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States and the federal government are under growing pressure to legalize the use of cannabis products
for medical purposes in the United States. Sixteen states have legalized (or decriminalized possession
of) products high in cannabidiol (CBD) and with restricted Ag-tetrahydrocannabinol (A°-THC) con-
tent. In most of these states, the intent is for use in refractory epileptic seizures in children, but in a
few states, the indications are broader. This review provides an overview of the pharmacology and tox-
icology of CBD; summarizes some of the regulatory, safety, and cultural issues relevant to the further
exploitation of its antiepileptic or other pharmacologic activities; and assesses the current status and
prospects for clinical development of CBD and CBD-rich preparations for medical use in the United
States. Unlike A°-THC, CBD elicits its pharmacologic effects without exerting any significant intrinsic
activity on the cannabinoid receptors, whose activation results in the psychotropic effects characteristic
of A”-THC, and CBD possesses several pharmacologic activities that give it a high potential for thera-
peutic use. CBD exhibits neuroprotective, antiepileptic, anxiolytic, antipsychotic, and antiinflammatory
properties. In combination with A’-THC, CBD has received regulatory approvals in several European
countries and is currently under study in trials registered by the U.S. Food and Drug Administration
in the United States. A number of states have passed legislation to allow for the use of CBD-rich, lim-
ited A°-THC—content preparations of cannabis for certain pathologic conditions. CBD is currently
being studied in several clinical trials and is at different stages of clinical development for various
medical indications. Judging from clinical findings reported so far, CBD and CBD-enriched prepara-
tions have great potential utility, but uncertainties regarding sourcing, long-term safety, abuse poten-
tial, and regulatory dilemmas remain.
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For many centuries, Cannabis sativa, along
with other subspecies and varieties—C. sativa,
C. indica, and C. ruderalis—was used in the rheumatism, and pain.2 Arabs have used canna-
treatment of epilepsy.' Preparations from the bis for similar medicinal purposes| since medie-
flowers and resins of cannabis have been in use val times. Before aspirin was popularized,
in China for about 5 millennia, especially for the cannabis was a common ]{ain remedy in Western

medicine in the 1800s.” Its indications have
broadened to include glaucoma, nausea and

management of fever, malaria, constipation,
absent-mindedness, menstrual disorders, gout,
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vomiting, insomnia, anxiety, epilepsy, and mus-
cle spasms.’

Conventionally, cannabis preparations con-
taining the dried crushed flowering tops and
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leaves of the plant are called marijuana. Since
1970, marijuana has been listed as a Schedule I
drug in the United States under the Controlled
Substances Act, a classification that indicated it
as a substance with high abuse potential and
with no currently accepted medical use. This
initial criminalization of marijuana may have
been driven by social and political considera-
tions and not simply due to health or safety rea-
sons. However, the ensuing years have witnessed
the appearance of several research publications
suggesting the potential of cannabis for thera-
peutic benefits in certain pathologic conditions.
This has led to growing pressures for legaliza-
tion of marijuana for medical use in the United
States, with some successes recorded. Currently,
25 states and the District of Columbia have
passed relatively broad so-called medical mari-
juana laws, thus generally making the medical
use of cannabis legal under their state laws.

Although cannabis has been suggested to pos-
sess potential medical benefits in the manage-
ment of pain, spasticity in neurodegenerative
disease, anorexia and wasting syndromes, psy-
chiatric disorders, and epilepsy, concerns relat-
ing to abuse and other deleterious consequences
of smoking marl_]uana have limited progress in
medical ullhty Cannabis is known to be addic-
tive, and cannabis withdrawal—the experience
of psychological and physiologic symptoms after
discontinuing heavy and prolonged marijuana
use—is a serious concern. Having been able to
largely identify the compounds responsible for
the psychoactivity of cannabis, the therapeutic
potential of 1he nonpsychoacnve compounds is
being explored.” The major psychoactive compo-
nent of cannabis is A’ tetrahydrocannabmol (A®-
THC), whereas cannabidiol (CBD) is the major
and most w1dely studied of the other con-
stituents. Higher A°-THC-t0-CBD ratios are asso-
ciated with more prominent psychoactivity
(euphoric, relaxant, and anxiogenic effects),
whereas low ratlos of A°-THC to CBD seem to
be more sedating.” Although CBD is the desired
medical form of cannabis, utilization of extracts
of the plant material generally yields varying
ratios of CBD to THC. Many states have passed
legislation for restricted THC content to mini-
mize the potential abuse liability and adverse
effects. Extracts available from cannabis contain
variable THC amounts depending on the variety
used in the preparation.

Two US. Food and Drug Administration
(FDA)-approved drugs derived from eannabls
have already been developed based on A°-THC.

The first was dronabinol, which is pure A’-THC
in an oil-filled soft gelatm capsule. The second
was nabilone, a synthetic analog of A°-THC.
Other new pharmaceuticals are in various levels
of development, with an attempt to harness the
therapeutic benefits of cannabinoids while mini-
mizing or eliminating adverse effects.

CBD has shown beneficial anticonvulsant
properties through novel mechanisms not
involving the classic cannabinoid receptors, and
many of the adverse effects of A’-THC appear to
be absent.® A significant amount of preclinical
data and supporting anecdotal evidence are
available in humans regarding the effectiveness
of cannabinoids in the treatment of epilepsy and
especially severe seizure syndromes in children
refractory to other antiepileptic drugs. This has
led to the passage of legislation aimed at relax-
ing restrictions on certain pregarations of canna-
bis extracts that are low in A°-THC and high in
CBD by a number of states.

This review provides a brief orientation to
CBD and its pharmacology, and it assesses the
current status and prospects for CBD and CBD-
rich preparations for medical use.

Cannabis and Phytocannabinoids

Cannabis is the only genus of the family Can-
nabaceae, and according to many authorities, it
comprises a single but variable species, Cannabis
sativa. Its taxonomy is controversial. Although
some authors designate sativa, indica, and ruder-
alis as subspecies or varieties, others propose
indica and/or ruderalis as distinct species.” These
have distinct morphologic characteristics and
habitats. Cannabis has been classified more con-
veniently into CBD, intermediate, and A°-THC
chemotypes correspondmg, respecuvely, to
higher, equal, and lower constituent CBD:A’-to-
THC ratios. Thus C. indica, with a higher CBD:
A’-to-THC ratio, typifies the CBD chemotype
and is medically preferred whereas C. sativa is
seen as a typical A”-THC chemotype.

Cannabis contains more than 500 identified
phytochemical constituents, of which at least
104 are cannabinoids. The term phytocannabi-
noids is used to distinguish the naturally occur-
ring plant-derived cannabinoids from the
endocannabinoids, which are naturally occurring
lipid-derived neurolransmmers found in the
human body.*

CBD was first isolated from marijuana extract
in 1940, but no further major study was
reported on it for the next 25 years.® Its exact
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chemical structure was elucidated in 1963.'° Ini-
tial studies on cannabinoids concentrated on A°-
THC following the discovery of its responsibility
for the psychotropic activity of smoked canna-
bis.!!

The marijuana plant varies in its concentra-
tion of cannabinoids depending on a variety of
factors including the plant part, time of harvest,
and the particular subs 9pecies or strain. In the
plant material, both A°-THC and CBD are in
their acid forms, which are inactive (Figure 1).
During the smoking process, these acids are
converted to the active forms of A°-THC and
CBD.?

Cannabinoid Receptors and the
Endocannabinoid System

It was found that A°>-THC mimics the endoge-
nous cannabinoid neurotransmitters by binding
to two G-protein—coupled cell membrane recep-
tors, referred to as the cannabinoid type 1 (CB,)

a
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Although the CB, receptors are found primar-
ily in the brain and in several peripheral tissues,
the CB, receptors are mainly conc entrated in
immune and hematopoietic cells.'?| CB, recep-
tors are located at presynaptic junctions where
they are involved in the regulation of ion chan-
nels and modulation of the release pf dopamin-
ergic, y-aminobutyric acid (GABA), glutama
tergic, serotoninergic, adrenergic, and:choliner-
gic neurotransmitters.'> Although | agonists at
CB, receptors usually effect inhibition 'of neuro-

- \
transmitter release in the affected cell, there may

actually be an increased neurotransmitter release
from adjacent neurons due to a lack of an inhi-
bitory signal.'* ‘

Endocannabinoids were discovered ithat bind
to these receptors and others under physiologic
and pathologic conditions; these are & class of
endogenously synthesized lipid-signaling mole-
cules, whose prototypes are anandamide (N-
arachidonyl ethanolamide) and 2-arachidonoyl
glycerol (2-AG). The endocannabinoid system

and type 2 (CB,) feceptors, to exert its (ECS) thus consists of these | endogenous
pharmacologic effects.'! ligands, the CB receptors, transporter proteins,
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Figure 1. Structures of the naturally occurring cannabidiolic acid and A®-tetrahydrocannabinolic acid, thch Eare converted
to cannabidiol and A®-tetrahydrocannabinol on activation during smoking or in situ.
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and synthetic and degradative enzymes. The
ECS functionally impacts synaptic communica-
tion with direct modulatory effects on pain
perception, eating, anxiety, learning, memory,
and growth and development in the central
nervous system, as well as motor control,
lmmunocompeten?' tumor cell proliferation,
and inflammation.”> The ECS can be dramati-
cally modulated by a number of conditions
such as stress, food intake, and behavioral
manipulations. The endocannabinoids may also
exert effects via non-CB receptors as well, such
as through certam serotonin or vanilloid recep-
tor subtypes.!?

Pharmacology of Cannabidiol

CBD, unlike A°-THC, does not activate the
CB, and CB; receptors, which probably accounts
for its lack of psychotropic activity. It exerts its
pharmacologic effects through multiple mecha-
nisms. At very low (nanomolar to micromolar)
concentrations, it blocks the orphan G-protein—
coupled receptor GPR55, the equilibrative nucle-
oside transporter, and the transient receptor
potenual of the melastatin type 8 (TRPMS)
channel.® It enhances the activity of the sero-
tonin 5-HT,;, receptor, the a; and o3 glycine
receptors, and the transient receptor potential of
ankyrin type 1 (TRPA1) channel, with a bidirec-
tional effect on intracellular calcium (in which
case, it causes a slight increase in intracellular
calcium under normal physiologic calcium con-
ditions; in hlgh-excuabxhty conditions, it
reduces intracellular calcium).®

At higher concentrations, CBD has been demon-
strated to activate the nuclear peroxisome prolifera-
tor-activated receptor-y (PPAR-y) and the transient
receptor potential of vamllond types 1 (TRPV1) and
2 (TRPV2) channels.'? It inhibits cellular uptake
and fatty acid amide hydrolase—catalyzed degrada-
tion of N-arachidonoyl-ethanolamide.'* CBD also
has potent antioxidant properties, possibly duetoits
polyphenolic nature.

The ability of CBD potentially to reduce the
psychoactivity of A°-THC, thereby revealing
other beneflcxal effects of A°-THC, was also
reported.’® By inhibiting the A°-THC-induced
activation of CB,, CBD reduces the propensity
for psychotic symptoms when cannabis users
consume preparations with high CBD: :A%-to-THC
ratios.'® This may relate to the ability of CBD to
modulate the cytochrome P450 (CYP)
2C—dependent metabolism of A°-THC to the

more psychoactive 11-hydroxy derivative. At
high doses, CBD may also 1nterfere with the
CB,-mediated effects of A°-THC and its
11-hydroxy metabolite.

Pharmacokinetics of Cannabidiol

CBD has been delivered by oral administra-
tion, by inhalation (smoking), and through
vaporization. Traditionally delivered through
inhalation as a constituent of smoked cannabis,
CBD is effectively taken up in the lungs by the
circulating blood. Aerosolized CBD has been
reported to yield rapid peak plasma concentra-
tions in 5-10 minutes and ~31% bioavailabil-
ity.!” The need for specialized equipment and
patient cooperation with administration limit the
development and promotion of this delivery
route.

Oral delivery of an oil-based capsule formula-
tion of CBD has been assessed in humans. Prob-
ably due to its poor aqueous solubility, the
absorption of CBD from the gastrointestinal tract
is erratic, and the resulting pharmacokinetic
profile is variable. Bioavailability from oral deliv-
ery was estimated to be 6% due to significant
first-pass metabolism.'® Bioavailability from oral-
mucosal and sublingual routes are less variable
but similar to oral delivery.

