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Introduction

Cannabis indicates a group of three plants (Cannabissativa,
C.indica, and C.ruderalis) having psychoactive properties. Can-
nabis is majorly consumed for its calming and relaxing effects.
In the United States, cannabis is also indicated for use in a
range of medical ailments, including glaucoma, chronic pain,
poor appetite etc. Cannabis contains more than 120 constitu-
ents, known as cannabinoids. Researchers aren’t able to fully
explore effects of cannabinoids [1].

Cannabidiol (CBD), one of the non-psychoactive constituent of
cannabinoid, is effective as an adjunctive treatment with epi-
lepsy in children associated with Lennox—Gastaut and Dravet
syndromes. Therefore, National Institute for Health and Care
Excellence (NICE), Food and Drug Administration (FDA), and
European Medicines Agency (EMA) have approved the use
of highly purified CBD (Epidiolex® approved recently for use
in Lennox—Gastaut or Dravet syndrome in the United States
of America [USA]) with the NICE and EMA specifying its use
only as an choice for adjuvant treatment with clobazam in the
treatment of Lennox—Gastaut and Dravet syndromes [2].

Tetrahydrocannabinol (THC) is the key psychoactive constitu-
ent of cannabis. Tetrahydrocannabinol (THC) and its metabo-
lites (11-hydroxy-THC and 11-nor-9-carboxyl-THC) have espe-
cially long half-lives, 25-57 hours and about 5 days, respec-
tively [3]. The endocannabinoid system has long been identi-
fied as a key therapeutic option. Either the highly purified CBD
or formulations with different THC to CBD ratios (like Sativex/
Nabiximols, an oromucosal spray for the management of spas-
ticity associated with multiple sclerosis) are being explored for
other disease conditions. While some clinical trials support
the use of cannabinoids for the treatment of pain, currently

there is only some evidence to back the cannabinoids usage
in the management of chronic pain and further exploratory
clinical trials are required. In spite of this, chronic pain relief
is mostly the most common ailment cited by the patients who
use cannabis for medicinal effects and limited data is available
about the potential pharmacokinetic drug interactions with
medications prescribed to alleviate chronic pain. Cannabinol
(CBN), a THC degradation byproduct, is now being studied for
its analgesic properties.

Cannabidiol (CBD), THC and CBN are metabolized extensively
in liver and intestine. Biotransformation of CBD is mediated
primarily by CYP2C19 and, CYP3A4, to a lesser extent. Can-
nabidiol (CBD) can also get conjugated directly by the vari-
ous UDP-glucuronosyltransferase (UGT) enzymes (such as
UGT1A9, UGT2B7, and UGT2B17). Biotransformation of THC
primarily depend on the CYP2C9 and CYP3A4 isoenzymes, but
the UGT enzymes also play a crucial role in metabolizing the
THC metabolites. Cannabinol (CBN) is mostly metabolized by
CYP2C9 and CYP3A4 isoenzymes, and can undergo glucuroni-
dation directly by the hepatic (UGT1A9) as well as extrahepat-
ic (UGT1A7, UGT1AS8, and UGT1A10) isoenzymes. Cannabidiol
(CBD) is a substrate as well as an inhibitor of CYP450 enzymes
and the UGT enzymes. Tetrahydrocannabinol (THC) and CBN
also inhibit certain isoenzymes of the cytochrome P450 or
the UGT enzymes. In terms of cannabinoid inducing activity,
smoked cannabis may raise the removal of drugs metabolized
by CYP1A2 enzyme, leading to their reduced concentrations
and possible treatment failure.

Moreover, various in vitro and in vivo studies have revealed
that CBD, THC, and CBN interact with two members (breast
cancer-resistant protein [Bcrp] and glycoprotein P [Pgp]) of
ATP-binding cassette family. As a result, other concomitantly
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administered drugs which are substrates of these transporters
may have a crucial effect on their absorption and distribution.
Cannabidiol (CBD) has been shown to suppress Pgp and Bcrp,
in some pre-clinical studies.

Although the inhibitors are mostly substrates, various stud-
ies showed that CBD is not a substrate of Pgp and causes a
downregulation in expression of Pgp. Tetrahydrocannabinol
(THC) and CBN could also cause deregulation of Pgp, Bcrp,
and expression of multidrug-resistant protein (MRP) 1-4. As
the cannabinoids are frequently utilized as an add-on to treat-
ment, the incidence of DDIs appears to be more conceivable.
Consequently, their utilization in the treatment could impede
the distribution and elimination of different medications that
go through similar metabolic pathways. Regardless, fewer in-
vestigations in human beings have been reported in literature
about the DDIs of cannabinoids with other drugs; few of them
are case reports.

Albeit various pre-clinical investigations about the DDIs ought
not be extrapolated to humans, the healthcare providers
ought to know about significant DDIs leading to either ther-
apeutic improvement, failure or toxicity. A dramatic rise in
the use of cannabis over the last few years has resulted in an
increase in the number of patients taking it alongside other
medications. As a result of this situation, cannabinoids may
be categorized as culprits or substrates based on the use of
concomitant drugs, resulting in adverse events, changed ex-
posure, clinical inefficacy etc. But there is little evidence about
drug interactions of cannabis and their potential implications
in terms of clinical efficacy and safety.

