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ABSTRACT

Epilepsy, a prevalent neurological disorder, affects one-third of individuals with seizures resistant to standard antiepileptic drugs. Cannabis sativa, a plant that is
reportedly used for seizure treatment, contains non-psychoactive cannabidiol (CBD) and psychoactive A9-tetrahydrocannabinol (THC). Although anecdotal
accounts point to favorable results, there are insufficient reliable human data. This research examines the pharmacological basis of cannabis sativa, its anti-seizure
benefits, centered around the effects of THC and CBD. This also covers the safety profile of cannabis, answering issues with safe usage and negative effects.
Methodologically, clinical trials and systematic reviews from databases were examined. Since an imbalance in neural impulses causes epilepsy, treating it can be
difficult. Due to the drawbacks of traditional antiepileptic medications, there is interest in complementary therapies like cannabis-based medicine. Epilepsy results
from an imbalance in neuronal impulses, making its treatment challenging. Conventional antiepileptic drugs have limitations, leading to interest in alternative
treatments, including cannabis-based therapies. CBD interacts with adenosine, TRPV1 receptors, and GPR55 receptors, potentially reducing seizures. Clinical
evidence supports CBD's efficacy in managing seizures, especially in Dravet syndrome and Lennox-Gastaut syndrome. THC, the psychoactive component, has
analgesic effects. The review underscores the importance of thorough studies to establish cannabinoids, particularly CBD, as safe and effective options for epilepsy
treatment, acknowledging their potential to revolutionize seizure control and improve patients' quality of life.
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1. Introduction

Epilepsy is recognized as a prevalent non-communicable neurological disease. It has been observed that standard antiepileptic drugs fail to control seizures
in approximately one-third of individuals with epilepsy[1]. New pharmacological treatments have been the main focus of clinical studies for medically
refractory epilepsy, yet many people with medication-resistant epilepsy continue to experience uncontrollable seizures.[2]. There have been significant
claims of using cannabis products to treat epilepsy and other medical disorders over the years. While anecdotal reports have suggested positive outcomes,
a lack of robust human data supports their efficacy[3].

The historical use of the cannabis plant, Cannabis sativa, for seizure treatment dates back to ancient times[2]. The two main cannabinoids obtained from
cannabis are the non-psychoactive cannabidiol (CBD) and the psychoactive A9-tetrahydrocannabinol (THC)[4]. CBD, considered safer and more effective
in seizure management, is preferred due to its reduced adverse psychotropic effects. Current studies have increased to investigate the pharmacological
future use of different cannabis compounds as AEDs, or anti-epileptic drugs, including double-blinded, placebo-controlled trials[5]. The main chemical
components of cannabis have been found and synthesized throughout the past fifty years. Both A9-THC and CBD components have demonstrated the
ability to prevent seizures and lower death in tolerable and low-toxic animal models[3,4]. Despite their structural similarity, these cannabinoids in
pharmacology and mechanisms for exerting anticonvulsant effects focus on their potential anticonvulsant and neuroprotective properties. Although the
precise mechanisms of how cannabinoids interact with the brain to diminish seizures are not fully understood, research suggests that CBD may regulate
neuronal excitability and inflammation[3-5].

This review investigates the pharmacological basis of cannabinoid anti-seizure properties, focusing on its non-psychoactive components. Furthermore,
the intention is to critically analyze the increasing amount of data demonstrating the efficacy of cannabinoid compounds in addressing various seizure
types and epilepsy syndromes.

2. Methods

This review compares the safety and effectiveness of cannabinoids as a management for epilepsy problems using systematic reviews and clinical trials
from the databases MEDLINE (PubMed), ResearchGate, and Google Scholar. The researchers evaluated article titles and abstracts using search engines
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to determine if they met the inclusion requirements for this review. The thorough approach of the investigation is to highlight the possible benefits of
using alternative cannabinoid therapies for epilepsy.

3. Mechanisms of Epilepsy

Epilepsy, a prevalent chronic condition, involves recurrent and unexpected seizures due to an imbalance between the electrical impulses that stimulate
and inhibit neurons[5]. This imbalance may result from altered energy metabolism, disrupted ion balance, or changes in receptor function and
neurotransmitter activity[6].

