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A B S T R A C T

Epilepsy is one of the most common neurological conditions worldwide. Cannabinoids, particularly cannabidiol 
(CBD) and tetrahydrocannabinol (THC), have demonstrated therapeutic potential in the treatment of epilepsy 
due to their interaction with the endocannabinoids system. Despite these developments, the use of medical 
cannabis is still complicated because of legal obstacles, the different psychoactive effects of different cannabinoid 
receptors, and concerns about long-term safety, especially in populations with young children. The development 
of new regulations will be essential to increasing access to patients’ cannabis medications. Cannabis has the 
potential to change the therapeutic landscape for neurological illnesses like seizures, provided that science and 
regulation continue to progress.

Abbreviations
AED Antiepileptic drug
CBD Cannabidiol
CB1 Cannabinoid receptor type 1
CB2 Cannabinoid Receptor type 2
ECS Endocannabinoid system
EMA European medicines agency
FADE Fenfluramine for the treatment of Dravet syndrome
FDA U.S. food and drug administration
GWPCARE Cannabidiol studies in patients with Lennox-Gastaut 

syndrome
GWEPID Cannabidiol studies in patients with Dravet syndrome
LGS Lennox-Gastaut syndrome
RCT Randomized controlled trial
STICLO Stiripentol in Combination therapy for Dravet syndrome
THC Tetrahydrocannabinol
WHO World health organization

1. Introduction

Epilepsy is one of the most common neurological disorders globally, 
affecting approximately 50 million people, according to the World 

Health Organization (WHO) [1]. This significant prevalence highlights 
the need for effective treatment options, particularly for patients with 
drug-resistant forms of epilepsy, where traditional antiepileptic drugs 
(AEDs) often prove inadequate[2]. Modifications in central inhibitory 
amino acid (GABA) and excitatory neurotransmission of glutamate are 
critical for the development of epilepsy [3]. There are several ways that 
epileptic seizures can appear, and each has unique qualities that help 
with diagnosis and categorization. A classification system for seizures is 
offered by the International League against Epilepsy depending on the 
clinical manifestation and underlying etiology of epileptic syndromes 
[4]. A variety of seizure types can be generically categorized, such as 
generalized, combination generalized and focal, focal, and unknown 
epilepsy groups. Partial seizures, sometimes called focal seizures, start in 
a particular portion of the brain and can display symptoms that are 
either motor or non-motor based on the affected brain area [5]. One of 
the biggest challenges in managing epilepsy is dealing with seizures that 
don’t go away even after taking antiepileptic medication. Failure to 
attain prolonged seizure independence despite sufficient trials of at least 
two antiepileptic medications used either in combination or as mono
therapy is referred to as drug-resistant epilepsy [6]. Drug-resistant epi
lepsy affects around one in three epileptic individuals [7,8]. Research 
has looked at the usage of cannabis, particularly products enhanced with 
CBD, in patients with treatment-resistant epilepsy who are both adult 
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and pediatric patients [9,10,11].

1.1. The morphology, traits, and phytochemical composition of Cannabis 
sativa

The plant Cannabis sativa, which belongs to the Cannabaceae family, 
is extremely fascinating to scientists. It is well known for its intricate 
molecular makeup, wide range of physiological effects, and important 
pharmacological and medical consequences. Anticonvulsive, analgesic, 
anti-inflammatory, and neuroprotective properties are all exhibited by 
Cannabis sativa [12,13]. Additionally, studies have indicated that it 
possesses anti-inflammatory, antibacterial, antifungal, antioxidant, and 
anticancer activities [14]. >125 cannabinoids have been discovered 
among the >500 chemical components contained in cannabis sativa 
[15]. CS is a robust taproot system-supporting annual pollinated plant 
with upright stems. The woody interior appearance of the generally 
angular, branching stems varies in height from 1 to 6 m and seems 
hollow at the internodes. Its branches may grow in an opposing or 
alternating pattern [16]. Medical research is now focused on two active 
molecules of great interest: cannabidiol (CBD) and the hallucinogenic 
chemical Δ-9-THC [17]. The most powerful cannabinoid found in 
organic cannabis is Δ-9-THC, which induces euphoria and pleasure [17]. 
Cannabinol (CBN) and CBD are among the other key phytocannabinoid 
components in CS [18]. Furthermore, it has been determined that over 
120 distinct cannabinoids have been identified, separated, and studied 
in relation to the medicinal benefits of CS [19,20]. In addition to their 
neuroprotective properties, cannabinoids are also known to regulate 
analgesia and anti-inflammatory pathways [20]. Phytocannabinoids, 
which include CBD and Δ-9-THC, and anandamide (ANA) are two types 
of cannabinoids that are lipophilic in nature [21].

1.2. Rise of medical Cannabis in neurological disorder, epilepsy

Medical marijuana has attracted a lot of interest in the last 10 years 
due to its possible medicinal uses for a range of neurological conditions. 
An essential function of the endocannabinoid system, which is made up 
of endogenous cannabinoids and their receptors (mostly CB1 and CB2), 
is to regulate neurotransmission and neuroprotection. This has promp
ted researchers to examine cannabinoids, particularly cannabidiol 
(CBD) and tetrahydrocannabinol (THC), for their potential therapeutic 
effects in illnesses such as multiple sclerosis, Parkinson’s disease, and 
epilepsy [22]. Cannabis sativa is particularly popular for epilepsy 
treatment because traditional antiepileptic medicines (AEDs) frequently 
fail to control seizures in roughly one-third of patients with intractable 
epilepsy [23]. An important turning point in this field was the FDA’s 
groundbreaking approval of Epidiolex in 2018, the first 
cannabis-derived medicine ever approved for the treatment of epilepsy 
[24]. A refined version of CBD derived from plants called Epidiolex has 
demonstrated effectiveness in lowering seizure frequency in those with 
severe forms of epilepsy, including Lennox-Gastaut syndrome and Dra
vet syndrome [25]. Cannabinoids’ anticonvulsant properties have been 
validated by preclinical research conducted on animal models [26]. 
Clinical trials have shown that in people with treatment-resistant epi
lepsy, CBD considerably lowers the frequency of seizures [24]. Despite 
these developments, the use of medical cannabis is still complicated 
because of legal obstacles, the different psychoactive effects of different 
cannabinoids (CBD is not psychoactive, whereas THC is) [27], and 
worries about long-term safety, especially in populations with young 
children [28]. However, the development of cannabis-based treatments 
for epilepsy offers a promising new direction for neurotherapeutics. The 
application of medical cannabis in neurological disorders, especially 
epilepsy, has shown promising results in preclinical and clinical studies 
over the last few decades. Preclinical studies have been particularly 
insightful in establishing the anticonvulsant properties of cannabinoids, 
as well as exploring the mechanisms underlying their effects on seizure 
reduction and neuroprotection. Preclinical studies have been 

particularly insightful in establishing the anticonvulsant properties of 
cannabinoids, as well as exploring the mechanisms underlying their 
effects on seizure reduction and neuroprotection. 

