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Abstract

Scientific medical research has suffered an unprecedented setback with the prohibition of
Cannabis Sativa L. (Cannabaceae). The historical negative implications and demonization of the
plant unfounded by medical research limited the ability to study its therapeutic effects thereby
stunting the growth of cannabinoid discoveries. Specifically, Chinese Medicine has listed C.
Sativa L. in medical texts for nearly 2000 years. Ancient China has a long history with the achenes
and other parts of the plant with primary applications transcribed for pain and mental illness among
other possible uses. Considering C. Sativa L. is part of the Traditional Chinese Medicine (TCM)
pharmacopeia and is entered in the most current Materia Medica, 2004 as Huo Ma Ren with
medicinal qualities and is included as an herb of importance for licensing exams by the National
Certification Commission for Acupuncture and Oriental Medicine (NCCAOM), it is important to
continue to research of the herb and related compounds under the scope of TCM. Furthermore,
this paper outlines the limitations of research due to legal barriers which still exist as of this review
which continue to limit scientific research related to cannabis, hemp and their related
cannabinoids; namely cannabidiol (CBD). Throughout this project, Chinese medicine, modern
medicinal discoveries and legal limitations are explored along with a scientific overview of the use
of cannabis with a focus on cannabidiol (CBD).
Keywords: Cannabis, Marijuana, CBD, terpenes, entourage effect, TCM, Chinese medicine,
cannabidiol, history cannabis, marijuana prohibition
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Chapter 1: Introduction

The purpose of this historical perspective is to lessen the stigma of cannabis and provide
information about the potential uses and benefits of cannabidiol in the clinical practice of
Traditional Chinese Medicine (TCM).
This paper will illuminate possible historical bias and restrictions of cannabis leading to
scientific research limitations thereby delaying access and use of cannabidiol (CBD) within TCM.
Moreover, exploring the past, present and future medicinal uses, including benefits and side effects
within Traditional Chinese Medicine. Furthermore, outlining the restrictions pertaining medicinal
cannabis by a multitude of factors thereby slowing down the scientific study of CBD and delaying
the use in TCM. Additionally, research will show a wide range of potential benefits with limited
side effects suggesting continued study with less regulatory barriers is warranted.
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Definition of Terms

2-Arachidonoylglycerol (2-AG) a major endocannabinoid produced from lipids in cellular
membranes, mostly but not exclusively in response to cellular activity.
Agonist a substance which initiates a physiological response when combined with a receptor.
Antagonist is a type of receptor ligand that blocks or dampens a biological response by binding
to and blocking a receptor rather than activating it like an agonist.
Allosteric Modulator a ligand that indirectly influences or modulates the effects of an agonist at
a receptor.
Anandamide a naturally occurring arachidonic acid derivative, present in some foods and in
mammalian brains, where it acts as a messenger molecule and plays a role in pain, depression,
appetite, memory and fertility.
Apoptosis the death of cells which occurs as a normal and controlled part of an organism’s
growth or development.
Broad Spectrum a compound that contains no THC but does contain various compounds and
cannabinoids from the cannabis plant, such as cannabichromene (CBC), cannabinol (CBN) and
terpenes, such as myrcene, limonene or pinene.
C21 terpenophenolic-cannabionoids Mechoulam and Gaoni (1967) defined “cannabinoids” as
a group of C21. terpenophenolic compounds uniquely produced by cannabis.
Cannabinoid any of a group of closely related compounds which include cannabinol and the
active constituents of cannabis.
Cannabinol (CBN) is a type of cannabinoid found in cannabis, and is mostly found in aged
Cannabis.
Cannabigerol (CBG) is a type of cannabinoid found in cannabis. It is often referred to as the
mother of all cannabinoids. This is because other cannabinoids are derived from cannabigerolic
acid (CBGA), an acidic form of CBG.
Cannabichromene (CBC) is a type of cannabinoid found in cannabis. Also called
cannabichrome, penylcannabichromene or cannabinochromene.
Cannabidiol (CBD) is a type of cannabinoid found in cannabis.
Cannabicyclol (CBL) is a type of cannabinoid found in cannabis.
Cannabinodiol (CBND) is a type of cannabinoid found in cannabis.
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Cannabielsoin (CBE) is a type of cannabinoid found in cannabis.
Cannabitriol (CBT) is a type of cannabinoid found in cannabis.
Cannabis Indica subspecies is the opposite of sativa strains in virtually all respects. It grows
much shorter, with denser branch structure. Leaves are also smaller, with broader, slightly
marbled fingers. Grown correctly, indica strains resemble a small Christmas tree, with the largest
leaves at the base of the plant.
Cannabis Sativa L. is an herbaceous species originating from Central Asia, which has been
used in folk medicine and is capable of growing more than twenty feet. The sativa species is
native to tropical climates, where long periods of intense sunlight are the norm. This adaptation
to its environment has allowed the sativa species to develop large pointed leaves with minimal
markings or patterns. Their branches are outstretched with 3–6 inches between nodes.
Conifer describes a variety of trees and shrubs. The term owes its roots to Latin and literally
means cone-bearing.
Cyclooxygenase (COX), officially known as prostaglandin-endoperoxide synthase (PTGS), is an
enzyme (specifically, a family of isozymes, EC 1.14. 99.1) that is responsible for formation of
prostanoids, including thromboxane and prostaglandins such as prostacyclin, from arachidonic
acid.
Decriminalization is the removal of preexisting criminal sanctions against an action, article or
behavior. Cannabis would remain illegal, but the federal criminal justice system would not
prosecute anyone for possession under a specified amount.
delta-8 tetrahydrocannabinol (d-8-THC) an analog of Δ9THC with similar physiological and
therapeutic properties which are still under investigation.
delta-9-tetrahydrocannabinol (d-9-THC) most common cannabinoid from the cannabis plant.
Better known as THC, it has psychoactive properties and its effects include altered sensory
perception and reduced short-term memory.
Distillate a liquid product condensed from vapor during distillation or concentrated or extracted
by distilling.
Down- regulation
Prolonged exposure to a neurotransmitter agonist, or raised levels of neurotransmitter due to
neuronal dysfunction will lead to a compensatory decrease in the number of receptors over a
period of time. This mechanism also explains why drugs which are agonists often lose their
effects over time.
Dronabinol (Marinol) is a controlled substance (CIII) contains dronabinol a medication that
contains a compound similar to one found in cannabis, is FDA approved for chemotherapyinduced nausea and vomiting as well as anorexia from AIDS.
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Endocannabinoids endogenous ligands of cannabinoid receptors (CB1 and CB2).
Epidiolex FDA-approved prescription CBD used to treat two forms of epilepsy; Lennox-Gastaut
Syndrome and Dravet Syndrome and tuberous sclerosis complex.
Fatty Acid Amide Hydrolase (FAAH) an integral membrane enzyme that degrades the fatty
acid amide family of endogenous signaling lipids, which includes the endogenous cannabinoid
anandamide.
Full-spectrum the maximum amount of helpful native phytochemicals retained during
extraction, including THC.
G-protein-coupled receptors (GPCRs) are the largest and most diverse group of
membrane receptors in eukaryotes. These cell surface receptors act like an inbox for messages in
the form of light energy, peptides, lipids, sugars, and proteins.
G protein-coupled receptor (GPR119) is a receptor that in humans is encoded by the GPR119
gene—and is a cannabinoid type receptor.
G protein-coupled receptor (GPR55) is a receptor that in humans is encoded by the GPR55
gene—and is a cannabinoid type receptor.
Hematopoietic is an immature cell that can develop into all types of blood cells, including
white, red and platelets. Hematopoietic stem cells are found in the peripheral blood and the bone
marrow. Also called blood stem cell.
Hemp Sativa L. Hemp, or Industrial Hemp, is a variety of the Cannabis sativa plant species
that is grown specifically for industrial use.
Isolate to separate from another substance so as to obtain pure or in a free state.
Ligand a molecule that binds to another (usually larger) molecule.
Lipoxygenase (LOXs) are dioxygenases that catalyze the formation of corresponding
hydroperoxides from polyunsaturated fatty acids such as linoleic acid and arachidonic acid.
Marihuana primarily colloquial term borrowed from Mexican or Spanish speech .
Marijuana primarily colloquial term borrowed from Mexican or Spanish speech.
Monoacylglycerol lipase (MAGL) is an enzyme that belongs to the serine hydrolase family. It
participates in lipid metabolism and in the regulation of the Endocannabinoid System.
Metabolite byproduct of the body breaking down or metabolizing a drug into a different
substance.
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Mutual Enhancement is the combination of two or more substances with different actions in
which one of the substances enhances the effect of the other in a specific clinical situation.
Non-psychotomimetic or psychotogenic drug actions mimic the symptoms of psychosis,
including delusions and/or delirium, as opposed to just hallucinations.
Nabilone (Cesamet) a synthetic cannabinoid with therapeutic use as an antiemetic and as an
adjunct analgesic for neuropathic pain. It mimics tetrahydrocannabinol (THC).
Pharmacodynamics the study of a drug’s pharmacological effect on the body.
Pharmacokinetics how a drug is distributed in the body and is metabolized after administration
by absorption and the excretion.
Phenol (Carbolic acid) is an aromatic organic compound with the molecular formula C6H5OH. It
is a white crystalline solid that is volatile. The molecule consists of a phenyl group (−C6H5)
bonded to a hydroxy group (−OH).
Phytocannabinoids is any cannabinoid produced in the trichomes of a cannabis plant.
Terpenoids or isoprenoids, are a large and diverse class of naturally occurring organic chemicals
derived from the 5-carbon compound isoprene, and the isoprene polymers called terpenes.
Terpenophenolic compounds that are part terpenes, part natural phenols.
TRPV1 receptors are the most studied member of the TRP family because it is the only one
activated by capsaicin, the compound in chili pepper responsible for its “hot” taste; also,
inhibiting TRPV1 has been shown to have therapeutic value – these receptors are nonselective
cation channels that are sensitized from noxious stimuli, leading to inflammatory conditions and
pain.

