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Abstract:
Objective:
Cannabinoid-based medications provide not only relief for specific symptoms, but also arrest or delay of disease progression in
patients with pain, multiple sclerosis, and other conditions. Although they also seem to hold potential as anticonvulsant agents,
evidence of their efficacy in epilepsy is supported by several evidences.
Method:
The data reviewed herein lend support to the notion that the endocannabinoid signalling system plays a key modulation role in the
activities subserved by the hippocampus, which is directly or indirectly affected in epilepsy patients.
Conclusion:
The notion is supported by a variety of anatomical, electrophysiological, biochemical and pharmacological findings. These data
suggest the need for developing novel treatments using compounds that selectively target individual elements of the endocannabinoid
signalling system.
Keywords: Antiepileptic, Cannabinoids, Epilepsy, Neuroprotection, Cannabis sativa.

1. INTRODUCTION
Cannabis sativa is a well-known recreational drug [1], whose millenarian medicinal use has only recently been
revisited [2]. Indeed, as far back as 2600 BC, the Chinese emperor Huang Ti recommended using it to relieve cramps
and rheumatic and menstrual pain [3, 4].
The endocannabinoid system (ECS) is a novel endogenous signalling system involved in a variety of functions both
in physiological and pathological conditions. It consists of cannabinoid receptors type 1 (CB1) [5] and 2 (CB2) [6],
their endogenous fatty-acid ligands (endogenous cannabinoids or endocannabinoids, ECs), and the proteins responsible
for EC biosynthesis and degradation. CB1 receptor is chiefly expressed in the central nervous system (CNS) and, to a
lesser extent, in peripheral nerve terminals and at various non-neuronal sites such as testis, uterus, eye, vascular
endothelium, spleen, and adipocytes [7 - 10], whereas CB2 receptor is nearly exclusively expressed in the immune
system. Although the existence of other cannabinoid receptors has been suggested by pharmacological studies, they
have not yet been cloned [11].
The two receptors exhibit only 44% and 68% overall identity in transmembrane domains. They are mainly coupled
to G proteins, most often of Gi/o type, inhibiting adenylate cyclase activity and stimulating mitogen-activated protein
kinases through α subunit. Coupling to ion channels, resulting in the inhibition of Ca2+ influx via N-type calcium
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channels, has also been described [12]. In addition, CB1 receptor is involved in the activation of PI-3-kinase and
phospholipase C (through the G protein βγ subunits), whereas CB2 receptor plays a role in inducing sustained activation
of ceramide biosynthesis [13].
2. ENDOCANNABINOID SYNTHESIS, RELEASE, UPTAKE, AND DEGRADATION
Their highly lipophilic nature entails that ECs, unlike other neurotransmitters, cannot be stored in vesicles, but
rather are synthesized on demand. EC signalling is therefore closely regulated by their synthesis, release, uptake, and
degradation processes [14]. A variety of stimuli, including membrane depolarization and increased intracellular Ca2+
and/or receptor stimulation, are capable of activating the process that through cleavage of membrane phospholipids
leads to EC synthesis. Notably, different enzymes participate in the synthesis of the various ECs; as a consequence,
different ECs are involved in different physiological and pathological conditions.
In animal tissues, anandamide (or N-arachidonoylethanolamide, AEA) and its congeners, collectively denominated
N-acylethanolamines, are mainly formed from their corresponding N-acyl-phosphatidylethanolamine (NAPE) by a
phospholipase D (PLD) phosphodiesterase [15]; in turn, N-acylethanolamines are mainly synthesized from membrane
phospholipids by enzyme reactions involving first N-acylation of phosphatidylethanolamine by an acyltransferase, and
subsequently N-acylethanolamine release from NAPE through the action of a PLD phosphodiesterase [16].
3. THE ENDOCANNABINOID SYSTEM
Several ECs have been described to date. AEA was the first to be discovered, in 1992, followed by 2arachidonoylglycerol (2-AG). Both are arachidonic acid derivatives and can bind to CB1 and CB2 receptors, albeit with
different affinity and activation efficacy [8]. Several other bioactive lipid mediators that appear to exert distinct
pharmacological effects in vivo through CB1 and/or CB2 receptors, have subsequently been described, including 2arachidonoyl-glyceryl-ether (noladin ether), o-arachidonoyl-ethanolamine (virodhamine), N- arachidonoyl-dopamine,
and possibly oleamide [13, 10, 17, 18]
The biological roles of the ECS have thoroughly been explored [19, 20]. The ECS participates in a large number of
functions in physiological conditions. In the CNS, ECs are involved in short and long-term synaptic plasticity including
depolarization-induced suppression of excitatory/inhibitory neurotransmission, long-term potentiation/depression, and
long-term depression of inhibition [21], participating in the regulation of cognitive functions and emotions in neuronal
circuits of the cortex, hippocampus, and amygdala, and in the reinforcement of substances of abuse in the mesolimbic
system [22]. In the basal ganglia and cerebellum, strong expression of CB1 receptor and ECs involves effects on
movement and posture, for instance through an action on dopaminergic signalling [23]. In addition, neuromodulation
exerted on the sensory and autonomic nervous systems affects pain perception [24], cardiovascular [25] and
gastrointestinal function [26], mostly via CB1 receptor. Through crosstalk with steroid hormones, hypothalamic
hormones and peptides, ECs also affect food intake, the pituitary-hypothalamus-adrenal axis and reproduction [27].
CB2 receptor is involved in cellular and, especially, in humoral immune responses, and through them, it may exert
effects on (neuro) inflammation and chronic pain [28].
Interestingly, ECs also inhibit tumour cell proliferation; in particular, data obtained from isolated cells suggest that
AEA and 2-AG are involved in cell metabolism, differentiation, proliferation and death via cannabinoid and noncannabinoid receptors [29].
In addition to the above physiological functions, where demonstration of their “tonic” nature has been provided only
for some of them, EC signalling shows striking tissue-specific changes in pathological conditions [30]. In transient
disorders, overexpression of at least one EC in the tissue(s) involved, contributes to restoring normal levels of other
endogenous mediators via CB1 receptor. This has been observed seen for instance in some areas of the nervous system
affected by injury or stressors, such as the hippocampus in an animal model of epilepsy [30], the hypothalamus
following food deprivation [31], and the spinal cord in an animal model of multiple sclerosis [32].
Since cannabis-based medicines have been reported to have both anticonvulsant [27 - 29, 33 - 35] and
proconvulsant effects [36], it is important to establish whether cannabinoids can be harnessed to treat CNS
hyperexcitability or rather constitute a potential risk to recreational and medicinal users [37].
Although the association between epilepsy and the EC receptor system has extensively been explored, the complex
relationship between brain excitability and the ECS suggests that cannabinoids may have beneficial effects on epilepsy
[27 - 38].
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4. EPILEPSY AND ANTIEPILEPTIC DRUGS
Epilepsy involves a broad spectrum of disorders that affect about 50 million people in the world [39].
Epileptic seizures are mainly divided into partial seizures - which arise in specific brain regions, especially the
temporal lobes and the hippocampus and do not spread to other areas - and generalized seizures - involving the entire
forebrain through secondary generalization of partial seizures. Revision of the concepts, terminology, and approaches to
the classification of epilepsies and seizures by the Commission on Classification and Terminology of the International
League Against Epilepsy (ILAE) has provided a subdivision of seizures into those “originating at some point within,
and rapidly engaging bilaterally distributed networks” (generalized) and those “originating in networks limited to one
hemisphere”, either “discretely localized or more widely distributed” (focal) [39]. The Commission also simplified the
classification of generalized seizures; moreover, since a natural classification for focal seizures has not yet been
devised, it recommended that focal seizures be described in relation to their manifestation features (e.g., dyscognitive,
focal, motor). The notions of generalized / focal do not apply to electroclinical syndromes [39].
As regards form, epilepsy is chiefly characterized by specificity. Here, too, the ILAE revision has introduced a new
terminology, where genetic, structural/metabolic, and unknown disorder have replaced idiopathic, symptomatic, and
cryptogenic epilepsies [39]. These categories can be further subdivided according to criteria like natural class (e.g.
underlying cause, age at onset, associated seizure type) or pragmatic groups (e.g. epileptic encephalopathies, selflimited electroclinical syndromes), to organize data about recognized forms and contribute to identify new ones [39].
Current antiepileptic drugs (AEDs) include acetozolamide, carbamazepine, clobazam, clonazepam, ethosuximide,
eslicarbazepine acetate, gabapentin, lacosamide, lamotrigine, levetiracetam, oxcarbazepine, perampanel, phenobarbital,
phenytoin, pregabalin, primidone, rufinamide, sodium valproate, tiagabine, topiramate, valproate, vigabatrin, and
zonisamide [40] (Table 1).
Table 1. Antiepileptic drugs grouped by their main mechanism of action.
Phenytoin, Carbamazepine

