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ABSTRACT

Introduction. Cannabis sativa has been cultivated for human use for about 5,000 years, and has likewise been used in the

treatment of epilepsy for thousands of years.

State of the art. Cannabidiol (CBD), which was isolated from cannabis sativa in 1940, has an anti-seizure effect and no psycho-
active activity. Its effectiveness in reducing various types of seizures has been proven in animal seizure and epilepsy models.
Recent randomised, placebo-controlled trials have confirmed its effectiveness in patients with drug-resistant epilepsy.

Clinical implications. The aim of this position paper was to present the specific mechanism of CBD’s anti-seizure action and
current indications for CBD's use in epilepsy. The only cannabis-derived drug that has successfully passed clinical trials and has
obtained United States Food and Drug Administration and European Medicines Agency approval for epilepsy is Epidiolex®. This
paper presents the outcomes of the completed clinical trials with the use of this drug.

Future directions. CBD may be an effective drug in drug-resistant epilepsy, particularly in Dravet Syndrome, Lennox-Gastaut Syndro-
me and seizures associated with tuberous sclerosis complex. Additional randomised, placebo-controlled studies with CBD are needed.
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Introduction

Cannabis sativa is a plant which has been cultivated for hu-
man use for approximately 5,000 years [1-3]. The cannabis plant
contains over 1,000 terpenes and phytocannabinoids including
cannabidiol (CBD), 9-delta tetrahydrocannabinol (THC), can-
nabidivarin (CBDV), 9-delta tetrahydrocannabivarin (THCV),
cannabinol (CBN), cannabichromene (CBC), and cannabigerol
(CBG) [4]. The ancient Mesopotamians made ointments with
cannabis in the treatment of the “Hand of Ghost” (a disease
that according to historians is likely to have been epilepsy).
Other early reports describe cannabis use for indications such
as anxiety, depression and spasticity [1-3].

The history of cannabis use in Poland dates back to
early Slavic times. Slavic people squeezed oil from hemp seeds
and obtained fibres for fabrics and ropes from its stems. The
Slavs also had a spiritual use for cannabis, and described it as

“a magical plant” [5]. Despite its suspected beneficial action,
the medical application of cannabis was not scientifically
studied until the 19th century. In 1851, in the third edition of
the United States Pharmacopoeia, cannabis was included as an
anti-seizure, analgesic and hypnotic agent. Initially, cannabis
was appreciated mainly for its 9-delta-tetrahydrocannabinol
content [6]. However, over the past decade there has been
growing interest in the use of cannabis to treat drug-resistant
seizures [1-3].

Epilepsy is one of the most common neurological disorders
[7]. About one-third of all patients with epilepsy experience
drug-resistant seizures. The International League Against
Epilepsy (ILAE) defines drug-resistant epilepsy as the “failure
of adequate trials of two tolerated, appropriately chosen and
used anti-epileptic drug schedules (whether as monotherapies
or in combination) to achieve sustained seizure freedom” [8].
Inadequate control of seizures significantly affects the quality
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of life and cognitive function of these patients. Therefore,
anecdotal reports about the effectiveness of cannabis aroused
public interest and inspired the families of epilepsy patients
to search for cannabis products. The best-known example
concerns Charlotte Figi, a five-year-old girl who was diagnosed
with Dravet Syndrome in 2013. After administering cannabis
extract, the frequency of her seizure episodes was reduced by
over 90% [9]. More research into the effectiveness of cannabis
was clearly needed.

