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ABSTRACT

Cannabis users have long reported therapeutic
properties of the plant for a variety of condi-
tions, some of which include nausea, emesis,
seizures, cancer, neurogenic diseases and pain
control. Research has elucidated many
cannabinoid pharmacodynamic and pharma-
cokinetic properties, expanding the potential
use of cannabinoids as a medical therapy. Due
to the inconsistent delivery and control of the

active components involved with smoking,
pharmaceutical companies are investigating
and prioritizing routes other than smoke
inhalation for therapeutic use of cannabinoids.
In this relatively new field of pharmaceutical
development, ongoing drug development pro-
mises great benefit from targeted endocannabi-
noid receptor agonism. Available in Canada and
Europe, nabiximols, a specific extract from the
Cannabis plant, has demonstrated great benefit
in the treatment of pain related to spasticity in
multiple sclerosis, cancer and otherwise chronic
pain conditions. The cannabidiol oral solution
Epidiolex�, which is available in the USA, is
indicated for management of refractory epilepsy
but may offer therapeutic relief to chronic pain
conditions as well. Current investigative drugs,
such as those developed by Cara Therapeutics
and Zynerba Pharmaceuticals, are synthetic
cannabinoids which show promise to specifi-
cally target neuropsychiatric conditions and
chronic pain symptoms such as neuropathy and
allodynia. The objective of this review is to
provide clinicians with an update of currently
available and promising developmental canna-
bis pharmaceutical derivatives which may stand
to greatly benefit patients with otherwise diffi-
cult-to-treat chronic conditions.
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INTRODUCTION

With the progressive worldwide liberalization of
cannabis and its pharmaceutical derivatives for
medicinal use, healthcare providers’ under-
standing of cannabis efficacy continues to
evolve concomitantly. The effects of cannabis
and its synthetic variants are due to the pres-
ence of cannabinoids, the biologically active
components, in the plants and their interaction
with cannabinoid receptors. Cannabis is most
commonly obtained, both for recreational and
medical purposes, from the Cannabis indica and
C. sativa plants (family: Cannabaceae). Both of
these plants contain the two most prominent
ligands at cannabinoid receptors, namely,
tetrahydrocannabinol (THC) and cannabidiol
(CBD), but it is believed the proportion of
cannabinoid composition differs between these
plants [1, 2]. THC and CBD are also the most
prominent ligands for the therapeutic use of
cannabis [1]. There are two isotypes of
cannabinoid (CB) receptors, CB1 and CB2.
These isoforms of cannabinoid receptors can be
found throughout the human body in various
organs and tissues [3]. THC is most often asso-
ciated with the psychotropic effects of cannabis,
and CBD, which lacks these psychotropic
effects, is associated more with anti-inflamma-
tory, anti-epileptic and anti-emetic effects, as
well as other effects [4–7]. In general, it is
believed that C. indica tends to carry a higher
proportion of CBD and that C. indica has a
higher proportion of THC, although the pro-
portions of THC to CBD have been noted to
vary markedly [2].

Consumption of cannabis can be achieved
through a variety of modalities, but the most
traditional and common route of consumption
is via smoke inhalation. When inhaled as a
smoke, the components of cannabis are absor-
bed in the endothelial lining of the alveoli of
the lungs and delivered to the central nervous
system [8]. However, the amount of active
compounds absorbed through smoke inhala-
tion is highly dependent on the smoking
dynamics of the individual user. Consequently,
the ability to control or dose cannabinoid
delivery via smoke inhalation is problematic [8].

As a result of the variable distribution and
control of active components involved with
smoking, pharmaceutical companies are inves-
tigating and prioritizing routes other than
smoke inhalation for the therapeutic use of
cannabinoids.

