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Abstract

BACKGROUND: Despite the fact that the number of antiepileptic drugs is constantly
increasing, epilepsy can still be a therapeutic challenge. Approximately one-third of patients
with epilepsy have persistent seizures refractory to treatment. The limited number of effective
alternatives motivates researchers to seek new solutions. There is some hope for cannabidiol
(CBD) preparations.

AIM OF THE STUDY: The purpose of this study was to review the most recent available
literature on the use of cannabidiol in the treatment of refractory epilepsy in children and
adults. For this purpose, the PubMed and Google Scholar databases were reviewed. The
phrase "cannabidiol and epilepsy” was used to search the database. After Screening titles and
abstracts a total of 19 papers and articles cited in them were received and analyzed in detail.
RESULTS: Nowadays there are many CBD related products available in the market,
Cannabis sativa and Cannabis indica are the plants used due to their strong therapeutic effects
and also seizure control. Regulations regarding the use of raw marijuana, cannabis extracts,
and cannabinoid-based drugs vary from place to place. Many studies have been generated on
the efficacy of cannabinoid therapy in the treatment of epilepsy. This therapy in patients with
Dravet syndrome and Lennox-Gaust syndrome results in a reduction in the frequency of
motor and total seizures. The most commonly reported side effects of CBD are drowsiness,
seizures and diarrhea, but the therapy is generally well tolerated.
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SUMMARY AND CONCLUSIONS: Many available studies support the efficacy of CBD as
a treatment option to reduce seizure frequency in children with drug-resistant epilepsy,
particularly in patients with Dravet and Lennox-Gastaut syndrome. However, there is a lack
of reports on the use of CBD in the adult population, which may be an area for further
research.
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Introduction

Epilepsy encompasses a wide range of chronic syndromes characterized by recurrent,
unprovoked and unpredictable seizures. The disease affects more than 65 million people
worldwide, including about 0. 6% of children under 18 and 82% of those under 10 years of
age [1,2,3].

The latest research, including the use of novel therapies, is helping to better explain
the causes of neurological disorders and improve patient treatment. In particular, the
endocannabinoid system (ECS) is crucial for neurological function, and modulation of this
system offers therapeutic hope [4]. Cannabidiol is a new compound that exhibits central
nervous system effects, but unlike other cannabinoids (such as tetrahydrocannabinol) it does
not cause euphoria. This compound has a low affinity for endogenous cannabinoid receptors
and may modulate neuronal hyperactivity. Cannabidiol exhibits anticonvulsant and anti-
inflammatory effects on the nervous system, it also shows inverse agonism (or antagonism) to
cannabinoid receptors, modulation of neuronal channels and enhancement of anandamide
actions [5].

In patients with severe refractory epilepsy (TRE), antiepileptic drugs provide only
partial seizure relief, often at the expense of severe side effects. The therapeutic potential of
cannabidiol (CBD) as an antiepileptic drug is of great interest, especially for severe TRES [6].

Aim of the study

The aim of this study was to review the latest available literature on the use of
cannabidiol in the treatment of refractory epilepsy in children and adults. For this purpose,
the PubMed and Google Scholar databases were reviewed. The phrase "cannabidiol and
epilepsy” was used to search the database. Search criteria were: all open access, 3 years,
English. 64 results were obtained. After Screening titles and abstracts a total of 19 papers and
articles cited in them were received and analyzed in detail.

Legislation

Regulations on the use of raw marijuana, cannabis extracts and cannabinoid-based
drugs in the United States vary from state to state [7]. After the passage of the Marihuana Tax
Act of 1937, cannabis use was restricted at the federal level. The Tax Act imposed penalties
on physicians prescribing and dispensing drugs in pharmacies, even though the drugs were
used for therapeutic purposes prior to the enactment of the Act. In 1970, thanks to the
Cannabis Control Act, all uses of marijuana, including medicinal, were officially outlawed
with the status of a controlled substance [8].
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The use of marijuana for medicinal purposes is currently permitted in many countries,
including Argentina, Australia, Canada, Chile, Colombia, Croatia, Ecuador, Cyprus,
Germany, Greece, Israel, Italy, Jamaica, Lithuania, Luxembourg, North Macedonia , Norway,
the Netherlands, New Zealand, Peru, Poland, Switzerland and Thailand, as well as several
states in the United States [9]. In the 33 U. S. states that support the use of marijuana for
recreational or medicinal purposes, patients must have a legally validated medical condition
to obtain the product for medical reasons. Eligibility conditions, defined by the American
College of Physicians in 1996, include HIV/AIDS, cancer, severe muscle spasm,
amyotrophic lateral sclerosis, end of life (defined as <1 year of age), Crohn's disease, seizure
disorders, glaucoma, and Tourette's syndrome. Despite recent FDA approval, the legality of
purified CBD remains controversial [8].