Block voltage-dependent sodium channels at high firing frequencies

Barbiturates

Prolong GABA-mediated chloride channel openings
Some blockade of voltage-dependent sodium channels

Benzodiazepines

Increase frequency of GABA-mediated chloride channel openings

Felbamate

May block voltage-dependent sodium channels at high firing frequencies
May modulate NMDA receptor via strychnine-insensitive glycine receptor

Gabapentin

Increases neuronal GABA concentration
Enhances GABA mediated inhibition

Topiramate
• Blocks voltage-dependent sodium channels at high firing frequencies
• Increases frequency at which GABA opens Cl- channels (different site than benzodiazepines)
• Antagonizes glutamate action at AMPA/kainate receptor subtype
• Inhibition of carbonic anydrase
Lamotrigine

Blocks voltage-dependent sodium channels at high firing frequencies
May interfere with pathologic glutamate release

Ethosuximide

Blocks low threshold, “transient” (T-type) calcium channels in thalamic neurons

Valproate

May enhance GABA transmission in specific circuits
Blocks voltage-dependent sodium channels

Vigabatrin

Irreversibly inhibits GABA-transaminase

Tiagabine

Interferes with GABA re-uptake

Levetiracetam

Binding of reversible saturable specific binding site
Reduces high-voltsge- activated Ca2+ currents
Reverses inhibition of GABA and glycine gated currents induced by negative allosteric modulators

Oxcarbazepine

Blocks voltage-dependent sodium channels at high firing frequencies
Exerts effect on K+ channels

Zonisamide

Blocks voltage-dependent sodium channels and
T-type calcium channels

5. EVIDENCE FOR THE EFFECT OF CANNABINOIDS AS ANTIEPILEPTICS
Despite the conflicting data reported on the relationship between cannabinoids and brain excitability [27 - 38], there
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is evidence that cannabinoids may be beneficial in treating CNS hyperexcitability [33 - 35].
In one of the earliest studies (1970), Mechoulam [41] randomized nine patients with treatment refractory temporal
lobe epilepsy to receive cannabidiol (CBD) or placebo for 5 weeks in addition to their current AED. At 3 months, two
of the four CBD patients were seizure-free, whereas none of the five placebo patients showed improvement. In 1975,
Consroe and co-workers [42] described a young man whose epilepsy was refractory to standard AEDs (phenobarbital
and phenytoin). He reported that seizures had stopped when he had begun smoking cannabis socially; however, AED
withdrawal resulted in their return, despite the persistent use of cannabis. Next, Ng and colleagues reported a reduction
in seizure behaviour in a population of 308 epileptic patients who used cannabis compared with a control population of
294 patients [43]. All three studies suggested that cannabis may exert an anticonvulsant effect.
Subsequent trials have confirmed the anti-seizure properties of cannabinoids [44 - 46].
Cunha and colleagues [44] described a double-blind phase 1 study involving 16 healthy volunteers, of whom eight
received 3 mg/kg daily CBD and eight received a placebo for 30 days. In the double-blind phase 2 study, 15 patients
with treatment-refractory epilepsy (TRE) were randomly assigned to receive CBD (200-300 mg daily) or a placebo for
4 and a half months in addition to their current AEDs. Neither severe side effects nor toxicity were reported by
participants in the phase 1 or phase 2 study; in particular, four of the eight CBD patients were seizure-free throughout
the study and three showed partial improvement; only one patient failed to improve. Seven placebo patients experienced
no clinical benefit, whereas one showed marked improvement. The authors concluded that CBD has potential as an
antiepileptic agent and that it may strengthen the effect of other antiepileptic drugs.
According to other researchers CBD has little or no effect. In a study that reported neither the statistical analysis of
data nor the main effects, Trembly and Sherman found no discernible benefit of marijuana on TRE [45]. In a small
sample, Ames and Cridland [46] found no differences between CBD and placebo and provided no power calculations.
Adult patients taking marijuana and parents treating their TRE children with CBD-enriched marijuana are described
in several reports [47 - 49]. However, despite some encouraging results, there is no consensus on formulation, dosage,
route of administration, or treatment duration. The placebo effect and recall bias may be confounding variables. Finally,
two of five institutionalized children refractory to phenobarbital and phenytoin showed complete and considerable
improvement, respectively, after tetrahydrocannabinol (THC) administration, whereas the other three did no worse than
with their previous treatment [50]. Altogether, safety and efficacy data from randomized, controlled trials (RCTs) are
quite limited.

