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Abstract: Public interest in the use of “medical marijuana” for the treatment of childhood epilepsy has
burgeoned in the last few years. This has occurred in parallel with a growing interest in “medical marijuana”
in general. Physicians and pediatricians must balance their patients’ desire for immediate access to these
products with the tenets of evidence-based medicine. This review discusses the biochemistry of cannabis
products (the phytocannabinoids) setting this in the context of the endogenous endocannabinoid system.
The differing and potentially modulating effects of delta-9-tetrahydrocannabinol (THC) and cannabidiol
(CBD) are reviewed. The evidence-base supporting or not the use of cannabis products for the treatment of
neurological disease and specifically epilepsy is explored. The potential for adverse effects and particularly
of neurotoxicity is addressed. Finally, public health and sociocultural implications are touched upon. Specific
recommendations for interested physicians are provided including advocacy for patients and for a change in
the “scheduling” of cannabis in order to better foster much-needed high-quality scientific research in this
important area.
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Introduction
In just the past 5 years, the remarkable immediacy and reach
of modern social media has resulted in a nearly unparalleled
expansion of interest in the use of “medical marijuana”
products for the treatment of pediatric epilepsy. Until
recently this therapeutic option had been largely the fancy
of a few cannabis enthusiasts and some dedicated scientists.
However, the experiences of two young children with
Dravet syndrome who reportedly ceased having seizures
and experienced “neurological awakening” after taking
cannabidiol (CBD)-rich medical marijuana preparations,
led to a public interest in these products that has spread
like wildfire (1-3). This phenomenon has rapidly resulted in
high-visibility media productions (1), remarkable shifts in
public policy (4), legislation of specific medical marijuana
laws in multiple states (5), and a high level of interest in
these products among physicians, medicinal chemists, and
pharmaceutical companies.
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These remarkable anecdotal experiences, fueled by an
impassioned furor among patient families and advocates,
have led to a very high level of expectation regarding the
therapeutic potential of cannabinoids for the treatment
of epilepsy (3). Families have petitioned their legislators
for access to artisanal (vernacular) marijuana products (5),
and some have even uprooted their entire family, moving
to states with more liberal marijuana policies (6), in
order to gain access to these products for their affected
children. Meanwhile, several companies are actively
developing pharmaceutical products based on medicinal
cannabinoids. Physicians are often caught in a quandary
complicated by insufficient scientific data. Whereas their
patients and families are often demanding access to these
products, neurologists and pediatric neurologists may not
have the knowledge base or resources to properly address
the patient’s concerns nor to advise them in an informed
manner (7-9).
This review will seek to provide neurologists and
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Figure 1 Terpene phenolic heterocyclic structures of delta-9tetrahydrocannabinol (THC) and cannabidiol (CBD). Red portions
identify basic terpene (left) and phenol (right) backbones.