In the European Union (EU) CBD, unlike THC, is not a controlled substance and
under EU law CBD products cannot contain more than 0. 2% THC. There are several
companies in the EU that produce and distribute CBD-based products derived from the
inflorescences of industrial hemp varieties. These products are not subject to any compulsory
analytical controls and, in addition, no legal protection or guarantees concerning their
composition and quality are required. In addition, mandatory testing and a basic regulatory
framework are also not required to define the area of indication, daily dose, route of
administration, maximum recommended daily dose, packaging, shelf life and stability. Much
of this inaccuracy stems from the fact that it is not legally regulated whether such products
should be regulated as food, supplements or drugs [9,10].

Products with CBD

There are many CBD-related products on the market today, with a wide range in
purity, effective compound content, and price. The global market for these products is
significant and according to the Centre for Medicinal Cannabis (2019) in the UK, at the
current rate the market will be worth £1 billion a year by 2025. Importantly, the content of
CBD-related products depends on the type of hemp plant, as well as different parts of the
plant and growing conditions. Hemp and marijuana can be considered different varieties of
the same cannabis plant; while cannabis has a low content of all cannabinoids, including
THC (<0. 3%), marijuana has a higher THC content (> 0. 3%) [9].

Cannabis sativa and Cannabis indica are plants used for their strong therapeutic
effects and also for the control of seizures. Of their expressed cannabinoids, A9-
tetrahydrocannabinol(A9-THC) and cannabidiol (CBD) have been characterized as the two
main neuroactive components. The former is attributed to psychoactive effects and the latter
to anticonvulsant and anti-epileptic effects. Cannabidiol has been shown to both potentiate
the therapeutic effects of A9-THC and reduce the unwanted effects of THC (anxiety, panic,
sedation, dysphoria, tachycardia) This has led to increased research towards developing pure
or highly enriched CBD preparations for the treatment of epilepsy and other neurological
disorders [3,11,12]. To date, only a small number of cannabis-based medicines in the form of
capsules, oromucosal sprays or oily solutions have been authorised or are currently in
advanced stages of development [3].
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Effectiveness in the treatment of epilepsy in adults

Cannabidiol is a GPR55 antagonist, thereby suppressing neuronal excitability by
reducing Glut exocytosis. Action on this signaling pathway may be one of the mechanisms of
CBD's anticonvulsant effects and, as a result, a safe therapeutic target for the treatment of
epilepsy. An important action of CBD in relation to epilepsy is the regulation of adenosine, a
neuromodulator of the central nervous system. It is thought that adenosine plays a role in
terminating seizures, by blocking the CBD-mediated equivalent nucleotide transporter (ENT)
[13].

The 2019 meta-analysis noted that epilepsy was the most commonly studied medical
condition. All 11 studies described beneficial effects of CBD on reducing seizure severity or
frequency. Four randomized controlled clinical trials were conducted using an average dose
of 15 mg/kg/d. CBD was administered as add-on therapy to regular antiepileptic drugs and
significant improvements were observed compared to placebo as add-on therapy. In the other
three prospective, open-label studies, CBD was administered at a mean dose of 42 mg/kg/d
and significant improvements in quality of life and seizure frequency were observed
compared with baseline. In addition, three case series and a single case report described
beneficial effects of a mean dose of 21 mg/kg/d CBD on seizure frequency, duration, and
severity [14].

