcu (p 289) will round off this
issue, covering recent advances in cannabis and cannabi-
noid regulation and drug approval. He advocates multiple
pathways for product approval that adapt to the diversity of
the products and the needs of the consumer. Hopefully these
pathways would protect public health, whether the public is
using cannabis and cannabinoids as a medicine, a wellness
product, or as a recreational substance. B
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