The cannabinoids with the highest expectations in terms of
treating epilepsy have been CBD and THC. The psychoactive
effects of THC and its mixed pro- and anti-seizure effects in
seizure models were the reasons why little effort was made to
evaluate THC’s effectiveness in treating epilepsy [10, 11]. CBD
is a cannabinoid, first isolated from cannabis in 1940, which
has no psychoactive effect. Its effectiveness in reducing various
types of seizures has been proven in animal seizure models and
epilepsy models [11-13]. These results led to human studies,
primarily involving patients with drug-resistant epilepsy. In
2016, the results of phase III, randomised, placebo-controlled
trials confirmed the beneficial effects of CBD in the treatment
of Lennox-Gastaut Syndrome (LGS) and Dravet Syndrome
(DS). CBD was approved by the United States Food and Drug
Administration (FDA) in 2018, and by the European Medicines
Agency (EMA) in 2019, for the treatment of these two epilepsy
syndromes [10]. The indications for CBD use are becoming
broader: in 2020, the FDA approved CBD oral solution for the
treatment of seizures associated with tuberous sclerosis com-
plex (TSC) in patients aged two years and older [14]. Epidiolex®
(GW Pharmaceutical, Cambridge, United Kingdom) is the
only pharmaceutical CBD product, although over-the-counter
(OTC) CBD products are now in widespread use, a situation
which can lead to potential abuse. CBD-containing products
are sold OTC as dietary supplements or food additives in a va-
riety of forms: oils, suppositories, nasal sprays and capsules,
and all without close pharmaceutical control [6].

Mechanism of action of CBD in epilepsy

CBD’s mechanism of action underlying the reduction of
seizures in humans is not yet fully elucidated. It is not known
why some patients respond to cannabis with spectacular im-
provement, i.e. the resolution of seizures or least a significant
reduction. Differences in responses to CBD treatment may be
related to genetic factors [10].

Endocannabinoids (endogenous cannabinoids) have a role
in decreasing the release of excitatory neurotransmitters in the
central nervous system by acting on G protein-linked endocan-
nabinoid neuroreceptors: cannabinoid type 1 receptor (CB1R)
and cannabinoid type 2 receptor (CB2R). This influence is
related to their anti-seizure activity. Most phytocannabinoids,
including THC, THCV, and CBDV, have also the ability to
interact with the CB1 and CB2 receptors. Despite its structural
similarity, CBD has low selectivity for both CB1R and CB2R

[15]. It seems that CBD carries out its anti-seizure action by
interacting with G protein-coupled receptor 55 (GPR-55)
and transient receptor potential vanilloid 1 (TRPV-1) channel,
by anti-inflammatory effect and influence on the adenosine
pathway [15-24].

Influence on G-protein

GPR55 is a G-protein-coupled receptor, highly expressed
in the central nervous system (CNS) and is considered to be
anovel cannabinoid receptor. CBD interacts with this receptor
by inhibiting its action (functional antagonism). More specif-
ically, CBD blocks the excitatory effect of lysophosphatidylin-
ositol (LPI), which is an endogenous agonist of GPR55 lipids
[16, 17]. According to Rosenberg et al., (who evaluated the
effect of LPT and CBD on post-synaptic currents recorded in
acute ex vivo hippocampal brain slices obtained from healthy
mice), CBD can exert an anti-seizure effect by counteracting
the effects of LPI at GPR55 at both inhibitory and excitatory
synapses, thereby restoring inhibitory and excitatory coordina-
tion. The authors concluded that the LPI-GPR55 axis could be
a potential biomarker of prolonged seizure activity and good
clinical response to CBD [18].

Influence on TRPV-1 channel

TRPV1 is a vanilloid receptor belonging to the family
of transient receptor potential channels. These receptors are
expressed widely throughout the brain where they act by
modulating the transport of calcium ions across the membrane
of neurons. CBD has great affinity for the TRPV1 receptor and
causes the desensitisation of it in a concentration-dependent
manner. It is also well known that TRPV1 is overexpressed in
models of temporal lobe epilepsy and patients with epilepsy,
but the exact mechanism of action needs to be clarified [15, 16].
Gray et al. assessed the effect of CBD on the seizure threshold
in wild-type and TRPV1 knockout mice using a mouse model
of generalised seizure. CBD significantly increased the seizure
threshold in the wild-type mice, thus proving that TRPV1 plays
an important role in the anti-seizure action of CBD [19].