1. Anticonvulsant properties in animal models 
In various rodent models, cannabinoids, particularly cannabidiol 

(CBD), have demonstrated significant anticonvulsant effects. For 
instance, CBD has been shown to reduce seizure frequency and 
severity in chemically induced epilepsy models. A study conducted 
by Jones et al. (2010) demonstrated that CBD exhibits antiepileptic 
and neuroprotective properties in mice by reducing seizure incidence 
and severity without significant side effects. The study highlighted 
CBD’s potential as a therapeutic agent in reducing epileptiform ac
tivity in vitro and in vivo [29].

2. Impact on refractory epilepsy 
Another key preclinical finding is the potential role of CBD in 

treatment-resistant epilepsy models. Rosenberg, Patra, and Whalley 
(2017) evaluated the efficacy of CBD in rodent models of refractory 
epilepsy and found a marked reduction in seizure frequency, sug
gesting that CBD might help patients who do not respond to tradi
tional antiepileptic drugs (AEDs). Additionally, the study indicated a 
reduction in neuronal excitability and neuroinflammation, which are 
implicated in seizure generation and propagation in epilepsy [30].

3. Neuroprotective effects 
Beyond seizure control, cannabinoids also provide neuro

protective benefits that may be particularly beneficial in epilepsy, 
where recurrent seizures can cause brain damage. Studies by Ibeas 
Bih et al. (2015) highlighted that CBD reduces neurotoxicity and 
inflammation in neuronal cells, suggesting that it may offer both 
symptomatic relief and neuroprotection in chronic epilepsy. Their 
findings indicate that CBD influences several molecular pathways, 
such as reducing oxidative stress and apoptosis, thus potentially 
preventing seizure-induced neuronal damage [31].

4. Combination therapy benefits 
Combining CBD with traditional AEDs has also shown beneficial 

outcomes in preclinical models. In a study by Press et al. (2015), CBD 
enhanced the effectiveness of certain AEDs, reducing required doses 
and side effects in mouse models of epilepsy. This synergy between 
CBD and AEDs is particularly promising for patients who experience 
adverse effects from high AED doses, supporting the role of CBD as an 
adjunct therapy [32].

5. Mechanistic insights into seizure reduction 
Szaflarski and Bebin (2014) provided insights into the mechanisms 

of cannabinoid action, showing that CBD modulates several path
ways linked to seizure regulation, including GABAergic and gluta
matergic neurotransmission. Their preclinical studies on seizure 
models demonstrated that CBD’s actions on the endocannabinoid 
system (ECS) play a role in reducing excitatory signaling and 
enhancing inhibitory pathways, leading to a lower likelihood of 
seizure events. These findings provide a mechanistic basis for CBD’s 
anticonvulsant properties in epilepsy [33].

2. Cannabinoids and their mechanisms in epilepsy

Cannabinoids, notably cannabidiol (CBD) and tetrahydrocannabinol 
(THC), have demonstrated therapeutic potential in the treatment of 
epilepsy due to their interaction with the endocannabinoid system. This 
section describes the primary methods by which cannabis regulates 
neuronal circuits, reduces seizure activity, and provides neuroprotection 
[34,35].

2.1. The endocannabinoid system (ECS) and receptor modulation

Especially in the central nervous system, the intricate cell-signaling 
mechanism known as the ECS is vital to preserving homeostasis [36]. 
It consists of the CB1 and CB2 main cannabinoid receptors. Most CB1 
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receptors are expressed in the brain, particularly in regions like the 
hippocampus and cerebral cortex that are involved in the production of 
seizures [37]. When CB1 receptors are activated, less neurotransmitter, 
such as glutamate, is released, which lowers excitatory signaling [38]. 
Peripheral tissues have the majority of CB2 receptors, which are impli
cated in immunological responses as well as neuroprotective effects in 
specific neurological disorders [39].

2.2. Cannabidiol (CBD) and its anticonvulsant mechanisms

The anticonvulsant qualities of cannabidiol (CBD) have drawn a lot 
of interest, especially in cases of epilepsy that reject therapy [40]. Unlike 
THC, CBD fails directly to bind to CB1 or CB2 receptors but produces its 
effects via various mechanisms. It has an effect on serotonin (5-HT1A) 
receptors, vanilloid (TRPV1) receptors, and a variety of ion channels 
that control neuronal activity [41]. One major method via which CBD 
exerts its anticonvulsant benefits is by lowering oxidative stress and 
neuroinflammation, two key factors to epilepsy development [42]. CBD 
reduces the production of pro-inflammatory cytokines and reactive ox
ygen species (ROS), therefore shielding neurons from excitotoxic injury 
[43]. Furthermore, CBD increases the activity of GABA, an inhibitory 
neurotransmitter that balances neuronal hyperexcitability, a common 
seizure trigger [44].

2.3. Tetrahydrocannabinol (THC) and its role in seizure modulation

Cannabis sativa’s psychoactive ingredient, tetrahydrocannabinol 
(THC), has been researched for its anticonvulsant properties, mainly due 
to its activation of CB1 receptors [45]. By activating CB1 receptors, THC 
can help regulate seizures by reducing the release of excitatory neuro
transmitters [46]. However, THC’s euphoric effects limit its therapeutic 
relevance for treating epilepsy, especially in younger individuals, as 
they might cause anxiety and cognitive deterioration [47].

