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ABSTRACT

Hemp and marijuana are two different varieties of Cannabis sativa L., a flowering herb indigenous
to many parts of the world. Marijuana is cultivated for its high levels of tetrahydrocannabinol (THC), which
is concentrated mostly in the flowers and trichomes of the plant and has psychoactive properties.
Traditionally, hemp has been cultivated for its fiber and food extracts and has almost undetectable levels
of THC. Hemp has been grown and cultivated worldwide for thousands of years for industrial and medical
purposes, making useful items like rope, clothing, sails, paper, and thousands of other products.
Research into other uses for hemp has found comparatively high levels of cannabidiol (CBD), a non-
psychoactive compound, which has shown significant human health benefits in numerous clinical trials.

In the 1970’s CBD's anticonvulsive effects in humans were discovered. Later, other studies have
shown anti-nausea, anti-anxiety, antioxidant, anti-inflammatory and analgesic effects as well as other
disease specific benefits. An orally-administered liquid containing CBD has received orphan drug status in
the US for use as a treatment for Dravet syndrome, a severe form of infant seizure disorder as well as a
novel adjunct treatment for brain tumors. Hemp production in the US is heavily regulated and extremely
limited due to federal regulations from the 1920’s. Recent changes in both federal and state laws have
allowed hemp oil extracts containing CBD to be imported in the US. Concentrated CBD obtained from
hemp oil is now available and sold as both a medicinal and natural health supplement targeting a wide
variety of human health conditions.

Plant-derived CBD is referred to as phytocannabinoid and possesses similar properties as
animal-produced endocannabinoids. CBD is an aromatic hydrocarbon whose actions are mediated in part
through interaction (antagonistic) with the existing cannabinoid receptors that make up the
endocannabinoid system found in mammals. Mammalian tissues express at least two types of
cannabinoid receptor CB1 and CB2. CB1 receptors are expressed predominantly at nerve terminals of
both central and peripheral neurons where they mediate inhibition of transmitter release. CB2 receptors
are found mainly on immune cells and other immune system mediators that modulate various cytokine
and chemckines as part of the inflammatory response. CB2 receptors are specifically located on
lymphocytes, macrophages, mast cells, natural killer cells, peripheral mononuclear cells and microglia.

This chapter will provide background information on CBD discovery and sources, including the
differences between psychoactive THC and non-psychoactive CBD. The interactions of CBD and the
human endocannabinoid system will be presented as they are related to numerous human health benefits
based on existing clinical human trials. An overview of CBD commercial availability, current legal status of
hemp and recent pharmaceutical applications for CBD will also be discussed.
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INTRODUCTION
Any discussion on the topic of an alternative human heaith treatment beyond the scope of

traditional medical doctrine must consider the words of the 14th century historian, politician and diplomat
Niccold Machiavelli who said:

“It must be considered that there is nothing more difficult o carry out, nor

more doubtful of success, nor more dangerous to handle, than to initiate

a new order of things. For the reformer has enemies in all those who

profit by the old order, and only lukewarm defenders in all those who

would profit by the new order, this lukewarmness arising partly from fear

of their adversaries, who have the laws in their favor.™

Although today’s social and political climate surrounding medical marijuana and hemp extracts is
evolving, there are few within the medical establishment that have embraced the routine use of these
treatments for their patients. A major criticism for routine use by mainstream medicine has been the lack
of large randomized controlled trials demonstrating disease or condition specific efficacy. This criticism is
not without merit but over the last 8,000 years, since the earliest documented use by the Chinese,
humans2 have used both marijuana and hemp for a wide variety of human conditions and obtained desired
effects.

