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Abstract
Epilepsy in children is a complex disease, with a variety of distinct
syndromes and many alternative treatment options. Even with a
plethora of available treatment options, childhood epilepsies are
commonly associated with seizures that are resistant to existing
treatment methods. Treatment of pediatric epilepsy is challenging
and requires more effective therapy to avoid short-term and longterm neurological disorders.
Marijuana has been used to treat disease since ancient
times. Marijuana ingredients Cannabidiol (CBD) and D9Tetrahydrocannabinol (THC) have created a significant research
interest as potential therapy options in epilepsy treatment. THC
is the major psychoactive component of marijuana that aids in
reducing epileptic seizures. CBD has proven to have anticonvulsant
effect not only in experimental models but also in clinical studies.
Research studies have provided strong evidence for safety and
anticonvulsant properties of medical marijuana. Principal concerns
regarding the use of medical marijuana in children include lack of
standardization and regulation, imprecise dosing, possible adverse
side effects and medication interactions.
Keywords: AED; Children; Epilepsy; Medical marijuana

Medical Marijuana
Marijuana is reported to be the most commonly used illicit
substance in the United States, despite the drug’s classification as a
Schedule 1 Controlled Substance by US Congress in 1970 [1]. The use
of marijuana is categorized as such due to its high abuse potential,
lack of established safety for use under medical supervision and no
current accepted use for medical purpose. In order for the FDA to
approve a compound for medical use, the active ingredients must be
of measurable units to properly evaluate quality control. Even with
stringent federal provisions, the legalization of medical marijuana
has been surrounded by much controversy and debate in many
states. There continues to be much speculation amongst policy
makers regarding the safety, efficacy and potential outcomes of
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marijuana [2]. Since 1996, there have been 20 states in addition to
Washington DC that passed laws, which allow marijuana to be used
to treat certain medical conditions. In 2012, the states of Washington
and Colorado passed initiatives legalizing the recreational use
of marijuana in adults aged 21 and older [3]. Despite the shift of
legalization in some states, the US Government highlights the public
health consequences of legalizing marijuana [2]. Legalization would
lead to a cascade of negative outcomes that threaten the approach to
drug policy. Increasing the availability of the drug would demonstrate
a positive correlation in the use of the drug and could result in
addiction, respiratory illness, and declines in cognitive processing
[3]. Impairments in cognitive function were reported as an 8 point
drop in IQ scores between the ages of 18-38 in a New Zealand study
[4]. Individuals who began using marijuana during adolescence were
unable to have their lost cognitive abilities fully restored in adulthood
[5]. At the same time recent research studies have provided strong
evidence for therapeutic use of medical marijuana [6-9].
Marijuana is derived from the Cannabis sativa L. plant. The plant
species Cannabis sativa L. has two main sub-species, Cannabis indica
and Cannabis sativa [10]. Cannabis sativa and Cannabis indica differ
fundamentally in their chemical composition, physiological aesthetic,
and medical application. Marijuana contains the active chemicals
known as cannabinoids. At least 67 phytocannabinoids can be
regarded as a natural library of unique compounds. The therapeutic
potential of many of these ligands still remains largely unexplored
prompting a need for further research [11]. The chemicals responsible
for the medicinal effects of marijuana are D9-Tetrahydrocannabinol
(THC) and Cannabidiol (CBD) [12,13]. Sativa’s cannabinoid profile
is dominated by high THC levels and low or no CBD [10,14]. Indica’s
chemical composition shows a more balanced mix, with moderate
THC levels and higher levels of CBD [15,16].
Cannabinoids are also found endogenously in the body. These
chemicals (endocannabinoids) play a role in the endocannabinoid
system and aid in regulation of memory, pleasure, concentration,
thinking, movement and coordination, sensory and time perception,
appetite, and pain [17]. For example, the endocannabinoids
synthesized from membrane phospholipids in the cardiovascular
tissues can relax coronary and other arteries and decrease cardiac
work [18]. Endocannabinoids are largely protective; they decrease
tissue damage and arrhythmia in myocardial infarction, and in
addition, may reduce progression of atherosclerosis [18].
The endocannabinoids activate two G-protein-coupled cell
membrane receptors, consequently named the Cannabinoid type
1 (CB1) and type 2 (CB2) receptors [18]. CB1 receptors are located
primarily in central and peripheral neurons and CB2 receptors
predominantly in immune cells [19]. CB1 receptors are important
mediators in signaling pathways and have been identified on both
glutamatergic and GABAergic neurons [20]. It is believed that one
important role of the neuronal CB1 component is to modulate
neurotransmitter release in a manner that maintains homeostasis
in health and disease by preventing the development of excessive
neuronal activity in the central nervous system [19]. Animal models
illustrate that activation of CB1 receptor by their endogenous ligands
can result in prominent neuroprotective effects and may prevent
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epileptic seizures [21]. CB2 receptors are closely related to the CB1,
and are mainly expressed on T cells of the immune system, on
macrophages and B cells, and in hematopoietic cells [22]. They are also
expressed on peripheral nerve terminals where these receptors play a
role in antinociception, or the relief of pain [23]. In the brain, they are
mainly expressed by microglial cells, where their role remains unclear
[24]. While the most likely cellular targets and executors of the CB2
receptor-mediated effects of endocannabinoids or synthetic agonists
are the immune and immune-derived cells the number of other
potential cellular targets is expanding, now including endothelial and
smooth muscle cells, fibroblasts of various origins, cardiomyocytes,
and certain neuronal elements of the peripheral or central nervous
systems [25,26].