Effectiveness in the treatment of epilepsy in children

Studies on CBD-enriched oils show a 50% reduction in seizures in about 30-40% of
pediatric patients. However, it should be noted that these are uncontrolled studies with
heterogeneous CBD formulations whose CBD content varied from study to study, generally
estimated to be <0. 02-50 mg/kg/day. The study by Press and co-authors examined the effects
of cannabis extracts in pediatric patients with epilepsy at one tertiary epilepsy center in
Colorado, where laws regarding cannabis products are more relaxed. Interestingly, the overall
response rate (47%) for patients who moved to Colorado for treatment was greater than
(22%) those who already lived in Colorado, indicating a possible positive reporting bias and
the need for properly controlled studies [9,15].

A prospective, open-label study evaluating a new oral CBD formulation, PTL-01,
demonstrated a clear beneficial therapeutic effect of a 12-week treatment period on seizure
frequency among patients with TRE. A mean 73. 4% reduction in monthly seizure frequency
and a median 81. 9% reduction from baseline were observed. Two patients were completely
seizure free within 5 weeks of therapy, with an additional eight patients reporting a 50%
reduction in seizure frequency during this time. This translated into a significant
improvement in health status, as expressed by caregivers' global impressions of significant
overall improvement and marked reduction in seizure severity [3].

After 12 weeks of CBD-added therapy in patients with Dravet syndrome and Lennox-
Gaust syndrome, there was a 50% reduction in monthly motor seizure frequency and a 44%
reduction in monthly total seizure frequency. These reductions were sustained for up to 96
weeks. After 12 weeks of treatment with CBD, the percentage of LGS/DS patients with
seizure reductions of >50%, >75%, and 100% from baseline were 53%, 23%, and 6% for
severe motor seizures and 46%, 26%, and 5% for total seizures. The response rate remained
constant between weeks 12 and 96 [6].
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a) Lennox-Gastaut syndrome

Lennox-Gastaut syndrome (LGS) is a severe epileptic and developmental
encephalopathy. The most common period of its occurrence is at the age of 7. The three main
diagnostic criteria for LGS are: multiple types of seizures, mainly generalized, tonic, atonic
and atypical seizures, abnormal electroencephalographic (EEG) findings and cognitive
impairment or intellectual disability [16].

Randomized trials have also demonstrated the effectiveness of CBD use in this
disease entity. The median relative reduction in epileptic seizures was 21. 6% between the 20
mg/kg/day and placebo groups and the median relative reduction of 19. 2% in epileptic
seizures between the 10 mg/kg/day and placebo groups. Additionally, a median relative
reduction in total seizure frequency of 18. 8% was observed between the 20 mg/kg/day dose
and the 2 mg/kg/day and placebo dose, and a median relative reduction in total seizure
frequency of 19. 5% was observed between the 10 mg/kg/day and placebo groups [8]. An
extended, long-term, open-label study conducted at 53 sites in the United States and Europe
found that CBD-enhanced treatment was well tolerated and effective in sustainably reducing
the frequency of epileptic seizures and total seizures in people with Lennox-Gaust syndrome.
A common symptom of this condition is atonic and tonic seizures, which can cause falls
(epileptic seizures). This study showed a reduction in average epileptic seizure frequency
after CBD use of up to 46% from baseline and this level of reduction was maintained for 48
weeks [16].

b) Dravet syndrome

Dravet syndrome (DS) is a severe epileptic encephalopathy that begins in the first
year of life. It is characterized by the occurrence of recurrent febrile or affective generalized
or hemiclonic seizures or status epilepticus against a background of normal development
followed by various types of seizures including myoclonic, absence focal seizures
impairment of consciousness. This disease is associated with a mutation in the SCN1a gene
that encodes sodium channels. Seizures occurring in the course of this syndrome often remain
drug-resistant [17,18].