Following a daily administration of CBD
10 mg/kg in 15 neuroleptic-free patients for
6 weeks, one group reported a weekly mean
CBD plasma level ranging from 5.9-11 ng/ml.'°

CBD is rapidly distributed into the tissues
wnh a high volume of distribution of ~32 L/
kg.2° It may preferentially accumulate in adipose
tissues due to its high lipophilicity. It is highly
bound to plasma proteins and circulating blood
cells.'® CBD undergoes CYP3A- and CYP2C-
dependent phase 1 metabolism to 7-hydroxy-
CBD, which is further metabolized and excreted,
more in feces and to a lesser extent in urine.
CBD has an estimated terminal half-life of 18-
32 hours and a clearance of 57.6-93.6 L/hour.'®

Although clinical studies on the ability of
CBD to interact with other drugs have not been
conducted exhaustively, CBD has shown potent
inhibitory activity against CYP2C, CYP2D6, and
CYP3A isoforms in preclinical studies, raising
concerns of drug—drug interactions with other
substrates of the enzymes. 2! 2

In a drug-drug interaction study between
CBD and clobazam, a CYP2C19 substrate, 25
children with refractory epilepsy were
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administered CBD and clobazam concurrently.
CBD caused a greater than 60% and a 500%
increase in mean plasma levels of clobazam and
its major metabolite, N-desmethylclobazam,
respectively, after 4 weeks. Because most com-
mercially available antiepileptic drugs are metab-
olized through the CYP pathways, drug
interactions with CBD may be expected.
CYP3A4 inducers such as phenytoin and carba-
mazepine may also induce the metabolism of
CBD. CBD is generally well tolerated, with an
acceptable safety profile at therapeutic dosages.

Potential Therapeutic Utility of Cannabidiol in
the Treatment of Epilepsy

Epilepsy is a neurologic disorder associated
with abnormal electrical activity in the brain and
marked by sudden and recurrent episodes of sen-
sory disturbance, loss of consciousness, or sei-
zures. Epilepsy costs the United States ~$15.5
billion annually.>* About 4-10% of children
experience at least one seizure within their first
16 years of life,* and ~150,000 children experi-
ence a seizure in their first year of life, and of
these, 30,000 develop epilepsy.>> About 30% of
children with epilepsy have intractable seizures.”
Intractable seizures are those that cannot be con-
trolled with at least two epilepsy drugs for
18 months-2 years, or control has been attained
but with serious drug adverse effects.**

In Western medicine, cannabis was reported
to have been used in the treatment of epilepsy
by prominent Enghsh neurologists in the late
19th century.”® Cannabis preparations were
widely available in the United States during this
period and were advertised as remedies for a
number of disorders.?® The published reports on
use in epilepsy, however, did not popularize
cannabis as a suitable medication for this disor-
der, despite anecdotal success.

CBD is the only phytocannabinoid, other than
A°-THC, to have been investigated in preclinical
and clinical studies for anticonvulsant effects. In
rodent models, CBD blocked maximal elec-
troshock as well as pentylenetetrazole-induced
generalized seizures.”

Five controlled clinical trials have been pub-
lished on the use of CBD in patients with epi-
lepsy. In a placebo-controlled study of four
patients administered CBD 200 mg/day for
3 months in 1978, two patients became seizure
free, one partially xmproved and the fourth had
no improvement.”’ Although no toxicity was

reported, the study was flawed by the small sam-
ple size, unclear design as to blinding; and the
description of what constituted |the partial
improvement. i

In a related study in 1980, 15 “ﬂ atients with

secondanly generalized epilepsy with| | temporal

focus,” randomly divided into a treatmem group
and a placebo group, Were given| CBD 200-
300 mg/day or placebo.”® The patients contin-
ued their pretrial regimen of |antiepileptic
medications prescribed by ' their | doctors,
although the drugs no longer helped in the con-
trol of their symptoms. CBD was tolerated in all
patients, with no signs of toxicity. Of } the eight
in the treatment group, four were r ported to be
almost free of episodes of convulsio throughout
the trial, whereas three others showed parnal
clinical improvement. CBD was ineffective in
one patient. Apart from the small [sample size,
the report of clear improvement in one of the
patients in the placebo group may limit the con-
clusions reached from the study. ‘

In a third study conducted in| 1986, CBD
200-300 mg/day for a month repo ed{no signif-
icant differences between the treatment and pla-
cebo groups.?® Similarly, a 6-m nth double-
blind study adrmmstenng CBD 100 mg 3 times/
day did not result in any changes m seizure fre-
quency  or cognitive and behavioral improve-
ment.

In a more recent study, a mulL center inter-
ventional trial was aimed at establishing the
safety, tolerability, and efficacy |of CBD in
patients with severe, mtractable childhood-onset
treatment-resistant  epilepsy.*! 'lhe authors
recruited 214 patients. Only 3% of patients in
the safety assessment group discontinued treat-
ment because of an adverse event. A ~37% med-
ian reduction in monthly motor |seizures was
reported.

These limited clinical reports cqupled with a
long history of use and safety profiles make CBD
a candidate for antiepileptic drug development.
The limited availability of effective anUepllepuc
drugs in certain groups of seizure sufferers is
also a good reason to explore CBD jas an alterna-
tive. i

Cannabis for the Treatment of Dravet; and
Lennox-Gastaut Syndromes -

Dravet syndrome, also known a$ severe myo-
clonic epilepsy of infancy, is a form of|intractable
epilepsy that develops in infancy and continues
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into childhood.?*> Although not a hereditary
condition, it is most often caused by a genetic
mutation affecting the brain ion (especially
sodium) channels. The first seizures that appear
during infancy are wusually associated with
fever and are tonic-clonic. Early seizures
usually last more than 2 minutes and can even
result in status epilepticus (a seizure lasting
longer than 30 minutes). Current treatment
includes drugs and alternative forms of treat-
ment, such as _vagus nerve stimulation and a
ketogenic diet.>

Lennox-Gastaut syndrome is a severe form of
epnlegsy that develops in children ~4 years of
age.”” Seizure types include tonic, atonic, atypical
absence, and myoclonic. Patients may experience
developmental delays, behavioral disturbances,
and impaired intellectual functioning. Lennox-
Gastaut syndrome can be caused by a head injury
or a central nervous system 1nfect10n5 but 30-
35% of cases have no known cause.” Patients
may respond to conventional antiepileptic drugs
initially but may later develop tolerance or have
uncontrollable seizures.>®

Stiripentol, an aromatic allylic alcohol that
allosterically modulates the GABA, receptor, is
the only compound to have been assessed
through a controlled clinical trial with clear
advantage over placebo and was awarded orphan
drug designation for the treatment of Dravet
syndrome by the European Medicine Agency in
2001 and by the FDA in 2008.3°

Due to some clinical and anecdotal evidence
supporting cannabinoids, specifically CBD as a
potential therapy for epilepsy, coupled with the
failure of the conventional antiepileptic drugs to
manage Dravet and Lennox-Gastaut syndromes
effectively, many patients have turned to medical
marijuana. Given the need for more effec-
tive therapy that is better tolerated, patients
with Dravet syndrome and Lennox-Gastaut syn-
drome are potentially good candidates for CBD
trials.

In many states in the United States and in sev-
eral countries, supporting legislation has been
enacted to allow the exploration of CBD for
medical use. In this regard, Epidiolex, a purified
cannabinoid that comes in a liquid form con-
taining CBD and no THC, currently undergoing
clinical trials in the United States, is being devel-
oped by GW Pharmaceuticals (Salisbury, UK).>
It has been granted orphan drug status by the
FDA for the treatment of Dravet and Lennox-
Gastaut syndromes.

Other Potential Medical Uses of Cannabidiol

Cannabidiol has been assessed for potential
therapeutic uses in other neurologic and psychi-
atric disorders, some of which may be associated
or coexist with epilepsy.

Neonatal hypoxic-ischemic encephalopathy
(NHIE), resulting from perinatal asphyxia, is
one clinical condition that CBD may potentially
treat. Therapeutic hypothermia is the only avail-
able therapy for asphyxlated infants and pro-
vides neuroprotectlon only in patients with mild
NHIE.3®

Although cannabis smoking has been identi-
fied as a risk factor for schizophrenia, several
components of cannabis are being suggested to
have potential therapeutic benefits in the man-
agement of psychiatric disorders. It has been
reported that cannabis-associated psychosis is
less prevalent in smokers of cannabis containing
higher CBD-to-THC ratios.*® CBD improves cog-
nitive function and may be potentially beneficial
in patients with schlzophrema for whom cogni-
tive impairment is a major deficit.*® CBD has
been shown in laboratory-based and clinical
studies to alleviate symptoms of schizophrenia.*!

A controlled clinical trial that compared CBD
and amisulpride, a standard antipsychotic drug,
for 4 weeks in 33 patients with acute schizophre-
nia reported similar clinical outcomes, with CBD
showing a better resoluuon of negative symp-
toms and fewer side effects.*! In addition, CBD
lacks the extrapyramldal symptoms associated
with amisulpride.*! In a case study of one schi-
zophrenic patient administered CBD 1200 m%
day, symptoms improved after a few weeks.
Ten years later, the same authors reported mild
symptom improvement in one of the three treat-
ment-resistant schizophrenic patients who was
enrolled in an inpatient study and adminis-
tered mcreasmg doses of CDB 40-1280 mg/day
for 4 weeks.*> In another study, six patients
with Parkinson disease who had psychosis for at
least 3 months were administered CBD 150 mg/
day for 4 weeks in addition to their usual ther-
apy Significant improvement was reported
in the symptoms of psychosis and Parkinson
disease.

CBD has also been investigated for potential
benefits in the management of anxiety disorder.
In rodent models, CBD showed positive results
in conditioned fear, aversion to open space, con-
flicts tests, restraint stress, and other measures
of anxiety disorder.*® In humans, CBD reversed
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the anxiety-inducing effects of A°-THC in
healthy volunteers and demonstrated anxiolytic
effects in patients with social anxiety disorder.*®

A number of clinical trials are currently
underway around the world with CBD, alone or
in combination with A°-THC. Table 1 summa-
rizes those trials registered with ClinicalTrials.-
gov.

An example of such a trial, whose results have
been published, is the use of CBD-containing
products to treat cannabis withdrawal. In this
two-site double-blind randomized trial con-
ducted in Australia, cannabis-dependent treat-
ment seekers were administered a 6-day regimen
of nabiximols, formulated to deliver maximum
daily doses of 86.4 mg A°-THC and 80 mg CBD.
Relative to placebo, nabiximols attenuated can-
nabis withdrawal symptoms and improved
patient retention in treatment, significantly
reducing withdrawal-related irritability, depres-
sion, and cannabis cravings. The effect of nabixi-
mols on long-term reductions in cannabis use
following medication cessation, however, was
not significantly different from that of placebo.*’

In an observational prospective multicenter
noninterventional study of nabiximols in
patients with multiple sclerosis spasticity in a
routine care setting in Germany, 74.6% of
patients reported relief according to a specialist
assessment.

These findings and many more have contin-
ued to project CBD as a therapeutic option for a
number of diseases. It is estimated that the
results of the many ongoing clinical assessments
will provide more evidence for possible clinical
approvals for the medical use of CBD and CBD-
containing preparations.

Current Legislation Status of Marijuana for
Medical Use Across the United States

In the last several years, a number of states
passed legislation for the legalization of mari-
juana possession; most of these are for medical
purposes, a few for recreational use, and a stea-
dily growing number have legalized, for treat-
ment of seizures and select other disorders,
certain cannabls-denved products rich in CBD
but with restricted A°-THC content. Figure 2
summarizes the legal status of cannabis products
with regard to medical use as of June 2015.
Twenty-five states along with the District of
Columbia allow the use of marijuana for medical
purposes. Four states (Colorado, Oregon, Wash-
ington, and Alaska) among these allow

recreational marijuana use. But in jaddition, 15
states have “restricted THC" statutes. When not
specifically mentioned as an indication: for medi-
cal marijuana use, epilepsy is indirectly referred
to in most states’ legislation. Although these bills
provide for legal status within the respective
states, by federal law, these products are still
illegal. The Department of Justice has| opted to
focus the Drug Enforcement Administration’s
(DEA) investigative and enforce,ne;nt efforts
regarding cannabis on more violent or danger-
ous activities associated with marijuana (use of
firearms, gang activity, diversion, djstribution to
minors, cover for narcotics trafﬁcing or other
illegal activities, possession, or use on federal
property). However, the DEA is urrently not
precluded from enforcing the federal statutes in
states that have legalized marijuapa.: This has
implications that are perhaps not Idely appreci-
ated. For example, no federal medical facilities
(e.g., the Veterans Administration) can use so-
called medical marijuana even if |located in a
legal state. No university or medical center such
as those receiving federal research funding, even
in states with medical marijuana laws, can treat
patients or even conduct clinical research with
these products without federal approvals; other-
wise they may face prosecution and Jeopardlze
their federal funding.