Therapeutic Uses of Marijuana
Cannabis has been used to treat disease since ancient times. Out
of the two major therapeutically active components of marijuana,
THC is the major psychoactive ingredient, acting primarily upon the
central nervous system where it affects brain function. CBD is the
major non-psychoactive ingredient in cannabis and appears to relieve
convulsion, inflammation, anxiety, and nausea. Both compounds
have anticonvulsant properties. In addition, CBD produces
neuroprotective and anti-inflammatory effects, and it is well tolerated
in humans [27].
Better understanding of cannabinoid pharmacology and the
endocannabinoid system has led to the approval of pharmaceutical
cannabinoids that target specific patient populations. Since the
90s, a pill form of marijuana has been prescribed to treat wasting
syndrome in AIDS patients [28]. Nausea, appetite loss, pain, and
anxiety are afflictions of wasting, all of which can be mitigated by
marijuana [29]. Moreover, while multiple reviews have concluded
immunosuppressive consequences of cannabis use, recent findings
suggest marijuana may even help combat the AIDS. The new study
has shown that chronic intake of marijuana can protect critical
immune tissue from the damaging effects of HIV infection [30]. At
present, AIDS and cancer patients utilize various drugs containing
synthetic THC such as Dronabinolor Nabilone [31-33]. The drugs
are used to decrease marijuana withdrawal symptoms as well as to
increase appetite and prevent chemotherapy related nausea and
vomiting [28,34,35].
Study data published by GW Pharmaceuticals reported positive
results of THC: CBD treatment in patients affected by Multiple
Sclerosis (MS), spinal cord injury, neuropathic pain or peripheral
neuropathy. This report also confirmed excellent safety profiles for
cannabis-based medicines [36]. At present, a combination of both
cannabinoids THC and CBD are used therapeutically in Sativex
to alleviate pain symptoms in multiple sclerosis [37,38]. Sativex
was approved in UK, Spain, Czech Republic, Germany, Denmark,
Sweden, Italy and Austria. In Canada Sativex has been approved for
the treatment of multiple sclerosis spasticity and also for advanced
cancer pain [39].
Clinical trials are currently underway in San Francisco, CA
investigating the effects of a pure cannabinoid drug called Epidiolex.
The trial will evaluate the safety and tolerability of this drug in
the treatment of severe and debilitating seizures in children nonresponsive to traditional anti-epileptic drug regimens [38].
While some studies have found that some percentage of the
general population using cannabis for therapeutic purposes may
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develop a dependence on this substance [40], a growing amount of
research on cannabis-related substitution suggests that for many
patients cannabis is not only an effective medicine, but also a potential
exit drug to problematic substance use. It was reported that subjects
frequently use cannabis as a substitute for alcohol, illicit substances,
and prescription drugs [41].
Even with promising results promoting the therapeutic
applications of marijuana, federal barriers and public health
concerns regarding marijuana’s potential risk to cause addiction
and dependence, increase co-morbidities, cardiopulmonary effects
and overall mental health still exist [42]. Other negative effects may
include paranoia and psychosis when consumed in high doses [43,44].
According to studies focused on cannabis dependence, approximately
300,000 patient admissions into substance abuse treatment clinics are
predominantly marijuana-related problems, exceeding the rates of
heroin and cocaine [35].