Page 13 of 116

Chapter 2: Historical Review

HISTORICAL TIMELINE OVERVIEW

The context of this historical review offers a perspective on medical use past, present and
future of the Cannabis Sativa L. (Cannabaceae) which is considered to be the mother species of
both cannabis and hemp containing the cannabinoid; cannabidiol (CBD), in an effort to educate
the medical community of the benefits and side effects for TCM clinical practice. Cannabis was
evidenced to exist around 12,000 years ago near the Altai Mountains in Central Asia. Over
centuries cannabis seeds followed the migration of nomadic people around the World. Records of
medicinal use of cannabis appear before the Common Era in China, Egypt, and Greece (Herodotus)
and later in the Roman empire. In the 19th century, researchers, Silvestre de Sacy, documented
cannabis exploration in Indian and Muslim cultures by both O’Shaughnessy and Moreau de Tours,
respectively who brought the medicinal use of cannabis to Europe (Crocq, 2020).

Early Chinese civilization, also referred to as the Celestial Era between 3500 and 1600
BCE where mythological rulers were credited with historical significance. Consequently, the
Chinese emperor Fu Hsi (c. 2900 BCE), has been credited with cultivating civilization to China
and naming cannabis as a medicine that contained both Yin and Yang energies.

The emperor Shen Nong (c. 3500-2600 BCE), considered the founding father of
Traditional Chinese Medicine, recognized healing properties of cannabis along with Ren Shen
(ginseng) and Ma Huang (ephedra) around 2700 BCE. Shen-Nong, a legend in Chinese herbal
medicine who is said to have lived from 2737 to 2697 BCE described herbal properties by tasting
hundreds of herbs and as a result discovered medicinal effects. Shen Nong also known as the

Page 14 of 116

Divine Farmer has been credited for writing the Ben Cao Jing, a compendium of herbal medicine
-- reference guide documenting 365 different preparations which became routinely used for health
care in ancient China during the Han dynasty (202 BCE–220 CE), (Pan et al., 2014). According
to the stories told about him, Shen Nong ingested as many as seventy different poisons in a single
day and discovered the antidotes for each of them. After he finished these experiments, he wrote
the Pen Ts'ao, a kind of herbal or Materia Medica as it later became known, which listed hundreds
of drugs derived from vegetable, animal, and mineral sources (Abel, 1980).

The important fact about this historical text is that it contains a reference to ma, the Chinese
word for cannabis. Ma was a perplexing substance since it possessed both yin and yang qualities.
Marihuana was a difficult herb to contend with in TCM because it contained both the feminine yin
and the masculine yang. Shen Nong's solution to the problem was to advise that yin, the female
plant, be the only sex cultivated in China since it produced much more of the medicinal principle
than yang, the male plant. Marihuana containing yin was then to be given in cases involving a loss
of yin from the body such as occurred in female weakness (menstrual fatigue), gout, rheumatism,
malaria, beriberi, constipation, and absentmindedness (Abel, 1980).

The Shen Nong Ben Cao was one of the first early texts listing medicinal use of cannabis
or hemp under the common name Ma with the character meaning of numbness or anesthesia (Zhao,
Guo & Brand, 2018) as well as listing other parts of the plants -- Ma Fen the achene and the
alternate name of Ma Bo meaning hemp flower with the properties noted as acrid, balanced and
toxic. Furthermore, the entry translated by (Sabine Wilms, 2017) -- “treats the five taxations and
seven damages, disinhibits the five zang organs, moves the blood down and treats cold qi. Eaten
in large quantities, causes you to see ghosts and run around manically. Consuming over a long

Page 15 of 116

time, facilitates breakthrough of spirit illumination and lightens the body. Grows in river valleys.
It is indicated for supplementing the center and boosting qi. Consumed over a long time, it makes
you plump and strong and staves off aging.”
Also, of great importance, the Huang di Nei Jing (Yellow Emperor’s Canon of Medicine),
one of the most influential translations of health and disease for practitioners of Chinese medicine
written between 770 BCE and 200 BCE. Emperor Huangdi was said to have written the Nei
Jing (Chinese Canon of Medicine). The significance of this classic text is that it encompasses the
basic theoretical framework of TCM including visceral outward manifestation, visceral doctrine,
yin yang theory, five phases and meridian theory. Historical factors have impacted the practice of
TCM theory due to science and technology around the world at the time of the writing was still
primitive and the study of medicine was not sophisticated but based upon observation and clinical
practice (Wang, Yan, Zhao & Qiu, 2000). Research reported stashes of cannabis in tombs date
back to this time period with references to “Ma” the word for cannabis listed in historical writings.
There is some speculation that cannabis was used in a formula as an anesthetic called “Ma Fei
San” during the Tang Dynasty c. 200 CE, Hua Tuo, a Chinese surgeon, but it is not conclusive
since the ingredients of the formula are not available (Chen and Huang, 2005), (Zhao, Guo &
Brand, 2018).

Archeological discoveries of cannabis also help piece together a timeline during ancient
times. Cannabis is one of the oldest cultivated plants in East Asia, grown for grain and fiber as
well as for recreational, medical, and ritual purposes. Archeologists used phytochemical analysis
to indicate that cannabis plants were burned in wooden braziers during mortuary ceremonies at the
Jirzankal Cemetery (ca. 500 BCE) in the eastern Pamirs region (Xing Jiang Archaeological Team,
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2015). This suggests cannabis was smoked as part of ritual and/or religious activities in
western China at least 2500 years ago and that the cannabis plants produced high levels of
psychoactive compounds (Ren et al., 2019).

In addition, a cache of shoots, leaves and fruits dated 2500 years were unearthed in the
Yanghai Tombs, Turpan District in Xinjiang, China (Xinjiang Archaeological Team, 2006). By
comparing the morphological and anatomical characteristics of the plant remains found in the tomb
and specimens of modern plants, it is shown that the remains belong to Cannabis (Hong-En Jiang
et al., 2006)

Ma, the Chinese word for hemp, is composed of two symbols which are meant to depict
hemp:

The part beneath and to the right of the straight lines represent hemp fibers dangling from
a rack. The horizontal and vertical lines rep-resent the home in which they were drying. As they
became more familiar with the plant, the Chinese discovered that it was dioecious. Male plants
were then clearly distinguished from females by name (hsi for the male, chu for the female). The
Chinese also recognized that the male plants produced a better fiber than the female, whereas the
female produced the better seeds (Abel, 1980). During the course of its long history in China,
hemp found its way into almost every aspect of Chinese life and became a symbol of power over
evil. Like the practice of medicine around the world, early Chinese medical practices were based
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on the concept of demons. If a person was sick, it was because some demon had invaded his body
and the only way to cure him was to drive the demon out (Abel, 1980).

Historically, the terminology of cannabis is challenging with conflicting descriptions
linked to different parts of the plant. “Ma” has a negative connotation indicating psychotropic
properties (Hui-Lin Li, 1974) and only recommended together with other herbs, for such illnesses
as rheumatic pains, female reproductive disorders, malaria, beriberi, and forgetfulness
(Mechoulam, 2014). Historical references are not in agreement regarding the botanical structures
of the plant and the corresponding names of each. Historical references list the following: mafen (
麻蕡), mahua (麻花), mabo or mazi (麻子), maziren (麻子仁), and mashi (麻實), (Brand &
Zhao, 2017). Cannabis and hemp are a collective known as da ma (大麻) — in Chinese, da
meaning big or great and ma meaning numbness. Ma Gu, is a hemp goddess or hemp maid, who
is associated with kindness and longevity; she is pictured as a graceful woman holding stalks of
hemp/cannabis (Zhang, 2014).

Cannabis has been documented in Ben Cao texts from the Han Dynasty all the way up
through the twentieth century Materia Medica literature. All parts of the plant were recorded in
the Ben Cao texts by 659 BC, but the inflorescence (ma fen) and the “seed” (achene fruit) tend to
appear more frequently as monograph headings than the leaf, root, and cortex (Zheng, 2008).
Further evidence supports that all parts of the plant — flowers, seeds, leaves, resin, roots
and stalks have been used to treat a variety of medical issues. Cannabis “inflorescence” or flower
was a major ingredient in TCM anesthetics, and the word for anesthetic (ma zui 麻醉) contains
the word ma again, relating to cannabis or hemp. Cannabis has been used to treat nausea, pain,
inflammation, constipation, cough, colitis, rheumatism, bacterial infection, insomnia, anxiety, loss
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of appetite, etc. It was typically brewed and ingested in herbal decoctions. The mature sativa
“achenes” or seeds (huo ma ren 大麻仁) were more prevalent in TCM and almost always used in
combination with other plants for synergistic effects, (Brand & Zhao, 2017).