2.4. Preclinical evidence of cannabinoids in epilepsy

Extensive preclinical research has proven the anticonvulsant prop
erties of cannabinoids, notably CBD, in diverse animal models of epi
lepsy [47]. These investigations demonstrate that the frequency, 
intensity, and length of seizures can all be markedly decreased by 
cannabis [48].For example, it has been demonstrated that CBD effec
tively lowers seizures in animal models of Dravet syndrome, a severe 
kind of epilepsy that affects children [49].

2.5. Clinical evidence supporting cannabinoid use in epilepsy

Clinical trials have provided compelling evidence of the efficacy of 
cannabinoids in epilepsy treatment [50]. Purified CBD, or Epidiolex, is 
an FDA-approved medication that has shown a noteworthy decrease in 
seizure frequency in patients with treatment-resistant epilepsy, 
including Lennox-Gastaut syndrome and Dravet syndrome [50,51]. 
Despite the fact that CBD is safe and non-psychoactive, questions still 
exist about the long-term effectiveness of THC and other cannabinoids, 
particularly in the treatment of epilepsy [52].

3. Safety and tolerability

3.1. Safety profile of epidiolex

Thorough clinical trials have been conducted on Epidiolex, a pure 
CBD product, to evaluate its safety and tolerability [53]. Patients have 
generally been found to tolerate Epidiolex well. The most frequently 
mentioned adverse effects are weariness, diarrhea, decreased appetite, 
and somnolence [53]. Although they are uncommon, serious side effects 
can include abnormal liver enzyme levels, which call for routine 
monitoring of liver function while on therapy [54].

3.2. Clinical trial findings

The incidence of side events in patients with Dravet syndrome who 
participated in the pivotal study by Devinsky et al. [55] was comparable 
to that of other antiepileptic medications [53]. The majority of side ef
fects were mild to moderate in nature, with drowsiness, decreased 
appetite, and gastrointestinal problems being the most common [53]. In 
a similar vein, the Thiele et al. [56] experiment involving patients with 
Lennox-Gastaut syndrome verified that CBD was usually well tolerated, 
despite the observation of side symptoms such as sleepiness, decreased 
appetite, and diarrhea [57].

In recent years, clinical trials have focused on investigating the ef
ficacy and safety of novel treatments for epilepsy, especially for drug- 
resistant cases where traditional antiepileptic drugs (AEDs) have been 
insufficient. Below are some of the most significant findings from these 
clinical trials, including trial IDs for reference. 

1. Cannabidiol (CBD) in drug-resistant epilepsy

Several pivotal trials have investigated cannabidiol (CBD), a non- 
psychoactive compound derived from Cannabis sativa, for its potential 
in managing treatment-resistant epilepsy. Among these, the GWPCARE 
trials (GWPCARE3 and GWPCARE4) evaluated the efficacy and safety of 
CBD in patients with Lennox-Gastaut syndrome (LGS), a severe form of 
epilepsy.

oTrial GWPCARE3 (NCT02224560): This multicenter, randomized, 
double-blind, placebo-controlled trial enrolled 225 patients with 
Lennox-Gastaut syndrome. Patients received CBD as an adjunct to their 
standard AED therapy, and outcomes demonstrated a significant 
reduction in seizure frequency. Specifically, the median reduction in 
drop seizures was 43.9 % in the CBD group versus 21.8 % in the placebo 
group over a 14-week treatment period [58].

oTrial GWPCARE4 (NCT02224690): Similar to GWPCARE3, this 
trial included 171 patients with LGS, and results confirmed a significant 
reduction in seizure frequency for those receiving CBD (41.9 %) 
compared to placebo (17.2 %). Adverse effects were generally mild to 
moderate, with common side effects including somnolence, decreased 
appetite, and diarrhea. The study established CBD as a safe and effective 
adjunct treatment for reducing seizure frequency in LGS [59]. 

2. Cannabidiol for Dravet syndrome

The GWEPID trial (NCT02091375) assessed the use of CBD in pa
tients with Dravet syndrome, a rare and severe form of epilepsy often 
unresponsive to conventional AEDs.

oTrial GWEPID (NCT02091375): This trial was a randomized, 
double-blind, placebo-controlled study involving 120 patients. The 
study found that CBD led to a median reduction of 39 % in monthly 
convulsive seizures, compared to a reduction of only 13 % in the placebo 
group. Significant seizure reduction occurred in 43 % of CBD-treated 
patients, compared to only 27 % in the placebo group. These results 
contributed to the FDA’s approval of Epidiolex (CBD) as the first 
cannabis-derived treatment for Dravet syndrome in 2018 [60]. 

3. Fenfluramine for Dravet syndrome and LGS

Fenfluramine, traditionally an appetite suppressant, has been 
repurposed for epilepsy management due to its serotonergic and anti- 
seizure effects.

oStudy ID FADE (NCT02926898): In this double-blind, placebo- 
controlled study, 115 patients with Dravet syndrome were randomized 
to receive either fenfluramine or a placebo. Outcomes showed a median 
seizure frequency reduction of 62.3 % in the fenfluramine group, 
compared to 1.2 % in the placebo group. Notably, fenfluramine was 
well-tolerated, with common side effects including fatigue and 
decreased appetite. This trial led to the FDA approval of fenfluramine for 
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Dravet syndrome in 2020 [61]. 

4. Stiripentol in Dravet syndrome

Stiripentol is another AED that has shown efficacy in managing sei
zures associated with Dravet syndrome.

oSTICLO Trial (NCT03084653): This placebo-controlled study 
focused on patients with Dravet syndrome who were already receiving 
clobazam and valproate. Results showed a marked improvement in 
seizure control for patients taking stiripentol as an adjunct, with a 
seizure frequency reduction of over 50 % in >70 % of participants. Side 
effects, including drowsiness, loss of appetite, and weight loss, were 
common but manageable, reinforcing the potential of stiripentol as an 
add-on therapy in Dravet syndrome [62].

3.3. Summary of clinical outcomes

The clinical trials mentioned above highlight significant advance
ments in the treatment of drug-resistant epilepsy, especially for severe 
types like Lennox-Gastaut and Dravet syndromes. Cannabidiol (CBD) 
has emerged as a prominent therapy, showing consistent efficacy in 
reducing seizure frequency and gaining regulatory approval for LGS and 
Dravet syndrome. Other medications, such as fenfluramine and stir
ipentol, have also shown promising results as adjunctive therapies, 
supporting their use in targeted patient populations. Although these 
therapies have proven beneficial, some adverse effects were noted, 
including drowsiness, decreased appetite, and gastrointestinal symp
toms, emphasizing the need for careful monitoring in clinical use.