Cannabis users have long reported thera-
peutic properties of the plant for a variety of
conditions, some of which include the treat-
ment of nausea, emesis, seizures, cancer, neu-
rogenic diseases and pain control [9]. Research
has elucidated many cannabinoid pharmaco-
dynamic and pharmacokinetic properties,
expanding its potential use as a medical therapy
[10]. To date, three cannabinoid drugs have
been approved by the US Food and Drug
Administration. One of these is Epidiolex� (GW
Pharmaceuticals, Cambridge, UK), which is also
the only plant-derived cannabinoid currently
approved in the USA. Epidiolex� is a CBD
extract that is used to treat epileptic disorders.
GW pharmaceuticals also produces the drug
nabiximols (Sativex�), which is a marijuana
extract currently approved in the UK to treat
neuropathic pain, pain due to spasticity, over-
active bladder and other symptoms associated
with multiple sclerosis (MS). GW Pharmaceuti-
cals is currently planning to conduct phase
three trials for nabiximols in the USA. However,
the intersection of cannabis safety, efficacy and
therapeutic use with changing public attitudes
means that the medical community is entering
an unknown era of medical cannabis use. And
while there are concerns over the relatively
unknown long-term consequences of cannabis
use, its use in medical management is surely to
continue.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.

NABIXIMOLS (SATIVEX�)

Use in Multiple Sclerosis

Nabiximols (Sativex�) is an oromucosal
cannabinoid spray approved in Canada and
many European countries for use as add-on
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therapy to reduce spasticity in patients with MS
[11]. It contains a 1:1 ratio of THC:CBD; the
THC component acts as a partial agonist of the
CB1 and CB2 receptors, while the CBD compo-
nent acts as an antagonist of these receptors
[12]. This addition of CBD to THC has been
shown to potentiate the beneficial effects of
THC while attenuating some of its adverse
effects, and may even reduce the risk of
dependence [13–15]. Each spray delivers a dose
of 2.7 mg of THC and 2.5 mg of CBD and is to
be administered to the buccal mucosa. Patients
with MS use a median of eight sprays per day,
and it is recommended that the daily dose not
exceed 12 sprays [11]. It has been shown that
nabiximols is effective at reducing patient-re-
ported MS-related spasticity (MSS) and that it
can provide other beneficial effects, such as
sleep improvement and reduced urinary incon-
tinence [11, 16, 17]. A 2014 study by Yadav et al.
reported nabiximols to be effective as a com-
plementary and alternative medicine (CAM) for
controlling the symptoms of MSS [18]. Because
of its efficacy on MSS, nabiximols is further
under investigation for use in treating other
sources of spasticity, such as that in post stroke
syndrome [19].

In addition to controlling the spasticity
associated with MS, nabiximols has also been
shown to reduce MS-related pain. In a mono-
centric study by Ferre et al., MS patients taking
nabiximols reported a significantly lower pain
level on the pain numeric rating scale (NRS) at
4 weeks of treatment, which continued to drop
after 14 weeks of treatment [20]. Two-thirds of
the patients in this study achieved C 20%
reduction on the Scripps Neurologic Rating
Scale after 4 weeks of therapy, although the
investigators did note that they could not
exclude the possibility that this reduction in
pain was due to a reduction in spasticity. A
double-blind randomized study by Langford
et al. on this subject showed mixed results [21].
One phase of the study showed no significant
difference between patients receiving the THC/
CBD oromucosal spray and those on placebo,
while the other phase found a better response
rate on those using the active drug, with a sig-
nificant change in the pain NRS score favoring
the THC/CBD arm. These investigators

suggested that because their patient population
had long-standing pain (mean[5 years), they
may represent an especially treatment-resistant
group, and they also noted that those with a
shorter history of neuropathic pain (\ 4 years)
appeared to respond better [21].