Neuroinflammation

The anti-seizure activity of CBD is also related to its influ-
ence on neuroinflammatory processes. Neuroinflammation is
recognised as an important factor in the pathophysiology of
epilepsy. Cytokine production and the activation of neuro-
glial cells increase seizure-induced neurotoxicity, which may
contribute to epileptogenesis and epilepsy. Microglia are con-
sidered to be the macrophages of the brain that act as sentinel
immune cells [15]. CBD has been shown to have an anti-in-
flammatory effect by blocking microglia activation [20]. Juknat
etal. identified cannabinoid-regulated microribonucleic acids
(miRNAs) in resting and in lipopolysaccharide (LPS)-activated
microglia. The CBD inhibited LPS-stimulated expression of
proinflammatory miRNAs associated with Toll-like recep-
tor (TLR) and nuclear factor kappa-light-chain-enhancer of
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activated B cells (NF-kB) signalling (involving miRNA-146a
and miRNA-155) [21]. CBD is also an inhibitor of the ad-
enosine triphosphate (ATP)-induced intracellular calcium
increase in cultured microglia [20]. Moreover, CBD may
have anti-inflammatory effects by inhibiting the uptake of
adenosine in macrophages and microglia. This effect is pos-
sible through the interaction with equilibrative nucleoside
transporter 1 (ENT-1) and enhancing tumour necrosis factor
alpha (TNF-a) suppression [22].

Influence on adenosine pathway

Adenosine is an endogenous anti-seizure agent which
acts via adenosine A1 receptor activation and receptor-inde-
pendent regulation of DNA methylation [23]. The effect of
CBD on the concentration of adenosine was first described
by Mijangos-Moreno et al., who reported that an injection of
CBD into the hypothalamus increased extracellular levels of
adenosine in the nucleus accumbens of rats [24]. The effects
of CBD on adenosine reuptake in macrophages and microglia,
described by Liou et al., were cited above [22]. Gray and Whal-
ley emphasised that CBD’s mechanism of seizure control in
patients with Lennox-Gastaut and Dravet Syndromes may be
the enhancement of adenosine-mediated signalling through
the increased availability of extracellular adenosine, necessary
for an effective adenosine A1 receptor agonism [16].

Effectiveness of CBD in epilepsy

The effectiveness of CBD in epilepsy has been proven in
several double-blind, placebo-controlled randomised clini-
cal trials (RCTs). There are also many other studies on the
effectiveness of this treatment in the literature (case series,
open-label studies).

Randomised, double-blind, placebo-controlled
clinical trials (RCTs)

Randomised, double-blind, placebo-controlled clinical
trials were recently carried out with the use of pure CBD, an
oral solution containing 100 mg/ml CBD dissolved in sesame
oil administered twice a day. The first trials focused on specific
epilepsy syndromes in which patients had few therapeutic
alternatives [25-30].

Dravet Syndrome

The first published double-blind, placebo-controlled RCT
investigated the efficacy of CBD in patients with Dravet Syn-
drome. 120 patients with drug-resistant convulsive seizures
were enrolled in the study. Patients received a placebo or CBD
oral solution at a dose of 20 mg/kg for a period of 14 weeks.
The study was preceded by a 4-week baseline period. The
primary endpoint was the change in convulsive seizure rate
over the entire 14-week treatment period compared to the
baseline period. Secondary endpoints were a 50% reduction in
the mean number of seizures during the month, as well as an

improvement in the Caregiver Global Impression of Change
(CGIC) score. The mean age of the patients was 9.8 years
(range 2.3-18.4). The average baseline was 13 seizures per
month, mostly generalised tonic-clonic seizures. 90% of pa-
tients (n = 108) completed the study, with the vast majority
(n = 105) agreeing to continue treatment in the open-label
study. In addition to the study drug, the most common anti-
seizure drugs taken by the patients were clobazam, sodium
valproate, stiripentol, levetiracetam and topiramate. The study
confirmed the effectiveness of CBD treatment in patients with
Dravet Syndrome. A 50% clinical response rate (a reduction
of convulsive seizures > 50% from baseline) was achieved in
43% of patients taking CBD and 27% in the placebo group.
Seizures resolved in 5% of CBD-treated patients and 0% in
placebo-treated patients. However, there were no significant
differences in the number of seizures other than convulsive
seizures between the group treated with CBD and the group
treated with the placebo. For the primary endpoint, the median
decreased from 12.4 seizure episodes per month to 5.9 per
month at the end of treatment. The main adverse events in this
study were diarrhoea, vomiting, fatigue, pyrexia, somnolence,
and abnormal liver function tests. Eight patients treated with
CBD and one patient treated with placebo withdrew from
the study due to adverse events. Increased levels of hepatic
transaminases (a potential drug-drug interaction) have been
reported more frequently in patients treated with sodium
valproate. Somnolence was mainly observed in patients taking
clobazam concomitantly (higher plasma levels of the parent
drug and active metabolite). Adverse events occurred more
frequently in CBD-treated patients than in the placebo group,
and were usually mild-to-moderate in severity [10, 25].