3.4. Comparison with other antiepileptic drugs

When weighed against conventional antiepileptic medications 
(AEDs), the safety profile of CBD is rather favorable [63]. In comparison 
to traditional antiepileptic drugs (AEDs), CBD has a rather good safety 
record [63].Careful supervision is necessary due to its potential for liver 
enzyme increases and interactions with other drugs. For patients using 
Epidiolex, routine liver function testing is advised to avoid any potential 
hepatic problems [64].

3.5. Considerations for long-term use

Long-term safety data are still being gathered, despite the promise 
demonstrated by Epidiolex and other CBD-based medicines [65]. 
Chronic cannabis usage raises concerns regarding long-term conse
quences on mental health and cognitive function as well as possible 
developmental implications, especially in pediatric populations [65]. To 
address any new safety concerns, like with other medicines, personal
ized treatment regimens and continuous monitoring are crucial [66].

3.6. Side effects of available AED therapy in drug-resistant epilepsy

1. Cognitive and behavioral effects: Many AEDs can impact cognitive 
functions, leading to memory impairment, slowed processing speed, 
and decreased concentration. Behavioral side effects, including 
mood changes, depression, or even suicidal thoughts, are also re
ported, particularly with drugs like levetiracetam, topiramate, and 
zonisamide [67,68].

2. Sedation and fatigue: AEDs such as benzodiazepines and barbitu
rates are commonly associated with sedation, fatigue, and drowsi
ness, which can reduce daytime functioning and productivity. These 
effects may exacerbate pre-existing cognitive impairments often 
observed in epilepsy patients [69,70].

3. Weight changes: Several AEDs can cause significant weight gain or 
loss. For example, valproate and gabapentin are linked to weight 
gain, while topiramate and zonisamide may cause weight loss, which 
can affect patient health, adherence, and self-esteem [71,72].

4. Gastrointestinal and metabolic issues: AEDs such as valproate, 
carbamazepine, and phenytoin may lead to gastrointestinal distur
bances (nausea, vomiting) and metabolic side effects, including liver 
enzyme elevation, which may require regular monitoring. Long-term 
valproate use, in particular, is associated with increased risk of liver 
toxicity [73,74].

5. Bone health: Chronic use of AEDs like phenytoin, carbamazepine, 
and valproate has been associated with decreased bone density, 
leading to a higher risk of osteoporosis and fractures. This is 
particularly concerning for patients who rely on these medications 
over many years [75].

6. Dermatologic reactions: Some AEDs, including lamotrigine and 
carbamazepine, can cause severe skin reactions, such as Stevens- 
Johnson syndrome, which is potentially life-threatening [76].

7. Teratogenic risks: Certain AEDs, notably valproate, are known te
ratogens and carry significant risks if used during pregnancy, 
including developmental and cognitive deficits in the child. This 
presents a critical consideration for women of childbearing age with 
epilepsy [77].

4. Challenges and controversies

There are a number of difficulties and disagreements with using 
cannabinoids, especially cannabidiol (CBD), to treat epilepsy, despite 
the fact that interest in this treatment option is expanding. These com
plications are the result of clinical, pharmacological, and legal consid
erations that need to be carefully taken into account.

4.1. Regulatory challenges

The legal status of cannabis is one of the biggest obstacles to its 
medical use [78].Although the FDA has approved medications like 
Epidiolex (CBD) for the treatment of some epileptic diseases like 
Lennox-Gastaut syndrome and Dravet syndrome, cannabis is still 
considered a Schedule I restricted substance in many countries, 
including the US [79]. This categorization suggests that cannabis has no 
recognized medicinal utility and a considerable potential for abuse, 
which complicates access and study [79]. The legal picture for 
cannabinoid-based medicines is further complicated by differences be
tween federal and state legislation as well as international disparities 
[80].

4.2. Variability in cannabinoid products

Products containing cannabinoids are not all made equal. Cannabis 
products differ greatly in terms of potency, purity, and content based on 
the source, cultivation technique, and extraction method used [81]. It is 
challenging to guarantee consistent therapy outcomes when there is a 
lack of uniformity [81]. Moreover, tetrahydrocannabinol (THC), the 
psychoactive ingredient in cannabis, is present in a range of amounts 
and can complicate treatment, especially for patients who are young 
and/or sick [82].

4.3. Long-term safety concerns

Although studies conducted in the short term have shown that CBD is 
generally safe and well-tolerated, questions about the long-term safety 
of cannabinoids still need to be answered [83].

There is ongoing research on the possibility of negative cognitive, 
developmental, or psychiatric impacts, especially in children, adoles
cents, and people with pre-existing mental health disorders [84]. 
Furthermore, long-term cannabis usage has sparked worries about 
possible liver toxicity and combinations with other antiepileptic medi
cations, necessitating close patient observation [85].
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4.4. Limited understanding of mechanisms

The precise processes by which cannabinoids, particularly CBD, 
prevent seizures remain unclear despite mounting evidence of their 
anticonvulsant effects [86]. The majority of studies concentrate on the 
way that cannabinoids interact with the endocannabinoid system; 
however, other pathways, like the regulation of serotonin, vanilloid, and 
GABA receptors, are still not well understood [87].

4.5. Variability in clinical efficacy

The effectiveness of cannabis therapy varies greatly from patient to 
patient. Some people see a significant decrease in the frequency of their 
seizures, while others show little to no change at all [88]. Genetic var
iables, variances in underlying epileptic etiology, and changes in 
cannabis metabolism are likely to influence this heterogeneity [89]. 
Furthermore, it is still difficult to identify the patient subgroups that will 
benefit from cannabis therapy because there aren’t enough large-scale, 
long-term clinical trials [90].

4.6. Ethical concerns in pediatric use

There is much controversy over the use of cannabis in pediatric ep
ilepsy [91]. On the basis of anecdotal stories and early clinical success, 
some parents favor its usage; however, medical specialists stress that 
more rigorous evidence is needed to support its widespread use in 
children [92].This argument is still centered on worries about possible 
long-term negative effects and the effect on brain development [93]. 
Dosing issues further complicate pediatric use because pediatric dose 
guidelines have yet to be established and proven [94].