pediatric neurologists a basis to better address these rapidly
evolving questions. More than likely, cannabinoids and/
or their synthetic derivatives will become a persistent
component of our therapeutic arsenal. Hopefully, a
solid understanding of cannabinoid chemistry, the
endocannabinoid system and the medical evidence
surrounding use of cannabis products for the treatment of
epilepsy, ultimately can help guide physicians in caring for
their patients.
Cannabinoids and chemistry
The plant, Cannabis sativa, often referred to as hemp or
marijuana, has been used for its medicinal properties for
millennia (10,11). Besides it psychogenic properties, it
has been purported to be beneficial for the treatment
of a broad range of medical ailments (10-12). The plant
contains more than 60 distinct biochemicals which share
a common structure most of which presumably have
particular bioactive properties (10,11,13,14). Collectively,
these are known as the phytocannabinoids. These are terpenophenolic compounds, based on their chemical structure
(11,13) (Figure 1). The two major phytocannabinoids
(Figure 1) are delta-9-tetrahydrocannabinol (THC), the
main psychoactive constituent of the marijuana plant,
and CBD, a phytocannabinoid that is believed to have no
psychoactive properties and is of increasing interest with
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respect to its therapeutic potential (11-14). The numerous
other phytocannabinoids are lesser constituents and are
less well studied. However, some may also have medicinal
attributes of interest (such as cannabidivarin, which may
have antiepileptic properties of its own (15,16).
There is considerable confusion concerning the Cannabis
plant and its phytochemicals. According to most authorities,
“hemp” and “marijuana” refer to different varieties of the
same species (C. sativa) (10). Horticultural practices and
breeding strategies have led growers to develop varieties
that differ tremendously in the relative and absolute
content of various cannabinoids and specifically of THC
and CBD. In general, plants grown with less light in more
tightly grouped plantations are taller, have a higher fiber
content and are bred to have a low (less than 0.3%) THC
content (10,11,13,14). These are referred to as “hemp.”
Other varietals particularly those grown with greater space
between plantings and with greater light exposure can result
in plants that produce much higher THC concentrations
(colloquially referred to as “marijuana”) (10,11,13,14). The
portions of the female flowering plants known as trichomes
provide the highest yield of phytochemicals (13). These
along with leaves, flower and oil are the primary source for
“recreational” and medicinal preparations. Consequently, as
will be further elaborated upon below, “medical marijuana”
is not “one thing.” Rather, there is enormous variability
among various preparations, and even among the different
pharmaceutical products derived from natural or synthetic
cannabinoids. Hence, the ease with which some individuals
and organizations tout the benefits and safety of “medical
marijuana” either naively ignores or knowingly disregards
the actual complexity of the field (17). In this paper,
cannabis products that are derived from marijuana or hemp
plants and are not subjected to rigorous pharmaceutical
grade purification and quality control will be collectively
referred to as “artisanal” or “vernacular” preparations.
Because of the high use and abuse of cannabis products,
a great deal is already known about the pharmacological
properties of these substances (11,13,14). The cannabinoids
all share the heterocyclic terpeno-phenolic structure. As
large heterocyclic structures they are very lipophilic. Thus
they cross the blood brain barrier readily and distribute
easily to lipid laden tissues including brain parenchyma and
neuronal cell membranes specifically. They may remain in
such lipid laden tissues (presumably including the brain) for
weeks and from these are released only gradually into the
blood stream. CBD and THC, when taken orally, undergo
first pass metabolism, thereby affecting bioavailability and
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dosage (11). Due to this phenomenon, different routes
of administration (oral vs. mucosal vs. inhalational) may
result in substantially different biological levels of these
agents. Furthermore, in the cannabis plant these substances
naturally occur in the relatively inactive carboxylated state.
Smoking and heating decarboxylates the molecules thus
conferring greater bioactivity (11).
Finally, the cannabinoids and CBD in particular are
primarily metabolized by the hepatic cytochrome P450
enzyme system, and in turn CBD appears to be an inhibitor
of several of the microsomal hepatic metabolic enzymes
and in particular of CYP2C19 (11,18). Thus, it is possible
that CBD in significant concentrations may increase
levels of concomitantly administered drugs metabolized
by CYP2C19. This applies to the benzodiazepines and
in particular to clobazam whose major active metabolite
N-desmethylclobazam is primarily metabolized by
CYP2C19 (19,20). Thus seizure control and/or toxicity
may result from pharmacokinetic interactions as well
as potentially from the direct CNS effect as such of the
cannabinoid. Whether or not this degree of enzyme
inhibition will result in clinically significant drug
interactions is nevertheless still uncertain.
The endocannabinoid system
The very existence of natural substances (the cannabinoids)
that have such remarkable and broad effects on human
behavior and function presupposes a set of target receptors
or endogenous physiological processes upon which these
chemicals act. Indeed, the search for the biological targets
of THC ultimately lead to the discovery of specific
cannabinoid receptors and then to the identification of
endogenous ligands for those receptors. Further study
of these has greatly enhanced our understanding of the
extraordinarily complex and elaborate endogenous system
whereby cannabinoid receptors and other targets respond to
the endogenous “endocannabinoids” and to the exogenous
substances elaborated by the cannabis plant. This complex
physiological system is referred to as the endocannabinoid
system (21,22).
The two most prevalent cannabinoid receptors are both
G-protein-coupled receptors that exert their physiological
effects through the adenylate cyclase second messenger
system. The CB1 receptor is widely distributed in brain
and largely modulates endocannabinoid effects in the
CNS (21-23). These receptors are primarily situated
pre-synaptically on axon terminals, with their highest
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Figure 2 Schematic of a GABAergic synapse modulated by CB1
receptors. The perisynaptic location of CB1 receptors (A) is
depicted. GABA (E) stimulates postsynaptic GABA receptors (F).
Post synaptic changes induce metabolism of membrane derived
phospholipids (G) leading to formation of endocannabinoid
(H). The latter diffuses back stimulating the perisynaptic CB1
receptor (A). This in turn modulates neurotransmitter release from
presynaptic vesicles (D) via G-protein coupled (B) influence on
Ca++ channels (C).