Use in Cancer-Related Pain

Given the apparent efficacy of nabiximols in
treating MSS and MS-related pain, nabiximols
has also been studied to determine its effects on
other etiologies of chronic pain, such as cancer-
related chronic pain, which occurs in up to 90%
of those with advanced disease [22]. Opioids are
a mainstay of treatment for pain in these
patients, and alternative therapies are widely
sought after to avoid drug-related adverse
effects associated with long-term opioid use or
pain refractory to opioid therapy. Animal
models have shown that cannabinoid receptor
agonists can act synergistically with opioids in
chronic pain models, leading to THC becoming
a subject of interest in the management of these
patients [23]. A double-blind, randomized, pla-
cebo-controlled study of nabiximols by Licht-
man et al. sought to determine whether
nabiximols could serve as effective add-on
therapy for the management of chronic pain in
cancer patients, with their primary endpoint
being improvement in daily pain. These inves-
tigators found a nonsignificant improvement in
daily pain NRS scores in patients receiving
nabiximols compared to those on placebo [24].
Despite this, the study did find improvement in
some of their secondary endpoints, including
improvement in sleep disruption and higher
scores on the Patient Satisfaction, Subject Glo-
bal Impression of Change and Physician Global
Impression of Change questionnaires. Interest-
ingly, the study also found that its US partici-
pants demonstrated greater improvement on
nabiximols than did participants from outside
the USA. It was postulated that this difference
may have been due to the US participants being
on an average of a [ 25% lower opioid dose
than non-US participants, resulting in a reduced
downregulation of opioid receptors in the US
participants and, subsequently, in a greater
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synergism between opioid and cannabinoid
receptors [25]. Other studies of nabiximols for
the treatment of cancer-related pain have also
failed to find significant improvement in base-
line pain scores [25, 26]. However, in the study
by Portenoy et al., the secondary endpoint
(comparing proportion of responders in the
active drug arm vs. placebo arm) did demon-
strate that nabiximols had an improved anal-
gesic effect in patients on low- and medium-
dose therapy (defined as 1–4 sprays per day and
6–10 sprays per day, respectively). The low-dose
nabiximols group in this study demonstrated
the greatest analgesic effect, with a 26%
improvement in pain compared to baseline,
while the high-dose group (defined as 11–16
sprays per day) did not demonstrate significant
analgesic effects and was found to have poor
tolerability [26]. A common finding in these
aforementioned studies is that nabiximols
therapy tends to improve sleep in patients with
chronic cancer-related pain, suggesting that
even if nabiximols does not greatly improve
pain scores, it may still provide benefit to
patients with chronic pain who experience
sleep disturbances [24, 26, 27]. The authors of a
recent review concluded that there is modest
evidence for the benefit of nabiximols in the
treatment of chronic pain and suggested that
the decision to add this therapy be a discussion
between patient and provider when first- and
second-line therapy has failed [28]. Overall,
nabiximols appears to have some benefit for
patients experiencing chronic cancer-related
pain, including mild pain improvement and
improved sleep. Sample sizes in the studies
currently available tend to be small, so further
investigation is required to determine whether
the relatively small improvements on the pain
scale ratings are significant on a wider scale.

Use in Non-Cancer Related Pain

The use of THC/CBD oromucosal spray has also
been considered as treatment for non-cancer-
related chronic pain conditions, such as chronic
neuropathic pain due to dysfunction or lesion
of nerves or spinal cord, inflammation caused
by various arthritic conditions and migraine

headaches. A study published in 2007 by Nur-
mikko et al. showed promising results to this
end, reporting effective relief of peripheral
neuropathic pain when nabiximols was given as
an add-on to existing therapy [29]. This study
showed that 26% of patients receiving nabixi-
mols therapy experienced a [ 30% improve-
ment of pain on the NRS scores. Sleep and
allodynia were also both significantly improved
on nabiximols therapy [29]. Subsequent studies
have been less conclusive about the positive
effects of nabiximols on the management of
chronic non-cancer pain, but still reported
improved analgesic effects. A 2016 review by
Rapid et al. concluded that there is evidence for
improved analgesia in THC:CBD oromucosal
spray, but long-term effects still need further
investigation [30]. These authors note that the
evidence is based on moderate-quality studies
and recommend that caution be exercised when
making decisions about its use in the clinical
setting. Other ongoing subjects of investigation
include the efficacy of nabiximols in pain
caused by rheumatoid arthritis (RA). In a ran-
domized controlled trial (RCT) by Blake et al.,
investigators demonstrated statistically signifi-
cant improvements in pain and quality of sleep
with the use of nabiximols in patients with RA
compared to placebo [31]. These authors note
that the suppression of the Disease Activity
Score-28 for Rheumatoid Arthritis (DAS28), a
measure of inflammation in RA, demonstrates
the known effect of THC/CBD in attenuating
inflammation. They also explain that the effect
of nabiximols on their primary endpoint, the
suppression of pain on movement, shows its
usefulness in providing peripheral analgesia
[31]. In this way, nabiximols can help control
RA through two different mechanisms. In
another study by Blake et al. aimed at deter-
mining the effects of nabiximols on
chemotherapy-induced neuropathic pain,
improvements in pain were observed in patients
on the active drug versus those on placebo [32].
Although the power of the study was low and
the results not statistically significant, many
patients in the study did experience clinically
significant improvement in their pain which
the authors suggest warrants further investiga-
tion with a larger sample size. The authors of a
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recent review concluded that there is evidence
for a potential role of nabiximols in the man-
agement of chronic pain and noted that its
classification as a Schedule 1 drug has made
investigation difficult [33]. Further studies are
required to establish the efficacy and safety
guidelines, but with its relatively safe side effect
profile, nabiximols shows promise as adjunctive
therapy for patients refractory to other methods
of pain management.