4.7. Stigma and social perception

Even with its potential medical benefits, cannabis-based therapy use 
is still stigmatized in society [95].Because of the bad reputation that 
comes with using cannabis recreationally, many patients and medical 
professionals are reluctant to use or prescribe cannabinoids [96].This 
stigma can deter doctors from suggesting or researching 
cannabinoid-based medicines for epilepsy, as well as keep patients from 
receiving potentially helpful treatments [97].

5. Future directions

As research into cannabinoids, particularly cannabidiol (CBD), con
tinues, various new areas of inquiry have developed, with a focus on 
improving therapeutic efficacy, extending applications, and addressing 
existing problems in cannabinoid-based epilepsy treatments.

5.1. Understanding cannabinoid mechanisms

Subsequent research endeavors should concentrate on clarifying the 
exact pathways by which cannabinoids, particularly CBD, achieve their 
anticonvulsive impacts [98]. Although their relationship with the 
endocannabinoid system is well understood, further research is needed 
to fully understand other pathways, such as the modulation of serotonin 
and GABA receptors [99].

5.2. Expanding clinical applications

The encouraging outcomes of refractory epilepsy clinical studies 
have spurred interest in the investigation of cannabis for other types of 
epilepsy, such as generalized epilepsy and epileptic encephalopathies 
[100].Additionally, cannabinoids may be investigated as supplemental 
treatments to conventional antiepileptic medications (AEDs), especially 
for individuals with drug-resistant epilepsy or partial seizure control 
[101].

5.3. Personalized medicine approaches

Future research should concentrate on individualized treatment 
strategies because patients differ in their cannabis metabolism and ef
ficacy from one another. Age, genetics, and the underlying epileptic 
pathology can all affect how each person reacts to cannabis [102]. 
Creating biomarkers to identify individuals who will respond best to 
cannabis therapy has the potential to improve treatment results [103].

5.4. Addressing safety concerns

Studies on long-term safety are essential to comprehending the 
possible negative consequences of long-term cannabis usage, especially 
in young people [104]. In order to make sure that using marijuana with 
other antiepileptic medications does not have negative side effects, 
future studies should also concentrate on any possible interactions be
tween these substances [105].

5.5. Developing standardized cannabinoid formulations

One of the biggest obstacles to clinical consistency in marijuana 
medications today is the absence of standardization. For upcoming 
cannabis medicines, standardizing dosages, formulations, and delivery 
techniques will be essential [106]. Research should also concentrate on 
improving delivery technologies, including inhalation patches or 
transdermal patches, to improve bioavailability and patient compliance 
[107].

5.6. Expanding regulatory approvals

The development of new regulations will be essential to increasing 
access to epilepsy patients’ cannabis medications. Updating the world
wide drug schedule and facilitating easier access to cannabis-derived 
pharmaceuticals for medicinal and research purposes should be the 
main priorities of future initiatives [108]. It will take cooperation be
tween researchers, medical professionals, and legislators to negotiate 
the intricate legal system and guarantee that patients get the care they 
require [109].

6. Conclusion

The treatment of epilepsy has advanced significantly with the advent 
of cannabinoid-based therapies, especially those involving drug- 
resistant types such as Lennox-Gastaut syndrome and Dravet syn
drome. One such therapy is cannabidiol (CBD). Cannabinoids are 
effective in lowering seizure frequency, according to preclinical and 
clinical studies, providing fresh hope for those with few therapeutic 
options. Notwithstanding the potential, there are still issues to be 
resolved, such as the requirement for standardized formulations, 
comprehension of long-term safety, and removal of regulatory obstacles. 
To ensure that cannabinoids become a dependable and safe component 
of epilepsy care, future research must continue to investigate tailored 
techniques, refine cannabis formulations, and increase clinical uses. 
Cannabinoids have the potential to change the therapeutic landscape for 
neurological illnesses like epilepsy, provided that science and regulation 
continue to progress.
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[21] M.I. Khan, A.A. Sobocińska, A.M. Czarnecka, M. Król, B. Botta, C. Szczylik, The 
therapeutic aspects of the Endocannabinoid System (ECS) for cancer and their 
development: from nature to laboratory, Curr. Pharm. Des. 22 (12) (2016) 
1756–1766, https://doi.org/10.2174/1381612822666151211094901. PMID: 
26654588.

[22] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[23] J.P. Szaflarski, E.M. Bebin, Cannabis, cannabidiol, and epilepsy—from receptors 
to clinical response, Epilepsy Behav. 41 (2014) 277–282, https://doi.org/ 
10.1016/j.yebeh.2014.08.135.

[24] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[25] E.A. Thiele, E.D. Marsh, J.A. French, et al., Cannabidiol in patients with seizures 
associated with Lennox-Gastaut syndrome (GWPCARE4): a randomized, double- 
blind, placebo-controlled phase 3 trial, The Lancet 391 (10125) (2018) 
1085–1096, https://doi.org/10.1016/S0140-6736(18)30136-3.

[26] E.C. Rosenberg, P.H. Patra, B.J. Whalley, Therapeutic effects of cannabinoids in 
animal models of seizures, epilepsy, epileptogenesis, and epilepsy-related 
neuroprotection, Epilepsy Behav. 70 (2017) 319–327, https://doi.org/10.1016/j. 
yebeh.2016.11.006.

[27] K. Mackie, Cannabinoid receptors: where they are and what they do, 
J. Neuroendocrinol. 20 (s1) (2008) 10–14, https://doi.org/10.1111/j.1365- 
2826.2008.01671.x.

[28] C.A. Press, K.G. Knupp, K.E. Chapman, Parental reporting of response to oral 
cannabis extracts for treatment of refractory epilepsy, Epilepsy Behav. 45 (2015) 
49–52, https://doi.org/10.1016/j.yebeh.2015.02.043.

[29] N.A. Jones, A.J. Hill, I. Smith, et al., Cannabidiol displays antiepileptiform and 
antiseizure properties in vitro and in vivo, J. Pharmacol. Exp. Ther. 332 (2) 
(2010) 569–577, https://doi.org/10.1124/jpet.109.159145.