Epilepsy and Traditional Therapy
Epilepsy is a neurological disorder characterized by recurrent
unprovoked seizures and is recognized as one of the most common
nervous system disorders [45]. According to the Epilepsy Foundation
of America, approximately 3 million Americans are affected with
epilepsy [46], and up to 50,000 Americans die each year from seizures
and related causes [47]. 30% of the patients diagnosed with epilepsy
are children. Costs of the disease result in significant financial impact
of $15.5 billion annually [48]. Despite current pharmacologic and
medical treatment, more than one-third of individuals with epilepsy
continue to experience seizures [49].
Children epilepsy may result from various etiologies but the
majority of epilepsy cases are of idiopathic nature [50]. Numerous
medical conditions can cause epilepsy, in addition to genetic mutations
and traumatic injury to the brain. Certain patient populations that
are at greater risk for developing seizures and epilepsy include those
with mental retardation, cerebral palsy, head injuries, or strokes [51].
Seizures are triggered when electrical patterns in the cerebral cortex
are simultaneously activated, leading to hyperexcitbaility of neuronal
activity and disruptions in homeostatic mechanisms [52,53]. The
outcome of a seizure depends largely on the location in the brain
where the electrical imbalance occurred. Epileptic seizures can be
divided into two broad categories of generalized seizures, which
include absence, atonic, tonic-clonic, myoclonic seizures, as well as
partial seizures.
The primary method to control seizures consists of treatment
regimens containing Anti-Epileptic Drugs (AEDs). AEDs must be
carefully selected depending on the type of seizure, as well as the safety
and efficacy of the medication in the specific patient. Currently, firstline AED medications include phenytoin (Dilantin), carbamazepine
(Tegretol), and divalproex sodium (Depakote). Other treatment
options include the use of anticonvulsants, surgical procedures to
remove damaged neural tissue in certain candidates, Vagal Nerve
Stimulation (VNS), ketogenic diets and lifestyle changes [53-57].
Unfortunately, the treatments are not effective in more than 30% of
patients with epilepsy [58].
Moreover, AED therapy is known to be associated with numerous
drug-drug interactions. Most of the anti-epileptic drugs are inducers
or inhibitors of metabolic enzymes. Induction of hepatic enzymes
by AEDs such as carbamazepine, phenytoin and phenobarbital may
cause increased metabolism and decreased therapeutic effects of many
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other drugs, such as steroid hormones or warfarin. Felbamate and
valproate are metabolic inhibitors and can increase pharmacological
effects of other hepatically metabolized drugs. Conversely, other drugs
(e.g., erythromycin or fluoxetine, potent inhibitors) may inhibit the
metabolism of AEDs. It is sometimes difficult to predict what type of
interaction will occur when two AEDs or an AED and another drug
are used together [54].