A 2018 paper presented the results of an open-label extension trial. During weeks 1-
12 of CBD therapy, the median reduction in monthly seizure frequency from baseline was 37.
5% (from 12. 4 to 7. 5 seizures per month). This reduction persisted in weeks 13-24, 25-36
and 37-48. Five of 104 patients(4. 8%) were seizure-free in the last 12 weeks of treatment.
More than 40% of patients had a >50% reduction in seizure frequency at each visit window.
The median reduction in total seizure frequency from baseline in weeks 1-12 was 39. 5%
(reduction from 32. 4 to 14. 5 seizures per month), with reductions in the subsequent 3
treatment windows ranging from 39. 0% to 50. 7%. Three patients were completely seizure-
free during the last 12 weeks of treatment. However, there was not a single seizure-free
patient for the entire treatment period until the data were cut. During each 12-week follow-up
window, 2% to 4% of patients developed status epilepticus with seizures and 3% to 5%
developed status epilepticus without seizures, with a baseline incidence of 1% and 5%,
respectively. Of the 89 patients/caregivers at each stage of the study, after 48 weeks of
treatment, 85% reported an overall improvement in their condition. Similar proportions of
patients/caregivers reported improvement at weeks 24 and 38 [17].
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Among children with Dravet syndrome (61) who received CBD in one 14-week
randomized trial, 5% avoided seizures, compared with none in the placebo group. Among
patients in a nonrandomized trial, 8% avoided seizures after cannabis treatment, where the
duration of the trial ranged from 14 days to 53 months with low confidence [19,20]. In the
study by Miller and co-authors, the percentage reduction in seizure frequency from baseline
during the 14-week treatment period differed between CBD and placebo doses. The greatest
reduction in seizures was observed in the 48. 7% CBD10 group and in the 45. 7% CBD20
group and in the 26. 9% placebo group, respectively. Similarly, the percentage reduction in
seizure frequency from baseline during the 12-week maintenance period was 49. 2% for the
CBD10 group, 48. 6% for the CBD20 group, and 28. 6% for the placebo group. Differences
between treatment groups favored cannabidiol over placebo during the first 4 weeks of the
maintenance period and these trends continued for the duration of treatment [20].

In a clinical study that investigated the safety and pharmacokinetic parameters of
cannabidiol for the treatment of epileptic seizures in children aged 4 to 10 years with Dravet
syndrome, an increased incidence of adverse reactions such as fever, somnolence, decreased
appetite, vomiting, ataxia, and abnormal behavior was reported in at least three patients at all
doses tested [5,22].

Side effects

Previous CBD formulations carried many side effects after repeated use, such as skin
lesions, oral ulcers, oral mucosal pain and soreness, dry mouth, and a distinct aftertaste.
Moreover, oral CBD oil-based formulations tested in clinical trials were characterized by low
bioavailability and also irregular absorption from the gastrointestinal tract. This resulted in
variable pharmacokinetics, often leading to high dose administration [3].
In patients with LGS/DA who received >1 dose of CBD and >1 assessment after baseline, up
to 91% experienced treatment-related adverse events and 41% experienced serious adverse
events. The most commonly reported AEs from all causes were drowsiness (30%), seizures
(24%) and diarrhea (24%) [6]. As for the adverse effects of CBD on the digestive system, an
increased incidence of diarrhea has been observed . Single doses of CBD, 1. 5gand 4. 5 g,
were found to induce diarrhea in 10% and 20% of participants in the experimental study,
respectively [19,23]. This may illustrate the role of the endocannabinoid system in regulating
gastrointestinal motility. CBD treatment was also associated with reduced appetite. The
endocannabinoid system contributes to the regulation of food intake and moderates the
pleasure derived from food consumption. It has also been observed that CBD found in
cannabis can reduce the appetitive effects of food stimuli; however, the molecular mechanism
of this action remains unclear [24].

In a study (Laux et al, 2019), the most common serious adverse reactions from all
causes in the patients studied were seizures (14%), status epilepticus (9%), pneumonia (5%)
and fever (4%). No cases of cannabinoid congestion syndrome have been reported .
Abnormal hepatic adverse events (i. e. , alanine aminotransferase/aspartate aminotransferase
>3 x upper limit of normal) were reported in 15% (22/152) of patients [6]. In another study,
serious adverse events occurred in 40 patients (10 in the placebo group, 13 in the 10g CBD
dose group and 17 in the 20g CBD group).
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Adverse events resolved by the end of the study in 61 of 118 patients (51. 7%) in both
cannabidiol groups and 35 of 58 patients (60. 3%) in the placebo group. No deaths have
occurred. An increase in liver transaminase levels more than 3 times the upper limit of the
reference range occurred in 16 of 133 patients (12. 0%) of both cannabidiol groups (3 of 44
[6. 8%] in the 10g CBD and 13 of 47 [27. 7%] in the 20g CBD group), all of whom were
taking concomitant valproate and no patients in the placebo group [5,21,25].