density being in the perisynaptic region (Figure 2) (21,22).
Activation of the CB1 receptor results primarily in the
inhibition of neurotransmitter release (21,22). While
CB1 receptors are known to regulate both GABA and
glutamate release, a greater density of these receptors exists
on inhibitory versus excitatory synapses in most brain
regions (21,22).
CB2 receptors on the other hand are particularly
prevalent on lymphocytes, neoplastic cells and other
systemic target tissues (12,21,22,24). Presumably, many of
the systemic effects of cannabinoids result from binding
to CB2 receptors (22,24). The physiological role of CB2
receptor activation in the periphery is suspected to be
similar to the neural modulatory role described above for
CB1 receptors though details are not as clearly worked out.
In addition to these two best characterized cannabinoid
receptors, it is believed that the endocannabinoids and
phytocannabinoids may act at a number of other receptor
or target sites including GPR55 receptors and TRPV type 1
channels (11,12,25). THC appears to act at CB1 and CB2
receptors as a partial agonist (21-23), whereas CBD appears
to have a very low affinity for both of the major cannabinoid
receptors (23; see below).
This receptor distribution is ideally situated to serve
in the capacity of neuromodulation (21,22,26). Indeed a
number of complex neuromodulatory processes have been
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Figure 3 Chemical structures of the two major endocannabinoids:
N-arachidonoyl ethanolamide (AEA; “anandamide”) and
2 arachidonoylglycerol (2AG). Similarity to arachidonic acid and
arachidonic acid metabolites is apparent.

linked to endocannabinoid processing including presynaptic
modulation, retrograde neuromodulation and multiple
physiologically defined forms of synaptic plasticity including
depolarization-induced suppression of inhibition (DISI),
depolarization-induced suppression of excitation (DSE)
and long-term depression (LTD) (21,22,26). The idea is
that synaptic depolarization or hyperpolarization of a postsynaptic membrane results in the induction of post-synaptic
metabolic processes which increase the formation and/or
release of endocannabinoids. These in turn diffuse back to
the presynaptic terminal activating perisynaptic presynaptic
CB1 receptors, the activation of which in turn inhibits
release of additional neurotransmitter on variable time scales
(thereby constituting a form of feedback inhibition) (26).
This feedback process may be important during periods of
intense synaptic activity.
The two major endocannabinoids are metabolic products
of membrane phospholipid metabolism (i.e., of arachidonic
acid pathways) (11,13,21-25). These are N-arachidonoyl
ethanolamide (AEA; also known as Anandamide,
reportedly meaning “inner bliss” in Sanskrit) and
2-arachydonoylglycerol, also referred to as 2AG (Figure 3).
2AG is a full agonist at both CB1 and CB2 receptors and
is found at substantially higher levels than AEA, which is
a partial agonist at both CB receptor types and at TPVR1
receptors (11,13,21-25). CBD may act by increasing levels
of one or more of the endocannabinoids (presumably by
interfering with their metabolism or by inhibiting re-
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uptake; 23). In any case, one can conceptualize these
two endogenous cannabinoids as another set of second
messenger systems derived from phospholipid metabolism
all of which play key roles in neuromodulation.
Therefore, overall the evidence suggests that
endocannabinoid signaling serves to decrease synaptic
transmission during periods of intense cellular activity. The
key features of this system include: (I) neuromodulation;
(II) widespread CNS effects via CB1 receptor stimulation;
(III) widespread systemic effects including antiinflammatory and immune mediated effects modulated
via CB2 receptors; (IV) neuromodulation via inhibitory
presynaptic effects with greater influence over inhibitory
than excitatory neurotransmission; (V) a pivotal role in
retrograde neurotransmission and resultant presynaptic
neuromodulation; and finally, (VI) a biphasic effect
of the endocannabinoids in numerous physiological
systems (21,22,26).
Cannabinoids for neurological disease: what is
the medical evidence?
Given the widespread distribution of cannabinoid receptors
in brain and body and the key role these receptors play
in the modulation of physiological functions, one might
anticipate a very broad range of physiological effects
resulting from endocannabinoid signaling (12,27). Indeed
these range from roles in pain and sensory modulation
to vegetative functions, endocrine regulation, and
neurophysiological and psychological functions ranging
from motor control to mood and behavioral regulation
(Table 1). Likewise, it is easy to see why the exogenously
administered cannabinoids might have far ranging effects
and hence potential broadly distributed therapeutic
potential (Table 2). Consequently, the putative therapeutic
benefits of the cannabinoids range from treatment of nausea
and vomiting, cancer therapeutics to the modulation of
neurological and psychiatric disease (12) (Table 2). It is
important to recognize, however, that at this stage these
extensive putative therapeutic benefits touted by the
proponents of medical marijuana are largely unproven
(8,9). At present, high quality medical evidence supporting
the use of these agents in most of these conditions remains
modest at best.
Likewise, the widespread physiological effects of the
cannabinoids also presuppose the potential for a broad
range of toxicities. Thus enthusiasm for therapeutic
benefits needs to be tempered by the realistic appreciation
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Table 1 Physiological actions/roles of the endocannabinoids