Epilepsy in Children
Epilepsy can affect children of all races and ethnic backgrounds.
Approximately 326,000 American children under the age of 15 are
diagnosed with epilepsy and the incidence amongst the youth is
estimated at 200,000 cases diagnosed annually [59].
Epilepsy in children is a complex disease, with a variety of distinct
syndromes and many alternative treatment options and outcomes.
The disease burden can affect children differently; as some respond
favorably to medication treatments and others struggle with epilepsy
as a lifelong challenge. Even with a plethora of available treatment
options, childhood epilepsies beginning in early years of life are
commonly associated with seizures that are resistant to existing
treatment methods. Multiple ongoing seizures in early childhood are
more likely to attribute to long term deficits in cognition, behavior,
and motor areas, depending on the extent of damage to the brain [45].
Managing pediatric epilepsy syndromes is tough. A comprehensive
treatment plan includes pharmacologic, non-pharmacologic, and
surgical options [60]. Resistance to epilepsy regimens have created
a major challenge in treatment, especially in epileptic disorders such
as Dravet syndrome, Lennox-Gastaut syndrome, Doose and West
syndromes [61].
Dravet syndrome is classified as a severe form of epilepsy that
results from a genetic mutation in the alpha-subunit of the sodium
channel SCN1A [62-64]. In some cases of Dravet syndrome, genetic
mutations cause the inactivation of one copy of the gene, known as
haplo-insufficiency, in which there is only one functional copy. An
estimated 90% of Dravet syndrome cases are a result of ‘de novo’
mutations in the child [65,66]. This syndrome typically begins in the
first year of infancy and can present in children of otherwise normal
development prior to seizure onset. Seizures can be generalized,
focal or tonic-clonic [67]. Dravet syndrome is a highly pharmacoresistant form of epilepsy. Valproate and benzodiazepines are the
first-line treatment but are usually insufficient therapeutic options
[68]. Individuals experiencing acute seizures are treated with
benzodiazepines, such as clonazepam, lorazepam and midazolam.
Maintenance treatment for chronic seizures associated with Dravet
syndrome most commonly include levetiracetam and sodium
valproate often in combination with topiramate or stiripentol [69,70].
Certain AEDs can aggravate seizures and should be avoided in
patients with Dravet syndrome. These AEDs include carbamazepine,
lamotrigine, diphenylhydantoine, high doses of intravenous
phenobarbital and vigabatrin [61,71]. Worsening of symptoms was
noted during administration of these medications, which persisted
even after their washout period was completed. Infants being treated
for status epilepticus with phenobarbital developed cerebral atrophy
with dramatic neurological worsening [71,72]. Managing of Dravet
syndrome is challenging and often unsuccessful [73].
Lennox-Gastaut Syndrome (LGS) is a severe, chronic, epileptic
encephalopathy, primarily with childhood onset, [74-76]. LGS
syndrome begins in childhood (between 1 and 8 years of age), worsens
during latency, and persists frequently into adulthood. The syndrome
J Addict Neuropharmacol
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is refractory to anti-epileptic medications, and results in cognitive
decline and behavioral problems in affected individuals. Seizure
types consist primarily of axial tonic, atonic, and atypical absence;
nocturnal tonic seizures are the most common seizure pattern in
this population [77]. Lennox-Gastaut syndrome has a heterogeneous
etiology. Recent findings suggest that CHD2 and SCN1A mutations
are important in the etiological spectrum of LGS disorder [78,79].
Lennox-Gastaut syndrome may be considered secondary network
epilepsy because the unifying epileptic manifestations of the disorder,
which reflect network dysfunction, rather than the specific initiating
process [80]. Treatment options for Lennox-Gastaut syndrome
have been less than optimal. The choices of AEDs are based on the
seizure types; routinely, two or more the classic drugs, valproate and
clonazepam are recommended [81].
In recent years, several drugs have been tested and approved for
the treatment of this syndrome; these include felbamate, lamotrigine,
topiramate, and rufinamide. The long-term outcome does not appear
to be any better with the newer AEDs, than when using earlier
prescribed AEDs or polytherapy [77]. Long-term outcome of these
patients relative to seizure control and cognition is poor. Most
develop moderate intellectual disability within a few years of onset
of the syndrome. Many others develop behavioral problems with
inattention, hyperactivity and aggression [77].
Doose syndrome, Myoclonic-Astatic Epilepsy (MAE) is
characterized by myoclonus, myoclonic-astatic, or astatic seizures
in childhood. There is a partial overlap with other pediatric epileptic
syndromes, such as Dravet and Lennox-Gastaut [82]. The actual
genetic determinants of MAE still remain unknown. Although
initially thought to be within the same spectrum as severe myoclonic
epilepsy of infancy, the exclusion of SCN1A mutations in nongeneralized epilepsy with febrile seizures MAE cases has confirmed
the genetic distinction of MAE [83]. Treatment of MAE includes
AEDs, ketogenic diet and Adrenocorticotropic Hormone (ACTH)
[84]. The course of MAE is highly variable with regard to seizure
outcome (complete remission in some cases, persistent epilepsy in
others) and normal or delayed cognitive development [85,86].
West Syndrome (WS) is a rare age-dependent epileptic
encephalopathy characterized by epileptic spasms, specific EEG
pattern (hypsarrhythmia), and psychomotor retardation. West
Syndrome typically begins in the first year of life, usually between 3
and 8 months [87]. Epileptic spasms, tonic, atonic, generalized tonicclonic, and myoclonic seizures are common. Prenatal and perinatal
brain injury, metabolic, degenerative disorders, and neurocutaneous
disorders and cerebral malformations are frequently identified in
these patients [45]. Pharmacologic agents used to treat WS include
the benzodiazepines, valproate and corticosteroids or corticotrophin,
vigabatrin. West Syndrome associated with focal cortical dysplasia
has been treated by resective surgery [88]. Neurodevelopment is
normal in only 10-15% of affected patients [89].
Childhood epilepsies are commonly associated with seizures that
are resistant to existing therapies. Treatment of pediatric epilepsy is
challenging and requires more effective therapy to avoid short-term
and long-term neurological disorders.