MODERN HISTORY AND MEDICINAL USE OF THC AND CBD COMPOUNDS
In more contemporary TCM, hemp varieties of Sativa L. provide the achenes used as huo
ma ren (Cannabis Fructus). However, as the achenes contain at most only trace amounts of
cannabinoids such as CBD and THC (Truta et al., 2009). Additionally, per a 2017 review by Brand
where ben cao literature was reviewed for other medical applications associated with cannabinoidrich preparations, including applications for conditions such as epilepsy and mental illness that
may be related to the pharmacology of cannabidiol (CBD) rather than psychoactive cannabinoids
such as THC (Mechoulam et al., 2002). Furthermore, MaZiRenWan (MZRW, also known as
Hemp Seed Pill) is an herbal formula for constipation from TCM. It was firstly recorded in a TCM
classic book, Discussion of Cold-Induced Disorders (Shang Han Lun) (Jing, 1997), (Mitchell et
al., 1998), in about 2,000 years ago. MZRW is comprised of six herbs, including Fructus
cannabis (Huo Ma Ren, HMR), Radix et rhizoma rhei (Da Huang, DH), Semen Armeniacae
Amarum (Ku Xing Ren, KXR), Radix paeoniae Alba (Bai Shao, BS), Cortex magnolia
officinalis (Hou Pu, HP), and Fructus aurantii immaturus (Zhi Shi, ZS) (Cheng et al., 2011),
(Huang, 2018). Another TCM formula, RunChangWan (RCW, also known as Moisten the
Intestines Pill) from Shen’s Book for Revering Life, 1773 includes five herbs, Semen cannabis
(Huo Ma Ren, HMR), Semen Persicae (Tao Ren, TR), Angelicae sinensis Radix (Dang Gui DG),
Rehmanniae Radix (Sheng di Huang), Aurantii Fructus (Zhi Ke, ZK), (Scheid, Bensky, Ellis &
Barolet, 2009).
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Hemp played a vital role during colonial times in North America in what would become
the United States. In 1619 the Virginia Assembly passed legislation requiring every farmer to
grow hemp which was allowed as legal tender (also in Pennsylvania and Maryland). Production
continued during and after the Civil War. Later in the nineteenth century marijuana became an
acceptable medicinal ingredient and was available in pharmacies. By 1906 over-the-counter
cannabis was required to be a labeled ingredient by the Pure Food and Drug Act.
The therapeutic use of cannabis was introduced into bio medicine in 1839, by William
O'Shaughnessy, British physician known as a pioneer in cannabis research. He called cannabis
the “new drug” and administered preparations of cannabis extract to patients, and discovered that
it had analgesic and sedative properties (Mikuriya, 1973). Further, O'Shaughnessy reports pain
relief of rheumatism and stopped infantile convulsions and claimed to relieved muscle spasms of
tetanus and rabies (Russo, 2018). Cannabis was recognized as an official medical drug in the U.S.
Pharmacopoeia in 1850 (Svrakic, Lustman, Mallya, Lynn, Finney, & Svrakic, 2012).
The use of cannabis derivatives for medicinal purposes continued to develop in Western
medicine, detailed in a report of the Committee on Cannabis Indica of the Ohio State Medical
Society, published in 1860 (McMeens, 2014). The report suggested positive outcomes, using
hemp products, in treating stomach pain, childbirth psychosis, chronic cough, and gonorrhea.
In more recent times, the first pure compound extracted and studied from the cannabis plant
was cannabinol toward the end of the 19th century. The second compound was cannabidiol in 1963
and thereafter, delta-9-tetrahydrocannabinol (d-9-THC) was first isolated for bio-scientific study
in 1964 by Israel scientist Raphael Mechoulam. However, the endocannabinoid system was
unknown and not discovered until the late 1980s, when Howlett and Devane discovered the CB1
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receptor in 1988. Scientists discovered the first endocannabinoid in1992 called anandamide and
a few years later 2-Arachidonoylglycerol (2-AG) (Russo, 2011). The science behind cannabis and
its compounds specifically, cannabidiol (CBD) is relatively new. Since the mid ‘90s other minor
endocannabinoids have also been discovered.

Beginning in 1985 three synthetic cannabinoid

medicines have been approved by the Food and Drug Administration (FDA). These are: Nabilone,
Dronabinol and Epidiolex, (Cather & Cather, 2020).
•

1985 – Nabilone (Cesamet) a synthetic form of THC for use in adults with nausea and
vomiting from chemotherapy

According to the FDA, Cesamet™ (nabilone) is a synthetic cannabinoid for oral
administration. Nabilone as a raw material occurs as a white to off-white polymorphic crystalline
powder. In aqueous media, the solubility of nabilone is less than 0.5 mg/L, with pH values ranging
from 1.2 to 7.0. Chemically, nabilone is similar to the active ingredient found in naturally occurring
Cannabis sativa L. [Marijuana; delta-9-tetrahydrocannabinol (delta-9-THC)]. Nabilone is (±)trans-3-(l,l-dimethylheptyl)-6,6a,7,8,10,10a-hexahydro-l-hydroxy-6-6-dimethyl-9Hdibenzo[b,d]pyran-9-one and has the empirical formula C24H36O3. It has a molecular weight of
372.55. The structural formula is as follows: Each Cesamet capsule contains 1 mg (2.7 µmol)
nabilone and the following inactive ingredients: povidone and corn starch. The capsule shells
contain the following inactive ingredients: F D & C Blue No. 1, Red D&C Nos. 28 and 33, gelatin,
and titanium dioxide.
•

1986 – Dronabinol (Marinol) a synthetic THC for use in adults with nausea and
vomiting from chemotherapy and adults with immunodeficiency virus related to
anorexia.
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According to the FDA, Dronabinol is a cannabinoid designated chemically as (6aR-trans)6a,7,8,10a-tetrahydro-6,6,9-trimethyl-3-pentyl-6H-dibenzo[b,d]pyran-1-ol. Dronabinol has the
following empirical and structural formulas: Dronabinol, the active ingredient in MARINOL®
Capsules, is synthetic delta-9- tetrahydrocannabinol (delta-9-THC). Delta-9-tetrahydrocannabinol
is also a naturally occurring component of Cannabis sativa L. (Marijuana). Dronabinol is a lightyellow resinous oil that is sticky at room temperature and hardens upon refrigeration. Dronabinol
is insoluble in water and is formulated in sesame oil. It has a pKa of 10.6 and an octanol-water
partition coefficient: 6,000:1 at pH 7. Capsules for oral administration: MARINOL® Capsules is
supplied as round, soft gelatin capsules containing either 2.5 mg, 5 mg, or 10 mg dronabinol. Each
MARINOL® Capsule is formulated with the following inactive ingredients: FD&C Blue No. 1 (5
mg), FD&C Red No. 40 (5 mg), FD&C Yellow No. 6 (5 mg and 10 mg), gelatin, glycerin,
methylparaben, propylparaben, sesame oil, and titanium dioxide.
•

2018 – Epidiolex Pure form CBD for pediatric use for severe seizures in both LennoxGastaut and Dravet Syndromes and tuberous sclerosis complex.

According to the FDA, Cannabidiol is a cannabinoid designated chemically as 2-[(1R,6R)3-Methyl-6-(1-methylethenyl)-2 cyclohexen-1-yl]-5-pentyl-1,3-benzenediol (IUPAC/CAS). Its
empirical formula is C21H30O2 and its molecular weight is 314.46. The chemical structure is:
Cannabidiol, the active ingredient in EPIDIOLEX, is a cannabinoid that naturally occurs in the
Cannabis sativa L. plant. Cannabidiol is a white to pale yellow crystalline solid. It is insoluble in
water and is soluble in organic solvents. EPIDIOLEX (cannabidiol) oral solution is a clear,
colorless to yellow liquid containing cannabidiol at a concentration of 100 mg/mL. Inactive
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ingredients include dehydrated alcohol, sesame seed oil, strawberry flavor, and sucralose.
EPIDIOLEX contains no ingredient made from a gluten-containing grain (wheat, barley, or rye).

Cannabis derived CBD, per the FDA 2018, has been approved for children ages 2 and older
diagnosed with seizure disorders; Lennox-Gastaut syndrome and Dravet syndrome. Additionally,
the FDA is currently investigating potential use of CBD for various psychiatric, neurodegenerative
disorders such as, Alzheimers and Parkinson’s Disease along with other inflammatory and
cancerous diseases (Meissner & Cascella, 2020).

In progress and in the process of testing and clinical trials include, Lexaria Bioscience
Corp’s “TurboCBD containing American ginseng, ginkgo biloba, and organic hemp intended to
increase CBD levels. Additionally, Preveceuticals’s “Sol-Gel” an intranasal formulation also
intended to increase levels of CBD. A transdermal application in phase 2 trials by Zynerba
pharmaceuticals called Zygel and another topical delivery from Kalytera for inflammatory skin
conditions in pre-clinical stages. A possible IV formulation by GW pharmaceuticals (Millar,
2020).

A significant number studies have shown CBD has an effect on hundreds of conditions;
epilepsy, mental illness, depression, anxiety, addiction, insomnia, pain, inflammation, insomnia,
GI tract disorders, etc. With the exception of the above approved synthetic forms of CBD, the
FDA, as of this paper, has not approved cannabis or cannabis-derived products for the treatment
of any disease of condition (Meissner & Cascella, 2020).
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HISTORICAL LEGAL LIMITS ON MEDICAL USE

The legal status of cannabis continues to be unresolved largely due to the bureaucracy of
different agency roles in the Controlled Substances Act of 1970. Mainly the relationship between
the Food and Drug Administration (FDA) and the Drug Enforcement Agency (DEA) and the
courts.