Table 3 Potential toxicities of cannabinoid preparations

Pain/sensory modulation

General toxicities

Cognitive/memory processing

Tachycardia

Mood and behavior

Pulmonary toxicity (inhaled formulation)

Motor control/coordination

Pulmonary infection

Endocrine functions
Vegetative functions
(I) Appetite
(II) Temperature control
(III) Heart rate regulation
(IV) Nausea/vomiting
Intraocular pressure
Inflammation
Immune regulation/recognition

Inhalation of associated microorganisms/fungi
Immune suppression
Suppresses macrophages, T-lymphocyte
Increased interleukin I release
Associated intake of pesticides/byproducts
Neurologic and neuropsychiatric toxicities
Memory impairment
Short and long term
Impaired executive functions
↓ Concentration, judgment, attention span, motivation,
problem solving, reaction time

Table 2 Therapeutic potential of the cannabinoids
Nausea/vomiting
Cancer chemotherapeutic agents
Anorexia
Pain/inflammation
Inflammatory bowel disease, rheumatic diseases, etc.
Neoplastic disease
Chemotherapeutic agents?, symptomatic (pain, nausea)
Antioxidant

Impaired motor function
↓ Coordination
Impairment of neural plasticity
Neuropsychiatric
Anxiety, panic attacks
Psychosis
? With or without predisposition
Mania, manic episodes
↑ Cycling in bipolar

Glaucoma

Depression

Psychiatric/neurological disease

“Addiction”/dependence

MS—spasticity (indication in many countries, not US)

“Gateway drug”

Pain, addiction Rx, anxiety, depression, etc.