Mechanism of Action of Cannabinoid Compounds
THC binds to CB1 and CB2 receptors, to exert its effects. The
endogenous ligands for these receptors are the Endocannabinoids
Anandamide (AEA) and 2-Arachidonoylglycerol (2-AG), which are
Volume 1. Issue 1. 002
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excitation of the endocannabinoid system [91]. This will result in
altered perceptions, pleasure and mood.
Although THC is the main psychoactive agent found in marijuana,
other cannabinoids contribute to the plant’s medicinal properties
[7]. Studies in experimental models and humans have suggested
anti-inflammatory, neuroprotective, anxiolytic, and antipsychotic
properties of chemicals extracted from marijuana [7,15,19,92,93].
Unlike THC, CBD has little affinity for CB1 and CB2 receptors
but acts as an indirect antagonist of cannabinoid agonists. While this
should cause CBD to reduce the effects of THC, it may potentiate
THC’s effects by increasing CB1 receptor density or through another
CB1-related mechanism [27]. It is also an inverse agonist of CB2
receptors. CBD can counteract some of the functional consequences
of CB1 activation in the brain, possibly by indirect enhancement of
adenosine A1 receptors activity through Equilibrative Nucleoside
Transporter (ENT) inhibition.

Reproduced with permission from (Vincenzo DiMarzo, Maurizio Bifulco
& Luciano De Petrocillis. 2004. The endocannabinoid system and its
therapeutic exploitation. Nature Reviews Drug Discovery).
Figure 1: Major signalling pathways associated with cannabinoid
receptor activation by agonists.

both cannabinoid compounds made by the body and have protective
effects. THC serves as a partial agonist at the CB1 receptors, which
are located mainly in the brain, and are identified as both inhibitory
GABA and excitatory glutamatergic neurons. THC it is also a
partial agonist of CB2 receptors, primarily found in immune and
hematopoietic cells Figure 1.
Activation of both cannabinoid CB1 and CB2 receptors, and
the subsequent stimulation of Gi/o heterotrimeric proteins, is well
known to be coupled to inhibition of Adenylate Cyclase (AC)
with corresponding inactivation of the Protein Kinase A (PKA)
phosphorylation pathway, or to stimulation of Mitogen-Activated
Protein Kinase (MAPK). These intracellular events lead to, among
other effects, the regulation of expression of several genes. However,
more complex protein phosphorylation cascades-specifically, those
involving phosphoinositide-3-kinase and protein kinase B - are also
proposed to be triggered by CB1 receptors. Furthermore, stimulation,
rather than inhibition, of AC by CB1, but not CB2, receptors, via Gs
proteins, has also been described occasionally. CB1-, but not CB2, receptor stimulation of Gi/o proteins is also directly coupled to
inhibition of voltage-activated Ca2+ channels and stimulation of
inwardly K+ channels in neurons, with subsequent inhibition of
neurotransmitter release. The choice between which of these pathways
is modulated by cannabinoid receptor activation also depends on the
type of agonist - cAMP, cyclic AMP.
Due to the structural similarity of THC to the endogenous
cannabinoid AE, many therapeutic advantages of THC (which
mimic the effects of AE) have been identified, such as lowering ocular
pressure, inhibiting smooth muscle contractions, and increasing
appetite [90]. When smoked, THC is rapidly absorbed from the
lungs and into the bloodstream and has an effect on the cannabinoid
receptors. The central nervous system and specific areas of the brain
contain the highest concentration of cannabinoid receptors and
therefore the chemicals found in marijuana will create an overJ Addict Neuropharmacol
ISSN: HANP, Open Access Journal

CBD helps to augment some of THC’s beneficial effects, as it
reduces the psychoactivity of THC to enhance its tolerability and
widen its therapeutic window [94]. This may partly explain why users
of cannabis preparations with high CBD: THC ratios are less likely to
develop psychotic symptoms than those who consume preparations
with low CBD: THC ratios [95]. The botanical drug nabiximols, which
contains equal amounts of THC and CBD, relieves spasticity and
pain in multiple sclerosis more effectively than THC alone, possibly
because CBD’ s effects allow patients to tolerate higher amounts of
THC [27].
CBD exerts its antiepileptic effects through several different
mechanisms. The most beneficial route has not fully been determined
yet due to lack of sufficient evidence. It is a “multitarget” compound.
At low micromolar to sub-micromolar concentrations, CBD is a
blocker of ENT, the orphan G-protein-coupled receptor GPR55,
and the Transient Receptor Potential of Melastatin Type 8 (TRPM8)
channel. Conversely, CBD enhances the activity of the 5-HT1a
receptor, the a3 and a1 glycine receptors, the Transient Receptor
Potential of Ankyrin type 1 (TRPA1) channel, and has a bidirectional
effect on intracellular calcium [19,96]. At higher micromolar
concentrations, CBD activates the nuclear peroxisome proliferatoractivated receptor-γ and the Transient Receptor Potential of
Vanilloid type 1 (TRPV1) and 2 (TRPV2) channels while also
inhibiting cellular uptake and fatty acid amide hydrolase–catalyzed
degradation of AE [19,93]. Finally, CBD’s polyphenolic nature makes
it a potent antioxidant. CBD may also supplement the antispastic
effects of THC (e.g., via local potentiation of glycine mediated
signaling, inhibition of endocannabinoid degradation, or retardation
of demyelination through anti-inflammatory, antioxidant, and antiexcitotoxic mechanisms). CBD has proven beneficial in experimental
models of several neurologic disorders, including those of seizure and
epilepsy [97], as have other cannabinoids such as Cannabichromene
(CBC) and the propyl homologs of THC and CBD (respectively, D9Cannabinoid