In May 2014, the U.S. House o Representa-
tives, by a 219-189 vote, passed legislation that
would stop the DEA from targeting medical nar
ijuana operations in states where it lsllegal
Proponents argue that the ultimate goal is to
allow the states the final say on these medical
matters. The bill was not taken up by the Sen-
ate. However, in March 2015, new | leglslanon
was introduced in both the Hous apd Senate,
and it will likely receive serious |consideration
during this Congress. The Compassionate
Access, Research Expansion, and Respect States
Act has several elements that would|drastically
impact the current landscape for medical use of
cannabis-derived products, : in luding  the
rescheduling of marijuana to Schedule 11.°° The
Senate bill also calls for leaving medical mari-
juana regulation to the states, removing the
potential for federal prosecution fpr those pos-

sessing marijuana for medical purg
marijuana available in federal me
where cannabis has been decrimi
ing the barriers to research o
removing CBD from the listing
substances, and allowing interstate
CBD products. Many observers

boses, making
Jical facilities
lized, reduc-

‘marijuana,
of | | controlled
commerce of

1ote that this




Table 1. Currently Registered Clinical Trials of Cannabis Products®

No. No. of patients Primary end point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
Anxiety 1 Not yet ~16 (= 18) Change in anxiety CBD tincture 4.68 mg/ml Sublingual United States
recruiting symptoms via the Beck
Anxiety Inventory
Bipolar 1 Withdrawn 0 (19-60) Bipolar symptom Cannabis extract of 1:1 ratio  Oral spray Canada
disorder improvement of THC 1o CBD
Bowel disease 1 Completed 20 (20-80) Antiinflammatory effects CBD in olive oil drops 5 mg  Sublingual Israel
twice/day
Cannabis use 5 Various 168 (16-60) Reducing cannabis use CBD 200, 400, or 800 mg Oral United Kingdom
disorder stages ~ 5 (18-65) Reducing cannabis CBD 300 mg once on day 1,  Oral Not provided
withdrawal twice on days 2-5, and
once on day 6
Cocaine 1 Not yet ~ 110 (18-65)  Reduction in CBD 400 or 800 mg Oral Not provided
dependence recruiling cocaine cravings
Diabetes 1 Completed 62 (= 18) Mean serum HDL CBD 100-mg and 5-mg Oral United Kingdom
mellitus (with level; all tests were 2 sided  capsules, THCV 5-mg
results with 10% significance capsule, and placebo
available) level; mean serum HDL capsule

level changes from
baseline measures were
as follows: CBD

5 mg + THCV 5 mg
(0.00), CBD

100 mg + THCV 5 mg
(0.04), CBD 100 mg +
placebo (-0.04),

THCV 5 mg + placebo
(0.00), placebo alone
(0.02); each was compared
with placebo, and p values
were as follows: CBD

5 mg + THCV 5 mg vs
placebo (p=0.766), CBD
100 mg + THCV 5 mg vs
placebo (p=0.424), CBD
100 mg + placebo vs
placebo alone (p=0.412),
THCV 5 mg + placebo vs
placebo alone (p=0.668)

(continued)
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Table 1. (continued)

No. No. of patients Primary end point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
Dravet 6 Not yet ~ 86 (1-30) Reduction in number of CBD liquid formulation; not ~ Oral solution Not provided
syndrome recruiting seizures more than 40 mg/kg/day,
divided and given 12 hrs
apart
~ 120 (2-18) Reduction in number of Epidiolex (CBD in sesame oil  Oral solution The Netherlands
seizures with anhydrous ethanol
with sweetener and
strawberry flavoring); low
dose (50% of high dose) or
high dose of 100 mg/ml
~350 (= 2)® Number of adverse effects No more information given Not provided Not provided
seen other than CBD (assume oral)
~ 80 (2-18) Treatment of seizure CBD 25 or 100 mg/ml Oral solution United States
frequency dissolved in sesame oil and
anhydrous ethanol with
sweetener and strawberry
flavoring
~ 30 (4-10) Effectiveness in Dravet CBD 25 or 100 mg/ml Oral solution United States
syndrome treatment and dissolved in sesame oil and
number of adverse elfects anhydrous ethanol with
sweetener and strawberry
flavoring; dosed at 5, 10, or
20 mg/kg/day
~ 150 (< 50) Seizure reduction and Charlotte’s web medical Not provided United States
overall medication marijuana (assume oral)
response
Effects of CBD 6 Various ~ 75 (18-55) Behavioral changes CBD 5 mg + THC 0.035 mg/  Oral (CBD) and IV United States
and stages kg (THO)
THC in 20 (18-65) Processing of emotional THC 10 mg once or CBD Oral Germany
healthy stimuli 600 mg once
subjects 20 (18-50) Changes in blood oxygen THC 10 mg once or CBD Oral Germany
level dependent responses 600 mg once
and effects on memory
~ 60 (18-45) Induction of psychotic THC 20 mg and/or CBD Oral Germany
symptoms 800 mg
~ 60 (1845) Induction of psychotic THC 20 mg and/or CBD Oral Germany
symptoms 800 mg
Effects.of 1___Unknown (no -~ 36.(18-50)  Physical and subjective CBD 0, 200, 400, or 800 mg  Oral (CBD) and United States
~CBDand status effects of CBD when given  of in combination with inhalation
smoking™ updates” T 7 " with marijuana " “active or inactive marijuana—- - (marijuana) - - - e
marijuana in 2 2 yrs) cigarette
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Table 1. (continued)

No. No. of patients Primary end point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
Fauy liver 1 Completed. 25 (> 18) Mecan % change [rom CBD 200, 400, or 800 mg/ Oral United Kingdom
has baseline in liver day, or placebo
resulis triglyceride levels; all
statistical tests were 2
sided at a 10% significance
level; CBD 200 mg
showed a mean -0.68
change from baseline in
liver triglycerides, CBD
400 mg showed a —0.28
change from baseline, CBD
800 mg showed a 0.65
change from baseline, and
placebo showed a 6.36
change from baseline; each
CBD dose (200, 400, and
800 mg) was compared
with placebo and the
respective p values were
p=0.222, p=0.133, and
p=0.302
GVHD 4 Various ~40 (= 18) Resolution of GVHD CBD dissolved in oil 10 mg Oral Israel
stages twice/day up to 600 mg/
day + i.v. or oral
methylprednisolone 1-
2 mg/kg/day
~30 (= 18) Prophylaxis of GVHD CBD dissolved in oil 10 mg Oral Israel
twice/day
~10 (= 18) Complete remission of CBD 150 mg twice/day + i.v.  Oral Israel
GVHD methylprednisolone 2 mg/
kg/day + a calcineurin
inhibitor
~ 10 (= 18) GVHD prophylaxis CBD 150 mg wwice/day 1 wk  Oral Not provided
before transplantation until
150 days
posttransplantation with
other transplant
medications
Infantile 1 Not yet ~ 20 (6- Reduction in number of CBD 2040 mg/kg/day in 2 Oral solution United States
spasms recruiting 36 mo) spasms divided doses

(continued)
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Table 1. (continued)
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No. No. of patients Primary end point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
Lennox-Gastaut 4 Various ~ 86 (2-30) Reduction in number of CBD, not more than 40 mg/  Oral solution Not provided
syndrome stages seizures kg/day in 2 divided doses
~ 120 (2-55) Reduction in number of Epidiolex (CBD in sesame oil  Oral solution United States
seizures with anhydrous ethanol
with sweetener and
strawberry flavoring); low
dose (50% of high dose) or
high dose of 100 mg/ml
~ 80 (2-55) Reduction in number of Epidiolex (CBD in sesame oil  Oral solution United States
seizures with anhydrous ethanol
with sweetener and
strawberry {lavoring)
100 mg/ml
~350 (2 2)° Number of adverse effects No more information given Not provided Not provided
seen other than CBD (assume oral)
Opiate 3 Various 18 (21-65) Control opioid cravings CBD 400 or Oral United States
addiction stages 800 mg + 0.5 + fentanyl 1
mcg/kg
~ 10 (21-65) Control opioid cravings CBD 400 or 800 mg Oral United States
~ 45 (21-65) Control opioid cravings CBD 400 or 800 mg Oral Not provided
Pain 4 Various ~ 200 (18-60)  Control of postoperative High-dose spray (THC Oral spray Israel
stages pain 21.6 mg-to-CBD 20 mg) or
low-dose spray (THC
10.8 mg-10-CBD 10 mg)
with or without midazolam
and/or acetaminophen
~ 40 (= 50) Reduction of osteoarthritic ~ 100-mg capsule of varying Oral Canada
pain doses (21.9% THC/0.8%
CBD, 15% THC/5% CBD,
9% THC/9.5% CBD, 3.8%
THC, 10% CBD, 0.6%THC/
13% CBD, < 0.3% THC/
< 0.3% CBD)
. (continued)
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Table 1. (continued)

No. No. of patients Primary ¢nd point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
Schizophrenia 8 Various ~ 74 (18-45) Antipsychotic effects CBD 200 mg, CBD 200 mg Oral Germany
stages controlled release, or CBD
200 mg with amisulpride,
olanzapine, quetiapine, or
risperidone
~ 150 (18-65)  Efficacy in acute, early- CBD 300 mg twice/day vs Oral Denmark,
stage schizophrenia placebo vs olanzapine Germany
29 (18-65) Effectiveness in acute CBD 600-mg capsules Oral Germany
schizophrenia treatment
or schizophrenic psychosis
42 (18-65) Efficacy as an antipsychotic =~ CBD 200 mg 3 times/day; Oral Germany
and treatment of side amisulpride 200 mg 3
effects of schizophrenia times/day for neuroleptic
and neuropsychological treatment
functioning
36 (18-65) Addition to antipsychotic CBD daily over 6 wks; no Oral United States
medication vs placebo to further information given
treat cognitive dysfunction
in schizophrenia
~ 86 (18-65) Different drugs to modify URB597 10 mg/day orally for  Oral and intranasal Germany
glucose regulation in the 5 days; intranasal insulin
central nervous system for 160 1U daily for 5 days;
potential use in CBD controlled release
schizophrenia 320 mg/day orally for
5 days
88 (18-65) Change in symptom Epidiolex (oily solution Oral United Kingdom,
severity of schizophrenia containing 100 mg/ml of Poland, Romania
or related psychotic CBD dissolved in
disorder excipients, sesame oil,
ethanol, sucralose, and
strawberry flavoring); CBD
500 mg (5 ml) twice/day
for 6 wks
~ 72 (18-65) Efficacy in reducing CBD 800 mg/day for 1 mo, Oral Not provided
schizophrenia severity then 2-wk washout, then
placebo, or vice versa
(continued)
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Table 1. (continued)

~ 300 (31 days
-17 yrs)

Epidiolex with valproate
or stiripentol

Pharmacokinetics of CBD,
THC, and other

sesame oil and anhydrous
ethanol with sweetener and
strawberry [lavoring);
maximum of 20 mg/kg/day
in 2 divided doses with
valproate or stiripentol
Not given (assumed
Charlotie’s web)

(assumed oral)

No. No. of patients Primary end point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
Seizures 11 Various ~ 60 (1-17) Pharmacokinetics of three No information other than Oral solution United States
stages different CBD doses in low-, medium-, and high-
patients with resistant dose CBD
seizures
~ 232 (1-30) Number of adverse effects CBD dosed at a maximum of  Oral solution United States
40 mg/kg/day divided in 2
doses, separated by 12 hrs
~ 25 (2-25) Number of seizures CBD (GWP42003-P; assumed  Not provided United States
Epidiolex) (assumed oral
solution)
~ 20 (18-55) Pharmacokinetic Epidiolex (CBD dissolved in  Oral solution Not provided
interactions with clobazam  sesame oil and anhydrous
ethanol with sweetener and
strawberry flavoring); up to
20 mg/kg/day, divided into
2 doses
~ 20 (18-55) Any interaction between Epidiolex (CBD dissolved in Not provided
Epidiolex and clobazam sesame oil and anhydrous
(phase 1I) ethanol with sweetener and
strawberry flavoring); up to
20 mg/kg/day, divided into
2 doses
Not provided Safety and efficacy of CBD CBD 25 mg/kg/day titrated United States
(2-16) in pediatric drug-resistant weekly as tolerated
seizures
Not provided Treatment of refractory CBD (Epidiolex) 2 mg/kg/day United States
(1-17) epilepsy in 2 divided doses titrated
to a maximum of 25 mg/kg/
day
~ 40 (16-55) Pharmacokinetics of Epidiolex (CBD dissolved in Not provided