6. MECHANISM UNDERPINNING THE ANTIEPILEPTIC ACTION OF CBD
The molecular mechanisms subserving the antiepileptic action of cannabinoids, reported by some studies, are still
largely unclear. However, two investigations using conditional knockout mice have demonstrated the critical
involvement of forebrain glutamatergic neurons in cannabinoid-mediated protection against seizures and rapidly
increased EC levels in response to seizures [51, 52].
Using a rat pilocarpine model of epilepsy, Wallace and colleagues [51] found that cannabinoids reduced seizure
behaviour more effectively than phenobarbital and phenytoin, suggesting that they may be administered to patients
unresponsive to current AEDs. They also showed that the EC tone modulates seizure termination and duration through
CB1 receptor activation. Western blotting and immunohistochemical analysis disclosed a significantly increased
expression of CB1 receptor protein throughout the CA regions of the epileptic hippocampus. These findings indicate
that the ECS is involved not only in regulating seizure activity, but also in modulating neuroexcitation, suggesting that
epilepsy induces CB1 receptor plasticity [51].
In a study where they measured EC levels in mouse hippocampus after kainic acid–induced seizures, Marsicano and
co-workers [52] provided further support for the involvement of ECs in protection against seizure activity. The seizures
induced a rapid AEA increase, hence activation of CB1 receptor, thus providing protection against acute excitotoxicity
and activation of protective intracellular signalling cascades. Such findings, obtained in conditional knockout mice,
indicate that healthy principal forebrain neurons are required for neuroprotection. In a study of several models of
neuronal damage, van der Stelt and co-workers [53] also documented the involvement of CB1 receptor in protection
against epilepsy through mechanisms that include CB1-mediated inhibition of glutamatergic transmission, inhibition of
harmful cascade signals, and reduction of Ca2+ influx. The EC release detected in presence of neuronal injury may
therefore be considered as a protective reaction [52,53].
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The latter two studies [52,53] strongly support the notion that ECS stimulation during seizures confers significant
neuroprotection against neuronal hyperactivity through reduction of hippocampal pyramidal neuron excitability and
activation of intracellular signalling cascades. CB1 receptors found on principal glutamatergic neurons in the forebrain
are chiefly responsible for this action.
Evidence for a strong relationship among hippocampal glutamatergic neurons, ECs, and neuroprotection against
seizures has also been provided by Monory and colleagues [54]. Using novel conditional mutants lacking CB1 receptor
in specific neuronal populations and the KA model of seizures, the authors reported functional and anatomical evidence
that CB1 receptors found on hippocampal glutamatergic neurons are crucially involved in protection against acute
excitotoxic seizures.
Even though the molecular mechanisms underpinning the anticonvulsant action of cannabinoids are still unclear,
release of presynaptic glutamate (Glu) after CB1 receptor activation is believed to play a critical role. In fact, CB1
receptor activation:
reduces Ca2+ influx [55], reducing Ca2+-dependent Glu release. Since Glu is the primary CNS excitatory
neurotransmitter, and epilepsy is related to excess glutamatergic transmission, cannabinoid-induced reduction in
Glu release induces an anticonvulsant effect [56];
enhances presynaptic A-type [57] and G-protein-coupled inward rectifying K+ channel conductance [58]. N- and
Q-type calcium current inhibition reduces Glu release and synaptic transmission, besides suppressing other
calcium-dependent processes. K+ channel activation reduces neuronal excitability through stabilization both of
membrane potentials and of other factors involved in reduction of epileptiform discharge [58];
reduces hippocampal GABAergic function through retrograde signalling, thus modulating synaptic activity. ECs
are considered as retrograde mediators of depolarization-induced suppression of inhibition (DSI) [59]. After
depolarization, reduction of inhibitory GABA-mediated neurotransmission due to EC release from the
depolarized neuron and EC diffusion to nearby neurons result in binding and activation of CB1 receptors, which
reduce GABA release through a presynaptic action. Although the reduced GABAergic tone is unlikely to
mediate the anticonvulsant effect of cannabinoids [59], Cohen and colleagues [60] have demonstrated that
GABA, though normally an inhibitory neurotransmitter, can induce a depolarizing action that is capable of
synchronizing abnormal bursting in slice preparations of human epileptic temporal lobe. The authors suggested
that if the phenomenon were documented in animals with pilocarpine-induced epilepsy, the cannabinoidmediated decrease in GABAergic tone would likely exert an anticonvulsant effect (Table 2) summarizes the
experimental and human data regarding the role of cannabidiol in different model of epilepsy.
7. SAFETY OF CANNABINOIDS IN EPILEPSY TREATMENT
Although several studies have documented the safety of CBD as an antiepileptic agent, clinical research into the
safety and efficacy of cannabinoids has been hampered by the lack of pure, pharmacologically active compounds and
by legal constraints [47 - 50, 69]. According to a recent review [70], the limited available data on the efficacy of
cannabinoids as monotherapy or co-treatment for epilepsy prevent drawing reliable conclusions. Only four (blinded and
non-blinded) studies, conducted from 1978 to 1990, were found to meet RCT criteria. However, they all involved small
samples (48 patients in total) and were too short (4 weeks to 18 months) to assess the safety of long-term CBD
treatment. Reported outcomes included reductions in seizure frequency and freedom from seizures [70].
A systematic review of the efficacy and safety of medical marijuana in selected neurological disorders, carried out
by the American Academy of Neurology in 2014, found that: i) the efficacy of oral cannabinoids in epilepsy is
unknown, ii) the risk-benefit ratio of medical marijuana requires careful assessment, and iii) the effectiveness of
medical marijuana compared with other epilepsy treatments is unknown [71]. However, three studies exploring the
efficacy and safety of a purified 98% oil-based extract of CBD [72, 73] or of plant-derived CBD [74], which were
conducted preliminary to an RCT, reported encouraging data on its ability to control seizures.
The first study [72] enrolled 23 TRE patients with an average age of 10 years, most of whom suffered from Dravet
Syndrome (DS), a rare and catastrophic childhood TRE. After assessment of baseline seizure frequency and type and
establishment of AED regimens over a period of 4 weeks, patients received 5 mg/kg/day of the purified 98% oil-based
CBD extract, which had a known and constant composition, in addition to their current AEDs. The daily dose was
progressively increased to 25 mg/kg/day unless intolerance was reported. After three months, 39% of patients achieved
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a seizure reduction greater than 50% (median 32%); in particular, 3/9 DS patients and 1/14 patients with other forms of
epilepsy became seizure-free. Adverse effects were largely mild or moderate and included sleepiness, fatigue, increase
in AED dosage, reduced or increased appetite, weight gain or loss, and diarrhoea. These data are encouraging, mainly
because they involved a group of children and young adults with highly TRE [72].
The second study [73] assessed the interactions between the CBD extract and current AED regimen in 33 epileptic
patients whose average age was 10 years. Patients' current treatment included on average three different AEDs:
clobazam (54.5% of patients), valproate (36.4%), levetiracetam (30.3%), felbamate (21.2%), lamotrigine (18.2%), and
zonisamide (18.2%). After establishing the baseline dosage of each AED regimen, the CBD extract was added at a
starting dose of 5 mg/kg/day; the dose was then raised weekly by 5 mg/kg/day until 25 mg/kg/day. The extract was seen
to induce changes in the serum concentrations of some AEDs. For instance, increased clobazam levels, found in a
patient subset, were thought to be causing sedation and led to a dose adjustment, suggesting that CBD may affect the
main clobazam metabolic pathways. These clinical findings support experimental evidence that CBD can affect the
metabolism of some common AEDs, even though these effects are not seen in all patients. Clearly, further work is
needed to understand the complex interactions between CBD and AEDs; in the mean time, close monitoring of drug
concentrations is warranted in children treated with preparations containing CBD, including medicinal cannabis [73].
The third study [74] explored the anticonvulsant effects and tolerability of plant derived-CBD in in vitro and in vivo
rat models of seizures and tested CBD in combination with common AEDs. CBD significantly improved status
epilepticus-like conditions; moreover, co-administration with AEDs was well tolerated and did not involve negative
drug-drug interactions. Such favourable effects, obtained in a broad range of in vitro and in vivo seizure models,
suggest that CBD should be further explored for application to a wide range of human epilepsies.
Finally, a multisite open-label study using the purified 98% oil-based CBD extract, has recently released data for 27
patients treated for more than 12 weeks [75]; about half the patients experienced a 50% reduction in seizures, and four
patients were seizure-free. Sleepiness, fatigue, diarrhoea, and altered appetite were each reported by more than 10% of
participants [75].
Table 2. Experimental and human regarding the role of cannabidiol in different model of epilepsy.
Compound

Type of animal model

Results

References

Phytocannabinoid
cannabidivarin (CBDV)