A drug-drug interactions (DDI) take place when a drug changes
the clinical impact of other drug. These interactions might take
place at both pharmacokinetic and pharmacodynamic levels.
Pharmacokinetic DDIs include a drug altering the absorption,
distribution and elimination of other drug administered con-
comitantly which can cause a change in quantity of the drug at
the drug site affecting the extent and duration of drug effect.
Pharmacodynamic DDIs include one drug altering the respon-
sive or sensitivity to other drug [4].

Interaction with anticonvulsants

Antiepileptic/antiseizure medications are utilized globally to
treat various ailments apart from epilepsy, for example, mi-
graine, neuropathic pain, and bipolar disorder. The first-line
choices for the management of different neuropathic pain
include pregabalin and gabapentin [5]. Pregabalin or the (S)-
3-(aminomethyl)-5-methylhexanoic acid, is a centrally-acting
neuromodulating drug which was approved in 2004 by the
United States (US) FDA for the management of post-herpetic
neuralgia and diabetic neuropathic pain. It is a derivative of
the inhibitory chemical messenger, gamma-aminobutyric acid
(GABA). It is fundamentally associated with gabapentin and
has comparable pharmacological and anticonvulsant and an-
algesic effects [6].

Additionally, the use of gabapentinoids together with canna-
bis can cause a number of harmful effects; the use of gabapen-

tin with cannabis may cause drowsiness, dizziness, confusion,
and difficulty in concentrating. Many people, particularly the
elderly, may too experience impairment in judgment, think-
ing, and lack of motor coordination. The use of alcohol should
also be avoided while using these medications. Activities
which require mental alertness like driving, operating heavy
machinery should also be avoided until the medications are
used [7]. Itis vital to let the physician know about all the drugs
that are being consumed concomitantly, including vitamins,
supplements, herbs etc [7]. While the patient should always
consult with the physician before using cannabis along with
any other prescription drugs, using CBD together with gabap-
entin may more efficiently help to decrease anxiety and stress,
inflammation, and frequency and intensity of seizures while
suppressing the adverse side effects of gabapentin alone [8].
Both, pregabalin and gabapentin have similar pharmacological
mechanism of action, and both undergo elimination through
renal system [9].

Gabapentin is the alkylated analog of GABA and is endorsed
by the US FDA for the treatment of neuropathic pain and sei-
zures. Gabapentin is suggested to act by impeding a particular
alpha-2d subunit of voltage-gated calcium channel at specific
presynaptic regions and, subsequently, to regulate the GAB-
Aergic mechanisms indirectly [10]. In view of the renal remov-
al of these medications, no DDIs between the cannabinoids
and gabapentinoidsought not expected. With reference to
the efflux carriers, a few study outcomes proposed that a con-
comitant treatment of pregabalin with Pgp inhibitors allows
the prolongation of its dose interval. Nevertheless, no inves-
tigations in the literature found higher levels of pregabalin in
brain with the utilization of inhibitors of Pgp [11]. The poten-
tial pharmacokinetic interactions among CBD and antiseizure
drugs (pregabalin and gabapentin) are mentioned in (Table 1)
[12].

Cannabis are additionally purportedly abused when taken
along with pregabalin and gabapentin. Gabapentin has lately
come up as a promising option for the management of canna-
bis abuse among the adults [13,14]. Pre-clinical investigations
propose that gabapentin regulates the corticotropin-releasing
factor (CRF)-associated activation of GABA in the brain. This
activation is related with the increase of in chances of alco-
hol dependence and, by generalization, to cannabis also, on
the grounds that withdrawal from cannabis, similar to alcohol
withdrawal, causes both anxiogenic-like state and greater re-
lease of extrahypothalamic CRF in the central part of amygdala
in animals. The interaction of GABA and CRF and their part in
the persuasive aspects of relapse of abuse give an compelling
pre-clinical reasoning for the investigation of the efficacy of
gabapentin in cannabis dependency. Besides, in clinical inves-
tigations of different ailments, gabapentin has been shown to
lessen the craving and disturbances in mood and sleep, which
are among the most relentless effects of extended cannabis
withdrawal and the main cause the patients continue using
cannabis. Gabapentin additionally showed a subtle cognitive
improvement in the terms of concentration, attention, visual-
motor activities, inhibition etc. in healthy individuals. Con-
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sequently, gabapentin, through calcium channel-GABAergic
mechanistic action has importance for reestablishing the ho-
meostasis in the normal brain stress system (CRF), may pro-
vide a novel management tactic comparative with agonistic,
antagonistic, or psychiatric medications that have been inves-
tigated to date for the management of cannabis dependency
15].