The variety of methods in which the normal nervous system regulates this equilibrium makes the existence of several systems unsurprising. On the other
hand, since seizures are usually a result of a malfunctioning neurological system, it is more challenging to comprehend seizures in the brain of an
epileptic[7,8]. Sudden epileptic activity can result from increased excitatory signals, decreased inhibitory signals, or a combination. Studies employing
medications to increase inhibition or decrease excitation have demonstrated an imbalance between these signals, which results in seizures in healthy brain
tissue. Toxic exposures, such as stimulating receptors by domoic acid or suppressing inhibitory receptors by theophylline, cause this imbalance. This
imbalance can cause recurrent seizures that are difficult to treat medically, even in otherwise healthy people[9,10].

Burst activity can be prevented from spreading by inhibitory neurons creating a zone of inhibition and disregarding hyperpolarization. A variety of
methods facilitates adequate activation of nearby neurons[10]. Presynaptic terminals accumulate calcium ions as a result of repetitive discharges;2)
extracellular K+ rises, which tends to blunt the magnitude of hyperpolarizing outward K+ currents, depolarizing nearby neurons; and 3) depolarization
triggers the activation of the NMDA subtype of the excitatory amino acid receptor, leading to an influx of Ca++ and enhanced neuronal activity[6,7].

Extending on the imbalance between excitatory and inhibitory conductances is crucial for understanding this illness. In those with this syndrome,
continuous activity rather than sudden exposure is what typically causes seizures. Unlike acute seizures, those in chronic epilepsy are typically infrequent,
approximately one percent of the total brain activity, with the exception of severe encephalopathies associated with epilepsy. Furthermore, the timing of
these seizures is unpredictable, emphasizing the need for a comprehensive understanding of the underlying imbalance[10,11]. The fact that the etiology
of epilepsy usually does not support this kind of imbalance hampers the implementation of a hypothesis of imbalanced inhibition and excitation.
Sometimes, mutations that cause inhibitory conductances to lose function are found due to causative changes in the genetic etiology of hereditary
epilepsies[12]. Nonetheless, several excitatory conductances also have mutations that cause a loss of function[13]. The bulk of causative mutations result
in the loss of gene function without directly changing the ratio of excitation to inhibition[13,14].

3.1 Epilepsy and Its Conventional Treatment
3.1.1 Types of Seizures

It is crucial to identify the seizure type to tailor the diagnostic approach to a specific cause, select the correct treatment plan, conduct thorough research
involving clinical and EEG phenotypes, and provide important prognosis information[15]. Various seizure types show characteristic behavioral alterations
and electrophysiological abnormalities usually discernible in scalp electroencephalogram (EEG) recordings[16]. A single seizure does not always indicate
epilepsy; rather, a seizure is a transient disruption of brain function[17]. About 10% of adult individuals will, at any moment in their lives, suffer a seizure,
with durations ranging from a few seconds to a few minutes. A seizure follows a discernible pattern with a clear beginning, middle, and end. Patients and
medical personnel may not immediately notice certain signs or symptoms. These signs include convulsions (uncontrolled shaking), loss of consciousness,
blank staring, limb-jerking motions, or lip-smacking, right away[17,18].

3.1.1.A. Partial (Focal) Seizures
A specific body region is often the only one affected, at least initially, by partial seizures, which are limited to distinct parts of the cerebral cortex. On the

other hand, diffuse brain areas are where generalized seizures are observed[18].

A) Simple partial, although they don't seem to impact consciousness directly, simple partial seizures can cause motor, sensory, autonomic, or mental
symptoms. Vision, balance, autonomic function, hearing, smell, and physical sensations like paresthesias or tingling may all change and suggest the
existence of these seizures[15].

B) Complex partial, there is a localized seizure activity that causes a temporary impairment of consciousness. A generalized seizure, which is typically
characterized by tonic-clonic movements, can result from partial seizures that intensify to affect both cerebral hemispheres[19,20].

3.1.1.B. Primarily (Generalized) Seizures

Both cerebral hemispheres can cause generalized seizures. The hallmark of absence seizures, also known as petit mal, is abrupt, fleeting unconsciousness
combined with maintaining a posture. Usually, the seizure lasts a few seconds; postictal disorientation does not occur, and consciousness returns as
quickly as lost[16].