Historically, cannabis has been used in various cultures for a range of medical issues and
diseases. The recreational use of cannabis increased during the 1930s along with regulation and
the start of prohibition (Svrakic et al., 2012). The 1930s represented a shift in political oversight
of cannabis with Harry Anslinger becoming the first director of the Federal Bureau of Narcotics.
He was appointed to the position by the Secretary of Treasury, Andrew Mellon (Anslinger’s wife’s
uncle). Anslinger was a strong supporter of prohibition and once in office he began a anti
marijuana campaign based upon race and violence with comments in public such as “…there are
100,000 total marijuana smokers in the US and most are Negroes, Hispanics, Filipinos and
entertainers…their satanic music, jazz and swing results from marijuana use…causing white
women to seek sexual relations with negroes, entertainers and others.” He further tied the use of
marijuana to anti Mexican prejudice. The negative impact of these unscientific and racist remarks
contributed to the negative stigma associated with marijuana for decades, (Solomon, 2020).
With a spotlight on the plant from the medical community, industrial manufacturers and
government officials, the amount of media coverage increased. In 1936 “Reefer Madness” a wellknown exploitation film was released to the public condemning the use of “Marihuana.” Prior to
the Great Depression and after the Mexican Revolution of 1910, Mexican immigrants in the U.S,
brought “Marihuana” cigarettes for recreational use. The terminology marijuana and marihuana
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stems from this cultural period and became negatively perceived, largely due to media reports of
disturbing behavior and episodes of violence and insanity, which were never substantiated
(Carliner, Brown, Sarvet, & Hasin, 2017).
In 1937 the Federal Bureau of Narcotics created the Marihuana Tax Act (MTA), against
the recommendation of the American Medical Association, allowing $1.00 tax/ounce to be
collected when cannabis was used for medical purposes and $100 tax/ounce when it was used for
unapproved purposes. The MTA effectively stopped all cannabis use without criminalizing its
possession or use, beginning a period of federal prohibition (Solomon, 2020).
It’s unclear but highly debated whether the MTA was created for the benefit of monetary
gain for William Randolph Hearst, the Dupont Corporation and Andrew Mellon. The Hearst
media conglomerate reported via mainstream media that Marihuana was a shortcut to the insane
asylum. This notion along with other unscientific articles directed at the public were published
during the prohibition era of cannabis furthering negative connotations of marijuana. (Note,
cannabis prohibition era is considered circa 1937-1996), (Carliner et al., 2017).
In 1942 cannabis was removed from the US Pharmacopoeia and was no longer considered
a therapeutic substance. Legal penalties for possession increased in 1951 and 1956 with the
enactment of the Boggs and Narcotic Control Acts, respectively as well as prohibition under
federal law later with the Controlled substances Act of 1970. This bureaucratic legislation
contributed to the limitations on research by restricting procurement of cannabis for academic
purposes (Bridgeman & Abazia, 2017).
The debate of cannabis prohibition and legalization, resurfaced in the 1960s and 70s largely
due to the harshness of societal pressures after WWII and the hippie movement and philosophy
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also involving the opposition to the Vietnam War. At this time there were significant scientific
advancements related to CBD and THC and the discussion of legalizing cannabis in any way was
a decision that should be in accord with scientific evidence, (Crocq, 2020).
The United Nations: Office on Drugs and Crime and Single Convention on Narcotic Drugs,
1961 agreed to list cannabis as a schedule I drug as listed in article #27 – referring to the control
of cannabis crops along with poppy/heroin in article #23 stating “If a Party permits the cultivation
of the cannabis plant for the production of cannabis or cannabis resin, it shall apply thereto the
system of controls as provided in article 23 respecting the control of the opium poppy.” The full
listing in this convention document is shown in (Appendix 1). This particular world regulation
further created a negative connotation with regard to the dangers related to cannabis in tandem
with heroin.
Alongside the cannabis timeline in the U.S., other parts of the World also had legal issues
unfolding. In particular, when Chairman Mao came into power, in China in 1949, strong
government sanctions were used to eradicate illicit drug use including executions. Per an Amnesty
International report in , 2015 the number of executions were kept secret as pertaining to cannabis
possession, trafficking and consumption. In Ningxia and Yunnan Province marijuana crops are
prevalent and grow wild, (Shen, 2017)
According to the World Intellectual Property Organization (WIPO), Chinese firms have
filed over half the World’s patents relating to cannabis which may suggest China’s pharmaceutical
interest. Further investigation shows of the 193 global members over 26,000 international patents
have been filed for cannabis related technologies and medicinal purposes ranging from
fibromyalgia, sexual dysfunction (WIPO - Search International and National Patent Collections).
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WIPO is the global forum for intellectual property services, policy, information and cooperation
and is a self-funding agency of the United Nations, with 193 member states.
Currently, China lists cannabis as prohibited under criminal law. However, industrial
hemp, with the same definition in the US (legal limitation of delta-9 THC concentration of not
more than 0.3 percent on a dry weight basis), is legal in Yunnan Province and Heilongjiang
Province but specific licensing requirements are enforced. The legal status of THC and CBD
compounds are still confusing in China and no specific laws exist banning extracts of either
compound for medical use but no medicines have been approved as of yet. Recreational use is,
however, illegal, (Zhang et al., 2018).
The Drug Enforcement Agency (DEA) created the Controlled Substances Act (CSA) in
1970 which classified cannabis, hemp included, as a schedule I illicit drug and made possession a
federal crime. The DEA, which is responsible for the Controlled Substances Act (CSA), continues
to support the Schedule I assignment (and FDA concurred) noting that cannabis meets the three
criteria for such placement under 21 U.S.C. 812(b): high potential for abuse; no currently accepted
medical use in the US; and lack of accepted safety for use under medical supervision (Mead, 2017),
(ProCon.org., 2020).
Examples of other Schedule 1 drugs are Lysergic Acid Diethylamide (LSD), heroin,
methylenedioxymethamphetamine (ecstasy), methaqualone and peyote. Both the 1937 MTA and
1970 CSA were not founded on fact-based information (Solomon, 2020).

The MTA was

eventually held to be unconstitutional in 1969 (Mead, 2017).
A past evaluation by several Department of Health and Human Services (HHS) agencies,
including FDA, Substance Abuse and Mental Health Services Administration (SAMHSA) and
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National Institute for Drug Abuse (NIDA), concluded that no sound scientific studies supported
medical use of marijuana and no animal or human data supported the safety or efficacy of
marijuana for general medical use (FDA Press Office, 2006), (Svrakic et al., 2012).
For many years, the National Institute on Drug Abuse (NIDA) Drug Supply Program (DSP)
provided the only domestic federally legal source of cannabis for clinical research. Cannabis for
the DSP was grown under contract by the University of Mississippi at the National Center for
Natural Products Research (US Dept of HHS, FDA, Center for Drug Evaluation and Research,
2020).

In 1978 the U.S. government wrote into law the compassionate care act after a glaucoma
patient, Robert Randall, began treating himself for vision loss and filed a lawsuit in support of
marijuana for medical use, in 1976, and won in the D.C. superior court system. The U.S.
government via NIDA regulations created a program allowing for cannabis cigarettes distributed
legally to Robert Randall and 20 other people suffering from debilitating diseases. However, in
1991 the program was closed by President Bush (Druglibrary.net., 2021), (Mead, 2019).
During the Nixon era, “The War on Drugs” initiative announced June 1971, with continued
legislative restrictions and the criminalization of marijuana with billions of government dollars
spent on controlling drug use in the U.S. The drug enforcement policies during the Nixon era
continued for approximately 50 years of federal policy based on avoidance of evidence-based
research (Solomon, 2020). In 1980, 580,900 people were arrested on drug‐related charges in the
United States. By 2014, that number had increased to 1,561,231 and more than 700,000 of these
arrests were related to marijuana (Pearl, 2018).
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Several activist groups supporting the legalization of marijuana emerged between 1970 and
1990’s: LeMar, NORML, Marijuana Policy Project (MPP), Drug Policy, Alliance (DPP),
American’s for Safe Access (ASA), Students for Sensible Drug Policy (SSDP), Law Enforcement
Action Partners (LEAP), etc.

Since the CSA in 1970, many states have taken measures to legalize and decriminalize the
use of cannabis. California voters passed Proposition 215 in 1996 making California the first in
the union to allow for the medical use of marijuana. In 2009, the US Attorney General announced
new guidelines for the federal government affecting states that passed medical marijuana laws
instructing them not to prosecute compliant individuals (Mead, 2019). In 2014 congress passed
the Farm Bill with a definition of industrial hemp as C. Sativa L. containing 0.3% of THC or less
allowing state agriculture departments and educational institutions to cultivate hemp for the
purposes of agriculture or academic research. It also allowed farmers to begin hemp production
state by state after being certified by that particular agricultural department. The Farm Bill of 2014
also extended the jurisdiction of hemp production to include both the FDA and USDA (CBD
Awareness Project, 2021).

In addition to California legislation Arizona and Massachusetts also

adopted laws legalizing the medical use of cannabis in the late 1990s (Pacula & Smart, 2017),
(Finch, 1997).

According to the National Academies of Sciences, Engineering, and Medicine 2017 some
states, where scientists were trying to obtain cannabis from NIDA for clinical research involving
cannabis or cannabinoids needed to apply for a controlled substance certificate from a state board
of medical examiners or a controlled substance registration from a department of the state
government in order to conduct clinical trials or any other activity involving Schedule I substances.
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For example, California required all clinical trials with either schedule I or schedule II substances
be registered with and approved by the Research Advisory Panel of CA (CADOJ/OAG, 2016).
After approvals research could be conducted as long as additional research protocols were also
submitted to the DEA including details regarding security provisions for storing and dispensing
cannabis—as of June 2015 this is no longer required. Consequently, clinical research due to
schedule I status of marijuana was discouraging to research efforts due to substantial layers of
bureaucracy. These regulatory barriers, including the classifying marijuana as a schedule I drug
limited the advancement of medical research of cannabinoids (National Academies of Sciences,
Engineering, and Medicine, 2017).
Toward the end of 2017 a report on “The Health Effects of Cannabis and Cannabinoids—
The Current State of Evidence and Recommendations for Research” confirmed the limitation of
scientific knowledge. The report stated that conclusive or substantial evidence that cannabis or
cannabinoids are effective and limited to only three domains. Recognizing the following
therapeutic uses: (1) alleviation of chronic pain in adults (cannabis); (2) as antiemetics in the
treatment of chemotherapy-induced nausea and vomiting (oral cannabinoids); and (3) the
improvement in patient-reported multiple sclerosis spasticity symptoms (oral cannabinoids),
(National Academies of Sciences, Engineering, and Medicine 2017).