Drug interactions

CBD interacts with many enzymes, is rapidly removed, and is therefore less
susceptible to modulation by drugs that affect metabolizing enzymes. Furthermore, inhibitors
and inducers or genetic background do not affect the pharmacokinetic profile of CBD.
Bioavailability of oral oil preparations is limited (<6%) due to extensive first-pass
metabolism in the liver [9].

CBD is a potent inhibitor of CYP450, CYP3A4 and CYP2C19 enzymes that
metabolize clobazam and sodium valproate. These drugs were prescribed in more than half of
the patients in the three major epilepsy studies included in the meta-analysis. Inhibition of
CYP2C19 may increase the concentration of the clobazam metabolite (N-
desmethylclobazam) by 2-7 fold and this has a significant sedative effect. The exact
mechanism of interaction with sodium valproate is not fully understood. Concomitant
administration of CBD and valproate does not significantly alter their plasma concentrations
or those of their metabolites. However, the metabolite 7-COOH-CBD, valproate and its
metabolite 4-en-valproic acid may affect hepatic mitochondrial function [24]. In an efficacy
study of cannabidiol in subjects with Lennox-Gaust syndrome, liver enzyme abnormalities
were mainly observed in patients who were concurrently receiving valproic acid, which may
indicate an interaction with this drug [16]. In patients receiving clobazam with oral
cannabidiol solution at 40 mg/kg/day, the mean exposure to cannabidiol increased
approximately 2. 5-fold compared to patients not receiving clobazam, possibly indicating the
presence of a drug-drug interaction with clobazam. Food has also been shown to increase
exposure to cannabidiol [5,16].

In an open study by Gaston and colleagues, CBD may also interact with other
antiepileptic drugs such as: a linear increase in serum levels of topiramate and rufinamide (in
both adult and pediatric patients) and interactions with eslicarbazepine and zonisamide were
documented but only in adult patients [13]. Research suggests that CBD may also interact
with benzodiazepines. It has been noted that the active metabolites of benzodiazepines
increase significantly with concurrent use of CBD and CBD-rich medical marijuana [26].
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Summary and conclusions

In conclusion, newly available studies support the use of CBD as an effective
treatment option to reduce seizure frequency in children with drug-resistant epilepsy.
Products containing both CBD and THC can be equally effective; however, most of the
available evidence relates only to pharmaceutical-grade CBD [19]. In a 2019 study (Laux and
co-authors) involving children and adults with TRE, CBD supplementation effectively
reduced the median monthly frequency of mainstream seizures and total seizures after 12
weeks of treatment in a subgroup of patients with Dravet and Lennox-Gastaut syndrome. This
stabilization lasted for a period of 2 years, without increasing the dose of CBD. On average,
nearly half of all patients with Dravet and Lennox-Gastaut syndrome showed a >50%
reduction in main motor and total seizures after 12 weeks of treatment and at 2-year follow-
up [6]. The role of CBD in the treatment of drug-resistant epilepsy is adjuvant and also often
overestimated. The majority of patients (91%) experienced side effects but these are usually
mild. One of the most common side effects include decreased appetite, diarrhea and fatigue.
They occur more frequently in the higher-dose CBD group (e. g. , at doses of 20 mg/kg/d), as
do serious side effects that can lead to treatment discontinuation and elevations in liver
transaminases of more than three times the reference range. Laboratory monitoring should
focus on hepatotoxicity and therapeutic monitoring of other concomitant drugs. The area for
further research should include the efficacy and optimal dose of CBD in adult patients with
epilepsy, particularly focal epilepsy, long-term psychiatric and cognitive adverse effects
associated with CBD, and strategies to reduce costs and improve access to CBD for people
with epilepsy. Increasing the availability of CBD as adjunctive medication against severe
forms of epilepsy, may in some cases provide significant benefits [6,9,27]. From the available
studies in the pediatric population, synthetic cannabidiol oral solution can be considered safe
at all doses tested and generally well tolerated in this population [5,10,21].

From the available literature review, there are many studies on the use and efficacy of
cannabidiol for the treatment of epileptic seizures in the pediatric population, but there are no
reports on the use of CBD in the adult population, which may be an area for further research.
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