Molecular target(s)

D9-Tetrahydrocannabinol (D9-THC)

CB1R, CB2R, TRPV1, TRPV2

D9-Tetrahydrocannabivarin (D9-THCV) CB1, CB2, TRPV1, TRPV3, TRPV4
Cannabidiol (CBD)

ENT, GPR55, TRPV1, TRPV2, TRPV3,
TRPA1, FAAH, TRPM8, adenosine,
5HT1A

Cannabidivarin (CBDV)

TRPV4, DAGLα

Cannabinol (CBN)

CB1R, TRPV4, TRPA1

Table 1: Proposed molecular targets for plant cannabinoids investigated in
animal models of seizure.
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Tetrahydrocannabivarin [THCV] and Cannabidivarin [CBDV]).
THCV exhibits high affinity for cannabinoid receptors and acts as
a neutral CB1 antagonist and partial CB2 agonist with efficacy in an
animal model of Parkinson’s disease [98]. CBC influences adult neural
stem cell differentiation by reducing generation of new astrocytes
potentially involved in neuro-inflammation [99,100]. CBDV and, to
a far smaller extent, THCV produce anticonvulsant effects in animal
models of epilepsy, likely via non-CB1/CB2 mechanisms. Like CBD,
these compounds interact with TRPV1, TRPV2, TRPA1, and TRPM8
channels, but their molecular pharmacology and mechanisms of
action are less well understood.

Effects of Cannabinoid Compounds on Epilepsy and
Seizure
Some of illicit drugs can affect seizure and epilepsy progress. Recent
studies assessed the prevalence of illicit drug use among epilepsy
patients and its effects on the disease. In these studies, it was reported
that frequent use of cocaine, amphetamines or heroin increases seizure
risk [101]. Another study stated that heroin use is a risk factor and
marijuana use a protective factor for new-onset seizures [102].
Preclinical studies, mainly in the 1970s, studied the effects of
cannabis on animal models of seizure and epilepsy. The results of
these studies, which are summarized in (Table 1), demonstrated
mixed efficacy in acute seizure models in various species [103-110].
Reproduced with permission from Devinsky et al., [27],
Cannabidiol: Pharmacology and potential therapeutic role in epilepsy
and other neuropsychiatric disorders (Table 1,2) Epilepsia.

Potential Therapy of Epilepsy Using Marijuana
Unfortunately, a substantial proportion of children diagnosed
with epilepsy doesn’t respond well to treatment, and for these
patients, the clinical goal is to find an optimal treatment [111].
Marijuana ingredients have created a significant research interest as
potential therapy options in epilepsy treatment.