1) Epileptiform local field potentials (LFPs)
2) Maximal electroshock (MES)
3) Audiogenic seizures in mice
4) Pentylenetetrazole (PTZ) and pilocarpine-induced
seizures in rats

CBDV is an effective anticonvulsant in a broad
range of seizure models

[61]

Phytocannabinoid
cannabidivarin (CBDV)

1) Audiogenic seizures in mice
2) Pentylenetetrazole (PTZ) and pilocarpine-induced
seizures in rats

CBDV induces significant anticonvulsant effects in
all three seizure models

[62]

Phytocannabinoid
cannabidivarin (CBDV)

Pentylenetetrazole (PTZ)-induced seizures in rats

CBDV induces significant anticonvulsant effects on
PTZ seizure

[63]

Phytocannabinoid
cannabidivarin (CBDV)

Epileptiform neuronal spike activity in hippocampal
brain slices exposed to a Mg(2+)-free solution

CBDV reduced epileptiform burst amplitude and
duration

[64]

WIN55.212-2 and
URB597

Amygdala kindling model of temporal lobe epilepsy

WIN55.212-2 significantly delayed the progression
of seizure severity, whereas URB597 did not affect
seizure development

[65]

Human data

Twelve patients with refractory mesial temporal lobe CB1 receptor availability showed opposite changes
epilepsy due to hippocampal sclerosis received a
in different brain regions that are involved by
[(18)F]MK-9470 scan to assess the in vivo availability
complex partial seizures in refractory mesial
type 1 cannabinoid (CB1) receptor
temporal lobe epilepsy with hippocampal sclerosis

[66]

Human data

Comparative expression profiling and quantitative
The impaired neuroprotective effects of
electron microscopic analysis of postmortem samples endocannabinoids in human epileptic hippocampus
from subjects with no signs of neurological disorders suggest that downregulation of type 1 cannabinoid
(controls) and surgical specimens of epileptic
receptor and related molecular components of the
hippocampal tissue removed from patients with
endocannabinoid system may compound the harmful
intractable temporal lobe epilepsy
effects of network hyperexcitability

[67]

Human data

Measurement of endocannabinoid levels in
cerebrospinal fluid (CSF) of drug-naive patients with
temporal lobe epilepsy

[68]

Patients exhibited significantly reducted CSF
anandamide levels compared with healthy controls
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8. CLINICAL TRIALS OF CANNABIDIOL ADMINISTRATION IN EPILEPSY
Lennox-Gastaut syndrome (LGS) may be caused by several conditions, including brain malformations, severe head
injury, CNS infection, and inherited degenerative or metabolic disorders; no cause can be found in 30-35% of cases.
Onset is usually before 4 years of age. Patients commonly have frequent seizures of different types, including
convulsive and atonic seizures. Drug resistance is a major feature of the syndrome. Most children with LGS display a
degree of impaired intellectual functioning or information processing, development delay, and behavioural disturbances.
It has been estimated that there are 14,000-18,500 pochi? patients with LGS in the US and 23,000-31,000 in Europe
[76].
The purified 98% oil-based CBD extract described in the previous section was initially developed to treat two
paediatric forms of epilepsy, DS and LGS. Several clinical trials have been launched to test the CBD extract in children
with these forms of TRE [76].
8.1. Clinical Trials
Phase 2. A phase 2-3, double-blind, randomized, placebo-controlled, parallel group trial of the safety, tolerability,
pharmacokinetics, and efficacy of the CBD extract was launched in October 2014, to test the adjunctive effect of a
single CBD dose and of multiple CBD doses in children with DS receiving AEDs. It consisted of two parts: part 1
addressed pharmacokinetics and dose-finding aspects over a 3-week treatment period in children, whereas part 2 was a
placebo-controlled safety and efficacy evaluation over a 14-week treatment period involving 80 children. The patients
completing the study are now eligible to receive the agent under a long-term open-label extension study [76].
Phase 3. Phase 3 of the trial began in March 2015, after part 1 was completed in February 2015. The dosage was set
at 20 mg/kg by a Data Safety Monitoring Committee after evaluation of the safety and pharmacokinetic data obtained in
part 1 [76].
Part 2 involved 14-week administration of the CBD extract or placebo to 100 patients not involved in part 1, to
assess CBD safety and efficacy as an adjunctive antiepileptic agent. The primary outcome measure was the percent
change in the frequency of convulsive seizures during the maintenance phase compared with baseline and with the
placebo group. Several efficacy and safety secondary outcome measures were included. Participants are now eligible to
receive the agent under a long-term, open-label extension study [76].
The second, phase 3 clinical trial of the CBD extract began in April 2015, to assess its safety and efficacy as an
adjunctive antiepileptic agent over a 14-week period. It involved three treatment arms - 10 mg/kg/day, 20 mg/kg/day,
and placebo - each with 50 patients. The primary outcome measure was the percent change in convulsive seizure
frequency in the maintenance phase both compared with baseline and between the CBD groups and the placebo group.
Several efficacy and safety secondary outcome measures were also included. Participants are now eligible to receive the
agent under a long-term, open-label extension study [76].
A phase 3 randomized, double-blind, clinical trial began in May 2015, to examine the dose-ranging safety and
efficacy of the CBD extract as an adjunctive antiepileptic agent in LGS. It envisaged three treatment arms - 20
mg/kg/day and 10 mg/kg/day CBD extract and placebo - each involving 50 patients, and a 14-week titration period
followed by a 12-week maintenance period. The primary outcome measure was the percent change both compared with
baseline and between the treated groups and the placebo group. Several efficacy and safety secondary outcome
measures were also included. Participants are now eligible to receive the agent under a long-term, open-label extension
study [76].
Another phase 3 randomized, double-blind clinical trial of the CBD extract in LGS patients began in June 2015. The
programme included two studies of the extract and involves a 2-week titration period followed by a 14-week
maintenance period. One study comprised two arms, 20 mg/kg CBD and placebo, each involving 50 patients, whereas
the second study also included a low-dose treatment arm (hence an additional group of 50 patients). The primary
efficacy outcome measure in both studies was the percent change in the number of drop seizures both compared with
baseline and between the CBD groups and the placebo patients. Several secondary efficacy and safety outcome
measures were included. Patients are now eligible to receive the CBD extract under a long-term, open-label extension
study [76].
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9. CONCLUSIONS AND REMARKS
Epilepsy is a CNS disorder characterized by uncontrollable twitching of upper or lower limbs and/or seizures. It is
estimated that standard medications fail to induce significant symptom alleviation in as many as 30 percent of patients.
The data reviewed herein demonstrate that cannabinoids provide neuroprotection against brain excitability. They
seem to induce at least partial restoration of neurotransmitter dysfunction, inducing an anticonvulsant effect that may be
the biological substrate of the complex neurochemical effects reported in experimental and clinical studies. A large
body of data suggests that cannabinoids can be harnessed as antiepileptic agents [77 - 82].
However, in the absence of data from placebo-controlled clinical studies, reports of the ability of cannabis to
ameliorate epileptic symptoms remain anecdotal [83]. Lately, CBD has begun to be used to mitigate intractable
paediatric epilepsy by clinicians [84] as well as patients' parents [85,86]. Recently published observational data also
support the anti-seizure effect of CBD in adolescents. A retrospective chart review of children and adolescents receiving
oral cannabis extract at a Colorado epilepsy centre found reduced seizure frequency in up to 57% of patients as well as
improved behaviour/alertness (33%), language (10%), and motor skills (10%) [87]. In Israel, a 2016 retrospective study
of a multicentre cohort of 74 TRE patients found that administration of a CBD extract provided by two local licensed
growers (standardized to possess a 20: 1 CBD to THC ratio) for at least 3 months induced seizure relief in 89% of
children and improved behaviour/alertness, language, communication, motor skills, and sleep [88].
In late 2013, the US Food and Drug Administration granted orphan drug status to an imported, pharmaceutically
standardized CBD extract (Epidiolex®, GW Pharmaceuticals) as an experimental treatment for paediatric epilepsy.
Clinical trials of its safety and efficacy in children with severe forms of TRE, such as DS, began in 2014 [89]. A
consortium of 10 epilepsy centres is currently collecting prospective data on children and young adults taking
Epidiolex® [90]. According to the preliminary results, presented in April 2015 to the 67th Annual Meeting of the
American Academy of Neurology, it reduced seizure frequency by 54% over a 12-week period [91]. Trial data, reported
to the Annual Meeting of the American Epilepsy Society in late 2015, showed that adjunctive Epidiolex® treatment
afforded long-term seizure reduction in 40% of adolescent subjects [92]. Data from an open-label trial, published online
in December 2015, also showed an almost 40% median reduction in seizures in adolescents receiving Epidiolex®,
suggesting that CBD may provide seizure relief having an adequate safety profile in children and young adults with
highly TRE [93]. According to another observational study, 70% of TRE children treated with Epidiolex® and clobazam
experienced a more than 50% reduction in seizure frequency, suggesting that CBD is a safe and effective treatment
[94]. Clinical trials of Epidiolex® and several state-sponsored trials using CBD extract are ongoing and are expected to
confirm the encouraging results obtained in earlier, smaller trials.
Finally, among patients with the Dravet syndrome, cannabidiol resulted in a greater reduction in convulsive-seizure
frequency than placebo and was associated with higher rates of adverse events [95] and it might reduce seizure
frequency and might have an adequate safety profile in children and young adults with highly treatment-resistant
epilepsy [96].