United States

alldcpi}cyﬁ\. medications
in epileptic pediatric
patients

(continued)
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Table 1. (continued)

No. No. of patients Primary end point or Route of
Condition of trials Status (age range, yrs) results, if available Formulation and dosage administration Country
~ 40 (16-55) Number of adverse effects Epidiolex (CBD dissolved in Oral solution Not provided
sesame oil and anhydrous
ethanol with sweetener and
strawberry flavoring);
maximum of 20 mg/kg/day
in 2 divided doses
Not provided Treatment of medication- Epidiolex up 1o 25 mg/kg/ Oral solution United States
(1-18) resistant epilepsy day; may be increased to
50 mg/kg/day
Sensory science 1 Recruiting ~ 36 (18-35) Preference for sweet foods No further details given other Not provided The Netherlands
after THC, CBD, and than THC, CBD, and (assume oral)
placebo placebo
Solid tumor 1 Not yet ~ 60 (= 18) Tumor size based on No other information given Unknown Not provided
recruiting computed tomography other than pure CBD
scans
Sturge-Weber 1 Recruiting ~ 10 (1 mo- Change in seizure severity Epidiolex 2 mg/kg/day Not provided United States
syndrome 30 yrs) titrated up to a maximum (assume oral
of 25 mg/kg/day solution)
Tuberous 2 Not yet ~ 144 (2-65) Change in number of Epidiolex 25 mg/kg/day vs Oral solution Not provided
sclerosis recruiting) seizures 50 mg/kg/day vs placebo
complex ~ 144 (2-65) Occurrence of adverse Epidiolex 100 mg/ml twice/ Oral solution Not provided

effects

day titrated to 25 mg/kg/
day

CBD = cannabidiol; GVHD = graft-versus-host disease; HDL = high-density lipoprotein cholesterol; THC = A%-tetrahydrocannabinol; THCV = tetrahydrocannabivarin.

"Registered with ClinicalTrials.gov as of February 2016.
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Figure 2. Status of current legislation on Cannabis for medical use across the United States (as of June 2015). At least five
other states have legislation pending or special agreements to allow use of an Investigational New Drug Application—covered

cannabidiol product. THC = tetrahydrocannabinol.

bill's careful language and broad bipartisan support
give it a good chance of serious debate, and there is
clearly a mounting public pressure, at least for
some components of the legislation. Therefore, the
overall state and federal legislative and enforce-
ment landscape for cannabis-derived products may
change dramatically in the coming months.

Conclusion

A long history of use, a good deal of experi-
mental evidence, and a number of anecdotal and
a few descriptive clinical studies point to the
potential clinical utility of CBD in the manage-
ment of seizures associated with epileptic syn-
dromes. Growing pressure to make CBD
preparations available for the treatment of severe
cases of drug-resistant seizures has resulted in a
wave of legislative activity around the country to
ease restrictions on research and treatment. A
large number of registered clinical trials are cur-
rently underway [or several neurologic and
behavioral disorders. If positive indications of
therapeutic utility continue to accrue, interest in
and understanding of the underlying mecha-
nisms will certainly open new doors for pharma-
cologic management of these disorders and

spawn new structural leads for central nervous
system drug development.
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Comprehensive Review of Medicinal Marijuana, Cannabinoids,
and Therapeutic Implications in Medicine and Headache:

What a Long Strange Trip It’s Been . . .

Eric P. Baron, DO

Background.—The use of cannabis, or marijuana, for medicinal
purposes is deeply rooted though history, dating back to ancient
times. It once held a prominent position in the history of
medicine, reccommended by many eminent physicians for
numerous diseases, particularly headache and migraine. Through
the decades, this plant has taken a fascinating journey from a
legal and frequently prescribed status to illegal, driven by
political and social factors rather than by science. However, with
an abundance of growing support for its multitude of medicinal
uses, the misguided stigma of cannabis is fading, and there has
been a dramatic push for legalizing medicinal cannabis and
research. Almost half of the United States has now legalized
medicinal cannabis, several states have legalized recreational use,
and others have legalized cannabidiol-only use, which is one of
many therapeutic cannabinoids extracted from cannabis.
Physicians need to be educated on the history, pharmacology,
clinical indications, and proper clinical use of cannabis, as
patients will inevitably inquire about it for many discases,
including chronic pain and headache disorders for which there is
some intriguing supportive cvidence.

Objective.—To review the history of medicinal cannabis use,
discuss the pharmacology and physiology of the
endocannabinoid system and ecannabis-derived cannabinoids,
perform a comprehensive literature review of the clinical uses of
medicinal cannabis and cannabinoids with a focus on migraine
and other headache disorders, and outline general clinical
practice guidelines.

' Conclusion.—The literature suggests that the medicinal use of
cannabis may have a therapeutic role for a multitude of diseases,
particularly chronic pain disorders including headache.
Supporting literature suggests a role for medicinal cannabis and
cannabinoids in several types of headache disorders including
migraine and cluster headache, although it is primarily limited to
case based, anecdotal, or laboratory-based scientific research,
Cannabis contains an extensive number of pharmacological and
biochemical compounds, of which only a minority are
understood, so many potential therapeutic uses likely remain
undiscovered. Cannabinoids appear to modulate and interact at
many pathways inherent to migraine, triptan mechanisms of
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action, and opiate pathways, suggesting potential synergistic or
similar benefits. Modulation of the endocanniabinoid system
through agonism or antagonism of its receptors, targeting its
metabolic pathways, or combining cannabinoids with other
analgesics for synergistic effects, may provide the foundation for
many new classes of medications. Despite the limited evidence
and research suggesting a role for cannabis and cannabinoids in
some headache disorders, randomized clinical trials are lacking
and necessary for confirmation and further evaluation.

Key words: cannabis, hemp, headache, medical marijuana, cannabinoids,
cannabidiol, CBD, delta-9-tetrahydrocannabinol, THC

The plant genus Cannabis is a member of the plant family
Cannabaceae, and there are 3 primary cannabis species which
vary in their biochemical constituents: Cannabis sativa, Cannabis
indica, and Cannabis ruderalis.' In general, cannabis that
has high levels of the psychoactive cannabinoid, delta’
tetrahydrocannabinol (A’-THC), and low levels of the non/anti-
psychoactive cannabinoid, cannabidiol (CBD), is referred to as
“marijuana.” Cannabis that has high levels of CBD, and very low
insignificant levels of A™THC, is referred to as “industrial
hemp,” or “hemp,” and has no psychoactive effects. The botani-
cal origin of cannabis is suspected to be from Western and
Central Asia. It has been cultivated since ancient times in Asia
and Europe, and spread to the New World in post-Columbian
times.” Carbon dating has confirmed the use of cannabis fibers in
the form of hemp back to 4000 BC.** Hemp has a long history
of many past and current uses including textiles for clothing,
industrial products, building materials (such as hempcrete),
manufacturing, oil paints, solvents, fuel, paper, soaps, shampoos,
cosmetics, food, and medicinal purposes, to name a few.

Historical records reveal that the use of cannabis once held a
strong and prominent position in medicine. Various benefits of
cannabis have been translated from Sanskrit and Hindi literature
under many different names as early as 1400-2000 BC,*
although its medicinal use was more thoroughly described in
Indian Ayurvedic medicine and the plant cultivated as early as
900 BC.? The Greek physicians Claudius Galen (131-201 AD)
and Pedanius Dioscorides (40-90 AD) described medicinal indi-

cations for cannabis.”
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In 1839, Dr. William Brooke O’Shaughnessy introduced the
Western wortld to the medicinal uses of C. indica, or “Indian
hemp,” after his time in Calcutta, India. He suggested its use in
analgesia and as a muscle relaxant.*!® He was a physician and
scientist who graduated from the University of Edinburgh, and a
professor of chemistry at the Medical College of Calcutta.!"*? Dr.
Clendinning in London was one of the first Western physicians
1o treat migraine with cannabis in the 1840s,"'> and another
London physician, Dr. R. Greene, was recommending daily
doses of cannabis for the prophylaxis of migraine in 1872.!""

The medicinal use of C. indica for both acute and preventive
headache treatment was subsequently advocated by many promi-
nent physicians through the 19th and early decades of the
20th centuries, including E.J. Waring, S. Weir Mitchell, Hobart
Hare, Sir William Gowers, J.R. Reynolds, J.B. Mauison, and
Sir William Osler.**>!> Cannabis was included in British and
American pharmacopeias for headache treatment during these
early years.

In 1887, Dr. S. Mackenzie published an article advocating for
the use of marijuana twice daily for chronic daily headache,
which was likely chronic migraine by description.''¢ Dr. J.W.
Farlow described the use of marijuana suppositories as having
“few equals in its power over nervous headaches” in 1889.'-" In
1890, Sir John Russell Reynolds, the president of the British
Medical Association and physician to the royal household, wrote
a paper in Lancet reviewing 30 years of personal experience
in prescribing cannabis to advocate for its legitimate medicinal
uses for a wide variety of ailmencs, pardcularly migraine and
neuralgia.'"'®

In 1915, the father of modern medicine, Sir William Osler,
advocated for cannabis use in migraine, which he published in
his textbook The Principles and Practice of Medicine."! He stated
that when treating migraine, “Cannabis indica is probably the
most satisfactory remedy. Seguin recommends a prolonged
coursc"ﬂ,l 1,15

Dr. E.C. Seguin, to whom Osler was referring, was a well-
known neurologist and president of the New York Neurological
Society, and a vocal proponent of cannabis for migraine at that
time." In 1916, Dr. Walter Ernest Dixon, who was a well-known
professor of pharmacology at Kings’ College and the University
of Cambridge, described the therapeutic effects of smoked can-
nabis for headache treatment.*

The rising use of medicinal cannabis was eventually derailed
by political factors in the United States (US) consisting of pro-
paganda that cannabis was a drug of abuse used by minority and
low-income communities, along with a campaign by Harry
Anslinger and the Federal Bureau of Narcotics in the 1930s
which attempted to associate psychosis, mental deterioration,
addiction, and violent crimes to marijuana use. Other historians
have stated that the purpose was to also reduce the size of the
growing hemp industry, influenced by prominent businessper-
sons such as Andrew Mellon, and the Du Pont family, who were

involved and invested heavily in competing industry including
synthetic fibers such as nylon.'"'*?! These claims and agenda led
to the Marihuana Tax Act of 1937, despite the American Medical
Association’s strong opposition to this legislation. 22 This law
imposed a heavy tax on anyone associated with cannabis and
hemp for medicinal or industrial uses, with prison and large fines
for those failing to comply." In response to this ruling, Dr.
Robert Walton published a comprehensive review of cannabis
in 1938, and stated that legislation should not prohibit medicinal
use and scientfic investigation, referencing 12 significant
authorities on its efficacy for migraine.*

The protest from the medical community could not overcome
the political powers pushing for banning cannabis and associat-
ing it as a drug of abuse. In 1941, cannabis preparations were
taken off the United States Pharmacopoeia and National Formu-
lary* Despite this removal, Dr. M. Fishbein, the editor of the
Journal of the American Medical Association, stll recommended
oral preparations of cannabis over ergotamine tartrate for men-
strual migraine in 1942.%% A resurgence of recreational mari-
juana use occurred during the anti-establishment cultural
phenomenon that developed in the US between the early 1960s
and the early 1970s. This counterculture and time period left a
lasting impression in many aspects. Unfortunately, one of those
lasting impressions and stigma has been the association between
the psychedelic hippie counterculture movement of that era and
recreational marijuana use, rather than the longer and deeper
history of medicinal use that existed long prior to that time
period.