of potential adverse effects (Table 3) (4,28,29). Toxicities
can be related to direct pharmacologic toxicity of the
cannabinoids, including systemic as well as central nervous
system toxicity, as well as to coincident harm resulting
from associated products inadvertently co-administered
with various preparations of “medical marijuana” (8,28-30)
(Table 3). The latter could include inhalational injury from
smoking, inhalation of associated microorganisms or fungi,
inadvertent intake of co-administered pesticides or other
byproducts, and so forth.
It is important to recall, again, that the cannabis plant
produces a remarkably broad array of phytochemicals.
It would be anticipated that these could have varying
degrees of efficacy as well as toxicity. Specifically,
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there is considerable evidence that suggests that of the
phytocannabinoids, delta-9-THC is likely to be the
substance largely responsible for most of the systemic and
neurotoxic effects of cannabis preparations (13,14,27).
Meanwhile, there is growing evidence that CBD may
actually inhibit, reduce or moderate some of these adverse
effects (27,31-33). The principal that one endocannabinoid
may modulate or act synergistically with another is referred
to as the “entourage effect” (13,27). This is the principal
that leads some medical marijuana advocates to insist
that the “natural product” is preferable to any purified
cannabinoid based on the strongly held belief that the
synergistic effects of the constituents will be favorable in
comparison to the effects of any isolated phytochemical.
Obviously, from a scientific standpoint, it becomes virtually
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impossible to properly conduct carefully controlled studies
with vernacular cannabis preparations given that these
products likely contain widely disparate relative quantities
of the various constituent cannabinoids.
F i n a l l y, a m o n g t h e p o t e n t i a l t o x i c i t i e s o f t h e
cannabinoids, those of greatest concern to neurologists in
particular are neurological and neuropsychiatric toxicities
(Table 3). Unfortunately, there is considerable high-quality
data coming from various sources that indicates that longterm exposure to THC can have serious deleterious effects
on neurological functioning (34-37). In particular, there
is strong evidence that progressive memory impairment
as well as impaired executive functions results (34,37,38).
There is additional concern about a deleterious effect on
neural plasticity, particularly with regard to the developing
brain (39-42). There is strong evidence that cannabis use
results in an increased risk of psychosis in predisposed
individuals (43,44). Acute and chronic cannabis use have also
been linked to aggravation of anxiety, mania and depression.
Consequently any future studies of cannabinoid therapy in
epilepsy, and in particular in childhood epilepsy, must very
carefully assess acute and long-term neurotoxicity.
Cannabinoids in epilepsy: a rapidly evolving field
Despite the extraordinary current enthusiasm for the use
of “medical marijuana” in the treatment of epilepsy and
specifically for access to CBD among parents of children
with intractable epilepsy (2-4,6), the medical evidence
supporting the use of “medical marijuana” for the treatment
of neurological disease is weak at best (45). A very thorough
review of the use of “medical marijuana” in neurological
disease was recently published (45). Authors focused
on the following neurological conditions: spasticity in
patients with MS, central pain and painful spasms in MS,
bladder dysfunction in MS, involuntary movements in MS,
movement disorders, epilepsy. The overarching conclusion
of this systematic review was that there is minimal high
quality data to support the use of “medical marijuana” in
any neurological condition other than for the treatment
of spasticity in multiple sclerosis (45). It is enlightening
to briefly review the data that supports this therapy and
compare it with what exists with respect to the treatment of
epilepsy with cannabis products.
Controlled trials of various pharmaceutical cannabis
products for the treatment of multiple sclerosis (specifically
the painful spasms of MS) began in the early 2000s (45).
Initial studies did use a variety of preparations (Table 4).
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This culminated in a series of high quality placebocontrolled trials with Sativex (a 50:50 mixture of THC
and CBD) from 2006 to 2011 (46,47). These trials
demonstrated a statistically significant benefit of Sativex
in the management of painful MS spasms, resulting in
the marketing of this agent in England and many other
countries (not including the United States). However, quick
perusal of Table 4 demonstrates that well over 2000 patients
were studied in this fashion. In addition, published postmarketing data regarding well over 10,000 patient-years of
experience with Sativex demonstrates relatively low toxicity
and statistical absence of serious adverse events (46-49).
Since Sativex is a 50-50 mixture of THC and CBD, these
observations do provide some reassurance that CBD itself
may have minimal toxicity and a low propensity to result in
dangerous or serious adverse effects.
However contrast this with the published data regarding
the use of medical marijuana for the treatment of epilepsy
(Table 5) (50-53). Until the last few years, the published data
was minimal (Table 5) and included less than 70 subjects.
Very few of these were children. Furthermore, none of
these studies would meet criteria as Class I-III clinical trials
(50-53). However this state of affairs is rapidly changing
given the current climate. In 2013, Porter and Jacobson (54)
published the self-reported experience of 19 patients whose
families had given their children some form of high-CBD
medical marijuana product for severe intractable epilepsy.
In this group, the reported “doses” of CBD administered
r a n g e d f r o m < 0 . 5 m g / k g / d a y t o ~ 2 9 m g / k g / d a y.
The majority of families reported improvement: Ten
reported > 80% improvement, while two patients reported
complete cessation of seizures. Others reported an ability
to discontinue previously administered medications (54).
Though clearly this data would not be considered high
quality medical evidence, the information at the time was
tantalizing.
In addition, considerable preclinical evidence regarding
the potential efficacy of cannabinoids for the treatment of
epilepsy does exist. Some of these studies began as early as
the 1970s. Phytocannabinoids (particularly CBD) have been
studied in a wide array of animal models of epilepsy (55-59).
For the most part, these have demonstrated substantial
efficacy. There is some evidence that THC itself can be
pro- convulsant in some animal models (57). More recently,
efficacy in animal models of temporal lobe epilepsy and
partial seizures has been demonstrated (59). In addition
there is some evidence that tolerance to the anticonvulsant
effects of CBD is not a prominent feature in animal models
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Table 4 Clinical studies of cannabinoids in multiple sclerosis
Study

Product

Killestein,

THC vs. C.