The second study was a randomised, double-blind,
14-week comparison of two doses of CBD (10 mg/kg/day and
20 mg/kg/day) versus a placebo in 198 patients with Dravet
Syndrome aged 2 to 18 years. 190 patients completed the
study. The primary endpoint was the change from baseline
in seizure frequency during the treatment period. Secondary
outcomes included change in all seizure frequency and change
in Caregiver Global Impression of Change. Treatment with
CBD at doses of 10 or 20 mg/kg/day resulted in a similar,
clinically significant, reduction in the frequency of seizures.
Better safety and tolerability profiles were noted in patients
treated with lower doses, and therefore the authors argued
that increasing the dose of CBD to > 10 mg/kg/day should be
tailored to individual efficacy and safety [26].

Lennox-Gastaut Syndrome

Patients with Lennox-Gastaut Syndrome are another group
in which double-blind, placebo-controlled randomised clini-
cal trials using CBD have been conducted [27, 28]. The first
study with patients with Lennox-Gastaut Syndrome looked
at the effectiveness of CBD treatment at two different doses
of 10 mg/kg or 20 mg/kg compared to a placebo. 225 patients
with drop seizures (atonic, tonic or tonic-clonic seizures) aged
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Table 1. Results of completed randomised clinical trials with CBD in epilepsy [25-30]

Condition ClinicalTrials.gov Type of study Type of seizu- Age of Study size Dosage Patients with
identifiers res evaluated patients (N - number 50%
in study (inyears) of patients)
(primary clinical re-
outcome) sponse rate
(%)
Dravet NCT02091206 Randomised, Convulsive 2-18 N-108 20 mg/kg/day  43% (reduction
Syndrome double-blind, seizures of convulsive
[25] placebo-controlled seizures)

study of GWP42003-P
in children and young
adults with Dravet

Syndrome

Dravet NCT02224703 Randomised, double-  Convulsive 2-18 N-190 10 mg/kg/day ~ 48.7%

Syndrome blind, comparison of seizures and 20 mg/ and
two dose levels (10 kg/d

126] wo dose levels ( g/day 45.7%
and 20 mg/kg/day) of
GWP42003-P versus (reduction of
placebo convulsive

seizures)

Lennox- NCT02224560 Randomised, double-  Drop seizures 2-55 N-218 10 mg/kg/day  37.2%

Gastaut blind, comparison of =il sl

Syndrome two dose levels (10 20 ma/ka/d 41.9%

[27] and 20 mg/kg/day) of mg/kg/day 2R
GWP42003-P versus (reduction of
placebo drop seizures)

Lennox- NCT02224690 Randomised, Drop seizures 2-55 N-156 20 mg/kg/day  43.9%

Gastaut double-blind, (reduction of

Syndrome placebo-controlled drop seizures)

[28] study to investigate

efficacy and safety

of cannabidiol
(GWP42003-P; CBD) as
adjunctive treatment
for seizures associated
with Lennox-Gastaut
Syndrome in children

and adults
Lennox- NCT02224573 Open label extension Drop seizures N-681 Up to 30 mg/ In Lennox-
Gastaut study of cannabidiol and total kg/day Gastaut
Syndrome (GWP42003-P) in seizures Syndrome
sl Bl children and young group: 48-71%
Syndrome adults with Dravet or for drop
129] Lennox-Gastaut seizures and
Syndromes 48-68% for
total seizures
Tuberous NCT02544763 Double-blind, TSC-associated ~ 1-65 N -204 25mg/kg/day  48.6%
sclerosis randomised, seizures o o
complex placebo-controlled
and study to investigate Uiy A
epilepsy efficacy and safety
[30] of cannabidiol