[30] E.C. Rosenberg, P.H. Patra, B.J. Whalley, Therapeutic effects of cannabinoids in 
animal models of seizures, epilepsy, epileptogenesis, and epilepsy-related 
neuroprotection, Epilepsy Behav. 70 (2017) 319–327, https://doi.org/10.1016/j. 
yebeh.2016.11.006.

[31] C. Ibeas Bih, T. Chen, A.V.W. Nunn, et al., Molecular targets of cannabidiol in 
neurological disorders, Neurotherapeutics. 12 (4) (2015) 699–730, https://doi. 
org/10.1007/s13311-015-0377-3.

[32] C.A. Press, K.G. Knupp, K.E. Chapman, Parental reporting of response to oral 
cannabis extracts for treatment of refractory epilepsy, Epilepsy Behav. 45 (2015) 
49–52, https://doi.org/10.1016/j.yebeh.2015.02.043.

[33] J.P. Szaflarski, E.M. Bebin, Cannabis, cannabidiol, and epilepsy—from receptors 
to clinical response, Epilepsy Behav. 41 (2014) 277–282, https://doi.org/ 
10.1016/j.yebeh.2014.08.135.

[34] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[35] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[36] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[37] K. Mackie, Cannabinoid receptors: where they are and what they do, 
J. Neuroendocrinol. 20 (s1) (2008) 10–14, https://doi.org/10.1111/j.1365- 
2826.2008.01671.x.

[38] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[39] K. Mackie, Cannabinoid receptors: where they are and what they do, 
J. Neuroendocrinol. 20 (s1) (2008) 10–14, https://doi.org/10.1111/j.1365- 
2826.2008.01671.x.

[40] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of Cannabidiol for Drug-Resistant 
Seizures in the Dravet Syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[41] C. Ibeas Bih, T. Chen, A.V.W. Nunn, et al., Molecular targets of cannabidiol in 
neurological disorders, Neurotherapeutics. 12 (4) (2015) 699–730, https://doi. 
org/10.1007/s13311-015-0377-3.

[42] N.A. Jones, A.J. Hill, I. Smith, et al., Cannabidiol displays antiepileptiform and 
antiseizure properties in vitro and in vivo, J. Pharmacol. Exp. Ther. 332 (2) 
(2010) 569–577, https://doi.org/10.1124/jpet.109.159145.

[43] E.C. Rosenberg, P.H. Patra, B.J. Whalley, Therapeutic effects of cannabinoids in 
animal models of seizures, epilepsy, epileptogenesis, and epilepsy-related 

Mohd.ShoebA. Mukhtar et al.                                                                                                                                                                                                                

https://www.who.int/news-room/fact-sheets/detail/epilepsy
https://www.who.int/news-room/fact-sheets/detail/epilepsy
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0002
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0002
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0003
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0003
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0004
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0004
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0004
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0004
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0006
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0006
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0006
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0006
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0006
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0007
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0007
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0007
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0007
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0007
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0008
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0008
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0008
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0008
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0009
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0009
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0009
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0010
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0010
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0010
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0011
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0011
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0012
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0012
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0012
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0012
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0013
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0013
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0013
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0013
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0014
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0014
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0014
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0015
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0015
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0016
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0016
https://doi.org/10.1021/ja01062a046
https://doi.org/10.1021/ja01062a046
https://doi.org/10.1016/j.pbb.2010.03.004
https://doi.org/10.1016/j.pbb.2010.03.004
https://doi.org/10.5055/jom.2009.0016
https://doi.org/10.5055/jom.2009.0016
https://doi.org/10.2174/1381612822666151211094901
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1124/jpet.109.159145
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1007/s13311-015-0377-3
https://doi.org/10.1007/s13311-015-0377-3
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1007/s13311-015-0377-3
https://doi.org/10.1007/s13311-015-0377-3
https://doi.org/10.1124/jpet.109.159145


Brain Disorders 17 (2025) 100180

7

neuroprotection, Epilepsy Behav. 70 (2017) 319–327, https://doi.org/10.1016/j. 
yebeh.2016.11.006.

[44] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[45] K. Mackie, Cannabinoid receptors: where they are and what they do, 
J. Neuroendocrinol. 20 (s1) (2008) 10–14, https://doi.org/10.1111/j.1365- 
2826.2008.01671.x.

[46] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[47] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[48] E.C. Rosenberg, P.H. Patra, B.J. Whalley, Therapeutic effects of cannabinoids in 
animal models of seizures, epilepsy, epileptogenesis, and epilepsy-related 
neuroprotection, Epilepsy Behav. 70 (2017) 319–327, https://doi.org/10.1016/j. 
yebeh.2016.11.006.

[49] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[50] E.A. Thiele, E.D. Marsh, J.A. French, et al., Cannabidiol in patients with seizures 
associated with Lennox-Gastaut syndrome (GWPCARE4): a randomized, double- 
blind, placebo-controlled phase 3 trial, The Lancet 391 (10125) (2018) 
1085–1096, https://doi.org/10.1016/S0140-6736(18)30136-3.

[51] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[52] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[53] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[54] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[55] O. Devinsky, et al., Cannabidiol: Trial Results and Future Directions, Epilepsia 58 
(1) (2017) 5–9, https://doi.org/10.1111/epi.13693.

[56] E.A. Thiele, et al., Cannabidiol in Patients with Seizures Associated with Lennox- 
Gastaut Syndrome (GWPCARE4): A Randomised, Double-Blind, Placebo- 
Controlled Phase 3 Trial, The Lancet 391 (10125) (2018) 1085–1096, https://doi. 
org/10.1016/S0140-6736(18)30136-3.

[57] E.A. Thiele, E.D. Marsh, J.A. French, et al., Cannabidiol in patients with seizures 
associated with Lennox-Gastaut syndrome (GWPCARE4): a randomized, double- 
blind, placebo-controlled phase 3 trial, The Lancet 391 (10125) (2018) 
1085–1096, https://doi.org/10.1016/S0140-6736(18)30136-3.