Safety

The safety and long-term efficacy of nabiximols
have also been a subject of investigation. In
general, nabiximols has demonstrated a mild
side effect profile. The most commonly reported
drug-related adverse effects include dizziness,
confusion, dry mouth, headache and fatigue
[11, 20, 34, 35]. Most adverse effects have been
considered to be mild/moderate in severity, and
they are often transient effects that occur dur-
ing the titration period. It is important to note,
however, that cannabis use has less commonly
been associated with an increased risk of psy-
chiatric side effects, especially the development
of schizophrenia [16]. To examine the safety
and efficacy of Sativex� over a longer period of
time, Serpell et al. followed patients who had
participated in a 6-week parent RCT and agreed
to take part in an extension study [35]. The
patients in this study continued Sativex�
treatment for a mean duration of 334 days, with
59 patients (40% of the original study popula-
tion) continuing treatment for [ 1 year. The
investigators found that treatment with nabix-
imols during this time frame was not associated
with increased incidence of adverse effects and
that the therapeutic benefit was maintained
without the need for an increased dose [35].
Another study by Johnson et al. that also
examined the long-term efficacy of THC/CBD
spray had a shorter median duration of treat-
ment (25 days), but it followed several subjects
for [ 1 year and reported similar results of
continued efficacy with a steady or decreasing
incidence of adverse effects [27]. Overall, con-
sidering that nabiximols may provide thera-
peutic benefit to patients whose pain is poorly

controlled by conventional means, and given
its generally favorable side effect profile, it has
been suggested that nabiximols be considered
for use as a third-line agent following poor
responsiveness to other regimens [30]. For
patients who achieve suboptimal pain control
through first-line agents (antidepressants and
anticonvulsants) and second-line agents (opioid
products), THC/CBD may be a consideration as
an additional therapy to provide relief of
chronic pain.

PLANT-DERIVED CANNABIDIOL
(EPIDIOLEX�)

Cannabidiol (CBD) is a white to pale-yellow
crystalline solid purified from the C. sativa
plant. It is the second-most abundant cannabi-
noid found in this species, behind THC, and is
non-psychoactive agent. While it is considered
to be a Schedule I controlled substance by the
US Drug Enforcement Administration, it is
available for over-the-counter purchase at can-
nabis dispensaries throughout the USA. In an
anonymous, voluntary survey of self-reported
CBD users, 62% of responders indicated that
they use it to treat a medical condition rather
than general well-being [36]. The top condi-
tions for which CBD was used in this cohort
were chronic pain, anxiety and depression, with
36% of these users reporting CBD alone was an
efficacious intervention in symptom reduction.
Under the brand name Epidiolex�, it is pre-
pared as a liquid solution at a concentration of
100 mg/mL CBD for oral intake. The common
adverse reactions (those reported by C 10% of
users) include somnolence, diarrhea, fatigue,
decreased appetite and elevated transaminases.
Due to potential hepatotoxicity, it is recom-
mended to monitor transaminase levels and
consider reducing doses of Epidiolex� in
patients on other agents associated with hepa-
tocellular injury [37]. Babalonis et al. demon-
strated that the use of CBD, when compared to
smoked marijuana, was associated with virtu-
ally no signals of abuse-related effects when
administered in therapeutic doses [38].
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Analgesic Mechanism of Action

There is significant debate on the specific route
by which CBD elicits analgesia. While originally
thought to function through indirect agonism
of supraspinal CB1 and CB2, CBD has since
been demonstrated to have direct agonistic
activity on many cell-surface receptors, includ-
ing the serotonin 1A receptor (5-HT1A), the
adenosine A2A receptor and the peroxisome
proliferator-activated gamma (PPAR-c) receptor,
all of which are associated with anti-inflamma-
tory pathways [39]. Recent literature has poin-
ted towards the latter as the analgesic pathway
of CBD.