International Journal of Research Publication and Reviews, Vol 4, no 12, pp 3672-3680 December 2023 3674

A) Atypical Absence Seizures Clinically and electrophysiologically, atypical absence seizures differ from regular seizures in several aspects. For
instance, the beginning and end of the loss of consciousness are often less sudden and last longer[16,19].

B) Simple Absence Seizures, are a type of seizure where a person briefly loses awareness or consciousness. During these seizures, the brain shows an
abnormal electrical activity that affects the whole brain. If additional signs are present, it is classified as a complicated absence seizure[19,20].

C) Atonic Seizures are brief, one to two-second loss of postural muscular tone. Although consciousness is momentarily compromised, postictal confusion
is typically absent [19-21].

D) Myoclonus seizures are quick, intense muscular contractions that can affect one or both sides of the body[16].
3.3 Synthetic Treatments

The prescribing physician or healthcare provider must carefully select the appropriate antiepileptic drugs (AEDs) or combination of medications to
manage seizures effectively with satisfactory side effects[22,23]. It is recognized that around half of patients can achieve full control of seizures, while
an additional 25% may see notable improvement[23]. Given the family history, type of seizure, and severity of abnormalities in the brain, those with
epilepsy who receive a new diagnosis are more likely to succeed[23,24].

The decision to begin antiepileptic drug (AED) treatment is influenced by a number of factors, including the risk of recurring seizures, the impact of
ongoing seizures, and the advantages and disadvantages of the medicine in preventing additional occurrences[25,27]. The table below shows the kind or
type of seizures determines the corresponding approved synthetic AED [7].

Primary Generalized Tonic- | Partial Seizures | Absence Atypical Absence Myoclonic and
Clonic Seizures Seizures Atonic Seizures
First-line agents
Valproic acid Carbamazepine Valproic Acid Valproic acid
Lamotrigine Phenytoin Ethosuximide Lamotrigine
Topiramate Oxcarbazepine Topiramate
Valproic Acid
Alternative agents
Zonisamide Levetiracetam Lamotrigine Clonazepam
Phenytoin Topiramate Clonazepam Felbamate
Carbamazepine Tiagabine
Oxcarbazepine Zonisamide
Phenobarbital Gabapentin
Primidone Phenobarbital
Felbamate Primidone
Felbamate
Eslicarbazepine
Vigabatrin
Lacosamide
Pregabalin
Rufinamide

Table 1. Antiepileptic Drugs Approved for the Treatment of Seizures. Adopted from Goldenberg, M. M. (2010)[7]
3.4 Alternative Treatments

Medication, nutritional therapy, and surgical procedures are available for treating epilepsy. Antiepileptic medications (AEDs) can cause long-term
problems, including weight gain, skin rashes, and cognitive decline. They can also promote inhibitory processes or reduce excitatory processes[7].
Unfortunately, a sizable portion of people with severe epilepsy do not react well to anti-seizure medications[27]. Roughly one million Americans, or 40%
of the epileptic population, still have seizures despite receiving appropriate medication treatment[28].

The majority of Antiepileptic drugs (AEDs) cannot prevent or reverse the underlying pathological processes of epilepsy. This has prompted a never-
ending search for novel treatments with increased effectiveness and fewer adverse effects[29].

Furthermore, between 30 and 40 percent of patients usually experience pharmacoresistant or uncontrollable seizures[30]. Often, traditional healers
become the initial point of contact in the pursuit of therapy due to their association with the natural form of treatment[31]. The expensive and scarce
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nature of traditional AEDs in underdeveloped nations also fuels this tendency[32]. Some medicinal plants have shown promise as cutting-edge, secure
therapy alternatives[33,34].

The problem of drug-resistant epilepsy is notable, prompting consideration of alternative treatments, including cannabis-based therapies. A9-
tetrahydrocannabinol (THC) was frequently the focus of early investigations on cannabinoids effect on seizure management. Nevertheless, THC has few
uses because of its psychotropic properties. The focus of recent studies has switched to non-psychoactive substances like cannabidiol (CBD)35].CBD's
interaction with certain receptors, ion channels, and neurotransmitter transporters may contribute to its anti-seizure properties[36].