(GWP42003-P,
CBD) as add-on
therapy in patients
with tuberous
sclerosis complex
who experience
inadequately-
controlled seizures
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2 to 55 years were randomised into the study, 76 patients in
the CBD 20 mg/kg group, 73 in the CBD 10 mg/kg group,
and 76 in the placebo group. Both doses (10 and 20 mg/kg)
of CBD resulted in a greater reduction in the number of drop
seizures compared to the placebo. As in the two previous
studies, there were more adverse events in the CBD groups
than in the placebo group. The most common adverse events
were somnolence, decreased appetite, and diarrhoea. Patients
taking CBD at 20 mg/kg reported more of these events than
did patients in the 10 mg/kg group [10, 27].

In the second study, a placebo was compared to an oral
CBD solution of 20 mg/kg. 171 patients aged 2 to 55 years were
enrolled in the study. The primary endpoint was a change in
the monthly frequency of drop seizures during the 14-week
treatment period. 171 patients were randomly assigned, and
the target dose of CBD of 20 mg/kg was administered twice
daily. 86 patients (including 30 patients > 18 years of age)
were qualified to the group treated with CBD, with the other
85 patients (including 28 patients > 18 years) qualified to the
group treated with a placebo. Fourteen patients randomised
to the CBD treatment group and one randomised to the
placebo treatment group withdrew from the study. During
the treatment period, the median decrease in the number of
drop seizures was 43.9% in the CBD group and 21.8% in the
placebo group. Three patients in the CBD treatment group,
but none of the patients taking the placebo, were seizure-free
during the treatment maintenance period. As in the previ-
ous studies, the most common adverse reactions, reported
by >10% of patients, were diarrhoea, somnolence, pyrexia,
decreased appetite, and vomiting. Most symptoms resolved
spontaneously or with dose reduction. Adverse events were
considered to be mild or moderate. Thiele et al. proved that
adjuvant therapy with CBD is efficacious for the treatment of
patients with drop seizures associated with Lennox-Gastaut
Syndrome and is generally well-tolerated [10, 28].

Patients with Dravet Syndrome or Lennox-Gastaut Syn-
drome who had previously participated in double-blind, pla-
cebo-controlled clinical trials were allowed to continue in an
open-label extension study. In the Lennox-Gastaut Syndrome
group, the reduction in seizures was sustained over the next
156 weeks. Moreover, the prolonged, add-on CBD treatment
had a similar safety profile as in the randomised controlled
trial. It is also worth emphasising that at least 87% of patients/
caregivers reported an improvement on the Subject/Caregiver
Global Impression of Change Scale [29].

Tuberous sclerosis and epilepsy

In another double-blind, placebo-controlled randomised
clinical trial, 224 patients with tuberous sclerosis complex
(TSC) and epilepsy were randomised (mean age 11.4 years,
range 1.1-56.8). The study assessed the effectiveness of CBD
treatment at a dose of 25 mg/kg/day (the ‘CBD25’ group) or
50 mg/kg/day (the ‘CBD50’ group) compared to a placebo. The
patients who received the greatest benefit from treatment were

treated with CBD. A 50% reduction in seizures was achieved
in 48.6% of patients in the CBD25 group and 47.5% in the
CBD50 group, compared to 26.5% in the placebo group. The
most common adverse events were diarrhoea and somnolence.
Eight patients in the CBD25 group, 10 in the CBD50 group,
and two in the placebo group discontinued treatment due
to adverse events. CBD significantly reduced TSC-related
seizures compared to the placebo. The 25 mg/kg/day dose
had a better safety profile than the 50 mg/kg/day dose [30].