Even more recently, the FDA highlights the potential beneficial effects of cannabis
derivatives, the agency, however, at the time of this paper it has not approved a marketing
application for cannabis products. However, according to the National Conference of State
Legislatures, October 17, 2019 Fifteen states, three territories, and the District of Columbia
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legalized small amounts of marijuana for adult recreational use. Likewise, CBD regulations in
these states are less stringent, (Sahlem, Tomko, Sherman, Gray & McRae-Clark, 2018).

In 2018 the Agriculture Improvement Act was signed into law on December 20. This new
law, in summary, states that any part of the hemp plant known as Cannabis Sativa L., whether
growing or not, with delta-9 THC concentration of not more than 0.3 percent on a dry weight basis
will no longer be a controlled substance. Per the memorandum, distributed by the United States
Department of Agriculture (USDA), Office of the General Counsel, Washington, D.C. instituted
the amended Farm Bill which removed hemp from the definition of marijuana in the CSA. Also
referred to at the Farm Bill of 2018. Overall, the changes made, allowed hemp to serve as a source
of cannabis and cannabis-derived compounds for drug development if they do not contain delta-9
THC at more than 0.3 percent by dry weight. This change gave researchers and clinical scientific
studies new options that do not involve the NIDA-DSP (FDA, 2018).
By November, 2020 a total of 36 states, and the District of Columbia, Guam, Puerto Rico
and U.S. Virgin Islands have also enacted laws to regulate medicinal and adult use. The Institute
of Medicine issued a report that examined potential therapeutic uses of cannabis with scientific
data indicating potential value of cannabinoids for pain relief, control of nausea and vomiting,
increasing appetite, anxiety reduction, sedation, symptoms of HIV/AIDS, cancer, glaucoma and
multiple sclerosis (Sahlem et al., 2018). As of 2021 the use of cannabis-- medicinal or recreational
or both is legal in all but two of the 50 states; Idaho and Nebraska.

Currently, the FDA has not approved cannabis for the treatment of any disease or condition.
The only drug with FDA approval is Epidiolex containing a purified (isolate) form of CBD from
cannabis concluding that this particular drug is safe and effective for it’s intended use.
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Paradoxically, due to the lack of scientific research the FDA also reports the inability to assess the
safety and effectiveness of cannabis-derived substances such as CBD. After the FDA approved
the drug, the DEA announced in September 2018 that Epidiolex, would be placed in schedule V
of the CSA the least restrictive of the schedule of substances. Noting that Epidiolex contains CBD,
a chemical constituent of the cannabis plant and that the CBD in Epidiolex is extracted from the
cannabis plant and is the first FDA-approved drug to contain a purified extract from the plant.
Thus, creating several inconsistencies as to legalities of cannabis and cannabis derived compounds
such as CBD, (FDA, 2021).

The FDA drafted a guidance report on cannabis and cannabis-derived compounds July,
2020 in an effort to encourage research. The draft is a guidance document distributed for comment
purposes only. Outlined in the 9-page draft are recommendations and procedures for clinical trials
including sources of cannabis, quality considerations, calculations, dosage, manufacturing
materials, etc. (copies available https://www.fda.gov/drugs/guidance-compliance-regulatoryinformation/guidances-drugs FDA, 2021).

CANNABIS AND HEMP CULTIVATION

Modern taxonomy considers all of cannabis to form one species; Cannabis sativa L. Hemp
is a variety of Cannabis sativa L. Cannabis is a dioecious plant, which means it can be separated
into male and female varieties. At the early growth stages of the plant life-cycle it is difficult to
discriminate morphologically between male and female plants. Noting that cannabis is a wind
pollinated species the percent of male to female plants will vary with any given crop. However, if
grown from seed, roughly 50% of the plants will be males and 50% females. Typically, the cycle
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of the cannabis plant begins with seeds being planted in Spring and being harvested in Fall,
(Chandra, Lata & ElSohly, 2020).

To maintain consistency in cannabinoids profile and content in the final product cannabis
cultivation is currently mostly carried out through vegetative propagation. In order to increase
yield and create consistency, female and male plants are separated because male plants release
pollen that can create seeds in the female plants which alter cannabinoid production negatively.
For example, in modern cultivation practices, seed free (sinsemilla) cannabis plants are preferred
for maximizing the production of phytocannabinoids. (Chandra et al., 2020).

Indica, sativa and ruderalis are subspecies of Cannabis sativa L. and historically, hemp fell
under Cannabis sativa L. subs. Sativa -- cannabis fell under Cannabis sativa L. subs. indica,
and Cannabis sativa L. subs. Ruderalis. Of the hundreds of compounds found in the cannabis plant
there are four major compounds comprising the majority of research, which are d-9-THC, CBD,
d-8-THC and cannabinol (Complete Reference List of endocannabinoid System Compounds
Appendix 2)

Hemp plants have served a wide variety of purposes for more than 10,000 years: for fiber
(from the plant’s stems), protein (from seeds), and oils (from the leaves and flowers) (Aliferis &
Bernard-Perron, 2020). Hemp fibers can be used to make items including paper, clothing,
furnishing fabric, rope, and building materials. Fiber type varieties grow thin and tall with few
branches. Likewise, hemp is grown differently than cannabis and does not produce flowers (buds).
Hemp plants are relatively easy to grow and are much larger and densely cultivated than cannabis
plants. Note, cannabis varieties with higher THC grow wide and bushy, with larger branches
especially at the lower part of the stalk (Chandra et al., 2020). Industrial hemp is considered an
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agricultural crop and although it does contain a low amount of THC there is not enough to cause
intoxicating effects, it also contains lower amounts of CBD than the therapeutic hemp or cannabis
plants. As cannabis and hemp cultivation have grown and developed the subsets are summarized
as:
•

Cannabis (Sativa L.)
o Indica – THC Varies & generally is high in CBD
o Sativa – generally high in THC & low in CBD

•

Hemp (Sativa L.)
o Sativa – generally high in CBD & <.3% THC

In general, indica cannabis strains may increase dopamine levels and appetite while also
aiding in relaxation, relieving acute pain and nausea. Whereas, sativa cannabis strains may provide
anti-anxiety, anti-depressant qualities and support for chronic pain while also increasing serotonin
regulating mood, sleep, focus and appetite, (Kogan & Mechoulam, 2007).

Cannabis in particular, faces a significant complexity due to being listed as a schedule I
drug. Consequently, the process of cultivation, harvesting and processing for drug development
has many challenges. The U.S. has to contend with both federal and state legislations. Even
though some states have legalized cannabis for medicinal purposes only, it remains illegal on a
national level (Chandra et al., 2020).
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Chapter 3: Cannabinoid Biochemistry Overview

CANNABINOIDS

Cannabinoids are currently being studied as a class of medicine recognized both, globally
and nationally by medical bureaucracies which are developing guidelines as potential treatment
options for a range of conditions. Cannabinoids either occur naturally in the human body
(endocannabinoids), or are derived from plants (phytocannabinoids), or are synthesized in the
laboratory synthetic cannabinoids (Gottschling et al., 2020). According to this same paper, there
are approximately 150 cannabinoids in the cannabis plant with the two most well-known being Δ9tetrahydrocannabinol (THC) -- responsible for the euphoric effects associated with cannabis and
cannabidiol (CBD). Each contains a different pharmacologic property and have shown efficacy
in clinical trials, either alone or in combination with each other (Huestis et al., 2019).
The cannabinoid, THC is the main psychoactive ingredient in cannabis and in contrast,
CBD is generally considered to be a non-intoxicating substance that is often described in the
literature as ‘non-psychoactive’, however, it may modulate symptoms of certain neuropsychiatric
disorders; therefore, the term ‘non-intoxicating’ may be preferable, neither causing addiction nor
inducing serious side effects (Kicman & Toczek, 2020). Consequently, THC and CBD have
contrasting mechanisms of action and therapeutic indications.

Moreover, cannabinoids are lipophilic substances that act as ligands for a specific group of
membrane receptors -- G-protein coupled receptor (GPCR), termed cannabinoid (CB) receptors
namely CB1 and CB2 that constitute a part of the endocannabinoid system. CB1 receptors are
congregated predominantly in the central and peripheral nervous systems, with a low concentration
in the respiratory center in the brainstem, while CB2 receptors are found largely in the immune
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and hematopoietic systems, as well as the brain, liver, endocrine pancreas, and bone (Gottschling,
2020). Although there are more receptors of the endocannabinoid system besides GPCRs,
including GPR55, GPR119, PPARs and TRPV1, their physiological functions are still mostly
unknown. In addition, it is widely accepted today that different cannabinoids act on multiple
targets (Berman et al., 2018).
THC acts as an endogenous agonist on cannabinoid receptors – in other words, as a
phytocannabinoid it acts similarly as an endocannabinoid binding to CB receptors.

More

specifically it has a high affinity for binding with CB1 and a partial affinity binding with CB2 (Zou
& Kumar, 2018), (Atakan, 2012).