2002

sativa extract

CAMS,

Marinol,

Design

No. of Pts

“Result”

Other comment

20 wks, R, DB, Placebo

16

No change AS

Worsening in MSFC

15 wks, R, Placebo

667

No signif change in AS

↓ 10 m walking time; subj

Zajicek, 2003 Cannador
Vaney, 2004

THC 2.5 mg

imp. Spasticity, pain
Pro, R, DB, placebo, X-over

57

Trend in favor of ↓ spasm

No signif diff

CBD 0.9 mg
CAMS-ext

Marinol,

freq; imp. sleep, mobility
Up to 12 mos

Zajicek, 2005 Cannador
Wade, 2006

Sativex

Open label, ~434 days, sub 6

502 (80% of

Small imp AS, Marinol +

CAMS)

Cannador

137

↓ In VAS score; pain,

42.3% withdrew from

tremor, bladder—neg

lack of efficacy

↓ Spasticity by NRS

No other sign effect

wks placebo controlled
Collin, 2007

Sativex

6 wks, DB, Placebo cont

189

Novotna,

Sativex

Unusual design: initial 4 wks

572 phase A

Highly sign improvement Also, ↓ freq of spasms,

single blind; Phase B: R, DB,

241 phase B

spasticity (NRS) in

score
2011

phase B

Placebo with “early responders”
Notcutt,

Sativex

2012

Blinded withdrawal in long-term 36 (18 per
treated pts

sleep disturbances

Time to treatment failure Global imp of change

group)

scales (pt and caregiver)

CBD, cannabidiol; AS, Ashworth scale (“objective” spasticity scale); MSFC, MS Functional Composite; VAS, visual analogue scale
rating spasticity subjectively; NRS, subjective numerical rating scale for spasticity; wks, weeks; mos, months; pts, patients; signif,
significant; diff, difference; freq, frequency; subj, subject; imp, important; neg, negative. Marinol, synthetic THC; Cannador, oral C.
Sativa extract.

Table 5 Clinical studies of cannabinoids in epilepsy- pre-2013
Study

No. of patients

Dose/duration

Results

Mechoulam, Carlini 1978

9 (R, 4 CBD) epilepsy

200 mg/day 3 months

2/4 CBD: seizure free; 0/5 P

Cunha et al., 1980

Phase 1: 16 healthy; R, 8 CBD

200-300 mg/day

Phase 1: 2/8 CBD-somnolence

Phase 2: R, 15; 2e Gen Epi with

Phase 2: 4/8 CBD-almost sz free

TL Focus; 8 CBD

3/8 partial improvement
1/7 P seizure free

Ames, Cridland, 1986

12; MR; Intr Epi institutionalized

200 mg/day (open label)

somnolence

Trembly 1990 (abstract only)

12 pts; placebo phase, then R

Placebo 6 mos 300 mg/day

“some benefit”

x-over
CBD, cannabidiol; pts, patients.

of epilepsy (55). Thus based on these preclinical studies,
one would be excited about the potential therapeutic
potential of the cannabinoids. However, it is undeniable
that the complex regulation that surrounds these schedule
I substances has impeded scientific investigation of their
therapeutic potential.
Spurred by the widespread interest in the therapeutic
potential of CBD for the treatment of intractable childhood
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epilepsies, GW pharmaceuticals (the makers of Sativex)
developed a pure CBD product known as Epidiolex.
Epidiolex has been granted orphan drug status through the
FDA for Dravet syndrome and Lennox-Gastaut syndrome.
More than 20 expanded access IND’s were granted for the
use of Epidiolex in up to 25 or more children per site for
the treatment of severe intractable epilepsy. Initial reports
of the experience with these children (again uncontrolled)
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Table 6 AAP Policy Statement concerning Marijuana, April
2015 (29)
Opposed to Mj use in children and adolescents
Opposes MM use (outside of FDA etc…)
Recognizes option in desperate situations
Opposes legalization due to perceived risks
In states with legalized Mj, favors strict regulation of access
Supports R+D of Cannabinoid products
Recommends change to schedule II
In states with legalized Mj, we should advocate for controls
similar to alcohol and tobacco
Revenue from regulation should go to research
Childproof packaging and related precautions
Supports decriminalization of possession
Strongly opposes smoked Mj
Discourages use of Mj by adults in presence of minors
Mj, Marijuana; MM, medical marijuana; R-D, research and
development.