The original uses for hemp were primarily as a fiber source and food in the form of a seed oil
crop. Hemp is one of the oldest sources of textile fiber and widely cultivated in both ancient times and
today. It was introduced to the US in the early colonial period and grown by many of the agrarian founding
fathers, including George Washington at Mount Vernon. Later, the hemp produced in Kentucky, Missouri,
and lllinois in the 1800’s was used for sailcloth and ropes. The Federal Tax Act in 1938 that made the
cultivation of cannabis illegal essentially ended hemp proeduction in the US until very recently.®

Early medicinal uses of both hemp and marijuana include prescriptions for cannabis in Ancient
Egypt for the treatment of glaucoma, inflammation, and menstrual pain. In Ayurvedic medicine cannabis
extracts were believed to prolong life, improve judgment, lower fevers, induce sleep and cure dysentery.
In the 1840’s, British army surgeon Dr. Wiliam O'Shaughnessy, who had served in India, brought
cannabis to Victorian England. Made as a liquid and bottled, it was commercially available and advertised
to help a variety of ailments, including muscle spasms, menstrual cramps, rheumatism, rabies, epilepsy
and to induce sleep. In the 1930s, prior to the ban of cannabis, American pharmaceutical companies
Parke-Davis and Eli Lily sold standardized exiracts of marijuana for use as an analgesic, an
antispasmodic and sedative.’

Hemp is Not Marijuana

Despite hemp and marijuana originating from the same species of plant, Cannabis sativa, they
are two separate subspecies that differ in several important ways. Hemp is cultivated for its fibrous
content and tall stalks which are used as a plant source for hundreds of raw and finished products
including ropes, fabrics, paper, plastics and construction materials. As a food source the hemp plant and
seeds are used for oils, protein and fatty acids by both human and animals. Nutritional supplements and
medicines make up a fraction of hemp's current applications. Cultivated commercial hempseed consists
of approximately 44% edible oils, which contain about 80% essential fatty acids. Hempseed's amino acid
profile is comparable to other sources of protein such as meat, milk, eggs and soy.*

Unlike marijuana, hemp is very low in THC and by law must contain <0.3% to be classified as
hemp. Hemp naturally contains significantly more cannabidiol (up to 40%) more compared to marijuana.
Marijua?sa is primarily grown to maximize the THC content (reportedly up to 40% in some hybridized
plants).™
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Modern Medical Marijuana
Sale and distribution of marijuana as a plant-based medicine remains illegal based on existing
federal laws. There are now, however, 23 states that allow the sale of medical marijuana, mostly by
prescription, for a variety of purported health benefits, lncludmg
* Intractable headaches;
Cancer pain;
Nerve pain;
Muscle spasms/spasticity;
Glaucoma;
Nausea from cancer chemotherapy;
Poor appetite and weight loss caused by chronic illness, such as HIV;
Crohn's disease;
PTSD;
* Intractable Seizures.
There are several FDA-approved prescription marijuana-like medications that contain synthetic
THC. These include Marinol (dronabinol) prescribed for chemotherapy-induced nausea and Cesamet
(nabilone), which is used as an anti-emetic and an analgesic for neuropathic pain.®

NUTRITIONAL AND MEDICAL APPLICATIONS FOR CANNABIDIOL

What is Cannabidiol?

Cannabinoids are a class of chemical compounds that act on specialized cellular receptors in
both animals and humans. Cannabinoids originating from plants are called phytocannabinoid. The two
most researched thus far are delta-9-tetrahydrocannabinol (THC), the psychoactive compound of
cannabis and cannabidiol (CBD). There are currently 85 different cannabinoids isolated from the cannabis
sativa species including hemp and marijuana. The hemp plant has significantly more CBD compared to
marijuana, with CBD representing up to 40% of the total cannabinoids in this plant.

Hemp, unlike marijuana, is the major plant commercial source for CBD extracts. CBD is produced
by the hemp plant in the form of a sticky resin produced in specialized glands located on young leaves,
twigs and buds of the plant. The CBD-containing resin is a source of antioxidant, anti-inflammatory and
numerous other protective molecules (that will be discussed) for the growth and reproductive functions of
the plant Extracts obtained from hemp’s resin are used to make concentrated CBD produced and sold
as a legal non-psychoactive nutritional supplement

Actions of Cannabidiol

For thousands of years the consumption of plants containing both CBD and THC have been
researched and used by humans for spiritual, health and psychoactive effects. Only since the 1940's,
however, was CBD isolated and found to have significantly broader health applications and benefits
compared to the psychoactive THC. Once isolated, it was discovered that there existed specific
cannabinoid receptors on both animal and human cells. When bound to a cannabinoid receptor, CBD
acts to regulate neurotransmitter release in both brain and body neurons. It was later discovered that our
body also produces snmllar molecules that can bind to cannabinoid receptors; these are called
endocannabinoids (Fig. 1).2
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How Does CBD Work?
By Endocannabinoid Signaling
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Figure 1. Cannabidiol exerts its effects upon the body by acting on endocannabinoid receptor sites