In a study by Ward et al., CBD was shown to
reduce pain in rats with chemotherapy-induced
neuropathic pain (CIPN) [40]. The administra-
tion of 5.0 mg/kg CBD prior to paclitaxel ther-
apy significantly reduced the development of
thermal and mechanical sensitivity, an effect
that was found to be reversible through the
administration of WAY100635, a 5-HT1A recep-
tor antagonist. In contrast, the addition of CB1
or CB2 antagonists resulted in no reduction in
this analgesic effect. The authors concluded
that CBD’s mechanism of producing analgesia is
related to serotonergic agonism in the rostro-
ventral medulla and that that this action is most
likely extrinsic to the cannabinoid receptor
pathway [40]. A separate study by Rodriguez-
Munoz et al. suggests that supraspinal analgesia
is achieved through indirect antagonism of N-
methyl-D-aspartate acid receptors (NMDAR),
resulting in potentiation of opioid analgesic
activity [41]. CBD avidly inhibits sigma 1
receptors (r1R), which, when antagonized,
inhibit G-protein-coupled receptor 55
(GPCR55) activation of NMDAR. In another
study, the administration of CBD 10 min prior
to treatment with opioids resulted in 83.4% of
the maximum analgesic effect, compared to
57.8% in the control group receiving opioids
alone. These effects were almost completely
reversed with administration of a r1R agonist,
suggesting r1R to be a significant target for CBD
[42].

Multiple studies have analyzed the effects of
CBD in rats with osteoarthritis (OA) induced by

joint injections of monoiodoacetate (MIA). OA
is associated with increased rates of movement-
associated depolarization of joint afferent fibers.
This phenomenon has been re-created success-
fully with MIA injection, with the subsequent
administration of low-dose CBD found to sig-
nificantly decrease afferent firing and raise pain
thresholds in mice with OA. Phillpott et al.
suggested that CBD desensitizes the joint affer-
ent fibers responsible for mechanosensitive
nociception [43]. This study also showed that
CBD treatment of MIA-injected joints attenu-
ated the future development of tactile pain,
suggesting a prophylactic role in the progres-
sion of OA [43].

One of the well-documented targets of CBD
is the transient receptor potential cation chan-
nel (TRP) superfamily, the members of which
are receptors found in nociceptive fibers. TRPA1
is a specific member of this family that is found
on nociceptors that produce calcitonin gene-
related protein (CGRP), a potent vasodilator
and pro-inflammatory agent. It has been
demonstrated that TRPA1 plays a central role in
the development of OA, as TRPA1 knockout
mice show no response to the administration of
MIA, failing to develop joint pain or cartilage
damage. Furthermore, wild-type mice treated
with a direct TRPA1 inhibitor do not develop
characteristic OA symptoms after MIA exposure
[44]. A study by Hammel et al. analyzed the
effects of CBD on inflammatory markers asso-
ciated with OA in mice, including CGRP and
OX42 (a marker associated with microglial
activation) [42]. Pretreatment with transdermal
CBD resulted in reduced immunohistologic
staining of both markers in spinal cord tissue.
With previous studies illustrating the role of
TRPA1 in the pathogenesis of OA, Hamel et al.
hypothesized that CBD’s agonist role results in
activation–desensitization of these receptors,
decreasing the peripheral inflammatory
response to noxious stimuli [42]. In a separate
study, Hongbo et al. simulated traumatic spinal
injuries in mice, finding that CBD treatment
following such injuries reduced CD4 T-cell
counts and associated inflammatory marker
concentrations in spinal tissue [45]. These rats
had significantly decreased thermal sensitivity
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when compared to the control rats, suggesting
an additional route through which CBD quells
the immune response following noxious insult
[45].

While still not completely understood, the
central and peripheral analgesic effects of CBD
have been documented. Its modulation of var-
ious supraspinal pathways is thought to be
responsible for both the inhibition of descend-
ing pain fibers as well as the attenuation of
opioid-induced analgesia. Peripherally, CBD
actively inhibits pathways responsible for neu-
rogenic inflammation in response to nociceptor
activation.