CBD acts as an antagonist and or a non-competitive negative allosteric modulator, meaning
it competes for the same CB binding site as other agonists. In addition, it also binds to a different
site on the receptor changing that receptor which will increase or decrease the likelihood of an
agonist to activate that same receptor – this is irreversible or the unbinding process may occur
slowly thereby blocking other agonists like THC. Consequently, CBD is considered to have a low
affinity to these CB receptors. There continues to be research debate over what receptors are
characterized as CB receptors. This is important because CBD is an agonist for GPR55, TRPV1
and PPARs which have other potential medicinal effects (Śledziński, Zeyland, Słomski & Nowak,
2018).

Although studies show varying numbers of chemical compounds in the cannabis plant,
ranging from 400 to over 700, with 100 to over 150 phytocannabinoids. Some other identified
compounds

increasing

in

popularity

are,

cannabigerol

(CBG),

cannabinol

(CBN),

cannabichromene (CBC), and olivetol. In addition to cannabinoids, the plant contains terpenoids
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such as beta-myrcene, beta-caryophyllene, d-limonene, linalool, piperidine, and p-cymene, as well
as flavonoids such as quercetin. Consequently, the FDA recognizes potential opportunities that
cannabis-derived compounds may offer and acknowledges the significant interest in these
possibilities (Meissner & Cascella, 2020).

Again, this research is dependent on specific

compositions of the cannabis or hemp plants.

WHAT IS CANNABIDIOL
More recent cannabidiol (CBD) is one of hundreds of cannabinoids found in both hemp
and cannabis plants that reacts with receptors in the body and brain to create a response. In contrast
with Δ9-THC, CBD is nonintoxicating and also shows several beneficial pharmacological effects
including, analgesic and anti-inflammatory activities mediated by the inhibition of cyclooxygenase
and lipoxygenase. The anti-inflammatory action is several hundred times higher than that of
acetylsalicylic acid (Meissner & Cascella, 2020).
Recent clinical studies have shown that cannabidiol has a wide range of therapeutic
potential

as,

anti-anxiety

remedy,

antipsychotic

antioxidant,

anti-inflammatory,

immunomodulatory, antiarthritic, anticonvulsant, neuroprotective, pro-cognitive, etc. Suggesting,
CBD may benefit patients with epilepsy and other neurodegenerative diseases (multiple sclerosis,
Alzheimer’s, Parkinson’s and Huntington’s diseases), as well as issues like depression, anxiety,
mental illness, post-traumatic stress disorder, spectrum disorders, gastrointestinal disorders,
inflammatory bowel diseases, IBS, cancer (Premoli et al., 2019), (Baron, 2018), (Ligresti, De
Petrocellis, Di Marzo, 2016), (Pisanti et al., 2017), (Atalay, 2019), (Kis et al., 2019), (Martínez et
al., 2020). Additional, clinical research is warranted to understand the efficacy of the medicine
(Kicman & Toczek, 2020).
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CANNABIS (d-9-THC) BASED CBD

First, Cannabis-derived CBD products are still federally illegal, and can only be purchased
at licensed dispensaries in the U. S. where it is legal.

The molecular structure of CBD may be the same in hemp-derived CBD products and
cannabis-derived CBD products, but depending upon the cultivar they will produce different
effects (Ferber et al., 2020) In other words, the entourage effect plays a significant role in the
therapeutic results.

The other compounds in cannabis like terpenes, flavonoids, and other

cannabinoids, including THC have significant therapeutic value and when CBD is combined with
all these other compounds into a full-spectrum CBD product, evidence suggests that the
compounds work together to offer greater therapeutic benefit, known as the entourage effect
explained in more detail later in this paper.
In recent history, researchers (Hanuš, Meyer, Muñoz, Taglialatela-Scafati & Appendino,
2016) had identified 545 metabolic compounds in the C. sativa L plant and 144 that they isolated
as phytocannabinoids and specifically C21 terpenophenolic (these are compounds that are part
terpenes, part phenols). Moreover, terpenophenolics are phytocannabinoids that are carboxylated
forms; C21 or C22 which are unique to the cannabis plant. These cannabinoids are being studied
for targeted applications in treatments of anorexia, emesis, pain, inflammation, multiple sclerosis,
neurodegenerative disorders, epilepsy, cancer, cardiovascular disorders and more (Berman et al.,
2018).

Both indica and sativa strains from the C. sativa L plant may be used in production of CBD.
Depending on the strain THC and CBD compounds vary in potency. Cannabis can be cultivated
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to achieve greater amounts of CBD based upon different types of soil, climate and seasons.
Additionally, significant subclasses of phytocannabinoids include: (1) cannabigerol (CBG, 1); (2)
(-)-Δ9-trans-tetrahydrocannabinol (Δ9-THC, 2); (3) cannabidiol (CBD, 3); (4) cannabichromene
(CBC, 4); (5) cannabinol (CBN, 5); (6) (-)-Δ8-trans-tetrahydrocannabinol (Δ8-THC, 6); (7)
cannabicyclol (CBL, 7); (8) cannabinodiol (CBND, 8); (9) cannabielsoin (CBE, 9); (10)
cannabitriol (CBT, 10); and (11) miscellaneous types (ElSohly & Gul, 2014 and ElSohly & Slade,
2005) (Berman et al., 2018). As part of the “entourage effect” and as regulations ease up with less
legal bureaucracy impediments to scientific research these additional cannabinoids may show
medicinal importance, (Aliekperova, Kosyachenko & Kaniura, 2020).

HEMP BASED CBD

All hemp varieties contain THC, CBD, and other cannabinoids, although the
concentrations in some varieties are very low to non-detectable. The Farm Bill 2018 made a clear
legal distinction between hemp and other cannabis products – the former defined as cannabis with
no more than 0.3% THC. This is to say any cannabis material with a THC concentration of 0.3%
is now considered hemp and federally legal under the bill, while anything with more than 0.3%
THC falls under cannabis—and, as such, would remain illegal at the federal level. A more obvious
difference between hemp and cannabis-based CBD products is availability – hemp-derived CBD
is legal nationally allowing CBD to be sold at the retail level across the country. Numerous health
benefits and potential therapies are reported for hemp seed. The achene delivers a desirable ratio
of omega-6 to omega-3 polyunsaturated fatty acids PUFA which can improve cardiovascular
health, reduce osteoporosis symptoms, and diminish eczema conditions. CBD exerts
pharmacological properties that make it a potential therapeutic agent for central nervous system
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diseases, such as epilepsy, neurodegenerative diseases, and multiple sclerosis (MS), (Andre,
Hausman & Guerriero, 2016).
It’s important to distinguish between hemp oil and CBD oil as they are two different
products. CBD oil (distillate) is obtained from leaves, flowers and stems of the plant and hemp
oil is generally extracted from the seeds. Hemp seeds are a good source of cannabidiol, but they
do not offer large amounts of this compound, so in order to get the most out of the plant and obtain
a product with a higher concentration of cannabidiol, special breeding & extraction techniques are
used. Producers of therapeutic hemp breed the plant to increase its content of CBD (Farinon,
Molinari, Costantini & Merendino, 2020).

Because Hemp is a bio-accumulator or phytoremediator, it can absorb toxins from the
environment and many products may contain heavy metals, pesticides, residual chemicals from
extraction and contaminants. Which means if large quantities of hemp are being cultivated to
produce CBD, it is critically important that the quality of the soil is closely monitored and
regulated, (Loffredo, Picca & Parlavecchia, 2021).

Since the seeds of hemp plants contain protein, Omega-3 and Omega-6 fatty acids they are
commonly used to make bread, cereals, and protein powder; the oil is used for margarine, salad
dressing, cosmetics, and dietary supplements. Since hemp seeds contain virtually no cannabinoids
it is not an efficient source of CBD. However, Hemp seed oil may be used to dissolve the thick
CBD distillate – hence, CBD oil. Other oils can also be used, like MCT, coconut oil, olive oil,
avocado oil, grapeseed oil, etc. All of these methods are extracting CBD from the flowering
portion of the plant or the entire plant is harvested and the CBD is extracted from the total plant
material, including the flowering portion (Mead, 2017).
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Chapter 4: Endocannabinoid System
The Endocannabinoid System (ECS) Mechoulam, 2014) is found in all vertebral species
and is responsible for communication between cells/tissues/organs contributing to homeostasis and
maintaining human health. The ECS is recognized as an important modulatory system in the
function of brain, endocrine, and immune tissues. It plays an important regulatory role in the
secretion of hormones related to reproductive functions and response to stress. (Komorowski &
Stepień, 2007).
In humans this system also controls energy homeostasis and mainly influences the function
of the food intake centers of the central nervous system and gastrointestinal tract activity. The
endocannabinoid system regulates not only the central and peripheral mechanisms of food intake,
but also lipids synthesis and turnover in the liver and adipose tissue as well as glucose metabolism
in muscle cells. Additionally, CB1 has been shown to reduce body weight and improve
cardiovascular risk factor of metabolic syndrome in obese patients by increasing HDL-cholesterol
and adiponectin blood levels as well as decreasing LDL-cholesterol, leptin, and C-reactive protein
(a proinflammatory marker) concentrations. It is therefore possible to speculate about a future
clinical use of CB1 antagonists, as a means of improving hormone release and fertilization and the
prevention of cardiovascular disease and type 2 diabetes mellitus. The CB1 receptor agonist
compounds require further study in the evaluation to treat neurodegenerative disorders such as,
Alzheimer's, Parkinson's diseases, epilepsy, anxiety, stroke, etc., (Komorowski & Stepień, 2007).
Note, Walter Cannon coined the term homeostasis in the 1930s and since then hundreds of
definitions and explanations have emerged. Originally homeostasis was a way to describe how
the body adapts for survival on earth. It’s the idea of maintaining balance by vital signs, and
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compound levels in the body like water, salt sugar, proteins, fat, calcium, blood, etc., (Davies,
2016).
Cannon wrote, “The constant conditions which are maintained in the body might be termed
equilibria. That word, however, has come to have fairly exact meaning as applied to relatively
simple physico-chemical states, in closed systems, where known forces are balanced. The
coordinated physiological processes which maintain most of the steady states in the organism are
so complex and so peculiar to living beings - involving, as they may, the brain and nerves, the
heart, lungs, kidneys and spleen, all working cooperatively - that I have suggested a special
designation for these states, homeostasis. The word does not imply something set and immobile, a
stagnation. It means a condition - a condition which may vary, but which is relatively constant,”
(Davies, 2016).
The definition for this paper will be based upon a thermodynamic approach “…the
hypothalamus, which is the thermodynamic controller, handles these states as suitable homeostatic
set‐points through the integrated actions of sympathetic and parasympathetic nervous
systems…controlling, stability and efficiency of visceral organs” (Recordati, 2003).
The ECS is a 3-PART system and each mechanism is called upon to act in a homeostasis
model of balance based upon the above definition -- each part delivering a pro-homeostatic action.
The ECS: 1) Endo-cannabinoid/Phytocannabinoid Messengers 2) Cannabinoid Receptors 3)
Enzymes
ENDOCANNABINOID MESSENGERS
One particular study explains the genus family of cannabis contains at least 113 different
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cannabinoids – considered exogenous cannabinoids or phytocannabinoids, (Cather, 2020). Note,
endocannabinoids (eCBs) or endogenous cannabinoids are chemical messengers produced
naturally in the body whereas exogenous cannabinoids are sourced outside the body. Note, THC
is not an endogenous compound i.e., produced by the body. The chart below shows some of the
more common phytocannabinoids or exogenous cannabinoids (compounds in cannabis).
CHART 1: Common Exogenous Cannabis Compounds