In August 1970, the Assistant Secretary of Health, Dr. Roger
O. Egeberg, wrote a letter recommending that marijuana
be classified as a Schedule 1 substance, the same as heroin and
lysergic acid diethylamide (LSD), and it has remained so since
the passage of the Controlled Substances Act of 1970. His stated
reasoning for this decision was:

“Since there is still a considerable void in our knowledge of
the plant and effects of the active drug contained in it, our
recommendation is that marijuana be rerained within
Schedule 1 at least until the completion of certain studies
now underway to resolve the issue.””

Therefore, marijuana was classified as a Schedule 1 substance,
not because of scientific evidence, but due to a lack of existing
scientific knowledge at that time.”* The consequence of the
Schedule 1 classification of cannabis has been detrimental to
researching its benefits. This is because research on cannabis
in the US remains illegal as a consequence of this classification.
This has senselessly left the potential therapeutic applications of
cannabis at a standstill for decades, despite possible benefits
described through history with extensive anecdotal descriptions
and scientific research, the fact that cannabis remained in the
Western pharmacopoeia until 1941, and was prescribed for a
multitude of symptoms including headache by many of the most
prestigious physicians of those times.
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The Drug Enforcement Agency (DEA) continues to refuse to
take marijuana off the restricted “most dangerous” Schedule 1
classification, claiming it has “no accepted medicinal use,” a
statement that has no evidence-based medicine to support it.
More evidence exists disproving and refuting those claims.
The Schedule 1 classification impedes US federal funding for
research, or even the legal ability to proceed with research. This
has been the primary hurdle in conducting the large-scale
medical research that is needed to obrain that necessary evidence-
based medicine on the potendal benefits, or lack thereof, of
cannabis.

Hypocritically, despite the insistence of the Schedule 1 classi-
fication, the US Government, as represented by the Department
of Health and Human Services, in 2001 filed a patent (US Patent
#6,630,507) for cannabinoids that was awarded in 2003 for
“cannabinoids as antioxidants and neuroprotectants.”® This
patent is a clear contradiction of the US Government’s own
definition for classification of a Schedule 1 drug having no
medicinal benefit.

Another glaring contradiction to the Schedule 1 status of
marijuana is the fact that the US Federal Drug Administration
(FDA) has approved synthetic versions of the cannabinoid
A°-THC in the form of Dronabinol (Marinol®) and Nabilone
(Cesamet®) for medicinal purposes. These observations further
confirm that the cannabinoids found in cannabis are recognized
by the government to be therapeutic with valid medicinal uses.
However, the Schedule 1 status remains intact, stating that there
is no accepted medical use of cannabis. Cleatly, this Schedule 1
status needs to be reviewed and reclassified.

An attempt to reclassify marijuana to Schedule 2 failed in
1988, despite the DEA administratve law judge, Francis
Young’s, recommendation that marijuana be removed from
Schedule 1 and made available for physicians to prescribe.”*° He
reviewed evidence and testimonies from the scientific commu-
nity and stated, “By any measure of rational analysis, marijuana
can be safely used within a supervised routine of medical care,”
and its use was suggested for spasticity, paraplegia, and muldiple
sclerosis (MS), and as an anti-emetic, while its use for glaucoma
was considered “reasonable.”*?® The FDA reviewed the schedul-
ing of marijuana in both 2001 and 2006, both times recom-
mending that it should remain in Schedule 1. A federal judge is
again reviewing whether reclassification is warranted at the time
of this writing.

The only access to legal marijuana has been through the FDA’s
Investigational New Drug Program, which was closed by the
Secretary of Health and Human Services in 1992, although the
13 patients in the program at that time were allowed to con-
tinue.*?2 The only federally approved source of research-grade
cannabis for that program, and still remaining, has been from a
farm at the University of Mississippi. It has had contracts with
the federal government since 1968, and has provided medicinal
marijuana to a few patients. The program initially started in 1976

i
when a glaucoma patient sued the government on grounds that

the cannabis was preventing his vision loss, and won. Currently
there are still 2 patients who receive mont government sup-
plied marijuana, one for multiple hereditary lexostoses, a painful
bone tumor disorder, and the other for glaucoma.?? The program
is stll controlled by the National Institute on Drug Abuse
(NIDA).
In 1995, Richard Smith, the editor of British Medu'al Journal,
called for some marijuana legalization and cmmmahzauon,
and the Journal of the American Medical Assoctation also published
a commentary in support of medical nmrijug:u“ In November
|

1995, the American Journal of Public Health,|the journal for
the oldest and largest organization of heal ca[.re professionals
in the world, issued a resoluton urging wmakers to make
medical marijuana accessible for research a5 an investigational
new drug, and to make marijuana a legally ayailable medicine to
ill patients.” They further stated that, “
wrongfully placed on the Schedule 1 of
stances depriving patients of its therapeutic
cluded that, “greater harm is caused by the
its prohibition than possible risks of medicinal juse.”” In 1997,
the British Medical Association published book called Thenz-
peutic Uses of Cannabis describing the many p‘otem:ial medical
benefits of cannabinoids, and also concludefl that cannabinoids
may have potential use for patients with rpas[tic neurological
disorders such as spinal cord injury and MS, whlch are not well
controlled with available drugs.*

Neurologist Dr. Ethan Russo received F A'support in con-
ducting a study looking at the effects of smoked marijuana in the
treacment of migraines in the late 1990s. However, his study was
halted by the NIDA. He stated the following;

“My FDA-approved study on cannabis’ ability to reduce
migraine was stone-walled because NIDA holds 2 monopoly on
the legal supply of cannabis for research) and they refused to
provide it for my study. As a doctor and a pitizen, knowing that
researchers in other countries are researching and confirming
new medical uses for cannabis all the time, such as its ability to
protect the brain afier bead trauma or stroke, ‘I am dismayed by
policies that prevent us from fully utilizin, tbe healing potential
of this plant and preventing people from mg  the best medicine
for their condition.™® ;

Many physicians are pushing for schedule reclassificaton of
cannabis allowing medicinal cannabis for|the treatment of a
multitude of ailments, and allowing resear In a 2013 apology
article retracting his previous anti-marij smnoc, Dr. Sanjay
Gupta MD, CNN Chief Medical Correspo dent, stated:

“Well, I am here to apologize. I apologi: because I didn’t look
hard enough, until now. I didn’t look \far|enough. I didn’t
review papers from smaller labs in otlm' countries doing some
remarkable research, and I was too dismis veqftbeloud:bom:
of legitimate pasients whose symptoms i ’i’pmed on cannabis.
Instead, I lumped them with the high-visi blxgl malingerers, just

tential,” and con-
iconsequences of
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looking o get high. I mistakenly believed the Drug Enforcement
Agency listed marijuana as a Schedule 1 substance because of
sound scientific proof- Surely, they must have quality reasoning
as to why marijuana is in the category of the most dangerous
drugs that have “no accepted medicinal use and a high potential
Jor abuse.” They didn'’t have the science to support that claim,

and I now know that when it comes to marijuana neither of
those things are true. It doesn’t have a high potential for abuse,

and there are very legitimate medical applications. In fact,

Sometimes marijuana is the only thing that works. We have been

terribly and systematically misled for nearly 70 years in the

United States, and I apologize for my own role in thas. ™™

Dr. Gupra also noted that of more than 20,000 papers pub-
lished in recent times, only 6% of the studies look at the potential
benefits of cannabis, while all the rest investigate potential harm,
leading to an inherent bias and a profoundly distorted view.?’

A poll by WebMD/Medscape revealed that the majority
of 1544 physicians from more than 12 specialties and 48 states
said that medicinal marijuana should be legalized nationally,
and agreed that it should be an option for patients.” The rapidly
increasing anecdotal reports about its benefits and subsequent
exodus of families being forced to move to Colorado for legal
use of a special strain of marijuana called Charlorte’s Web®® 1o
treat their children’s refractory seizure disorders seems cruel and
senseless, and has led to stronger calls for legal research and
availability.

The Epilepsy Foundation has asked the DEA to relax its
marijuana restrictions to allow for medical research to proceed,
and in April 2014, the American Academy of Neurology pub-
lished a consensus statement on the use of medical marijuana in
neurologic disorders.? It was based on a systematic review of
studies involving marijuana or synthetic cannabinoid treatment
for symptoms of only MS, epilepsy, and movement disorders
between 1948 and November 2013. In that consensus, they
concluded that certain forms of medical marijuana, cannabi-
noids, and synthetic formulatons can effectively treat some
symptoms of MS, including spasticity, painful spasms, central
pain, and overactive bladder, although efficacy was uncertain for
the other neurologic conditions evaluated. They recommended
that cannabinoids should be studied as other drugs are in order
to continue secking answers as to the potential benefits of mari-
juana use in patients who have neurologic illness, and if found
to be effective, it should be prescribed. Most recently in January
2015, the American Academy of Pediatrics recommended that
the government and DEA re-classify marijuana as a Schedule 2
drug to allow further research to be done on its therapeutic
benefits.

In 1996, California was the first state to pass the Compassion-
ate Use Act, which allowed the legal use of marijuana for medici-
nal purposes. Since then, at the time of this writing (March
2015), the number of states which have legalized medical mari-
juana is rapidly growing, currently at 23 (AK, AZ, CA, CO, CT,

DE, HI, IL, ME, MD, MA, MI, MN, MT, NV, NH, NJ, NM,
NY, OR, RI, VT, WA), in addition to Washington, DC. Fur-
thermore, 10 states (AL, FL, IA, KY, MO, MS, SC, TN, UT, W1)
have legalized CBD-only (CBD; extracted from cannabis)
medical marijuana bills, and 4 states (AK, CO, OR, WA) and
Washington, DC have successfully voted to legalize marijuana for
both medical and recreational purposes. More states will be
voting on upcoming election ballots for similar variable mea-
sures, increasing its availability for self-medication and/or
physician-prescribed medication. Several Congress members
introduced the “Charlotte’s Web Medical Hemp Act of 2014
(H.R.)” to Congress on July 28, 2014. The bill proposes to
exclude industrial hemp and CBD from the definition of mari-
juana in the Controlled Substances Act, so that patients can have
legal access to CBD oil and therapeutic hemp.

THE ENDOCANNABINOID SYSTEM
A breakthrough in the understanding of how cannabis works in
the brain occurred with the discovery of the endogenous canna-
binoids and receptors,®# which comprise the endocannabinoid
system. The endocannabinoid system is widely distributed
throughout the brain and spinal cord, and plays a role in many
regulatory physiological processes including inflammation, appe-
tite regulation, metabolism, energy balance, thermogenesis,
neural development, immune function, cardiovascular function,
digestion, synaptic plasticity and learning, pain, memory, psychi-
atric disease, movement, nociception/pain, psychomotor behav-
ior, sleep/wake cycles, regulation of stress and emotion, and
digestion.*>*°

The endocannabinoid system consists of the cannabinoid
1 (CB1) and 2 (CB2) receptors, the endogenous canna-
binoid receptor ligands (endogenous cannabinoids) N-
arachidonoylethanolamine  (anandamide, or AEA) and
2-arachidonoylglycerol (2-AG), as well as their degrading
enzymes fatty acid amide hydrolase (FAAH) and monoacylglyc-
erol lipase, respectively.#4¢5152 The CB1 and CB2 receptors were
cloned in 1990 and 1993, respectively.?*** The CB1 receptor is
primarily expressed on presynaptic peripheral and central nerve
terminals, and to a lesser degree on many other peripheral organs.
This is in contrast to CB2 receptors, which are concentrated
primarily in the peripheral tissues and immune cells where they
influence the release of cytokines and cell migration, although are
also present to a lesser degree in the nervous system.’**® Discov-
ery of AEA, which notably is the ethanolamide of arachidonic
acid, occurred in 1992, and this is a primary mediator of
endocannabinoid signaling, although a multitude of other
endogenous mediators with “cannabinoid-like” effects continue
to be discovered 4315961

The CB1 and CB2 receptors are both located pre-synaptically
and modulate neurotransmitrer release.* The endocannabinoids
AEA and 2-AG, as well as the phytocannabinoids found in
cannabis, bind to and activate (with variable affinities) the
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pre-synaptic G-protein coupled CB1 and CB2 receptors.’**
Activation of these receptors leads to opening of potassium chan-
nels causing a hyperpolarization of the pre-synaptic terminal, and
closing of calcium channels which inhibits release of stored
inhibitory and excitatory neurotransmitters, including gluca-
mate, acetylcholine, and dopamine when neuronal excitaton
is present.®>% Indirect effects on 5-hydroxytrypramine (SHT)
(serotonin), N-methyl-D-aspartate (NMDA), opiate, and
Y-aminobutyric acid (GABA) receptors allow endocannabinoids
to modulate other networks.® AEA is a parial agonist at CB
receptors, and binds with slighdy higher affinity at CB1 com-
pared with CB2 receptors, as does 2-AG.%53¢

In the central nervous system, CB1 activation inhibits neu-
rotransmitter release of GABA, glutamate, serotonin, dopamine,
acetylcholine, noradrenaline, cholecystokinin, and D-aspartate at
both inhibitory and excitatory synapses.*>*¢® The CB1 receptor
is one of the most abundant G-protein coupled receptors in both
the peripheral and central nervous system.? Notably, CB1 recep-
tors are prominent not only in the anatomical pain pathways
including the periaqueductal gray (PAG) matter, rostral ventro-
lateral medulla (RVM), dorsal primary afferent and substantia
gelatinosa spinal cord regions, spinal interneurons, and periph-
eral nerves/nociceptors, but also in other brain regions such as the
amygdala, cerebral cortex, hippocampus, substantia nigra pars
reticulata, basal ganglia, globus pallidus (internal and external
segments), and molecular layer of the cerebellum. 9386370
The cardiopulmonary centers in the brainstem are sparsely popu-
lated with CB1 receptors, which is why there is a lack of respi-
ratory depression with the cannabinoids, as opposed to opiate
receptors.!