CONSENT FOR PUBLICATION
Not applicable.
CONFLICT OF INTEREST
The author declares no conflict of interest, financial or otherwise.
ACKNOWLEDGEMENTS
The author is grateful to Word Designs (www.silviamodena.com) for the language revision.

REFERENCES
[1]

Adams IB, Martin BR. Cannabis: pharmacology and toxicology in animals and humans. Addiction 1996; 91(11): 1585-614.
[http://dx.doi.org/10.1111/j.1360-0443.1996.tb02264.x] [PMID: 8972919]

[2]

Mechoulam R. Cannabis as Therapeutic Agent. CRC Press Roca Ranton 1986; pp. 1-19.

Do Cannabinoids Confer Neuroprotection Against Epilepsy

The Open Neurology Journal, 2017, Volume 11 69

[3]

Williamson EM, Evans FJ. Cannabinoids in clinical practice. Drugs 2000; 60(6): 1303-14.
[http://dx.doi.org/10.2165/00003495-200060060-00005] [PMID: 11152013]

[4]

Mechoulam R, Gaoni Y. Recent advances in the chemistry of hashish. Fortschr Chem Org Naturst 1967; 25: 175-213.
[PMID: 4879547]

[5]

Matsuda LA, Lolait SJ, Brownstein MJ, Young AC, Bonner TI. Structure of a cannabinoid receptor and functional expression of the cloned
cDNA. Nature 1990; 346(6284): 561-4.
[http://dx.doi.org/10.1038/346561a0] [PMID: 2165569]

[6]

Munro S, Thomas KL, Abu-Shaar M. Molecular characterization of a peripheral receptor for cannabinoids. Nature 1993; 365(6441): 61-5.
[http://dx.doi.org/10.1038/365061a0] [PMID: 7689702]

[7]

Howlett AC. Cannabinoid receptor signaling. Handb Exp Pharmacol 2005; 168(168): 53-79.
[http://dx.doi.org/10.1007/3-540-26573-2_2] [PMID: 16596771]

[8]

Howlett AC. The cannabinoid receptors. Prostaglandins Other Lipid Mediat 2002; 68-69: 619-31.
[http://dx.doi.org/10.1016/S0090-6980(02)00060-6] [PMID: 12432948]

[9]

Herkenham M, Lynn AB, Johnson MR, Melvin LS, de Costa BR, Rice KC. Characterization and localization of cannabinoid receptors in rat
brain: A quantitative in vitro autoradiographic study. J Neurosci 1991; 11(2): 563-83.
[PMID: 1992016]

[10]

Porter AC, Felder CC. The endocannabinoid nervous system: Unique opportunities for therapeutic intervention. Pharmacol Ther 2001; 90(1):
45-60.
[http://dx.doi.org/10.1016/S0163-7258(01)00130-9] [PMID: 11448725]

[11]

Begg M, Pacher P, Bátkai S, et al. Evidence for novel cannabinoid receptors. Pharmacol Ther 2005; 106(2): 133-45.
[http://dx.doi.org/10.1016/j.pharmthera.2004.11.005] [PMID: 15866316]

[12]

Howlett AC, Breivogel CS, Childers SR, Deadwyler SA, Hampson RE, Porrino LJ. Cannabinoid physiology and pharmacology: 30 years of
progress. Neuropharmacology 2004; 47(Suppl. 1): 345-58.
[http://dx.doi.org/10.1016/j.neuropharm.2004.07.030] [PMID: 15464149]

[13]

Hanus L, Abu-Lafi S, Fride E, et al. 2-arachidonyl glyceryl ether, an endogenous agonist of the cannabinoid CB1 receptor. Proc Natl Acad Sci
USA 2001; 98(7): 3662-5.
[http://dx.doi.org/10.1073/pnas.061029898] [PMID: 11259648]

[14]

Piomelli D. The molecular logic of endocannabinoid signalling. Nat Rev Neurosci 2003; 4(11): 873-84.
[http://dx.doi.org/10.1038/nrn1247] [PMID: 14595399]

[15]

Bisogno T, Ligresti A, Di Marzo V. The endocannabinoid signalling system: Biochemical aspects. Pharmacol Biochem Behav 2005; 81(2):
224-38.
[http://dx.doi.org/10.1016/j.pbb.2005.01.027] [PMID: 15935454]

[16]

Liu J, Wang L, Harvey-White J, et al. A biosynthetic pathway for anandamide. Proc Natl Acad Sci USA 2006; 103(36): 13345-50.
[http://dx.doi.org/10.1073/pnas.0601832103] [PMID: 16938887]

[17]

Huang SM, Bisogno T, Trevisani M, et al. An endogenous capsaicin-like substance with high potency at recombinant and native vanilloid
VR1 receptors. Proc Natl Acad Sci USA 2002; 99(12): 8400-5.
[http://dx.doi.org/10.1073/pnas.122196999] [PMID: 12060783]

[18]

Leggett JD, Aspley S, Beckett SR, D’Antona AM, Kendall DA, Kendall DA. Oleamide is a selective endogenous agonist of rat and human
CB1 cannabinoid receptors. Br J Pharmacol 2004; 141(2): 253-62.
[http://dx.doi.org/10.1038/sj.bjp.0705607] [PMID: 14707029]