AED researchers express significant apprehension that the currently employed models restrict identifying innovative drugs that operate through familiar
physiological mechanisms[37]. This limitation poses challenges in uncovering new therapies with distinct targets, particularly compounds effective
against drug-resistant seizures. Various potential targets for epilepsy treatment have been proposed[32].

4. Pharmacokinetics and Mechanism of Action of Cannabinoids
4.1 Cannabidiol

CBD, a natural anticonvulsant, has been discovered to interact with three molecular targets: adenosine transport, TRPV1 receptors, and GPR55 receptors
[38]. The effects of endogenous GPR55 agonist LPI are inhibited by CBD's GPR55 antagonistic action[39]. Generating Ca2+ flux in neuronal cell bodies
and presynaptic hippocampal CA3-CA1 terminals inhibits pro-excitatory effects[40,41]. CBD also inhibits adenosine transport, which helps regulate
calcium levels and reduces the likelihood of seizures [38].

CBD may work by acting on TRP channels, specifically TRPV1, which regulate calcium levels, potentially reducing the likelihood of seizures.The
affinity of CBD for TRPV1 and its role as an agonist were identified by Bisogno et al. Additionally, it was also discovered evidence of CBD-induced fast
desensitization[42,43]. TRPV1 may play a role in CBD's anticonvulsive action as it has been linked to the onset and progression of several forms of
epilepsy[44,45].1t has been shown that CBD activates and desensitizes TRPV1 receptors at low dosages in recombinant systems and initiates in vitro
experimental models of epileptiform activity[46].

Adenosine, a natural anticonvulsant, can help stop seizures in the brain by stimulating A1 and A2A receptors. While some researchers suggest that
activating A2A receptors has an anti-inflammatory effect, no conclusive evidence links neuroinflammation regulation to seizures[47,48]. Due to its special
capacity to regulate neuronal excitability on several levels, adenosine homeostasis disruption can impact network excitability. The effects of particular
pharmacological therapies and maladaptive changes in adenosine metabolism observed in epilepsy provide two different kinds of evidence that adenosine
is involved in seizures[49]. Maladaptive alterations in adenosine metabolism, such as elevated levels of the astroglial enzyme adenosine kinase (ADK),
are the main cause of epilepsy[50].

Additionally, CBD may impact the release of TNFa, a substance relevant to epilepsy. However, to completely comprehend CBD's mechanics and
therapeutic advantages for epilepsy and other illnesses, more study is necessary[51,52].

4.2 A9-tetrahydrocannabinolic acid (419-THC)

Numerous investigations have been conducted into A9-THC, the principal psychotropic component found in cannabis. It primarily interacts with the
CB1R and CB2R endocannabinoid receptors, acting at low doses as a partial agonist[53,55]. CB1 receptors, predominantly in vital brain regions, regulate
neurotransmitter release within central nervous system (CNS) neurons. Through the dynamic regulation of endogenous ligands, including anandamide
(AEA) and 2-arachidonoyl-glycerol (2-AG), these receptors contribute to the modulation of synaptic plasticity[54].

Activation of CB2 receptors results in immunosuppressive responses, which are mostly seen in immune cells and peripheral organs.While these receptors
are minimally distributed in specific CNS neurons, their activation impacts neuronal excitability, particularly in regions such as the brainstem and
hippocampus[55]. A9-THC not only targets endocannabinoid receptors but also exerts influence on various other receptors and channels, including TRP
channels (TRPA1, TRPV2, TRPM8), GPR55, 5-HT3A receptor, PPARY, opioid receptors, adrenoreceptors, as well as specific types of calcium,
potassium, and sodium channels[54,56]. However, the precise effects of A9-THC's interaction with these targets in living organisms remain incompletely
understood[57].