The presence of CB1 receptors in this wide array throughout
the central and peripheral nervous system provides the substrate
for a multitude of potential therapeutic neurologic targets. The
CB1 receptors are widely expressed throughout the rest of the
body and organ systems, but this is beyond the scope of this
review. The CB2 receptors are primarily concentrated in the
peripheral tissues, especially cells of the immune system, but can
be found in lower concentrations in some brain regions including
the PAG and some neuronal subpopularions astrocytes, microg-
lia, and oligodendrocytes.®*’"” AEA and other cannabinoid ago-
nists have also been shown to have inhibitory effects on serotonin
type 3 (SHT3) receptors, which further suggests its role as an
anti-emetic and in analgesia.”

The endocannabinoids are arachidonic acid derivatives synthe-
sized “on demand” in the post-synaptic terminals from mem-
brane phospholipid precursors in response to cellular metabolic
needs, and there appears to be cross-talk between the eicosanoid
and endocannabinoid pathways.*>7#7¢ The CB1 receptor medi-
ated ant-inflammatory effects of cannabinoids are suspected to
be secondary to inhibition of arachidonic acid conversion by
cyclooxygenase,'” although CB2 receptor activation induces
immunosuppression, which also reduces inflammation.”

THE PHYTOCANNABINOIDS .
The plant genus Cannabis is within the p
baceae. Three cannabis species are described:

t family Canna-
fatwa, C. indica,

and C. ruderalss, although there has been a lo) g—standmg debate
among mxonomlsts rcgardmg classnﬁauon o these variants into

very low 1ns1gmﬁcant levels of A>THC is e
trial hemp,” or “hemp.”
The leaves and flowering tops of cannabis plants contain at

least 489 distinct compounds among 18
classes, and contain at least 100 different

different chemical
phytocannabinoid

compounds identified thus far, potendally holding therapeudc

benefit individually, or in variable ‘com|

binations.”® The

primary cannabinoids studied to date include A>-THC, CBD,
cannabinol (CBN), cannabigerol (CBG), and: tetrahydrocan-
nabivarin (THCV), although there are many others.”**"* The
percentage present of these and other abinoids vary
depending on the cannabis strain, climave, spil,jand techniques
of cultivation, and these factors also account for the wide vari-
ability in medicinal benefits as well as side effects.®** Delta’-
THC is the most studied and responsiblé for most of the
physical, and particularly the psychotropic effects of cannabis.”

All species contain the psychoactive companent, A’>THC, in
variable amounts, although C sativa conuins the highest

A°-THC, while C. ruderalis contains the least.

nabinoids including CBD, CBN, and: CB
psychotropic properties,¥” which makes the
potential therapeutics.

Delta’THC was first isolated in 1964,
agonist at both CB1 and CB2 receptors, b
non-CB receptors. Its actions at the CB1 re
the psychoactive effects of cannabis, though

88

7‘7 The other can-
have little to no
very attractive for

and is a pardal
t also acts at other
ceptor account for
to. be mediared to

some extent by suppression of both: glutamate and GABA

release. 39,64,89-91

!

CBD was isolated in 1963, lacks psychpactivity, and does

not appear to bind to CB1 or CB2 receptors,

but rather interacts

with a multitude of various ion channels, mzymes, and other
receptors that are felt to explain its potential: a.nalgwc, anti-
epileptic, anti-nausea, anti-emetic, and-inflammatory, anxiolytc,
anti-psychotic, and anti-ischemic properties. 9% Irs potenial

analgesic and anti-inflammatory effects are

cyclooxygenase and lipoxygenase inhibition, |

mediated by both

and its ant-

inflammatory effect is several hundred time$ ere potent than

aspirin in animal studies.*** Both CBD and

A’LTHC also have

strong anti-oxidant actions, more potent than o-tocopherol and

ascorbate, and have been shown to reduce N

MDA, o-amino-3-

hydroxyl-5-methyl-4-isoxazole-propionate, and kaEate receptor-

mediated neurotoxicities.”?
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CBN may have some immunosuppressive properties, and
CBG may have some analgesic and anti-inflammatory properties
as a partial agonist at CB1 and CB2, as well as actions as a SHT*
receptor antagonist and 0:2-adrenoceptor agonist.***!% It has
also been suggested that THCV may have some anti-convulsant
properties'®!® by acting as a CB1 receptor antagonist and CB2
receptor partial agonist.'%!”

Cannabinoids including A>THC have been shown to have
anti-nociceptive effects in the PAG gray macter,'® an area in
the brainstem that has been suspected to play an integral role
in migraine generation,'” as well as involvement in both
descending and ascending pain transmission.'®!!® CBI1 recep-
tors have also been shown to have a dense concentration in
the hypothalamus.® Cannabinoid analgesic properties are
mediated through CB1 receptors'! in the brain, spinal cord,
and peripheral nerves.!®1%M217 Smydies suggest that the
endogenous cannabinoid system may modulate anti-nociceptive
effects in isolation, or through simultaneous potentiation
of specific opioid receptors.''®'? CB1 receptors are 10 times
more concentrated then p-opioid receptors in the brain, and
cannabinoid receptors co-localize with opioid receptors in
many regions such as the dorsal hom of the spinal cord, leading
to synergistic augmentation of the analgesic opioid effects,
with subsequent lower dose requirements of opioid
therapy, !MI910123127.130135  Adminisiration  of  cannabinoid
receptor agonists leads to endogenous opioid peptide release
and chronic A>THC use increases endogenous opioid precur-
sor gene expression in supraspinal and spinal structures
involved in pain perception.® This interaction is suspected to
be from pharmacodynamic mechanisms, since studies show
marijuana use does not affect blood levels of oxycodone or
morphine.""“

Litde is known about the potential therapeutic role of the
extensive number of other compounds that cannabis contains,
including flavonoids, terpenes, phenols, amino acids, vitamins,
proteins, steroids, nitrogenous compounds, enzymes, glycopro-
teins, simple alcohols, hydrocarbons, ketones, aldehydes, fatty
acids, simple esters and lactones, and pigments.”*'¥” This makes
it difficult to appropriately assess the potential beneficial con-
tribution by each of these compounds in studies evaluating pos-
sible therapeutic uses of cannabis, since different strains have
different ratios of A>-THC, CBD, additional cannabinoids, and
other compounds. Variable routes of administration add to this
complexity. Ultimately, studying each isolated constituent is
mandatory to determine each compound’s individual therapeu-
tic benefits. For example, the terpenes are thought to contribute
to the distinctive differences in fragrance among cannabis
strains, as well as the smoking qualities and character of the
subsequent “high.”® However, terpenes have a broad range
of other actions including ant-inflammatory, and-anxiety,
anti-oxidant, anti-neoplastic, and-bacterial, and anti-malarial
properties.®

POTENTIAL MEDICINAL USES OF CANNABIS
FOR HEADACHE

Literature review shows that medicinal marijuana and its derived
cannabinoids have reported therapeutic benefit in an extensively
wide area of medicine encompassing many specialdes,''®1%:133 a5
compiled and referenced in Table 1. This is not an all-inclusive
list, and it is important to remember that much of the included
data are anecdotal, case based, or laboratory-based scientific
research, although there are some randomized trials as well. One
of the most documented uses of medicinal marijuana is in the
treatment of pain, particularly chronic pain, and suppression of
hyperalgesia and allodynia, with most studies involving endocan-
nabinoids, A>~THC, or synthetic cannabinoids.”*"**"% The
cannabinoid-opioid interactions and “opioid-sparing effect” of
cannabinoids has attracted interest in medicinal marijuana for a
possible alternative to narcotics with less potendal for depen-
dence, addiction, and abuse. These interactions also raise the
question of a theoretical role in helping patients to wean down or
off of opiates.

Components of the endocannabinoid system are found
throughout the nervous system in supraspinal, spinal, and
peripheral pain pathways. Both A>THC and CBD have analge-
sic properties, although they act through different mechanisms,
and the psychotropic side effects of A>-THC may be a limiting
factor in its use.""* Medicinal cannabis and its cannabinoid
extracts increase pain thresholds'® and possess analgesic
properties.®!41% Delta-9-THC doses of 15-20 mg have been
shown to be comparable to the analgesic effects of codeine
60-120 mg.'*® Therapeutic uses of cannabis are reported in a
wide range of chronic pain disorders as detailed and referenced in
Table 1. A review of 38 published randomized controlled trials
evaluating cannabinoids in pain management revealed that 71%
(27) concluded that cannabinoids had empirically demonstrable
and statistically significant pain-relieving effects, whereas 29%
(11) did not.#®

Given the pharmacology and reported therapeutic benefits of
cannabis in pain medicine, it is only logical that this benefit may
extend to the arena of headache medicine, induding migraine.
There is supporting literature for this, although it is primarily
anecdotal and case based. Cannabinoids are active through CB1
receptors in areas of the brain and brainstem involved with
migraine pathophysiology including the PAG (which may be a
migraine generator area), rostral medulla, area postrema of the
medulla, nucleus trigeminal caudalis,®'**'* and trigeminal
ganglia.”

The endogenous endocannabinoid AEA modulates pain
signaling in the central nervous system in various ways. AEA
inhibits dural blood vessel dilation induced from neurogenic,
calcitonin gene-related peptide (CGRP), electrical stimulation,
capsaicin, and nitric oxide (NO) sources, and this effect is
reversed by a cannabinoid antagonist.4*!53134157.158 AEA also
activates the transient receptor potential vanilloid receptor on
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the brainstem dorsal raphe are modulated by CB1 receptor acti-
vation.'®'" Furthermore, SHT1s1p antagonists inhibit CB1
responses in the ventrolateral PAG."! These findings show how
serotonergic and endocannabinoid neurons in the brainstem can
modulate the effects of cither system as wigeminal or spinal
nociceptive inputs are processed.'”* This suggests that the endo-
cannabinoid neurotransmitter system is a potental target for
treating migraine, and that triptans may help to break migraines
by activating the brain’s endocannabinoid system.'”!

Triptans are suspected to inhibit GABAergic and glutamater-
gic signaling in the PAG by preventing neurotransmitter release
from nerve terminals as part of their mechanism of action.'”®
Similarly, activation of CB1 receptors in the PAG and RVM also
inhibit GABAergic and glutamatergic transmission by preventing
release of neurotransmitters.””>'® Triptan action may in part be
secondary to modulation of endocannabinoidergic neurons in
the brainstem, and descending control of trigeminovascular nodi-
ceptive transmission may occur through interactions between
serotonergic and endocannabinoid receptor systems.'””! Pharma-
cological manipulation of the CB2 receptor suggests a potential
therapeutic rarget for the treatment of migraine as well.'®!

The endogenous endocannabinoid AEA, the phytocannabi-
noid A’>THC, and synthetic cannabinoids suppress glutamater-
gic neurotransmission via inhibitory modulation of the NMDA
receptors, mediated by CB1 receprors.!>*1541818 Acrivation of
CB1 receptors suppresses cortical spreading depression (CSD).
This is suspected to be due to decreased glutamatergic transmis-
sion via inhibitory NMDA modulation, although modulation of
NO, CGRP, or lipoxygenase and cyclooxygenase pathways are
also possible contributors to the suppressive effect of cannabi-
noids on CSD."* Activation of CB1 receptors may stop migraine
pain by inhibition of CSD and subsequent wigeminal neuronal
activation.'®?