[58] E.A. Thiele, E.D. Marsh, J.A. French, et al., Cannabidiol in patients with seizures 
associated with Lennox-Gastaut syndrome (GWPCARE4): a randomized, double- 
blind, placebo-controlled phase 3 trial, The Lancet 391 (10125) (2018) 
1085–1096, https://doi.org/10.1016/S0140-6736(18)30136-3.

[59] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[60] R. Nabbout, A. Mistry, K. Nieskens, et al., Fenfluramine for treatment-resistant 
seizures in Dravet syndrome: a multicenter, open-label study, Epilepsia 61 (6) 
(2020) 1024–1032, https://doi.org/10.1111/epi.16518.

[61] Zogenix Inc. (2019). A study of fenfluramine hydrochloride for the treatment of 
seizures in subjects with Dravet syndrome (FADE). ClinicalTrials.gov. Retrieved 
from [https://clinicaltrials.gov/ct2/show/NCT02926898.

[62] C. Chiron, M.C. Marchand, A. Tran, et al., Stiripentol in severe myoclonic epilepsy 
in infancy: a randomized placebo-controlled syndrome-dedicated trial, Lancet 
356 (9242) (2000) 1638–1642, https://doi.org/10.1016/S0140-6736(00)03157- 
3.

[63] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[64] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[65] P.H. Patra, E.C. Rosenberg, B.J. Whalley, Safety and efficacy of cannabidiol in 
epilepsy, Epilepsy Behav. 70 (2017) 295–300, https://doi.org/10.1016/j. 
yebeh.2016.12.021.

[66] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[67] M.J. Brodie, L.J. Stephen, Epilepsy in elderly people, BMJ 334 (7601) (2007) 
1117–1122.

[68] I.E. Leppik, A.K. Birnbaum, Epilepsy in the elderly, Ann. N. Y. Acad. Sci. 1035 (1) 
(2004) 238–247.

[69] P. Kwan, M.J. Brodie, Early identification of refractory epilepsy, N. Engl. J. Med. 
342 (5) (2000) 314–319.

[70] E. Perucca, F.G. Gilliam, Adverse effects of antiepileptic drugs, Lancet Neurol. 11 
(9) (2012) 792–802.

[71] S. Mintzer, R.H. Mattson, Should enzyme-inducing antiepileptic drugs be 
considered first-line agents? Epilepsia 50 (2009) 42–50.

[72] P.N. Patsalos, E. Perucca, Clinically important drug interactions in epilepsy: 
interactions between antiepileptic drugs and other drugs, Lancet Neurol. 2 (8) 
(2003) 473–481.

[73] S.C. Schachter, Current evidence indicates that lamotrigine can be an effective 
option for many people with epilepsy, Epilepsy Behav. 2 (6) (2001) 504–508.

[74] A.M. Pack, M.J. Morrell, Epilepsy and bone health in adults, Epilepsy Behav. 5 
(2004) 24–29.

[75] G. Zaccara, D. Franciotta, E. Perucca, Idiosyncratic adverse reactions to 
antiepileptic drugs, Epilepsia 48 (7) (2007) 1223–1244.

[76] K.J. Meador, et al., Cognitive function at 3 years of age after fetal exposure to 
antiepileptic drugs, N. Engl. J. Med. 360 (16) (2008) 1597–1605.

[77] O. Devinsky, et al., Cannabidiol in patients with treatment-resistant epilepsy: an 
open-label interventional trial, Lancet Neurol. 16 (3) (2017) 161–170.

[78] J.P. Szaflarski, E.M. Bebin, Cannabis, cannabidiol, and epilepsy—From receptors 
to clinical response, Epilepsy Behav. 41 (2014) 277–282, https://doi.org/ 
10.1016/j.yebeh.2014.08.135.

[79] O. Devinsky, et al., Trial of cannabidiol for drug-resistant seizures in the Dravet 
syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, https://doi.org/ 
10.1056/NEJMoa1611618.

[80] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[81] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[82] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[83] C.A. Press, et al., Parental reporting of response to oral cannabis extracts for 
treatment of refractory epilepsy, Epilepsy Behav. 45 (2015) 49–52, https://doi. 
org/10.1016/j.yebeh.2015.02.043.

[84] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[85] P.H. Patra, et al., Safety and efficacy of cannabidiol in epilepsy, Epilepsy Behav. 
70 (2017) 295–300, https://doi.org/10.1016/j.yebeh.2016.12.021.

[86] C. Ibeas Bih, et al., Molecular targets of cannabidiol in neurological disorders, 
Neurotherapeutics. 12 (4) (2015) 699–730, https://doi.org/10.1007/s13311- 
015-037.

[87] N.A. Jones, A.J. Hill, I. Smith, et al., Cannabidiol displays antiepileptiform and 
antiseizure properties in vitro and in vivo, J. Pharmacol. Exp. Ther. 332 (2) 
(2010) 569–577, https://doi.org/10.1124/jpet.109.159145.

[88] O. Devinsky, et al., Trial of cannabidiol for drug-resistant seizures in the Dravet 
syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, https://doi.org/ 
10.1056/NEJMoa1611618.

[89] E.A. Thiele, et al., Cannabidiol in patients with seizures associated with Lennox- 
Gastaut syndrome (GWPCARE4): a randomized, double-blind, placebo-controlled 
phase 3 trial, The Lancet 391 (10125) (2018) 1085–1096, https://doi.org/ 
10.1016/S0140-6736(18)30136-3.

[90] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[91] J.P. Szaflarski, E.M. Bebin, Cannabis, cannabidiol, and epilepsy—from receptors 
to clinical response, Epilepsy Behav. 41 (2014) 277–282, https://doi.org/ 
10.1016/j.yebeh.2014.08.135.

[92] C.A. Press, et al., Parental reporting of response to oral cannabis extracts for 
treatment of refractory epilepsy, Epilepsy Behav. 45 (2015) 49–52, https://doi. 
org/10.1016/j.yebeh.2015.02.043.

[93] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[94] E.C. rosenberg, et al., Therapeutic effects of cannabinoids in animal models of 
seizures, epilepsy, epileptogenesis, and epilepsy-related neuroprotection, 
Epilepsy Behav. 70 (2017) 319–327, https://doi.org/10.1016/j. 
yebeh.2016.11.006.

[95] O. Devinsky, et al., Trial of cannabidiol for drug-resistant seizures in the Dravet 
syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, https://doi.org/ 
10.1056/NEJMoa1611618.