In a study, 50 people looking for treatment for cannabis de-
pendency were given 1200 mg/day of gabapentin in an 84-
days double-blind, randomized, placebo controlled efficacy tri-

Table 1: Antiseizure medication interactions with cannabidiol

al. Treatment with gabapentin reduced the cannabinoid (CB)
metabolite levels in urine, self-reported score on use, cravings
of cannabis, along with questionnaires about depression, and
further enhanced the performance of executive function test,
as compared to placebo controlled. Considering these posi-
tive results, and taking into account that there are no pres-
ently approved drugs for abuse of cannabis, investigation of
the mechanistic pathways by which gabapentin act as a strong
pharmacotherapeutic is expected to suggest future drug de-
velopment endeavors.

Antiseizure . Pharmacokinetic effect N .
Type of - Pharmacodynamic . Pharmacokinetic effect . . Possible
stud medication interaction of Cannabidiol (CBD) on of ASM on CBD Effect of interaction mechanism
v (AsM) ASM
Unclear - may
be attributed
to penetration
in brain or
liminati
Cannabidiol (CBD) th(:olumlrr:akigr?e
increases the activity of Increase serum & brain X Cannabidiol (CBD) e . .y
. . L No effect of gabapentin | . - (gabapentin is
Gabapentin gabapentin (may however levels of gabapentin with i increase the activity .
L with CBD. . not attached with
be due to pharmacokinetic CBD. of gabapentin. X
. . plasma proteins
interactions). .
Pre-clinical or metabolized
by cytochrome
P450s, &
eliminated as
unchanged drug).
Cannabidiol (CBD)
. L ) Unclear —
increases the activity of . . . . Increase in X
. R No change in pregabalin Increase in brain CBD .. pregabalin may
Pregabalin pregabalin (may however ! . R CBD activity of .
o with CBD. with pregabalin. ) increase uptake of
be due to pharmacokinetic pregabalin. . .
. . CBD in brain.
interactions).

Abbreviations: ASM: Antiseizure medication; CBD: Cannabidiol.

The pharmacological action pathway for gabapentin has been
basically associated to voltage-dependent calcium channels
(VDCCs), particularly those containing the a28 subunits. The
VDCCs are present both in center and throughout periphery,
and a26 subunit is present across the various VDCC subtypes.
Albeit the results of binding of ligand to the a28 subunits have
not been completely established, there seems to be an imme-
diate effect on calcium conduction, as well as the VDCC trans-
port, with the general results being a reduction in the neuronal
action, which thus effects the movement of different chemical
messenger. Additionally, the cannabinoid agonists affects the
VDCC activities. One of the basic results of G-protein activa-
tion mediated by CB-receptor is the suppression of VDCCs.
Moreover, there is proof for a CB-receptor independent regu-
lation of VDCCs by the CB ligands, either via interaction with
plasma membrane lipid bilayer or by the direct interface with
the binding site on ion channel. Additionally, it is significant to
note that the main role of the endogenous CBs is to regulate
the release of different chemical messengers, which is a much
described function of VDCCs.

One pre-clinical investigations seems to have explored the
potential utilization of a VDCC ligand for the cannabis abuse.
In this animal study, the effects of high efficacy CB agonist,
CP-55,940 on the brain gene transcription, motor and anxi-
ety were explored during the spontaneous withdrawal of CB.
Pregabalin, which is considered as the future VDCC ligand
because of its enhanced pharmacokinetic activity and higher

bioavailability, diminished anatomic changes in the produc-
tion of specific proteins which are considered to be involved
in the development of cannabis dependency (i.e., the tyrosine
hydroxylase enzyme in ventral tegmental region and the CB-1
receptors in nucleus accumbens) and weakened the motor
and anxiety responses, induced by the cessation of cannabi-
noid agonist. Other investigations that has simultaneously as-
sessed the gabapentinoids and cannabinoids involving the in
vivo techniques is restricted and has comprised chiefly of the
investigations involving the pre-clinical pain models. Those in-
vestigations have mostly showed that pregabalin, gabapentin,
direct cannabinoid agonists and endogenous cannabinoid en-
zyme inhibitors act as analgesics under similar investigational
pain conditions [16].

One of the clinical investigations compared nabilone (a non-
particular CB agonist) with gabapentin in an open-label inves-
tigation in patients with neuropathic pain. Comparative with
the baseline, results for sleep, pain, and anxiety were com-
parably improved by nabilone and gabapentin following the
3 and 6 months drug treatment. The cross study comparison
also likewise showed the potential of VDCC ligands and CB ag-
onists to further enhance the outcomes in terms of sleep, pain
and anxiety. It is crucial to note is that difficulty in sleep, anxi-
ety and physical distress are usually observed during cannabis
restraint and are frequently reported as motive for continuous
use. Taken together, these investigations showed a substantial
therapeutic and neuropharmacological overlap between the
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cannabinoids and VDCC ligands that might play a role in the
capacity of gabapentin and pregabalin in managing the addi-
tion of cannabis [17].

Conclusion

Constituents of cannabis interacts both at pharmacokinetic
and pharmacodynamic levels with various antiseizure medica-
tions. The pharmacokinetic interactions have been reported
between cannabis constituents and gabapentinoids. Not all
these interactions, however, affect the therapeutic action, yet
further larger clinical studies are warranted to determine how
these drug interactions influence the clinical practice.
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