Endocannabinoid deficiency has been theorized as a possible
cause for migraine and other chronic pain disorders, including
chronic migraine and medication overuse headache.”'® Levels
of AEA are decreased in the cerebrospinal fluid of individuals
with chronic migraine compared with normal controls, while
levels of CGRP and NO (normally inhibited by AEA) are
increased.'">!®1?° Dlatelets of female migraineurs as opposed to
male have also shown increased activity of the AEA-degrading
enzyme FAAH, suggesting increased endocannabinoid degrada-
tion.” A widely recognized migraine trigger, nitroglycerin,
increases activity of endocannabinoid degrading enzymes,
leading to increased breakdown of endogenous endocannabi-
noids in the midbrain, where the PAG is located.'*

Unfortunately, there have been no controlled clinical trials
evaluating smoked or oral formuladons of medicinal cannabis
or prescription cannabinoids for either acute or prophylactic
therapy in migraine or other headache disorders. A small case
seties of cannabis use for patients with pain included 3 subjects

with chronic headaches that were relieved by smoking cannabis,

with results similar or superior to ergotamine and aspirin.'%
Another small case series of 3 patients reported that abrupt
cessation of chronic daily marijuana smoking was followed by
migraine attacks, while subsequent remission of headaches was
seen with resumption of episodic marijuana use in 1 of the
patients.'” It is not certain whether this suggests effective pre-
vention by the marijuana or medication overuse headache with
withdrawal headache upon cessation.

A case of a migraineur who had failed standard medical
therapy, and ultimately received relief with small doses of smoked
marijuana was reported.’® Similarly, this author has encountered
multiple patients with chronic migraine, and a similar history of
failing all standard medical therapy, but receiving a significant
positive response to smoked cannabis (usually admitted reluc-
tantly) or synthetic cannabinoids.

One study suggested that cannabinoid compounds may
provide benefit in migraine treatment due to platelet stabilization
and inhibition of serotonin release.”™ A small survey of 54
patients in a drug treatment center reported that marijuana
use was commonly used as a self-medication treatment for
migraine.'”

An anonymous standardized survey investigating reasons for
self-medication with cannabis in Germany, Austria, and Switzer-
land was conducted by the Association for Cannabis as Medicine
(Cologne, Germany).'” There were 128 patient questionnaires
evaluated, and of the many reported medical uses, 6.6% used
cannabis for migraine, and 3.6% used it for headache. Another
survey of 2480 patients of the Oakland Cannabis Buyer’s Club
revealed that 5% used it for migraine relief.'”

Medicinal cannabis may have a role in headache disorders
other than migraine as well. A case study reported a woman with
pseudorumor cerebri would smoke a marijuana cigarerte about
once per week when her headache was more severe. She would
have complete resolution of her headache within 5 minutes, and
it would not recur that day.'” This is interesting given other
studies that suggest that cannabinoids may reduce intracranial
pressure in traumatic brain injury;,'®?® as well as intraocular
pressure in glaucoma.2??' The synthetic cannabinoid, Dexabi-
nol, has no psychotropic activity, but blocks NMDA receptors,
and suppresses production of tumor necrosis factor. In phase II
trials in Israeli hospitals, it lowered intracranial pressure with a
trend toward faster and better neurologic outcome.!?2%

Cannabis has been reported to treat cluster headache. In a case
report,?'” a 19-year-old male who was refractory to a multitude of
preventive and abortive medications reported that smoking mari-
juana at the onset of a cluster headache attack would consistendy
give complete headache relief within 5 minutes of inhalation, and
was the only thing that helped. Given the dramatic improvement
with smoked cannabis, his physician decided to substitute the
smoked cannabis with Dronabinol (Marinol®) 5 mg, a synthetic
cannabinoid. Dronabinol taken at the onset of cluster headache
consistendy provided complete and rapid relief within 5-15
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minutes. Notably, CB1 receptors have a dense concentration in
the hypothalamus,® of which the posterior inferior ipsilateral
hypothalamus has been suspected to be a site of activation in
cluster headache.2'#2°

A survey of 113 patients with chronic cluster headaches in
France found that 26% regularly consumed cannabis, although
whether cannabis was used for treatment of cluster headache or
only recreationally was not further evaluated.??! In another study
conducted in 2 French headache centers with a patient question-
naire evaluating marijuana use in cluster headache patents,
63/139 (45.3%) had a history of cannabis use, of which 27
patients (19.4% of roral cohort) had used it to weat cluster
headache attacks.??? Efficacy was reported in 25.9%, variable or
uncertain effects in 51.8%, and negative effects in 22.3%. Thus,
in almost three quarters, the cluster headache subjects did not
report efficacy. The authors noted the need for controlled trials
with synthetic selective cannabinoids to show a more convincing
therapeutic benefit.

Similar to cluster headache, this hypothalamic region is also
activated during short-lasting unilateral neuralgiform headache
artacks, including those with specific conjunctival injection and
tearing,” paroxysmal hemicranias,”* and hemicrania cond-
nua,” raising a theoretical question of whether refractory cases
of these headache disorders may also be responsive to medical
cannabis and the cannabinoids.

A trial of 112 padents with MS who smoked cannabis reported
that 90% had significant chronic pain relief, and particulasly
70% had relief of MS-associated trigeminal neuralgia. ¢

PHARMACOKINETICS

Cannabis can be used by smoked, vaporized, oral, oral mucosal,
topical, or rectal routes of administration. The majority of
cannabinoid metabolism occurs in the liver, with variable
levels of different metabolites, dependent on the route of
administration.??’”?* Health Canada (US FDA equivalent) pub-
lished an excellent in-depth review of the pharmacokinedcs and
pharmacodynamics of cannabis, and it is recommended for more
derailed discussion of these topics.'”

Smoked cannabis results in the fastest onset of action, within
minutes, due to the lipophilicity of A>-THC, and results in
higher cannabinoid blood levels and shorter duration of effects
compared with oral routes.””*?® When smoked, the psychotropic
effects start within seconds to a few minutes, peak in 15-30
minutes, and wear off within 2-3 hours. Depending on efficiency
and method of smoking, bioavailability of A>~THC ranges from
2% to 56% based on puff duration, breath hold duration, and
depth of inhalation, but typical use is predicted to be about
25-279% 228230232

Smoking cannabis by vaporization is a more recent technique
of smoking cannabis, developed due to the fact that inhaladon of
a combustion product is an undesirable delivery system.?®* The
goal of this technique is to suppress irritating respiratory toxins

by heating cannabis to a temperature where

advantageous to smoking due to less roxic byp

actiive cannabinoid
vapors form, but below the point of combt*sti@n where smoke
and associated toxins are produced.”* Vaporization may be

roducts such as tar,

polycyclic aromatic hydrocarbons, carbon monoxide, and more

efficient extraction of A’-THC24%% Ph%bconcenmdons

and effects are similar to those of smoking
methods, although absorption has been
faster.”? -

abis by standard
:sted to occur

Oral administration is associated with a slgwer onset of action

with delayed psychotropic effects beginning
slower peak at 2-3 hours, lower peak blood
times lower as compared with smoking®™® ),
of action and effects lasting 4-12 hours, de
specific psychotropic effect.?2?* Delta-9-
by adding it to foods such as brownies, oils, b
teas. ;
There are 2 synthetic pharmaceutical vers
available. The first is Dronabino! (Marinol
2.5 mg, 5 mg, or 10 mg A’-THC tablets. It is
to twice daily, and dose ranges vary from 2.5
is Schedule IIT and approved by the FDA f
associated with chemotherapy, and acquired
syndrome (AIDS)-associated anorexia and w
The second is Nabilone (Cesamet®), which
and 1 mg A>-THC tablets, and is used once
dose ranges varying from 0.2 to 6 mg/day.2!
and FDA approved for nausea/vomiting
therapy. These 2 medications contain only
other cannabinoids such as CBD, which typi

from the United Kingdom is called Epidiol

in/30-90 minutes,
?-THC levels (5-6
d longer duration
ding on dose and
C is often ingested
teers, cookies, and

ns l‘)f oral A>-THC
» which comes in
typically used once
to 40 mg/day2 It
r nausea/vomiting
hune deficiency
igh}t loss.
mes in 0.25, 0.5,
3 times daily, with
42 It is Schedule II
iated with chemo-
A’-THC, without
y provides much

©, It has received

of the analgesic effects of cannabis. Anothg oral formulation

Orphan Drug Designation from the FDA f
severe, drug-resistant epilepsy syndromes sy
Lennox-Gastaut syndromes, and is currently

r the treatment of
ch las Dravet and
in clinical trials.

An oral mucosal formulation called Nabiximols (Sativex®) is

available in the United Kingdom for spastici

y in MS. It is also

approved by Health Canada as an adjunct téatment for neuro-

pathic pain in MS, and for moderate to severe

In April 2014, the FDA granted Fast Ti

tancer-related pain

designation to

for patients who have failed the highest tolt%mked opiate dosing.

Sativex® for the treatment of pain in pat
cancer, who experience inadequate analgesia
chronic opioid therapy, and it is currently

clinical trials in the US for this indication. It

ts with advanced
during optimized
ergoing phase III
is also undergoing

phase III trials in the US for MS spasticity. Eqch spray delivers a

total dose of 2.7 mg A>-THC and 2.5 mg

CBb, along with

additional cannabinoids, flavonoids, and terpgnoids since it is a

tincture of cannabis, made from cannabis p!

synthetic form, and doses range from 1 to 16 sprays per day.

ts rather than a
243,244

Peak plasma concentrations of the CBD and|A’-THC occur in
2-4 hours, although there is wide variation between patients in
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peak blood levels, time to onset, and peak of effects.?®? Similar to
the oral formulations, A>~THC and cannabinoid blood levels are
lower as compared with smoking, although A’ THC blood levels
are similar to Dronabinol 2324

Topical transdermal formulations of cannabinoids exist in
ointments, creams, and lotions, although there are no clinical
studies evaluating these. However, some research has been done
evaluating a dermal patch for delivery of synthetic cannabinoids
with good permeation results, suggesting the utility for develop-
ment of a transdermal therapeutic system.?¢%

Rectal formulations have been studied, and blood concentra-
tions of A>THC are dose and vehicle dependent.”* The pro-
drug A>-THC hemisuccinate is absorbed rectally rather than
N’-THC, and this in combination with decreased first-pass
metabolism leads to higher bioavailability of A’>-THC (52-61%)
as compared with the oral route 2

Intramuscular and intravenous A’-THC has been evaluated in
limited studies,?** and the authors of 1 stdy involving
monkeys suggested that inramuscular A>-THC may be a useful
alternative route of administration, since it is more completely
bioavailable as compared with the oral route.”!

ADVERSE EFFECTS OF CANNABIS

There are a multitude of variables that may influence the pres-
ence or severity of adverse effects with cannabis use, as well as
benefits. The majority of information regarding adverse effects
reported with cannabis use come from studies and case reports
primarily evaluating recreational users, rather than from con-
trolled therapeutic clinical studies. It is important to remember
that none of the studies or reported adverse effects of cannabis
specifically compare and take into account many potental
variables. These include route of administration, patient age,
concurrent medications being taken, patdent comorbidities,
standardized dosing, type of cannabis strain, ratio of the
phytocannabinoids in the cannabis strain (particularly the
CBD:THC ratio), sterility of cannabis growing conditions, can-
nabis analyzation for commonly encountered issues of toxins,
pesticides, and fungal and bacterial microbial contaminants,
among others.