[19]

Piomelli D. The molecular logic of endocannabinoid signalling. Nat Rev Neurosci 2003; 4(11): 873-84.
[http://dx.doi.org/10.1038/nrn1247] [PMID: 14595399]

[20]

De Petrocellis L, Cascio MG, Di Marzo V. The endocannabinoid system: A general view and latest additions. Br J Pharmacol 2004; 141(5):
765-74.
[http://dx.doi.org/10.1038/sj.bjp.0705666] [PMID: 14744801]

[21]

Wilson RI, Nicoll RA. Endocannabinoid signaling in the brain. Science 2002; 296(5568): 678-82.
[http://dx.doi.org/10.1126/science.1063545] [PMID: 11976437]

[22]

Gerdeman GL, Partridge JG, Lupica CR, Lovinger DM. It could be habit forming: Drugs of abuse and striatal synaptic plasticity. Trends
Neurosci 2003; 26(4): 184-92.
[http://dx.doi.org/10.1016/S0166-2236(03)00065-1] [PMID: 12689769]

[23]

van der Stelt M, Di Marzo V. The endocannabinoid system in the basal ganglia and in the mesolimbic reward system: Implications for
neurological and psychiatric disorders. Eur J Pharmacol 2003; 480(1-3): 133-50.
[http://dx.doi.org/10.1016/j.ejphar.2003.08.101] [PMID: 14623357]

[24]

Iversen L, Chapman V. Cannabinoids: a real prospect for pain relief? Curr Opin Pharmacol 2002; 2(1): 50-5.
[http://dx.doi.org/10.1016/S1471-4892(01)00120-5] [PMID: 11786308]

70 The Open Neurology Journal, 2017, Volume 11

Anna Capasso

[25]

Randall MD, Harris D, Kendall DA, Ralevic V. Cardiovascular effects of cannabinoids. Pharmacol Ther 2002; 95(2): 191-202.
[http://dx.doi.org/10.1016/S0163-7258(02)00258-9] [PMID: 12182966]

[26]

Di Carlo G, Izzo AA. Cannabinoids for gastrointestinal diseases: potential therapeutic applications. Expert Opin Investig Drugs 2003; 12(1):
39-49.
[http://dx.doi.org/10.1517/13543784.12.1.39] [PMID: 12517253]

[27]

Wenger T, Maccarrone M. Effect of cannabinoids on hypothalamic and reproductive function. Handb Exp Pharmacol 2005; 168: 555-72.
[http://dx.doi.org/10.1007/3-540-26573-2_18]

[28]

Klein TW. Cannabinoid-based drugs as anti-inflammatory therapeutics. Nat Rev Immunol 2005; 5(5): 400-11.
[http://dx.doi.org/10.1038/nri1602] [PMID: 15864274]

[29]

Guzmán M, Sánchez C, Galve-Roperh I. Cannabinoids and cell fate. Pharmacol Ther 2002; 95(2): 175-84.
[http://dx.doi.org/10.1016/S0163-7258(02)00256-5] [PMID: 12182964]

[30]

Marsicano G, Goodenough S, Monory K, et al. CB1 cannabinoid receptors and on-demand defense against excitotoxicity. Science 2003;
302(5642): 84-8.
[http://dx.doi.org/10.1126/science.1088208] [PMID: 14526074]

[31]

Kirkham TC, Williams CM, Fezza F, Di Marzo V. Endocannabinoid levels in rat limbic forebrain and hypothalamus in relation to fasting,
feeding and satiation: stimulation of eating by 2-arachidonoyl glycerol. Br J Pharmacol 2002; 136(4): 550-7.
[http://dx.doi.org/10.1038/sj.bjp.0704767] [PMID: 12055133]

[32]

Baker D, Pryce G, Croxford JL, et al. Endocannabinoids control spasticity in a multiple sclerosis model. FASEB J 2001; 15(2): 300-2.
[PMID: 11156943]

[33]

Mackie K. Cannabinoid receptors as therapeutic targets. Annu Rev Pharmacol Toxicol 2006; 46: 101-22.
[http://dx.doi.org/10.1146/annurev.pharmtox.46.120604.141254] [PMID: 16402900]

[34]

Wingerchuk D. Cannabis for medical purposes: cultivating science, weeding out the fiction. Lancet 2004; 364(9431): 315-6.
[http://dx.doi.org/10.1016/S0140-6736(04)16741-X] [PMID: 15276375]

[35]

Alger BE. Retrograde signaling in the regulation of synaptic transmission: focus on endocannabinoids. Prog Neurobiol 2002; 68(4): 247-86.
[http://dx.doi.org/10.1016/S0301-0082(02)00080-1] [PMID: 12498988]

[36]

Brust JC, Ng SK, Hauser AW, Susser M. Marijuana use and the risk of new onset seizures. Trans Am Clin Climatol Assoc 1992; 103: 176-81.
[PMID: 1413377]

[37]

Ferdinand RF, van der Ende J, Bongers I, Selten JP, Huizink A, Verhulst FC. Cannabis--psychosis pathway independent of other types of
psychopathology. Schizophr Res 2005; 79(2-3): 289-95.
[http://dx.doi.org/10.1016/j.schres.2005.07.027] [PMID: 16125368]

[38]

John W. Miller (2013) Slim Evidence for Cannabinoids for Epilepsy Epilepsy Currents: March/April, 2013; 13(2): 81-2.

[39]

Berg AT, Berkovic SF, Brodie MJ, et al. Revised terminology and concepts for organization of seizures and epilepsies: report of the ILAE
Commission on Classification and Terminology, 2005-2009. Epilepsia 2010; 51(4): 676-85.
[http://dx.doi.org/10.1111/j.1528-1167.2010.02522.x] [PMID: 20196795]

[40]

Schachter SC. Treatment of seizures.The comprehensive evaluation and treatment of epilepsy. San Diego, Calif.: Academic Press 1997; pp.
61-74.
[http://dx.doi.org/10.1016/B978-012621355-3/50004-9]

[41]

Mechoulam R. Marihuana chemistry. Science 1970; 168(3936): 1159-66.
[http://dx.doi.org/10.1126/science.168.3936.1159] [PMID: 4910003]

[42]

Consroe PF, Wood GC, Buchsbaum H. Anticonvulsant nature of marihuana smoking. JAMA 1975; 234(3): 306-7.
[http://dx.doi.org/10.1001/jama.1975.03260160054015] [PMID: 808653]

[43]

Ng SK, Brust JC, Hauser WA, Susser M. Illicit drug use and the risk of new-onset seizures. Am J Epidemiol 1990; 132(1): 47-57.
[http://dx.doi.org/10.1093/oxfordjournals.aje.a115642] [PMID: 2356813]

[44]

Cunha JM, Carlini EA, Pereira AE, et al. Chronic administration of cannabidiol to healthy volunteers and epileptic patients. Pharmacology
1980; 21(3): 175-85.
[http://dx.doi.org/10.1159/000137430] [PMID: 7413719]

[45]

Trembly B, Sherman M. Double-blind clinical study of cannabidiol as a secondary anticonvulsant. Marijuana ’90 International Conference on
Cannabis and Cannabinoids. July 8-11, 1990;

[46]

Ames FR, Cridland S. Anticonvulsant effect of cannabidiol. S Afr Med J 1986; 69(1): 14.
[PMID: 3941934]

[47]