CBD as an exogenous source (phytocannabinoid) is a cannabinoid messenger from either
cannabis or hemp sources. Some phytocannabinoids act like THC agonists, the same as eCBs do,
and also bind to, and activate cannabinoid receptors. Likewise, CBD from an exogenous source
acts an antagonist similar to other endocannabinoids, like 2-AG and Anandamide. These two
major endocannabinoids, 2-AG and Anandamide both, function as retrograde messengers derived
from postsynaptic nerve fibers and thereby regulate neuronal transmission. They interact with
presynaptic cannabinoid receptors to regulate basic functions including mood, memory, appetite,
pain and sleep (Russo, 2011).
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2-AG is an endogenous agonist of CB1 receptors and the primary endogenous ligand for
CB2 receptors. Note, an endogenous agonist is a naturally produced substance that initiates a
physiological response when combined with a receptor.

The second, Anandamide, is a

neurotransmitter derived from the non-oxidative metabolism of eicosatetraenoic acid and is an
endogenous ligand for CB1 receptors but is nearly inactive for CB2 receptors. Anandamide
(meaning is bliss or happy) more prevalent in men is a naturally occurring arachidonic acid
derivative that affects pain, fertility, depression and memory. Whereas, 2-AG affects appetite,
immunity, pain response, inflammation and possibly the inhibition of proliferation of cancer cells,
(Tóth, Ádám, Bíró & Oláh, 2019).
Both 2-AG and Anandamide are formed from Omega 6 fatty acids and are transient
neurotransmitters, meaning both ligands are synthesized on-demand (i.e., made and used exactly
when needed rather than stored like other biological molecules), (Di Marzo & De Petrocellis,
2012).
ENDOCANABINOID RECEPTORS
Endocannabinoid receptors (CB receptors or CBs) are the most abundant neuromodulatory compounds in the body affecting the central and peripheral nervous systems. These
receptors are also referred to as “true receptors” and sit on the surface of many different cells and
act as switches by listening to conditions outside the cell. They wait for the messengers to bring
information which is transmitted to the inside of the cell to create an appropriate cellular response.
CB receptors reside in the brain, organs, bones and tissues. Again, endogenous and exogenous
cannabinoids (eCBs/phytocannabinoids) can bind to CB receptors. The two major CBs are CB1
and CB2 which are G-protein-coupled receptors (GPCRs) and their endogenous ligands are 2-AG
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and anandamide. Unlike most other GPCRs, CB1 and CB2 have more than one endogenous
agonist which allows for a high degree of differential flexibility of their actions (Di Marzo & De
Petrocellis, 2012).
The majority of CB1 are found in the brain, specifically located in the neocortex,
hippocampus, basal ganglia, amygdala, striatum, cerebellum and hypothalamus. CB1 receptors are
also found in nerve endings and play a role in pain response. Whereas, CB2 are primarily found
outside the central nervous system in the spleen and liver and are also associated with the immune
system – in the peripheral nervous system. CB2 receptors, when activated, play a role in reducing
inflammation in immune response (Berman et al., 2018).
DIAGRAM 1: Areas of the brain where the majority CB 1 receptors are found
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Note: CB1 receptors are more often activated by THC and CBD activates both CB1 and CB2
receptors (Marzo, & De Petrocellis, 2012).

Again, CBD functions as a negative allosteric modulator, which means that CBD binds to
a site on the CB1 receptor distinct from the THC binding site. This attachment to CB1 causes the
receptor site where THC binds at to change the shape of the receptor which creates a lesser binding
of THC and less activation of the CB1 receptor (Laprairie, Bagher, Kelly, & Denovan-Wright,
2015). This is important because it explains how CBD can limit the euphoric effects of THC.
Other classifications of cannabinoid receptors in the ECS include GPRs, called orphans
because the main function is still being researched. For example, GPR18 is involved in
programmed cell death and immune responses, GPR30 is involved in breast and prostate cancer,
GPR55 may play a role in cell division and growth, GPR119 is involved in insulin secretion and
food intake. Another class of receptors are known as Nuclear and are involved in the regulation
of genes and are essential factors in cell differentiation and metabolism; PPARα is involved in
lipid metabolism and neuroprotection, PPARβ/δ is present in the brain’s fat tissues and skin, but
the exact role is largely unknown. Lastly, a group formed by Transient Receptor Potentials (TRPs)
are known for their involvement in vision and the sensation of pain, temperature, pressure and
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various tastes. These transient receptors in the ECS including, TRPV1, 2, 3,4 have an effect on
regulation of body heat and sensory detection, (Stasiulewicz, Znajdek, Grudzień, Pawiński &
Sulkowska, 2020). Again, additional research on the cannabinoid receptors is needed to determine
the medicinal effect of their regulatory effect on the body.
ENZYMES
Two key catabolic enzymes are also part of the ECS which work quickly destroy
endocannabinoids once they’ve served a purpose. There are two major enzymes; FAAH and
MAGL. Fatty acid amide hydrolase (FAAH) is responsible for the majority of Anandamide
hydrolysis and also accounts for a minor amount of 2-AG inactivation but this is predominantly
catalyzed by monoacylglycerol lipase (MAGL). Currently, there is no supporting research found
regarding the breakdown of Annandamide by MAGL. In short, FAAH breaks down Anandamide
and MAGL breaks down 2-AG, (Basavarajappa, 2007).
The enzyme process ensures endocannabinoids are used when needed and distinguishes
them from other molecular signals in the body (i.e., hormones and other neurotransmitters). Other
molecular structures can be stored for seconds, minutes or longer. Whereas, CBD is the only one
known to be used only when needed thereby, regulating information transference contributing to
the body’s homeostasis. Note, there are no enzymes that break down THC in this way.
CBD does not bind directly to cannabinoid receptors instead, it inhibits FAAH, which is
the enzyme responsible for breakdown of anandamide. When FAAH is inhibited, anandamide
cannot be broken down at its normal rate which increases the amount in the synapse and results in
down-regulation of nerve transmission, (Cather & Cather, 2020).

Further, CBD inhibits

endocannabinoid reuptake which can affect a wide range of systems in the human body including
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not only the immune system but the nervous system as in issues like anxiety, autism, multiple
sclerosis, posttraumatic stress disorder, neuropathic pain, atherosclerosis, inflammatory bowel
disease, skin disorders and itching, (Maroon & Bost, 2018).
Additionally, another recent study explains the relationship of CBD and THC; when CBD
inhibits the degradation of the enzyme FAAH which breaks down Anandamide thus, CBD
intensifies, and prolongs its effect. Also note, the extended presence of anandamide prevents THC
from interacting with CB1 receptors (Niesink & van Laar, 2013).
Additional research uncovered FABPs as intracellular transporters for anandamide –
FABPs are an important group of proteins transporting lipids inside the cell (Furuhashi &
Hotamisligil, 2008). A 2015 study using computational analysis and ligand displacement assays
showed that human FABPs (3, 5, and 7) bind THC and CBD and function as intracellular carriers
(Elmes et al., 2015). Both the cannabinoids, THC and CBD bind to FABPs -- inhibit cellular
uptake and catabolism of AEA thereby raising anandamide levels. This discovery may explain
how CBD works in childhood epilepsy.