were recently presented (60). 137 patients had received
epidiolex for >3 months. Overall seizure frequency was
reduced by 54% in all patients and by 63% in Dravet
syndrome patients. At 3 months 9% of patients and 16%
of Dravet patients were seizure free. Adverse effects were
modest (somnolence, diarrhea, fatigue and decreased
appetite). Though 22 severe adverse effects were deemed
“possibly related” to study medication, only 14 of a total of
213 initially treated patients withdrew due to lack of efficacy
or side effects (60). While the results remain promising,
outcome data nevertheless is based on self-reported seizure
frequencies, is uncontrolled and may suffer from the same
methodological problems to some degree as did the Porter
and Jacobson report. However, placebo controlled trials
of Epidiolex for Dravet and Lennox-Gastaut syndrome
are now in process. Consequently higher quality medical
evidence surrounding the use of CBD for the treatment
of pediatric epilepsy syndromes will be forthcoming.
Meanwhile Insys Therapeutics, Inc. has developed a synthetic
form of CBD and clinical trials have been initiated (61).
In parallel, families throughout the United States are
gaining access to various vernacular “hemp oil” preparations
with high CBD, low THC content. Here again the analysis
of outcomes is complicated by the extraordinary variability
between these products, relative lack of consistency in
dosing, variable quality control, and uncertainty with
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respect to the presence or absence of other potentially
bioactive constituents within these products (i.e., could
there be an “entourage effect” in some instances?). A recent
report from Colorado is intriguing in this respect (6).
The authors indicate that while 57% of families reported
positive results, there was no evidence of improvement in
electroencephalogram patterns in 8 of the responders for
whom data was available. In addition, there were significant
adverse effects including increased seizures in 13%, status
epilepticus and even death. Finally, it is intriguing to
consider that the highest reported rate of benefit came from
families who had specifically moved to Colorado in order
to gain access to “hemp oil” products (47%) versus those
who already lived in the state (22%) (6). This could strongly
suggest a significant placebo effect in the self-reported
seizure outcomes.
Clearly, this conundrum with respect to the outcomes
of treatment of epileptic children with “medical marijuana”
illustrates how challenging this field is given the “dizzying
array” of preparations (6,45). These range from natural
products to synthetic agents, substances delivered by
inhalation versus those that are swallowed or even delivered
by an oral-mucosal spray. Again, this makes comparison
of outcomes among various studies nearly impossible.
In general, as shown in Table 6, there are clearly distinct
advantages to the use of a highly purified, pharmaceutical
product. However, advocates of “medical marijuana” might
argue that this approach ignores the potentially beneficial
impact of the “entourage effect” (4,13).
Sociocultural considerations
Clearly, it is very difficult for the pediatric neurologist to
navigate the complex legal, medical, psychological and
sociocultural complexities surrounding the use of “medical
marijuana” in children with epilepsy. Challenges exist in
general when it comes to balancing the increasing interest
espoused by families in complementary or alternative
therapeutic strategies with the trend in allopathic medicine
toward increasing reliance on “evidence-based medicine.”
This becomes even more complicated when the substance
in question is controlled by rigid and intimidating
federal regulation, while simultaneously being subject to
highly variable, contradictory and rapidly changing state
regulations (4,5,8). Specifically according to the Controlled
Substance Act of 1970, the federal government has placed
marijuana and THC under Schedule I of controlled
substances. This designation indicates that marijuana and
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Pharmaceutical grade

“Hemp oil”

● Pharmaceutical product

● Vemacular product

○ Know what you get

○ Quality control likely variable

● Only under IND

● Dept of health card

● Limited to 25 patients

● Unlimited numbers

● NO THC

● Contains some THC

● Well supervised

● Not well supervised

● More rigorous dosing

● Dosing difficult to assess

● Rigorous data collection

● Data collection weaker

● Outcomes trackable

● Outcomes more nebulous

● Future controlled trials

● Controlled trials unlikely

● Pure CBD

● Possible entourage effect

Figure 4 Comparison of Pharmaceutical Grade Cannabidiol
(CBD) vs. Vernacular Preparations (“hemp-oil”). THC,
tetrahydrocannabinol.