Maa E, Figi P. The case for medical marijuana in epilepsy. Epilepsia 2014; 55(6): 783-6.
[http://dx.doi.org/10.1111/epi.12610] [PMID: 24854149]

[48]

Porter BE, Jacobson C. Report of a parent survey of cannabidiol-enriched cannabis use in pediatric treatment-resistant epilepsy. Epilepsy
Behav 2013; 29(3): 574-7.
[http://dx.doi.org/10.1016/j.yebeh.2013.08.037] [PMID: 24237632]

Do Cannabinoids Confer Neuroprotection Against Epilepsy

The Open Neurology Journal, 2017, Volume 11 71

[49]

Hegde M, Santos-Sanchez C, Hess CP, Kabir AA, Garcia PA. Seizure exacerbation in two patients with focal epilepsy following marijuana
cessation. Epilepsy Behav 2012; 25(4): 563-6.
[http://dx.doi.org/10.1016/j.yebeh.2012.09.024] [PMID: 23159379]

[50]

Davis JP, Ramsey HH. Antiepileptic actions of marijuana-active substances. Fed Proc 1949; 8: 284.

[51]

Wallace MJ, Blair RE, Falenski KW, Martin BR, DeLorenzo RJ. The endogenous cannabinoid system regulates seizure frequency and
duration in a model of temporal lobe epilepsy. J Pharmacol Exp Ther 2003; 307(1): 129-37.
[http://dx.doi.org/10.1124/jpet.103.051920] [PMID: 12954810]

[52]

Guggenhuber S, Monory K, Lutz B, Klugmann M. AAV vector-mediated overexpression of CB1 cannabinoid receptor in pyramidal neurons
of the hippocampus protects against seizure-induced excitoxicity. PLoS One 2010; 5(12): e15707.
[http://dx.doi.org/10.1371/journal.pone.0015707] [PMID: 21203567]

[53]

van der Stelt M, Veldhuis WB, Maccarrone M, et al. Acute neuronal injury, excitotoxicity, and the endocannabinoid system. Mol Neurobiol
2002; 26(2-3): 317-46.
[http://dx.doi.org/10.1385/MN:26:2-3:317] [PMID: 12428763]

[54]

Monory K, Massa F, Egertová M, et al. The endocannabinoid system controls key epileptogenic circuits in the hippocampus. Neuron 2006;
51(4): 455-66.
[http://dx.doi.org/10.1016/j.neuron.2006.07.006] [PMID: 16908411]

[55]

Mackie K, Hille B. Cannabinoids inhibit N-type calcium channels in neuroblastoma-glioma cells. Proc Natl Acad Sci USA 1992; 89(9):
3825-9.
[http://dx.doi.org/10.1073/pnas.89.9.3825] [PMID: 1315042]

[56]

Lothman EW, Bertram EH III, Stringer JL. Functional anatomy of hippocampal seizures. Prog Neurobiol 1991; 37(1): 1-82.
[http://dx.doi.org/10.1016/0301-0082(91)90011-O] [PMID: 1947175]

[57]

Hampson RE, Evans GJ, Mu J, et al. Role of cyclic AMP dependent protein kinase in cannabinoid receptor modulation of potassium “Acurrent” in cultured rat hippocampal neurons. Life Sci 1995; 56(23-24): 2081-8.
[http://dx.doi.org/10.1016/0024-3205(95)00192-9] [PMID: 7776835]

[58]

Mackie K, Lai Y, Westenbroek R, Mitchell R. Cannabinoids activate an inwardly rectifying potassium conductance and inhibit Q-type
calcium currents in AtT20 cells transfected with rat brain cannabinoid receptor. J Neurosci 1995; 15(10): 6552-61.
[PMID: 7472417]

[59]

Wilson RI, Nicoll RA. Endogenous cannabinoids mediate retrograde signalling at hippocampal synapses. Nature 2001; 410(6828): 588-92.
[http://dx.doi.org/10.1038/35069076] [PMID: 11279497]

[60]

Cohen I, Navarro V, Clemenceau S, Baulac M, Miles R. On the origin of interictal activity in human temporal lobe epilepsy in vitro. Science
2002; 298(5597): 1418-21.
[http://dx.doi.org/10.1126/science.1076510] [PMID: 12434059]

[61]

Hill AJ, Mercier MS, Hill TD, et al. Cannabidivarin is anticonvulsant in mouse and rat. Br J Pharmacol 2012; 167(8): 1629-42.
[http://dx.doi.org/10.1111/j.1476-5381.2012.02207.x] [PMID: 22970845]

[62]

Hill TD, Cascio MG, Romano B, et al. Cannabidivarin-rich cannabis extracts are anticonvulsant in mouse and rat via a CB1 receptorindependent mechanism. Br J Pharmacol 2013; 170(3): 679-92.
[http://dx.doi.org/10.1111/bph.12321] [PMID: 23902406]

[63]

Amada N, Yamasaki Y, Williams CM, Whalley BJ. Cannabidivarin (CBDV) suppresses pentylenetetrazole (PTZ)-induced increases in
epilepsy-related gene expression. PeerJ 2013; 1: e214.
[http://dx.doi.org/10.7717/peerj.214] [PMID: 24282673]

[64]

Iannotti FA, Hill CL, Leo A, et al. Nonpsychotropic plant cannabinoids, cannabidivarin (CBDV) and cannabidiol (CBD), activate and
desensitize transient receptor potential vanilloid 1 (TRPV1) channels in vitro: potential for the treatment of neuronal hyperexcitability. ACS
Chem Neurosci 2014; 5(11): 1131-41.
[http://dx.doi.org/10.1021/cn5000524] [PMID: 25029033]

[65]

Wendt H, Soerensen J, Wotjak CT, Potschka H. Targeting the endocannabinoid system in the amygdala kindling model of temporal lobe
epilepsy in mice. Epilepsia 2011; 52(7): e62-5.
[http://dx.doi.org/10.1111/j.1528-1167.2011.03079.x] [PMID: 21627644]

[66]

Goffin K, Van Paesschen W, Van Laere K. In vivo activation of endocannabinoid system in temporal lobe epilepsy with hippocampal
sclerosis. Brain 2011; 134(Pt 4): 1033-40.
[http://dx.doi.org/10.1093/brain/awq385] [PMID: 21303859]

[67]

Ludányi A, Eross L, Czirják S, et al. Downregulation of the CB1 cannabinoid receptor and related molecular elements of the endocannabinoid
system in epileptic human hippocampus. J Neurosci 2008; 28(12): 2976-90.
[http://dx.doi.org/10.1523/JNEUROSCI.4465-07.2008] [PMID: 18354002]

[68]

Romigi A, Bari M, Placidi F, et al. Cerebrospinal fluid levels of the endocannabinoid anandamide are reduced in patients with untreated
newly diagnosed temporal lobe epilepsy. Epilepsia 2010; 51(5): 768-72.
[http://dx.doi.org/10.1111/j.1528-1167.2009.02334.x] [PMID: 19817812]

72 The Open Neurology Journal, 2017, Volume 11

Anna Capasso

[69]

Cilio MR, Thiele EA, Devinsky O. The case for assessing cannabidiol in epilepsy. Epilepsia 2014; 55(6): 787-90.
[http://dx.doi.org/10.1111/epi.12635] [PMID: 24854434]

[70]

Gloss D, Vickrey B. Cannabinoids for epilepsy. Cochrane Database Syst Rev 2014; 5(3): CD009270.
[http://dx.doi.org/10.1002/14651858.CD009270.pub3]

[71]

Koppel BS, Brust JC, Fife T, et al. Systematic review: efficacy and safety of medical marijuana in selected neurologic disorders: Report of the
Guideline Development Subcommittee of the American Academy of Neurology. Neurology 2014; 82(17): 1556-63.
[http://dx.doi.org/10.1212/WNL.0000000000000363] [PMID: 24778283]

[72]

Devinsky O, Sullivan J, Friedman D, et al. Efficacy and safety of epidiolex (cannabidiol) in children and young adults with treatment-resistant
epilepsy: initial data from an expanded access program. Abstracts referenced above can be found on the American Epilepsy Society’s Annual
Meeting Page. 5-9.