5. Clinical Evidence of Safety and Efficacy

This article examines the clinical data supporting the use of cannabinoids—more specifically, A9-tetrahydrocannabinol (THC) and cannabidiol (CBD) in
the treatment of epilepsy. Utilizing information from observational studies and randomized controlled trials highlights improvements to the general
qualities of life and decreases in seizure frequency. In the study of Senn et al. (2020) the medicinal interest in THC and CBD has grown due to their
shown ability to reduce epileptic seizures in several preclinical trials. Neuronal circuits containing the ECS and related ligands and receptors can have
their excitability regulated by them[73]. This emphasizes the increased curiosity on THC and CBD as potential therapeutic agents.
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5.1 Cannabidiol (CBD)

Devinsky et al. (2017) conducted a study on Dravet syndrome and discovered that it greatly decreased the number of seizures experienced by the patients
when compared to a placebo. Almost 40% of the participants who received CBD reported a half or greater decrease in seizure frequency[58]. Devinsky
et al. (2018) discovered additional proof of the efficacy of CBD therapy for Lennox-Gastaut Syndrome, with a significant decrease in drop seizures
observed in patients. Moreover, caregivers noticed positive changes in overall health and improving the standard of living for kids who have epilepsy[59].
Thiele et al. (2018) conducted a phase 3 trial, which was randomized, double-blind, and placebo-controlled, and demonstrated that CBD medication
effectively decreased the occurrence of motor seizures. Interestingly, more than 85% of patients reported an overall improvement in their quality of life,
and nearly 5% became seizure-free[60].

Another study done by Gaston et al. (2017) explored potential drug interactions, providing essential insights into the safety profile of CBD when used
alongside common antiepileptic drugs, thus addressing concerns related to co-administration. Additionally, improvements in behavior, sleep, and alertness
were reported. This is further discussed by Strzelczyk and Schubert-Bast (2021) about the specific drug interactions between CBD and common
antiepileptic drugs (AEDs) such as clobazam and valproate which is used in Lennox-Gastaut syndrome (LGS). When coadministered with other
antiepileptic drugs (AEDs), potential drug interactions may occur. Patients taking simultaneous clobazam and cannabidiol saw the biggest improvements
in seizure control and also saw greater efficacy when compared to a placebo. CBD, a substrate of these enzymes, may experience increased plasma
concentrations when coadministered with valproate. This interaction could lead to elevated CBD levels and influence its effects on (LGS)[74]. Both
studies have a unique contribution that lies in their emphasis on the safety aspect, fostering a more comprehensive understanding of CBD’s place in
epilepsy treatment it only not highlights the potential efficacy of cannabis-derived compounds in seizure management but also more refinement and
holistic perspective on their role in comprehensive epilepsy care[61].

5.2 A9-Tetrahydrocannabinol (THC)

THC, also known as A9-Tetrahydrocannabinol,is cannabis' primary psychotropic ingredient. It functions by binding to the central nervous system and
brain cannabinoid receptors, causing the inebriating effects commonly associated with marijuana use[3]. Drawing on the research by Reddy and Golub
(2016), cannabinoids exert their effects through CB1 and CB2 receptors. The CBL1 receptor, primarily responsible for psychoactive effects, sees THC's
partial agonist action as a key mediator of its anti-seizure effectiveness[70]. Perruca's study (2017) highlighted A9-tetrahydrocannabinolic acid's (THC)
anticonvulsant properties in early preclinical investigations without inducing undesirable psychoactive effects. Notably, THC has gained renewed
attention in the USA, occasionally being employed for its anti-seizure benefits, potentially offering a more accessible and cost-effective alternative to
CBD [35].

Supporting this, Dulgosz et al. (2023) conducted comprehensive animal seizure models affirming THC's antiseizure properties. In their study, they
assessed the efficacy of CBD and THC individually, as well as in combination (CBD+THC at a ratio of 15:1) in the maximal electroshock (MES) model
in mice. The findings suggest that treatment options for generalized-onset seizures may involve CBD alone or the combination of CBD+THC[71].
However, it was noted that the advantages of combining THC with CBD might be more limited when treating focal-onset seizures[72].

Gaston et al. (2017) stated that A9-THC may possess analgesic properties, rendering it advantageous for treating persistent pain syndromes[62]. Due to
its antiemetic qualities, it can help reduce nausea and vomiting brought on by some medical procedures, like chemotherapy[63]. A randomized controlled
trial (RCT) was carried out by Abrams et al. (2007) to look at the analgesic effects of smoked cannabis on patients with neuropathic pain.The findings
suggest that A9-THC possesses analgesic properties. The study provided evidence for the analgesic effect of A9-THC by showing a substantial decrease
in the level of pain in the cannabis group relative to the placebo group[64].