[96] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[97] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[98] C. Ibeas Bih, T. Chen, A.V.W. Nunn, et al., Molecular targets of cannabidiol in 
neurological disorders, Neurotherapeutics. 12 (4) (2015) 699–730, https://doi. 
org/10.1007/s13311-015-0377-3.

[99] N.A. Jones, A.J. Hill, I. Smith, et al., Cannabidiol displays antiepileptiform and 
antiseizure properties in vitro and in vivo, J. Pharmacol. Exp. Ther. 332 (2) 
(2010) 569–577, https://doi.org/10.1124/jpet.109.159145.

[100] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[101] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[102] E.A. Thiele, E.D. Marsh, J.A. French, et al., Cannabidiol in patients with seizures 
associated with Lennox-Gastaut syndrome (GWPCARE4): a randomized, double- 
blind, placebo-controlled phase 3 trial, The Lancet 391 (10125) (2018) 
1085–1096, https://doi.org/10.1016/S0140-6736(18)30136-3.

Mohd.ShoebA. Mukhtar et al.                                                                                                                                                                                                                

https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1111/j.1365-2826.2008.01671.x
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1111/epi.13693
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1111/epi.16518
https://clinicaltrials.gov/ct2/show/NCT02926898
https://doi.org/10.1016/S0140-6736(00)03157-3
https://doi.org/10.1016/S0140-6736(00)03157-3
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.12.021
https://doi.org/10.1016/j.yebeh.2016.12.021
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0088
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0088
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0089
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0089
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0090
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0090
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0091
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0091
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0092
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0092
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0093
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0093
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0093
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0094
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0094
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0095
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0095
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0096
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0096
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0097
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0097
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0098
http://refhub.elsevier.com/S2666-4593(24)00065-9/sbref0098
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1016/j.yebeh.2016.12.021
https://doi.org/10.1007/s13311-015-037
https://doi.org/10.1007/s13311-015-037
https://doi.org/10.1124/jpet.109.159145
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/S0140-6736(18)30136-3
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1016/j.yebeh.2016.11.006
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1007/s13311-015-0377-3
https://doi.org/10.1007/s13311-015-0377-3
https://doi.org/10.1124/jpet.109.159145
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/S0140-6736(18)30136-3


Brain Disorders 17 (2025) 100180

8

[103] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

[104] C.A. Press, K.G. Knupp, K.E. Chapman, Parental reporting of response to oral 
cannabis extracts for treatment of refractory epilepsy, Epilepsy Behav. 45 (2015) 
49–52, https://doi.org/10.1016/j.yebeh.2015.02.043.

[105] D. Friedman, O. Devinsky, Cannabinoids in the treatment of epilepsy, N. Engl. J. 
Med. 373 (11) (2015) 1048–1058, https://doi.org/10.1056/NEJMra1407304.

[106] B.K. O’Connell, D. Gloss, O. Devinsky, Cannabinoids in treatment-resistant 
epilepsy: a review, Epilepsy Behav. 70 (2017) 341–348, https://doi.org/10.1016/ 
j.yebeh.2016.11.012.

[107] J.P. Szaflarski, E.M. Bebin, Cannabis, cannabidiol, and epilepsy—from receptors 
to clinical response, Epilepsy Behav. 41 (2014) 277–282, https://doi.org/ 
10.1016/j.yebeh.2014.08.135.

[108] R. Mechoulam, L.A. Parker, The endocannabinoid system and the brain, Annu. 
Rev. Psychol. 64 (2013) 21–47, https://doi.org/10.1146/annurev-psych-113011- 
143739.

[109] O. Devinsky, J.H. Cross, L. Laux, et al., Trial of cannabidiol for drug-resistant 
seizures in the Dravet syndrome, N. Engl. J. Med. 376 (21) (2017) 2011–2020, 
https://doi.org/10.1056/NEJMoa1611618.

Further reading

[110] N.A. Jones, A.J. Hill, I. Smith, et al., Cannabidiol displays antiepileptiform and 
antiseizure properties in vitro and in vivo, J. Pharmacol. Exp. Ther. 332 (2) 
(2010) 569–577, https://doi.org/10.1124/jpet.109.159145.

Mohd.ShoebA. Mukhtar et al.                                                                                                                                                                                                                

https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1016/j.yebeh.2015.02.043
https://doi.org/10.1056/NEJMra1407304
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2016.11.012
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1016/j.yebeh.2014.08.135
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1146/annurev-psych-113011-143739
https://doi.org/10.1056/NEJMoa1611618
https://doi.org/10.1124/jpet.109.159145

	Assessing the neuroprotective benefits of Cannabis sativa in epilepsy management
	1 Introduction
	1.1 The morphology, traits, and phytochemical composition of Cannabis sativa
	1.2 Rise of medical Cannabis in neurological disorder, epilepsy

	2 Cannabinoids and their mechanisms in epilepsy
	2.1 The endocannabinoid system (ECS) and receptor modulation
	2.2 Cannabidiol (CBD) and its anticonvulsant mechanisms
	2.3 Tetrahydrocannabinol (THC) and its role in seizure modulation
	2.4 Preclinical evidence of cannabinoids in epilepsy
	2.5 Clinical evidence supporting cannabinoid use in epilepsy

	3 Safety and tolerability
	3.1 Safety profile of epidiolex
	3.2 Clinical trial findings
	3.3 Summary of clinical outcomes
	3.4 Comparison with other antiepileptic drugs
	3.5 Considerations for long-term use
	3.6 Side effects of available AED therapy in drug-resistant epilepsy

	4 Challenges and controversies
	4.1 Regulatory challenges
	4.2 Variability in cannabinoid products
	4.3 Long-term safety concerns
	4.4 Limited understanding of mechanisms
	4.5 Variability in clinical efficacy
	4.6 Ethical concerns in pediatric use
	4.7 Stigma and social perception

	5 Future directions
	5.1 Understanding cannabinoid mechanisms
	5.2 Expanding clinical applications
	5.3 Personalized medicine approaches
	5.4 Addressing safety concerns
	5.5 Developing standardized cannabinoid formulations
	5.6 Expanding regulatory approvals

	6 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgment
	References
	Further reading