[73]

Friedman D, Cilio MR, Tilton N, et al. The effect of epidiolex (cannabidiol) on serum levels of concomitant anti-epileptic drugs in children
and young adults with treatment-resistant epilepsy in an expanded access program. Abstracts referenced above can be found on the American
Epilepsy Society’s Annual Meeting Page. 5-9.

[74]

Jones N, Hill A, Hill T, et al. Assessment of the anticonvulsant effects and tolerability profile of cannabidiol: Gw pharmaceuticals’ preclinical
program. 5-9.Abstracts referenced above can be found on the American Epilepsy Society’s Annual Meeting Page.

[75]

Devinsky O, Sullivan J, Friedman D. Epidiolex (cannabidiol) in treatment-resistant epilepsy. 2015 (Presentation of preliminary findings from
an ongoing multi-site opened label trial of the pure CBD drug Epidiolex towards the control of treatment-resistant seizures in select pediatric
epilepsy conditions). In: AAN 67th Annual Meeting Abstract American Academy of Neurology.; Washington, DC.

[76]

Available at: http://www.gwpharm.com/default.aspx

[77]

Vilela LR, Medeiros DC, Rezende GH, de Oliveira AC, Moraes MF, Moreira FA. Effects of cannabinoids and endocannabinoid hydrolysis
inhibition on pentylenetetrazole-induced seizure and electroencephalographic activity in rats. Epilepsy Res 2013; 104(3): 195-202.
[http://dx.doi.org/10.1016/j.eplepsyres.2012.11.006] [PMID: 23352737]

[78]

dos Santos RG, Hallak JE, Leite JP, Zuardi AW, Crippa JA. Phytocannabinoids and epilepsy. J Clin Pharm Ther 2015; 40(2): 135-43.
[http://dx.doi.org/10.1111/jcpt.12235] [PMID: 25475762]

[79]

Blair RE, Deshpande LS, DeLorenzo RJ. Cannabinoids: Is there a potential treatment role in epilepsy? Expert Opin Pharmacother 2015;
16(13): 1911-4.
[http://dx.doi.org/10.1517/14656566.2015.1074181] [PMID: 26234319]

[80]

Detyniecki K, Hirsch L. Marijuana Use in Epilepsy: The Myth and the Reality. Curr Neurol Neurosci Rep 2015; 15(10): 65.
[http://dx.doi.org/10.1007/s11910-015-0586-5] [PMID: 26299273]

[81]

Devinsky O, Cilio MR, Cross H, et al. Cannabidiol: Pharmacology and potential therapeutic role in epilepsy and other neuropsychiatric
disorders. Epilepsia 2014; 55(6): 791-802.
[http://dx.doi.org/10.1111/epi.12631] [PMID: 24854329]

[82]

Soltesz I, Alger BE, Kano M, et al. Weeding out bad waves: Towards selective cannabinoid circuit control in epilepsy. Nat Rev Neurosci
2015; 16(5): 264-77.
[http://dx.doi.org/10.1038/nrn3937] [PMID: 25891509]

[83]

Editorial. Marijuana for epilepsy: winds of change Epilepsy & Behavior 29: 435-6.

[84]

Young Saundra. CNNcom August 7, 2013 Marijuana stops child's severe seizures

[85]

Porter BE, Jacobson C. Report of a parent survey of cannabidiol-enriched cannabis use in pediatric treatment-resistant epilepsy. Epilepsy
Behav 2013; 29(3): 574-7.
[http://dx.doi.org/10.1016/j.yebeh.2013.08.037] [PMID: 24237632]

[86]

Hussain SA, Zhou R, Jacobson C, et al. Perceived efficacy of cannabidiol-enriched cannabis extracts for treatment of pediatric epilepsy: A
potential role for infantile spasms and Lennox-Gastaut syndrome. Epilepsy Behav 2015; 47: 138-41.
[http://dx.doi.org/10.1016/j.yebeh.2015.04.009] [PMID: 25935511]

[87]

Press CA, Knupp KG, Chapman KE. Parental reporting of response to oral cannabis extracts for treatment of refractory epilepsy. Epilepsy
Behav 2015; 45: 49-52.
[http://dx.doi.org/10.1016/j.yebeh.2015.02.043] [PMID: 25845492]

[88]

Tzadok M, Uliel-Siboni S, Linder I, et al. CBD-enriched medical cannabis for intractable pediatric epilepsy: The current Israeli experience.
Seizure 2016; 35: 41-4. E-pub ahead of print
[http://dx.doi.org/10.1016/j.seizure.2016.01.004] [PMID: 26800377]

[89]

Livio Susan, Star-Ledger New Jersey. New Jersey Star-Ledger. December 6, 2013. FDA-approved medical marijuana clinical trial gets
underway next month for kids with epilepsy

[90]

Friedman D, Devinsky O. Cannabinoids in the treatment of epilepsy. N Engl J Med 2015; 373(11): 1048-58.
[http://dx.doi.org/10.1056/NEJMra1407304] [PMID: 26352816]

[91]

American Academy of Neurology press release. Medical marijuana liquid extract may bring hope for children with severe epilepsy, 2015.
April 13

Do Cannabinoids Confer Neuroprotection Against Epilepsy

The Open Neurology Journal, 2017, Volume 11 73

[92]

Thompson Dennis. Health Day.. December 8, 2015 Marijuana chemical shows promise for hard-to-treat epilepsy in kids

[93]

Devinsky , et al. Cannabidiol in patients with treatment-resistant epilepsy: an open-label interventional trial. Lancet Neurol 2015. E-pub ahead
of print
[PMID: 26724101]

[94]

Geffrey AL, Pollack SF, Bruno PL, Thiele EA. Drug-drug interaction between clobazam and cannabidiol in children with refractory epilepsy.
Epilepsia 2015; 56(8): 1246-51.
[http://dx.doi.org/10.1111/epi.13060] [PMID: 26114620]

[95]

Devinsky O, Cross JH, Laux L, et al. Trial of Cannabidiol for Drug-Resistant Seizures in the Dravet Syndrome. N Engl J Med 2017; 376(21):
2011-20.
[http://dx.doi.org/10.1056/NEJMoa1611618] [PMID: 28538134]

[96]

Devinsky O, Marsh E, Friedman D, et al. Cannabidiol in patients with treatment-resistant epilepsy: An open-label interventional trial. Lancet
Neurol 2016; 15(3): 270-8.
[http://dx.doi.org/10.1016/S1474-4422(15)00379-8] [PMID: 26724101]

© 2017 Anna Capasso.
This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a
copy of which is available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