This system of neurotransmitter regulator molecules (ligands) and receptors is called the
endocannabinoid system and functions throughout the body preforming a wide range of roles. The two
major endocannabinoids are anandamide (AEA) and 2-acylglycerol (2-AG). The endocannabinoids are
not stored in the interior of synaptic vesicles like other neurotransmitters but are “made on demand” when
the proper physiological or pathological stimulation occurs.®

The endocannabinoid system works through two major receptors recently identified in the 1990’s
as CB1 and CB2. The CB1 cannabinoid receptor is widely found in the central nervous system as well as
in the periphery, while CB2 is mainly expressed in immune cells. In the central nervous system, CB1 is
predominantly expressed presynaptically, modulating the release of neurotransmitters, including g-
aminobutyric acid (GABA), dopamine, noradrenaline, glutamate and serotonin. The phtyocannabinoids,
THC and CBD, can also interact with the endocannabinoid receptors CB1 and CB2 resulting in wide
range of physiologic and psychoactive responses. THC functions to a greater degree on the brain and
central nervous system located CB1 receptors. Therefore, the psychoactive effects of THC are
significantly stronger with THC than CBD that interacts to a greater degree on CB2 that is located on
immune cells.®"" (See Tables 1 & 2)

Table 1. CB1-Mediated (Brain) Effects of THC

’ psyChoathe_eﬁems Characteristics not beneficial as a
* Memory Impairment Medication or Nutritional Supplement

* Impaired coordination

* Reduced pain sensitivit

« Suppress nausea Characteristics shown to have human health
* Increased appetite benefits for Chemotherapy related nausea

: : Medication or Nutritional Supplement
+  Weight (fat) gain

102



Table 2. CB2-Mediated Effects of CBD

Immune cells:
Monocytes, .
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Modulate intestinal
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; Anti-inflammatory Analgesic : : o
Actions g ’ Protect intestinal flora Antianxiety
Antioxidant, etc effects Decease hypermobility
Reduce N/V

Selective CB1 and CB2 Actions of THC and Cannabidiol

Because the endocannabinoid system is comprised of two different cellular receptors that
have various concentrations throughout the body and THC and CBD bind selectively greater to one type
of receptor than the other, the actions of THC and CBD vary significantly in animal and human models.
The molecular pathways of endocannabinoid system activation for THC, CBD and most other
cannabinoids demonstrates cellular hormesis, and a wide range of health benefits occur when CBD binds
to the CB2 receptors throughout the body. In general these actions are maost prominently related to
activation of antioxidant and anti-inflammatory pathways of the immune system.” (See Figure 2.)

CBD has a Greater action on CB 2 receptor

* Exerting direct anti-oxidant effects
* Modulating immune responses and the release of pro-inflammatory
cytokines, such as endothelin-1, IL-1B, IL-6, and TNF-a
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Figure 2. Signaling pathways of cannabidiol®
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Medical Therapeutics of Cannabidiol

The scientific reporting of medical applications for CBD has historically been limited to case
reports and small case studies. Recently several larger, randomized controlled studies have been
published in animal and humans showing strong evidence that several conditions, including intractable
childhood epilepsy and certain cancers, might benefit from future clinical use of CBD.'*" In 2009 a group
of Italian and Israeli researchers review of both animal and human studies done to date on both THC and
CBD concluded that cannabinoids such as CBD, that don't have psychoactive properties, are
“therapeutically promising” for inflammation, diabetes, cancer, affective and neurodegenerative diseases,
including the treatment of epilepsy and obesity. Interestingly they noted the effects of CBD follow a bell-
shaped dose-response curve suggesting a loss of effectiveness with the highest—doses.3