THC are considered to have: (I) high potential for abuse;
(II) no currently accepted medical use in the United States;
and (III) lack of accepted safety. In addition, this federal
regulation specifies that all species of plants from which
controlled substances in Schedule I derive are similarly
controlled and subject to the same penalties. By virtue
of this extended concept of what constitutes a marijuana
product, the DEA and FDA have made it clear that CBD
falls under this same rubric (Schedule I). This is despite
the fact that most experts and considerable evidence now
suggest that this particular phytochemical in fact does not
have abuse potential and is clearly of substantial medical
interest at this time (13,25,27).
In the meanwhile, state regulation of marijuana ranges
from complete proscription to full legalization. Some states
have enacted CBD-specific laws (Utah, Georgia, others)
which allow families to administer CBD-rich, THCpoor marijuana products to their children with intractable
epilepsy under very specific circumstances in part regulated
by the respective state health departments (5). However, it
is left up to families themselves, with or without the tacit
assistance of physicians, to determine how to obtain these
substances, judge the quality of the available products, and
determine what amount to administer (2,6,54). The role of
the pediatric neurologist in this setting is complicated by the
fact that it is technically illegal for a physician to “prescribe”
these substances under federal law. Furthermore,
institutions such as children’s hospitals may decide that
administration of these substances within the confines of
the hospital may put their staff or even their credentialing
at risk. Consequently, there is the uncomfortable potential
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that a child benefiting from a vernacular “hemp-oil”
product would not be permitted to receive it in the hospital,
conceivably putting the child at risk in the event the
vernacular substance is in fact functioning as an effective
anticonvulsant.
There is also considerable concern that the “legalization”
of marijuana or the liberalization of medical marijuana laws
within states could have a variety of deleterious public health
effects (4,8,62-65). Concerns have been raised with respect
to increase in violent crime or delinquent behavior (66),
potential for increase in driving related accidents or
deaths (8), potential for neurotoxicity due to increased
use of recreational marijuana products (62), unintended
neurotoxicity in children (65), and the theoretical (largely
unproven) proposition that increased access to cannabis
serves as a gateway to more serious drug abuse behaviors
(28,29). With respect to these various public health
concerns, actual data is in fact conflicting (28,66) and to
some degree data available so far is less alarming than might
be imagined by those who strongly oppose the liberalization
or legalization of medicinal marijuana products. On the
other hand, the American Academy of pediatrics has
recently published a position paper/consensus statement
with respect to this (28,29) (Figure 4) which clearly states
the Academy’s position against the legalization of marijuana
but in favor of changing the schedule status of marijuana
from Schedule I to Schedule II to facilitate quality scientific
research in this area.
Recommendations for the future
It is an exciting time with respect to the study of
phytochemicals in their application to the treatment of
epilepsy and in particular intractable pediatric epilepsies.
It is particularly satisfying to see that the grassroots
experiences of families who have children suffering from
severe intractable epilepsy have been able to move the field
forward so rapidly. The upwelling of interest has already
had a remarkable impact and in the space of a few years a
large body of medical evidence of increasing quality has
been accumulated. Ongoing and anticipated double-blind
placebo controlled trials promise the availability of high
quality medical evidence in the near future. Hopefully, CBD
and possibly other phytocannabinoids or combinations
thereof will prove to be beneficial for at least a subset of
epileptic children.
In order to foster this progress it is suggested that
pediatric neurologists may wish to advocate for the
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following:
(I) Improved public understanding of the complexity
of “medical marijuana” and of the value of high
quality medical evidence in guiding therapeutic
decisions;
(II) Improved physician understanding of “medical
marijuana”, the broad range of preparations
subsumed under this misleadingly simple term, and
the potential risks and benefits deriving from the
disparate chemical substances and products falling
under this rubric;
(III) A change in federal regulations that would facilitate
carefully conducted, scientifically driven, basic,
preclinical and clinical studies of phytocannabinoids
in the treatment of various neurological diseases
including epilepsy.
Furthermore, pediatric neurologists are encouraged to
inform themselves on the specifics of federal and local state
regulations so as to be able to best inform and advocate for
their patients.
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