CBD bears investigation in neuropsychiatric disorders such as
epilepsy, anxiety, schizophrenia, addiction, and neonatal hypoxicischemicencephalopathy [27]. CBD has shown to be protective
against epilepsy, anxiety, and psychosis and to ameliorate diseases
of the basal ganglia, such as Parkinsonism and Huntington’s disease
[8,9].
CBD has proven beneficial in experimental models of several
neurologic disorders, including those of seizure and epilepsy [7,107].
Significant anticonvulsant effects of CBD (ED50 =120 mg/kg)
were found in mice [112]. More recently, CBD has been shown
to have anticonvulsant effect in vitro and in vivo models. CBD
caused concentration-related and region-dependent attenuation of
chemically induced epileptiform activity in hippocampal brain slices
[113]. Furthermore, in vivo studies reported the effects of pure CBD
in established rodent seizure models, the acute pilocarpine model of
temporal lobe seizure and the penicillin model of partial seizure [114].
In the pilocarpine model CBD significantly reduced the percentage of
animals experiencing the most severe seizures. In the penicillin model,
CBD significantly decreased the percentage mortality as a result of
seizures; CBD also decreased the percentage of animals experiencing
the most severe tonic-clonic seizures. Moreover, CBD reduced seizure
severity and mortality in an in vivo model of generalized seizures
[113,114]. These results extend the anti-convulsant profile of CBD;
when combined with a reported absence of psychoactive effects, this
evidence strongly supports CBD as a therapeutic candidate for a
diverse range of human epilepsies. The antiepileptic mechanisms of
CBD are not well investigated. Some authors reported a role for the
cannabinoid CB1 receptor in modulating seizure activity [115,116].
Devinsky indicated that cannabinoids produce anticonvulsant effects
via non-CB1/CB2 mechanisms (Devinsky O et al., 2014) [27].
Clinical studies (phase I clinical trial) also suggested that CBD
has an anticonvulsant potential [117]. In addition, CBD is very well
tolerated and doesn’t produce the psychotic symptoms even at high
doses [118]. Pure CBD appears to be an ideal candidate among

Plant cannabinoid

Model

Efficacy

D9-Tetrahydrocannabinol (D9-THC)

Generalized seizure (e.g., MES, PTZ, 6 Hz, 60 Hz, nicotine, and strychnine)

Y

Temporal lobe epilepsy

Y

Generalized seizure (MES, PTZ, amygdala kindling)

Y

Partial seizure with secondary generalization (penicillin and maximal dentate gyrus activation)

Y

Temporal lobe epilepsy

Y

Absence epilepsy (WAG/Rij)

Mixed effect

Generalized seizure (MES and PTZ)

Na

Absence epilepsy (WAG/Rij)

N

Partial seizures with secondary generalization (penicillin but not maximal dentate gyrus activation)

Na

Synthetic CB1R agonists (e.g., WIN55212)

Synthetic CB1R antagonists (e.g.,
SR141716A)

Epileptogenesis (juvenile head trauma but not kainic acid)

Y

D9-Tetrahydrocannabivarin (D9-THCV)

Generalized seizure

Y

Cannabidiol (CBD)

Generalized seizure (MES, PTZ, 6 Hz, 60 Hz, picrotoxin, isonicotinic acid, bicuculline, hydrazine,
limbic kindling (electrical), and strychnine but not 3-mercaptoproprionic acid)

Y

Temporal lobe convulsions/status epilepticus

Y

Partial seizures with secondary generalization (penicillin but not cobalt)

Y

Generalized seizure (MES, PTZ, and audiogenic)

Y

Temporal lobe convulsions/status epilepticus

Y

Partial seizures with secondary generalization (penicillin only)

Y

Generalized seizure (MES only)

Y

Cannabidivarin (CBDV)