Efficacy in Human Subjects

While there is a large collection of evidence
from animal models, the analgesic effects of
CBD have not been studied extensively in
humans. One randomized, cross-over pilot
study by Lynch et al. showed promising results
for the use of an oral spray containing CBD
and other cannabinoids in the management of
CIPN [32]. Using a 0- to 10-point NRS for pain
intensity (NRS-PI), these investigators found
that active treatment with this oral spray
resulted in a statistically significant 2.6 point
drop in mean NRS-PI score, compared to the
0.6 drop in the placebo group (p = 0.001). The
needed number to treat (NNT) is a metric used
to compare analgesic effects in a wide range of
medications, with tricyclic antidepressants and
opioids having the lowest NNT in treating
neuropathic pain (2.1 and 2.6, respectively).
The oral spray used in this study was found to
have a NNT of 5.0, which is comparable to
many routine agents used in treating neuro-
pathic pain, including selective serotonin
reuptake inhibitors (NNT 5.0) and gabapentin
(NNT 6.4) [32]. Further studies are required to
assess the efficacy of CBD in the management
of neuropathic pain associated with a variety
of conditions. Over 30% of patients with OA
have associated neuropathic pain, and CBD
appears to have both acute analgesic and
prophylactic properties against disease pro-
gression [43].

CANNABINOID DERIVATIVES
UNDER INVESTIGATION

Cara Therapeutics’ Cannabinoid
Compound CR701

Cannabinoid compound CR701 is a synthetic
cannabinoid receptor agonist being investigated
by Cara Therapeutics (Stamford, CT, USA).
Research has already established cannabinoid
receptors as potential targets to manage various
conditions, some of which include chemother-
apy-induced neuropathy, inflammation and
pain [1, 46]. Specifically, Cara Therapeutics is
investigating the potential of CR-701 to treat
neuropathic pain and its ability to decrease
hyperalgesia, a process by which nerve endings
are hypersensitized to stimulation, and allody-
nia, which is the sensation of pain from
innocuous stimulation [1].

By restricting its agonistic effects to periph-
erally located cannabinoid receptors, namely,
the CB2 receptors, and by avoiding interaction
at the CB1 receptors located in the central ner-
vous system, CR701 may offer a therapeutic
option that utilizes the anti-inflammatory and
antinociceptive properties of CB2 without any
psychotropic side effects [1, 47]. Preliminary
studies of the drug have shown that when
administered in oral form, there was a sub-
stantial decrease in hyperalgesia and allodynia
in a rat model, determined by animal response
to thermal and tactile stimuli [1]. Likewise,
other studies, such as that of Malan et al., sug-
gest synthetic cannabinoid agonists may act
synergistically with both opioids and nons-
teroidal anti-inflammatory drugs (NSAIDS) in
controlling pain, thus potentiating use of
smaller opioid and NSAID doses and avoiding
adverse side effects associated with their use [7].
Studies aimed at highlighting the safety profile
of cannabinoid receptor agonists found that
detrimental side effects, of which the most
prominent are catalepsy and hypothermia, were
only present at supratherapeutic doses of [
3 mg/kg body weight, a dose which was found
to be the therapeutic dose [6]. Additionally,
studies by Mingyue Zang et al. found that
cannabinoids carry the advantage of no found
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risk of dependence or tolerance, similar to that
found in opiate use [48].

Treatment for neuropathic pain is plagued by
inconsistent efficacy and traditional treatments
beset with unfavorable side effect profiles.
CR701 may not only offer stand-alone thera-
peutic benefits in controlling the inflammation,
nociception, hyperalgesia and allodynia associ-
ated with various conditions, but may also be
associated with the added benefit of potential
synergistic action with several other pre-existing
treatment options [1, 46, 47, 49]. These unique
properties of CR701 may decrease the necessary
dose of traditionally used neuropathic pain
medications and subsequently decrease the
likelihood of adverse side effects [47]. Although
CR701 is still in the preclinical development
stage, progress in the preliminary data will be
met with both excitement and hopefulness. If
the results of continued studies on the efficacy
and safety of CR701 replicate those of prelimi-
nary studies, there is reason to believe that
CR701 may become a suitable option for thera-
peutic treatment of neuropathic pain.