From a more focused review from Canada in 2012 researchers specifically targeted randomized
and crossover studies that administered CBD to healthy human controls and clinical patients to assess
therapeutic results (see Figure 3). These results of CBD given orally demonstrated that high-dose CBD
(300 to 600mg) decreases anxiety and increases mental sedation in healthy individuals and may offer
treatment for social anxiety disorder, insomnia and epilepsy. This review also reported two studies in
which an analgesic effect of CBD was noted among mixed neurogenic pain due to MS and in cancer pain
patients. Interestingly, these results were achieved using low-dose CBD of 2.5 mg. Finally this review also
noted that CBD alone has antiepileptic properties by blocking low-voltage-activated (T-type) Ca2
channsls, increasing the activity of inhibitory glycine receptors and modulating NMDA receptors in the
brain.

Findings: Systematic review of CBD 2012

* Monotherapy (CBD or THC) and combination studies
(e.g., CBD + THC) were included

* Human Randomized and crossover Design
¢ 34 studies were identified:

— 16 of these were experimental studies, conducted in healthy
subjects

— 18 were conducted in clinical populations, including:
= 6 - multiple sclerosis
« 4 - schizophrenia and bipolar mania
= 2 - social anxiety disorder
« 2 - neuropathic and cancer pain
< 1 - cancer anorexia
* 1 - Huntington’s disease
* 1-insomnia Pharmaceuticals 2012, 5, 529-552;
« 1 -epilepsy doi:10.3390/ph5050529

Figure 3. Findings of a review of randomized and crossover studies of CBD administered to healthy
human controls and clinical patients™

Summary: Actions of CBD

CBD has been studied and found in both in vivo and in vitro studies to exert anti-inflammatory,
analgesic, anti-nausea, anti-emetic, anti-psychotic, anti-ischemic, anxiolytic and anti-epileptic actions that
may offer significant human health benefits.
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Anti-inflammatory™®

e CBD - analgesic and anti-inflammatory effect mediated by dual COX and LOX inhibition;

¢ Anti-inflammatory effect is several hundred times more potent than aspirin when measured in
standard animal tests and isolated cell assays;

e CBD, like THC, also stimulates the release of prostaglandin E2 (anti-inflammatory) from
synovial cells and, like THC, inhibits leukotriene B4 synthesis in human WBCs;

e Topical CBD Cream shown to reduce acne by reducing sebum overproduction, unwanted
sebocyte proliferation and inflammation. ®

Analgesic Effects’'®
e Modulates immune response — anti-inflammatory and reduces WBC-mediated cytokine
action;

e Blocks peripheral nerve fibers — used for multiple sclerosis spasticity and associated
neuropathic pain;

e CBD, unlike morphine, effective at relieving chemotherapy-induced neuropathic pain with no
psycho-active effects.”

Anti-nausea, Anti-emetic & Gastrointestinal Benefits'"**%
¢ Direct action on gut smooth muscle;
¢ Inhibits acetylcholine induced contractions in the isolated mouse ileum;
o Effective to suppress nausea and vomiting;
e Anti-proliferative actions in human colorectal carcinoma;
e Prevents oxidative stress intestinal epithelial cells.

Anxiolytic'>#
e Animal models and healthy human volunteers, demonstrate anxiolytic-like effects of CBD;
e CBD reduces anxiety in clinical patients with social anxiety disorder;
e Countered THC-induced anxiety effects.
Anti-epileptic'*?+2¢
¢ Human studies have been equivocal:
¢ In a double-blind study Cunha et al (1980) evaluated CBD for intractable epilepsy in 16
grand-mal patients. Each patient received 200 to 300 mg daily of CBD or placebo along
with antiepileptic drugs continued up to 4-months. In the treatment group 7 of 8
responded with fewer seizures. In the placebo group 1 of 8 responded with fewer
seizures ™

e Inahuman study of intractable epilepsy with 12 subjects, Ames et al (1986; were unable
to duplicate these results and participants showed no response to CBD™

¢ In 2012, in a review of 3 studies that exclusively used CBD for mtractable seuzures Hill et
al found that two of the three demonstrated significant anti-seizure effects’*?"*%%";

e In 2014 Insys Therapeutics (USA) was granted orphan drug designation for its
pharmaceutical CBD for the treatment of glicblastoma multiforme (GBM) and two rare forms
of epilepsy, Lennox-Gastaut Syndrome and Dravet Syndrome. GW Pharmaceuticals has also
been given the same designation for a CBD drug for Dravet Syndrome in children.