Cannabinol (CBN)
a - Indicates a proconvulsant effect

Table 2: Cannabinoid efficacy in animal models of seizure and epilepsy.
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phytocannabinoids as a therapy for treatment-resistant epilepsy. A
first step in this direction is to systematically investigate the safety,
pharmacokinetics, and obtain an initial signal regarding efficacy at
different dosages [119].
THC, the other (psychoactive) ingredient of marijuana plant, also
aids in reducing epileptic seizures [21]. Results from earlier clinical
studies were reported on the therapeutic application of delta 9-THC
(Dronabinol, Marinol) in 8 children. These studies indicated that
THC reduced spasticity, improved dystonia, increased initiative (with
low dose), increased interest in the surroundings, and anticonvulsive
action [120]. THC had different effects in reducing seizure frequency
and severity and reports of THC outcomes were not consistent
among all studies. Several studies reported that THC showed no
potential benefit in treating seizures while other studies showed
potentiation of convulsive effects, and that THC actually provoked
epileptiform activity [121]. Additional studies [122] reported that
THC administration led to dose-limiting toxicities and tolerance to
anti-seizure effects. Effect of THC, with THC derivatives or synthetic
agonists (which activate CB1 receptors), varied in yielding therapeutic
benefit for patients with epilepsy [27].
Cases of epilepsy that have not responded to traditional
therapeutic intervention in pediatric patients have led parents to
explore the use of cannabis enriched products. A recent US survey
conducted with 19 parents, 12 of which had children diagnosed with
Dravet syndrome, revealed that parents admitted to using CBDenriched cannabis in their children, to control resistant seizures.
An average twelve AEDs were tried unsuccessfully before parents
initiated CBD treatment. The reported doses of cannabidiol ranged
from less than 0.5 mg/kg/day to 28.6 mg/kg/day. Seizure frequency
before administering cannabidiol ranged from 2 seizures per week
to 250 per day. The duration of treatment lapsed from two weeks to
over one year. The results of this study indicated that 84% of parents
noted a reduction in the frequency of seizures, while two parents
(11%) reported that their child became seizure-free after more than
4 months of cannabidiol use. Eight parents (42% ) reported a greater
than 80% reduction in seizure frequency, three (16%) reported a
greater than 50% decrease in seizure frequency, three parents (16%)
indicated a decline in seizure frequency of greater than 25% reduction
and three parents reported no changes in frequency [123].
Similar to traditional treatment regimens, cannabis- based
drugs enriched in cannabidiol [124] presented findings in support
of treatment, as well adverse effects in children. Parents highlighted
some of the beneficial outcomes of the CBD drugs their children
experienced such as better sleep patterns, increased alertness and
an overall positive change in mood while being treated with CBDenriched cannabis. AEDs do not have as many positive side effects
and on the contrary place children at risk for severe side effects such
as irritability, insomnia, and aggressive behavior. Due to the notable
efficacy of CBD-enriched medications, parents were able to slowly
taper their child off of other AEDs and led to an improved quality of
life [123].
A report about an adjunctive treatment of a child with Dravet
syndrome with a mixture of CBD and THC was broadcast recently
by a news corporation, which received widespread attention. The
adjunctive therapy was started with a high concentration CBD: THC.
This extract reduced the seizure frequency from nearly 50 convulsive
seizures per day to now 2-3 nocturnal convulsions per month. This
effect has persisted for the last 20 months, and the child has been
successfully weaned from her other AEDs [125].
J Addict Neuropharmacol
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Recently, a review was conducted to assess the efficacy of
marijuana, or marijuana’s constituents in the treatment of people
with epilepsy. Four studies were reviewed as part of this analysis.
None of the four studies provided sufficient information to address
the primary outcome of this review; seizure freedom for 12 months
or three times the longest inter-seizure interval. Of the secondary
outcomes of analysis, the only one that could be supported was that
there were no significant side effects in any of the patients studied,
except one study, which reported mild drowsiness. The authors
concluded that no reliable decisions can be drawn regarding the
efficacy of cannabinoids as a treatment for epilepsy [126].
A new international, multi-center study led by researchers from
UCSF Benioff Children’s Hospital is the first to evaluate whether
purified cannabinoid is effective in treating severe forms of childhood
epilepsy. The trial will enroll a total of 150 patients. The patients are all
between the ages of one and 18 with intractable epilepsies shown to be
resistant to many if not all of the antiepileptic treatments, including
drugs and a ketogenic diet. For one year the patients will be carefully
monitored [127].
Even though marijuana and cannabinoids can produce the
therapeutic effects they also may create dangerous health problems.
Chronic marijuana use has been related to various cognitive problems
such as addiction, distorted perceptions, impaired coordination,
difficulty in thinking and problem solving, ongoing problems with
learning and memory [128]. Long-term use can increase the risk of
damaging the lungs and reproductive system. It has also been linked
to heart attacks [129]. There is a possibility for the children with
epilepsy to be affected by other illnesses in adulthood after medical
marijuana use in childhood. There are potential risks for epileptic
children to be treated with cannabinoids.

Conclusion
Chief concerns regarding the use of medical marijuana in children
and adults include lack of standardization and regulation, imprecise
dosing, possible adverse side effects and medication interactions.
This would result in products being manufactured or grown, which
pose questionable threats on quality and composition. The levels of
THC and CBD are crucial due to their different mechanisms and
psychotropic activity Although many marijuana strains used for
epilepsy treatment are reported to have high CBD: THC ratios, THC
is more potent than CBD, so low doses of THC can have adverse
effects, especially in young children. In addition to THC and CBD,
there are over 80 other cannabinoids and 300 non-cannabinoid
chemicals naturally found in the cannabis plant [119]. These extracts
could also contain contaminants, such as fungus and pesticides,
which may cause long-term organ damage.
Research studies have provided strong evidence for safety and
anticonvulsant properties of medical marijuana. However, the lack
of pure, pharmacologically active compounds and legal restrictions
have prevented broad clinical research. Further studies are needed
to confine data on safety, pharmacokinetics and interactions of
cannabinoids with other AEDs.
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