Zynerba Pharmaceutical’s ZYN002
Product

ZYN002 (Zynerba Pharmaceuticals, Devon, PA,
USA), a pharmaceutically-produced CBD, is
being promoted as a therapeutic option for
various neuropsychiatric disorders. The com-
pany highlights ZYN002 as being the first and
only permeance-enhanced synthetic CBD gel in
use for disorders such as fragile X syndrome,
adult refractory focal epilepsy and develop-
mental and epileptic encephalopathies [3]. Oral
administration of CBD is associated with several
pharmacokinetic and pharmacodynamic issues,
including first pass metabolism, varying serum
levels, and low levels of bioavailability [3].
When applied by gel, ZYN002 is able to deliver
increased consistency in plasma levels of CBD,
avoid first pass metabolism and increase the
bioavailability of active compounds [3, 4].
Additionally, when in the presence of high
acidity, CBD has been shown to degrade into
THC, a compound that can impose unwanted
psychoactive effects, some of which include

anxiety and altered conscious perception [3]. By
eliminating contact of CBD with a high acidity
environment like that found in the stomach, a
gel form of CBD diminishes the potential of
having those unwanted psychotropic effects
and thus decreases any potential compounding
of pre-existing neuropsychiatric disorders, all
the while maintaining higher levels of active
CBD in the system [3, 4]. Zynerba Pharmaceu-
ticals tested their permeance-enhanced gel over
the course of a 12-month trial, named the STAR
2 trial, and reported that there was a clinically
relevant reduction in the frequency of focal
seizures with use of both the 195 mg and
390 mg transdermal gel [4]. Longer term use of
the drug was also found to increase the anti-
epileptic effects of the drug, and the drug was
found to be well tolerated over the 12-month
trial [4].

Cannabinoids have long been anecdotally
touted as effective anti-epileptic remedies,
although it has only been relatively recent that
the mechanisms of their anti-epileptic proper-
ties have become somewhat elucidated. Several
studies have found that CBD, more so than
THC, may act as a neuromodulator at CB1
receptors located at the presynaptic terminal,
which controls the influx of G-protein voltage-
gated calcium channels and enhances pre-sy-
naptic potassium conduction [4, 50]. Action at
these particular receptors may play a pivotal
role in the neuromodulation of neuronal
activity. Prior studies have shown that upregu-
lation of CB1 receptors, together with agonistic
activity at CB1 receptors, may have strong anti-
epileptic activity [47, 51]. CBD has also been
shown to decrease the breakdown of anan-
damide, a neurotransmitter, an action which
appears also to have protective effects against
epilepsy [47, 52] Overall, the totality of the
effects of CBD on seizure and epileptic condi-
tions is still unknown. However, as political and
social attitudes on cannabis and synthetic can-
nabis changes, further research is surely to
reveal further mechanisms and effects.

With the relatively new wave of cannabis
products now available, Zynerba Pharmaceuti-
cal’s novel transdermal gel may improve upon
more traditional methods of cannabis adminis-
tration. Likewise, by working on a synthetic
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cannabinoid, methods of processing, produc-
tion and quality may be enhanced upon from
conventional cannabis plant extracts [3]. It is
Zynerba Pharmaceuticals hope to improve on
the class of synthetic cannabinoids through
their innovative route of administration and
their production processes. Further studies
investigating the efficacy and safety of ZYN002
will need to be published, but if shown to be as
efficacious and safe as the preliminary studies
seem to suggest, ZYN002 has the potential to be
a breakthrough treatment option for various
neuropsychiatric disorders.

CONCLUSION

With the shift in legislature in the USA and
other countries towards an acceptance of the
medicinal use of cannabis, further research has
granted us a better understanding of how can-
nabis may provide therapeutic benefit to
patients. Moreover, delineation of the molecu-
lar mechanisms by which these benefits are
achieved has led to the ongoing development of
pharmaceutical derivatives of cannabis which
may offer targeted therapeutic benefit without
associated adverse effects. Epidiolex� is one
such compound, currently available in the USA,
which excludes the psychotropic effects of
cannabis use via isolation of CBD from the
cannabis plant. In this relatively new field of
pharmaceutical development, ongoing drug
development promises benefit from an
approach of targeted endocannabinoid receptor
agonism for the management of chronic pain
conditions. Despite this, the overall quality and
clinical significance of available evidence are
limited; thus it is difficult to offer a strong rec-
ommendation in favor of the routine clinical
use of cannabinoid-based pharmaceuticals until
further clinical trials are performed.
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