Neuroprotective*?

* In experimental models activation of CB2 receptors (the receptors primarily associated with
CBD) CBD has delayed progression of neurodegenerative events, in particular, those related
to the toxuc mﬂuence of microglial cells (excessive immune response) on neuronal
homeostasis*

CBD has been shown to reduce glutamate toxicity of the brain®

CBD can reduce oxidative damage from glutamate via antioxidant effects35 36
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o Neuroprotective benefits of CBD are reported to be greater than those of vitamin C and
vitamin E.

Anti-cancer’’

¢ Cannabinoids including CBD offer potential applications as antitumor drugs, based on the
ability to limit inflammation, cell proliferation, and cell survival;

e In particular, emerging evidence suggests that agonists of cannabinoid receptors expressed
by tumor cells may offer a novel strategy to treat cancer;

e GW Pharmaceuticals (UK) has preclinical data and has been approved for a human trial for
GBM using submaximal doses of THC and CBD along with temozolomide (TMZ). This
pharmaceutical THC and CBD has produced a strong antitumoral action in both TMZ-
s?rggiﬁea 8and TMZ-resistant tumors, and will be therapeutically exploited for the management
o .

Dosing and Safety

To date studies investigating the therapeutic benefits of CBD for humans have ranged widely
based on condition-specific dosing, subject age and purity of the CBD being used. Therefore, the
appropriate dose recommendations have yet to be established. Thus far, most studies have consistently
reported little to no side effects or interactions making CBD appear to be very safe for human use. One
side effect that is consistently noted has been sedation and therefore driving or using machinery should
be avoided if taking CBD.

One of the most comprehensive safety studies on CBD was published by Bergamaschi et al in
2011.* This study noted the following:

o Studies have consistently shown that CBD is non-toxic:

s Does not induce adverse changes on food intake, does not induce catalepsy,
does not affect physiological parameters (heart rate, blood pressure and
body temperature);

o Does not adversely affect gastrointestinal transit nor alter psychomotor or
psychological functions;

s Chronic use and high doses up to 1,500 mg/day of CBD_are reportedly well
tolerated in humans.

o Rarely, studies have shown that CBD has some mild metabolic effects at very high
doses, including:

* Inhibition of hepatic drug metabolism, alterations of in vitro cell viability,
decreased fertilization capacity;

o Decreased activities of p-glycoprotein and other drug transporters.

The findings led the authors to conclude: “Based on recent advances in cannabinoid
administration in humans, CBD shown to be safe in humans and animals but additional in vivo studies, as
well as randomized, double-blind placebo controlled clinical studies are still needed.”

CONCLUDING REMARKS
The final determination for approved medicinal and psychoactive use of marijuana and THC will

continue to evolve. Currently, this process is still undergoing intense legal and scientific review, and this
may take decades longer to complete. Hemp-based dietary supplements, however, do not contain high
levels of THC, and are currently legally sold and used throughout the US. Hemp’s active cannabinoid is
CBD, a non-psychoactive molecule that has profound actions on our intrinsic endocannabinoid system,
which has been shown to be generally safe in low-to-moderate dose ranges. It is by this action on this
system, found mostly on neuronal and immune system cells, that CBD has been shown through both
animal and human study to have a wide range of health benefits. These include:

e Anti-inflammation;

e Antioxidant;

* Analgesic;

e Anti-seizure;
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Apoptotic;
Immune-inflammatory suppression;
Deceased cytokine and chemokine;
Reduces gut hypermobility, peripheral nerve pain and neural excitability;
Safe without serious toxic effects;
Still limited data on dosing;
o Still limited number of human studies.
The current state of CBD research is still in its early phases and large randomized studies will still

be needed before mainstream acceptance occurs. Early adopters, however, are reporting human health
benefits that will demand further investigation and confirmation over time. We believe at this time that
hemp-based CBD is a novel supplement that with further study could indeed have a profound effect on
improving human health.
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