Other clinical studies

The main double-blind, placebo-controlled RCTs were con-
ducted in patients with severe epilepsy syndrome. Evidence re-
garding the use of CBD in focal and generalised epilepsy is scarce.
The effectiveness of CBD in other types of epilepsy has been con-
firmed in open-label studies. A pre-clinical study has shown that
CBD is a seizure reduction drug in patients with drug-resistant
seizures associated with CDKL5 deficiency disorder, Dupl5q,
Aicardi and Doose Syndromes (class III evidence for long-term
efficacy and safety) [31]. An additional recent study concerning
the long term efficacy of CBD shows that it is effective in reducing
seizures over a treatment period of up to 60 months. The study
group consisted of patients with drug-resistant epilepsy of various
aetiologies enrolled in the Massachusetts General Hospital's Open
Label Expanded Access Programme. Despite the broad dose range
(up to 50 mg/kg/day), CBD was well-tolerated and safe. The great-
est therapeutic benefits were experienced by patients with TSC
and patients with absence seizures and epileptic spasms [32]. Park
et al. reached similar conclusions proving the long-term efficacy
and safety of CBD in children with treatment-resistant epilepsy
who were ineligible to participate in randomised controlled trials
[33]. Interesting conclusions came from the study by Gaston et al.
comparing a group of adults and children treated with CBD. The
authors noted a significant difference in seizure severity reduction,
with adults reporting a greater reduction in seizure severity [34].

In addition to the anti-seizure action of CBD, reports on its
efects on sleep architecture are particularly interesting. Recent
studies have investigated the effects of CBD on interictal epilep-
tiform discharges (IED) and sleep architecture in children with
drug-resistant epilepsy. They suggest the utility of CBD in reduc-
ing IEDs and improving sleep microstructure. Further studies are
needed; however, the improvement of behaviour associated with
CBD treatment may be due to the reduction in IEDs [35]. This
has further implications for studying CBD’s effects on cognition.
Itis very important to underline that CBD has a neutral, or mildly
beneficial, effect on cognition. There are no studies which have
indicated negative effects of CBD on cognition [36].

Cannabidiol pharmacokinetics and
drug-drug interactions

CBD’s pharmacokinetics is complex and its bioavailability is
variable, which makes it difficult to develop an appropriate form
for oral administration [37]. Interaction with other medications is
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another complication in its daily use. CBD and its main active me-
tabolite 7-hydroxy CBD affect many cytochrome (CYP)450 iso-
forms (including 1A2, 3A4, 2B6, 2C8, 2C9, 2C19, and 2E1)
which are involved in the metabolism of many therapeutic agents.
CBD also has an inhibitory effect on uridine 5'-diphospho-glu-
coronosyltransferase (UGT1A9 and UGT2B7) [38]. CBD may
inhibit CYP1A2, CYP2B6, CYP2C8, CYP2C9 (i.e. phenytoin),
CYP2C19 (i.e. clobazam), and UGT1A9 and UGT2B7 (i.e. loraz-
epam, lamotrigine), and induce CYP1A2 and CYP2B6, causing
interactions with many anti-seizure drugs [39].

Itis well-known that CBD inhibits the metabolism of clobazam
and its active metabolite N-desmethylclobazam, thereby increasing
its sedative properties [40]. CBD also inhibits the metabolism of
topiramate, zonisamide and eslicarbazepine acetate [41].

Due to a similar metabolism as many other drugs, the
potential-risk of drug-drug interaction with CBD is also high.
Warfarin, a commonly used oral anti-coagulant, is metabolised
via the same CYP450 hepatic enzyme complex as is CBD.
By enzyme competition, the degradation of warfarin can be
impaired, which can lead to pathological bleeding. Moreover,
due to the reported effects on UGT1A9 and UGT2B7, prod-
uct labelling recommends avoiding co-administration and
reducing substrate doses of such agents as acetaminophen,
haloperidol, ibuprofen and propofol [38].

Not all of the possible interactions have been clinically
proven yet. Nevertheless, adverse pharmacokinetic properties
complicate the therapeutic use of CBD and demonstrate the
need for further research with newer substances such as its
propyl analogue, CBDV [10, 39].

Conclusion

Cannabidiol has brought a novel approach to the
clinical management of patients with epilepsy. However,
given its widespread availability and popularity, its unique
mechanism of action and emerging drug-drug interactions
make CBD an important drug to understand. It might be an
effective alternative to the currently available anti-seizure
treatment for Dravet and Lennox-Gastaut Syndromes or in
TSC-related seizures in both adult and paediatric patients.
More randomised, placebo-controlled studies with the use of
CBD in other types of epilepsy are needed.

Conflict of interest: None.
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