6. Discussion

Epilepsy, characterized by recurrent seizures, poses multifaceted challenges with diverse causes[1]. Cannabinoids, specifically Cannabidiols and A9-
tetrahydrocannabinol, show promise in epilepsy treatment, primarily for their potential anticonvulsant properties and neuroprotective effects[3-5,38].
CBD-based medication exhibits significant efficacy in reducing seizures, particularly in Dravet syndrome and Lennox—Gastaut syndrome[59]. Seizures,
varying in type and duration, require an accurate diagnosis for targeted treatment[22]. Despite advancements, concerns persist about the identification of
novel therapies and targets, especially for drug-resistant seizures. Herbal medicines, with their broad spectrum, offer potential avenues, drawing from
traditional knowledge[33].

The utility of phytochemicals like CBD (cannabidiol) and THC (A9-tetrahydrocannabinol) varies depending on the specific medical conditions they are
employed to address[65]. CBD has medicinal benefits without the euphoric symptoms that THC is commonly associated with, it is frequently considered
to be the more adaptable and advantageous of the two[66]. CBD, widely acknowledged for its potential therapeutic applications, finds use in treating
diverse medical conditions, including epilepsy, anxiety, pain management, and inflammation[62,64]. An essential distinction lies in the fact that CBD
does not induce intoxication, making it suitable for patients seeking relief without experiencing the psychoactive high associated with THC[67].

On the other hand, THC, being the psychoactive component in cannabis, is responsible for the euphoric sensation linked to marijuana use[68]. While
THC does possess therapeutic properties such as pain relief and appetite stimulation, its psychoactive effects can limit its applicability, particularly for
individuals who seek treatment without cognitive impairment[69]. Its anticonvulsant properties have gained attention, potentially offering a more
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accessible and cost-effective alternative to CBD. Studies have shown that THC's antiseizure properties can be achieved through CBD alone or in
combination with THC[71]. However, the advantages of combining THC with CBD might be limited for focal-onset seizures[72]. A9-THC may also
possess analgesic properties, making it beneficial for treating persistent pain syndromes and reducing nausea and vomiting caused by medical procedures
like chemotherapy[73].

For instance, in the context of epilepsy, CBD has undergone extensive study for its effectiveness in treating medication-resistant epilepsy conditions like
Dravet syndrome and Lennox-Gastaut syndrome. Clinical studies have revealed noteworthy reductions in seizure frequency among patients treated with
CBD[51,60]. This highlights the potential of CBD as a promising therapeutic agent in managing challenging medical conditions.

7. Conclusion

THC and CBD are two cannabinoids that have demonstrated promise in treating epilepsy because of their neuroprotective and anticonvulsant qualities.
CBD is well known for its capacity to lessen seizures, especially in those with Lennox-Gastaut syndrome and Dravet syndrome. lts therapeutic uses are
flexible and beneficial for managing a range of illnesses. Although THC, which is well-known for its psychoactive effects, may have anticonvulsant
effects, people without cognitive impairment may not be able to benefit from it due to its psychoactive effects. Both THC and CBD may have analgesic
effects; however, THC may be able to lessen chronic pain as well as the nausea and vomiting that come with medical procedures. Numerous studies have
demonstrated the efficacy of CBD, especially in cases of medication-resistant epilepsy, which emphasizes the substance's promise as a therapeutic agent
for the treatment of difficult medical disorders.

The increasing interest in cannabis highlights the necessity for additional study to fully realize their therapeutic potential and establish them as competitive
alternatives to existing pharmaceutical options. Even with these encouraging results, the incorporation of cannabis products into treatment is still in its
infancy, and more research is needed in several areas, such as the best ways to administer the medicine, how much to take, any possible drug interactions,
and patient response biomarkers. The review emphasizes the need for extensive, long-term studies in further investigations and clinical trials to determine
cannabinoid-based medicines' long-term efficacy and safety. With the potential to revolutionize seizure control and improve the overall quality of life for
patients, this coordinated initiative seeks to establish cannabinoids—in particular, CBD—as durable and dependable choices for the efficient treatment
of epilepsy.
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