The importance of sterility and potential side effects from
non-sterile growing environments is illustrated by a case of aller-
gic bronchopulmonary aspergillosis due to microbial contamina-
tion from smoking moldy cannabis.’® These variables will be
extremely important in future studies, as there are suspected to
be at least 100 different types of phytocannabinoids, and only a
few of them have been studied and evaluated. Some (such as
A°-THC) cause psychoactive side effects, while others (such as
CBD) have no psychoactive side effects, as previously discussed.
Therefore, these reported adverse side effects are based on entirely
non-standardized evaluations, similar to many of the anecdotal
and case-based reports suggesting benefit. This is synonymous to
evaluating adverse reactions in a random combination of the

widely variable antidepressant medications, and then lumping all
reported adverse effects into the same adverse effect profile for
antidepressants as a general class. However, in reality, it is under-
stood that different antidepressants have different pharmacologic
properties and adverse reactions. Cannabis use as a medication
should be thought of no differently. Therefore, these reported
adverse side effects should not be assumed to be universal can-
nabis side effects, but need to be more appropriately correlated
with specific phytocannabinoids, phytocannabinoid ratios, and
the aforementioned variables as medical research moves forward.
This is critical for evaluating adverse side effects, as well as thera-
peutic benefits.

Unfortunately, cannabinoid science and associated medical
research is in its infancy, and these many variables and factors
have yer to be evaluated and incorporated into research for more
specific data regarding both benefits and adverse side effects.
With that said, adverse reactions reported in the central nervous
system and cardiovascular system are seen in Table 2, while
adverse reactions in the respiratory system, gastrointestinal,
reproductive, and immune systems are reported in Table 3.

Regarding cannabis dependency, the problem may be less sig-
nificant compared with other substances. A study reported by the
health arm of the National Academy of Sciences, The Institute of
Medicine, showed that dependency occurs in 32% of tobacco
users, 23% of heroin users, 17% of cocaine users, 15% of alcohol
drinkers, and 9% of marijuana users.”*® Withdrawal symptoms
following prolonged cannabis use have been reported to include
anger, depressed mood, irritability, anxiety, restlessness, insom-
nia, strange dreams, weight loss, and decreased appetite. The
question of cannabis overuse headache and withdrawal headache
remains unstudied.?”??

To date, there has been no documented evidence of death
exclusively attributed to cannabis overdose or use.’” A recent
comparative risk assessment to quantify the risk of death associ-
ated with commonly used recreational substances using the
margin of exposure approach was conducted.” The margin of
exposure is defined as a ratio between toxicological threshold
(benchmark dose) and estimated human intake. This method
uses the most recent guidelines for risk assessment of chemical
substances, which also takes the population-based exposure
into account. The toxicological margin of exposure approach
validates epidemiological and social science-based drug ranking
approaches. Results showed that alcohol was the deadliest sub-
stance, followed by heroin, cocaine, tobacco, ecstasy, metham-
phetamine, and lastly, cannabis. These results suggested that
cannabis was approximately 114 times less lethal than alcobol,
and reinforced similar results in comparative toxicology studies
and drug safety rankings developed decades prior under different
methodologjes. '€

The ratio between A>-THC and CBD appears to be an impot-
tant factor in relation to side effects based on currently available
literature, and some cannabinoids such as CBD may modulate
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Table 2.—Adverse Effects Reported With Use of Cannabis and Cannabinoids on Central Nervous and Cardiovascular Symms

Adverse Effects Reported 51

Somnolence, generalized CNS depression, additive with other CNS depressants, amotivational syndromc in chromc

presence of CBD), aggravation of psychosis in those predisposed for or having psychotic disorders (however, a study
of 10,000 psychiau'ic hospltal admissions found no evidence that use of cannabis induced psychosis in previously

" and a recent study reported no correlation with high risk individuals and development of

Synesthesia (stimulation of 1 sense stimulates a rotally different sense; hearing colors, sccmg sounds feeling/tasting

84.137,232291,605,608 i

Mental clouding, thought fragmentation, impaired memory, impairment in general cognitive perfbrmancc (especially
complex/demanding tasks), and driving may be impaired in occasional > chronic smokers (less as compared with

possible impairment in neumcogruuvc brain
626629

Limited and somewhat loosely associated case reports of stroke following recent use of smoked cnhnabxs (one of which

|37.as?.sss
:

possible

association with reversible cerebral vasoconstriction syndrome (RCVS),*” and multifocal intracranial stenosis®®

AdverseEﬂ"ecm Reported ; ' ‘t

137,144,490,577,635,637,641-643 and

137,144,232.303,314,490,637,648-654
635,652,653,655-658

Central Nervous
System (CNS)
Sedative
L1se! 722 2TEI90-292.303, 314346 47435 436575578 i
Psychological Euphoria (“high”), dysphoria, depersonalization, anxiety/panic attacks (primarily from A’ THC and lessened by
asymptomatic patients,’
psychosis from cannabis use”™ ) T s etk |
Perception
sounds, etc.), distortion of sense of time and space, heightened sensory perception, mlspcrczptmns,
hallucinations! ¥7254885%4397.604-607
Mortor function Araxia, weakness, disequilibrium, incoordination, dysarthria
Psychomotor/cognitive
function
alcohol, but increased in combination with alcohol),'?7214605:60%-627
development in users who begin at a younger age including adolescence
Dependence Physical and psychological dependence associated with chronic, heavy cannabis use®*##6206%
Stroke
was cardioembolic from myocardial infarction)!¥$*4
Cerebral blood flow Increased with acute cannabis use, chronic use may decrease, variations exist between regions,
Other Headache, 4024260393 * especially wih withdraval®® f 4
Peripheral circulation Conjunctival injection, vasodilatation, postural hypotension, supine hypertension,
arteritis** ¢
Heart rate Tachycardia with acute use, but tolerance develops with chronie use
Heart thythm Ventricular arrhythmia, atrial fbrillation, premature ventricular contractions
Myocardial infarction Possible increased risk of MI after acutely smoking cannabis, particularly with pre-existing cardiovasctlar disease,
(MI) increased myocardial oxygen demand'¥7#426536526%0 .

the activity of A>-THC.*® Delta’-THC accounts for the vast
majority of the psychotropic and physical side effects of
cannabis.”

In contrast, as noted, CBD lacks psychoactivity, which is why
the specialized bred high-CBD, low-THC strain of Charlotte’s
Web™ has become such a popular treatment for refractory child-
hood epilepsy.® CBD-mediated attenuation of A’-THC side
effects may be observed when the CBD:THC ratio is at least 8:1
(£ 11.1),%"*% while CBD may potentiate some of the THC side
effects when the CBD:THC ratio is around 2:1 (+ 1.4).2% CBD
has been shown to have anxiolytic effects in animals and humans
by reducing the anxiety reaction induced by A>-THC.**

There are no studies evaluating the therapeutic benefits corre-
lating to varying cannabis strains or CBD:THC ratios, despite
the wide spectrum of diseases and symptoms that the medical
literature suggests cannabis is beneficial for. This is clearly a wide
open area containing many potential therapeutic medical treat-
ments for which research is desperately needed. Determining
which cannabis strains and CBD:THC ratios are the most effec-
tive for specific diseases and symptoms, including acute and
chronic pain should be a primary research focus.

There are an extensive number of variables that make it diffi-
cult for establishing standardized dosing schedules. Some of these
variables include the complex cannabinoid pharmacology,
potency of cannabis being used such as CBD:THC ratios, the
large number of other compounds found in cannabis, different
dosing regimens, different routes of administration, tolerance to
cannabinoids, inter-individual differences in cannabinoid recep-
tor structure, function, and density, as well as differences in
cannabinoid metabolism.’” Current dosing recommendations
are highly individualized, relying significantly on titration.”!

For new patients, it is recommended that waiting a few
minutes between puffs of smoked/inhaled cannabis, and waiting
30-60 minutes berween bites of cannabis-based oral products to
monitor for effects or adverse symptoms is most prudent.'”
Based on peer-reviewed literature, the majority of patients using
smoked or orally ingested cannabis for medical purposes have
been observed to use between 10 and 20 g of cannabis per week,
or approximately 1-3 ¢ per day.'”” Detailed estimated dose
amounts and percentages of A’-THC between various routes of
administration, including conversion factors between smoked
and oral forms can be seen in Health Canada’s publication of
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Table 3.—Adverse effects Reported With Use of Cannabis and Cannabinoids on Respiratory, Gastrointestinal, Reproductive, and Immune

Systems
Respiratory System
Carcinogenesis

Inflammation

Bronchial tone

Gastrointestinal System

General

Pancreas

Liver

Reproductive System

Females

Males

Immune System

General

Adverse Effects Reported

Cannabis smoke contains many similar chemicals as tobacco smoke, and cannabis smoke condensates may be more
cytotoxic and mutagenic then tobacco smoke condensates,”*'*? although evidence linking cancer and cannabis
smoke are conflicting and inconclusiye' 745

Chronic cannabis smoking associated with histopathologic changes, cough, wheezing, bronchitis, and phlegm
production'¥"4747

Acute use of smoked cannabis causes bronchodilatation,*”*™**™ but long term heavy smoking may lead to increased
obstruction and decreased lung function!* %7 570671675676

Adverse Effects Reported

Decreased secretion, decreased mortility and gastric/colonic emptying, anti-inflammatory' 731231553
Pancrearitis has been reported with heavy acute and chronic daily use™*”¥7-5%
Possible mcr&sed risk of hepatic fibrosis/steatosis, particularly in pancnrs wu:h hcpauus C"m““

AdverseEﬁ'ects R:portad

lnconcluswc and unclm.r as most dara are from animal srudm, dosc-dcpendent sumu!amry or mhxbstory effects on
sexual behavior,"”* possible ovulation suppression and menstrual cycle changes'*7%#46%

Inconclusive as most dara are from animal studies with limited human studies. With chronic and daily use,
possibly decreased sperm count, morphology, and motility, anti-androgenic, #1843 pogsible inhibitory
sexual effeces™*%

Adverse Effects chortcd

Complex and el vt Bofh suppressive and stimulatory actions mportad""’""’“‘”

Information for Health Care Professionals: Cannabis (maribuana,
marijuana) and the cannabinoids.'” There are no standard clinical
guidelines in terms of contraindications for use of cannabis and
cannabinoids, although Health Canada has outlined some sug-
gestions, as modified and seen in Table 4.'”” The risk/benefit ratio
needs to be evaluated in patients with certain medical conditions
until further research becomes available to form more standard-
ized guidelines.

CONCLUSIONS AND SUMMARY
The historical use of cannabis for medicinal purposes is described
for numerous diseases. There is an abundance of support for its

many medicinal uses as well as potential benefit in some forms of
headache disorders, including migraine and cluster. With the
majority of the US now legalizing medicinal cannabis and/or
limited CBD-only use, it is important for physicians to be edu-
cated on the history and proper clinical use of cannabis, because
patients will become increasingly aware of it as a potential treat-
ment, including for chronic pain and headache disorders. Can-
nabis conrtains an extensive number of pharmacological and
biochemical compounds, of which only a small fraction are
understood, so many therapeutic uses likely remain undiscov-
ered. Cannabinoids appear to modulate and interact at many
pathways inherent to migraine, triptan mechanisms of action,

Table 4.—Suggested Contraindications and/or Precautions Requiring Evaluation of Risk/Benefit Ratio of Cannabis and Cannabinoids

Use with caution in patients with a history of substance abuse including alcohol, given abuse potential.
Use with caution in patients using sedative-hypnotics, alcohol, or other psychoactive drugs due to potential synergistic sedative effects.
Use with caution in severe renal or liver disease, including chronic hepatitis C (daily use not recommended due to potential for worsening steatosis

severity).

Avoid use under the age of 18 due o potential for increased adverse effects on mental health during development and adolescence.
Avoid use while driving, operating heavy machinery, or performing other hazardous tasks or activities.

Avoid use with history of cannabinoid or smoke hypersensitivity.

Avoid use in patients with severe cardio-pulmonary disease due to risk for potential hypotension, hypertension, tachycardia, or syncope.
Avoid use of smoked cannabis in patients with pulmonary diseases including asthma and chronic obstruetive pulmonary disease.
Avoid use in women who are pregnant or breastfeeding. Use with caution in women of childbearing age who are planning pregnancy or not using a

reliable contmccptive.

Avoid use in patients with psychiatric disease, particularly schizophrenia, or a family history of schizophrenia.
Careful psychiatric monitoring is recommended for patients with mania or depression.
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and opiate pathways, suggesting a potential synergistic or related
benefit. Modulation of the endocannabinoid system through
agonism or antagonism of its receptors, targeting its metabolic
pathways such as inhibition of endocannabinoid-degrading
enzymes, or combining cannabinoids with other analgesics for
synergistic effects, may provide the basis for many new classes of
medications. Despite the limited evidence and research suggest-
ing a therapeutic role for cannabis and cannabinoids in some
headache disorders, randomized clinical trials are necessary for
confirmation and further evaluation.
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