The competition for FABPs linked the increased

circulating levels of AEA after consumption of cannabidiol (Leweke et al., 2012). The data from
this work and others is corroborated and may explain, in part, the action of CBD in modulating
the endocannabinoid tone (overall health of the ECS) in vivo and again, its reported efficacy
toward epilepsy and other neurological disorders (Ibeas Bih et al., 2015). The role of the FABPs
as carriers for endocannabinoids – particularly AEA will grow as illustrated in the liver where
FABP1 also serves as an AEA carrier (Schroeder et al., 2016).
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DIAGRAM 2: Endocannabinoid System

Chapter 5: Entourage Effect

WHAT IS THE ENTOURAGE EFFECT

As referenced earlier the entourage effect theorizes that some cannabis compounds that
have no effect in isolation, have an increased medicinal effect when used in combination. This
concept is especially relevant for both CBD and THC research. Specifically, the synergistic
actions of phytocannabinoids and other plant compounds is called the ‘entourage effect,” (BenShabat et al., 1998).
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In 1998, Professors Raphael Mechoulam and Shimon Ben-Shabat, presented research that
demonstrated an “entourage effect” in which a variety of “inactive” metabolites and closely related
molecules markedly increased the activity of the primary endogenous cannabinoids (eCBs),
anandamide and 2-AG (Ben-Shabat et al., 1998).

This body of research explained how botanical drugs were often more efficacious than their
isolated components. Although the single molecule synthesis remains the dominant model for
pharmaceutical development -- the concept of botanical synergy has been demonstrated via
randomized controlled trial of oro-mucosal cannabis-based extracts in pain patients in a
“Multicenter, double blind, randomized, placebo-controlled, parallel group study of the efficacy,
safety, and tolerability of THC : CBD extract and THC extract in patients with intractable cancer
related pain” (Johnson, 2010). Essentially, looking at the efficacy of full-spectrum vs. isolate.
This is important as it suggests other cannabinoids and compounds such as terpenes play a
therapeutic role (Ben-Shabat et al., 1998).

Cannabis research has historically focused on the most prevalent cannabinoids. However,
extracts with a broad spectrum of secondary metabolites may have increased efficacy and
decreased adverse effects compared to cannabinoids in isolation.

In a 2020 study, with a

comprehensive investigation of chemical profiles in each plant part including the following
metabolites: 14 cannabinoids, 47 terpenoids (29 monoterpenoids, 15 sesquiterpenoids, and 3
triterpenoids), 3 sterols, and 7 flavonoids was performed furthering the notion of the entourage
effect. This multipart study included the development of quantitative methods using liquid
chromatography coupled with mass spectroscopy (LC-MS) for cannabinoids, liquid
chromatography coupled with a standard ultraviolet detector and mass spectroscopy (LC-UV-MS)
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for flavonoids, and gas chromatography coupled with mass spectroscopy (GC-MS) for terpenoids
and sterols. Finally concluding, a comprehensive profile of bioactive compounds and thorough
investigations of their synergistic interactions enables the correlation between plant compositions
and therapeutic effects, ultimately bridging traditional herbal medicine with modern science. This
approach enables the development of new cannabis-based medicine using all or subsets of plant
parts, as opposed to the inflorescence only. One future trend for the cannabis industry is to fully
utilize each part of cannabis by applying modern scientific methodologies for validating its
traditional use (Jin, Dai, Xie & Chen, 2020).

MUTUAL ENHANCEMENT
Similar to the entourage effect is the idea of “Mutual Enhancement.” The concept of polypharmacology remains in practice in traditional Chinese medicine. In other words, instead of using
a single herb to treat a specific problem, practitioners prescribe a combination of herbs called
herbal formulas. According to the Materia Medica 3rd Edition, “mutual enhancement” or mutual
employment means the combination of two or more substances with different actions in which one
of the substances enhances the effect of the other in a specific clinical situation, (Bensky, Clavey
& Stoger, 2004). Further, clinical studies have consistently shown better therapeutic outcomes
when all cannabinoids are included versus isolating specific cannabinoids.

Furthermore, if all parts of the Cannabis plant are used including, CBD, THC, terpenes,
flavonoids, essential oils and other cannabinoids it is referred to as full spectrum. The term “fullspectrum” (Maa, 2014) is recognized as the processing of the entire plant to create an end productusually oil or what’s called distillate. An alternative is, to extract only one compound, like CBD
or THC, during processing which is termed isolate. Generally, this isolation is achieved through
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dehydration creating an end product called “isolate” which is a pure compound form (Maa, 2014).
In general, full-spectrum is distillate and pure CBD is isolate. Each with medicinal uses –
commonly distillate is used in oils, salves and, topical products whereas, isolate is used in edibles,
capsules and also topical products.

Broad spectrum is the same idea except without significant levels of THC (less than .3%)
as regulated by the Federal Government. The term broad spectrum is commonly used in reference
to hemp CBD products whereas, full spectrum is used in reference to cannabis- based CBD
products. Other forms include isolate which is a pure form of CBD extracted from the L. Cannabis
sativa plant. In other words, isolated without the whole plant being harvested for use.

Plants have been used in many different cultures over thousands of years and the science
of botanical extracts. The US food and drug administration (FDA) has developed strict guidelines
in 2006 for the development of “Botanical Drugs” products. These guidelines were put in place
to regulate the development of natural products. Additionally, allowing other biomedical scientists
to learn from other healthcare systems such as Ayurveda and TCM, with a focus directed to the
development of total plant extracts used for the treatment of specific disease conditions (Chandra
et al., 2020).

Chapter 6: Terpenes (Isoprenoids)
WHAT ARE TERPENES
Another echelon of phyto-therapeutic agents are terpenoids or terpenes which are volatile
molecules that evaporate easily and are the basis for aromatherapy.

Terpenes are volatile

unsaturated hydrocarbons with thousands of different molecules and are oily compounds secreted
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in the cannabis plants glandular trichomes. Hence, the term essential oils (EO) (Russo, 2011).
Furthermore, aromatic terpenes or EOs are an important part of the modifying impact on THC
because they are the compounds in cannabis that give the plant its unique smell. Note, THC and
other cannabinoids have no odor but, rather the fragrance of the cannabis plant depends on which
terpene is dominant and this combination of THC and terpenoids is what creates a specific
psychoactive flavor for a particular strain. Terpenes and THC share a biochemical precursor,
geranyl pyrophosphate, which develops into the cannabinoids and the terpenoids that resonate on
the flower tops of the plant. Note, trichomes are glandular hair-like structures on the surface of the
plant’s leaves and flowers (Russo, 2011).
According to the American Chemical Society, 2017 it’s still unclear how many terpenes
exist in a Cannabis plant and estimates range from 100 to over 200 with distinct flavors and aromas.
Unlike cannabis, hemp terpenes do not have strong flavor and are not aromatic and are less
significant.

A semi-quantitative, 2019 Study reported 71 terpenes identified in hemp and 120 or more
in Cannabis. Overall, terpene research showed specific profiles leading to different potential
effects upon consumption (Iseppi et al., 2019). This same study found CBD to display the
following properties; antioxidant, anti-inflammatory, antibacterial, anti-proliferative and
neuroprotective qualities. For example, Cannabis strains containing the terpene, Limonene (a
lemony aroma) may have anti-depression and anti-anxiety benefits as well as anti-fungal and may
benefit patients who suffer from gastric reflux. Other common terpenes include: humulene or β‐
caryophyllene, caryophyllene oxide (metabolite), limonene, linalool, myrcene, nerolidol, α‐pinene
and phytol (Iseppi et al., 2019).
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Terpenes have diverse roles and function as primary cellular components and are important
for ecological interactions like signaling and defense against herbivores. These are Generally
Recognized as Safe by the US Food and Drug Administration and other regulatory agencies (FDA
Food Additives Permitted for Direct addition to Food for Human Consumption Appendix 3). These
EOs present flavor and fragrance components with unique therapeutic effects, (Tholl, 2015), (Zhou
& Pichersky, 2020) (Da Cheng Hao, Xiao-Jie Gu & Pei Gen Xiao, 2015).

Scientific determination of terpenes is related to the volatility of the chemical makeup and
includes five different classes, based upon the number of repeating carbon molecules listed in order
of volatility (the lest is the most volatile and most fragrant and the largest is least volatile and least
fragrant); Monoterpenes, Sesquiterpenes, Diterpenes, Triterpenes and Tetraterpenes. The five
different kinds of terpenes have different structural compounds that have been isolated and tested
for to determine medicinal qualities (Booth, Page & Bohlmann, 2017). Additionally, a further
classification of medicinal use of terpenes and examples listed below (Cox-Georgian, Ramadoss,
Dona & Basu, 2019).

CLASSIFICATION

GENERAL MEDICINAL USE

EXAMPLES

Monoterpenes

Fragrances, repellent

Menthol

Sesquiterpenes

Malaria, bacterial infection, migraines

Ginger, cloves, hops

Diterpenes

Anti-inflammation, cardiovascular disease

cannabinoids

Triterpenes

Wound healing, increase circulation

Cholesterol

Tetraterpenes

Pigmentation, disease prevention,

Anti-oxidants

macular degeneration, cancers, epidemiology
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Cannabis is one of the most common sources for medicinal terpenoids but only a small
percentage have been studied. Both, Monoterpenes and Sesquiterpenes are prevalent components
of cannabis and popular elements of EOs (Cox-Georgian et al., 2019).

As previously stated, the unique scents of the terpene profiles contribute to the flavor as
well as pharmaceutical differences of strains and interactions of these compounds and is described
as being part of the entourage effect.

CHART 2: Common Terpenes found in C. Sativa L.

HUMULENE (α‐humulene (terpene) β-caryophyllene (cannabinoid) caryophyllene oxide
(metabolite)) - approved by the FDA and is considered to be GRAS for food use and is a primary
sesquiterpene with a spicy, black pepper, clove, basil, oregano, rosemary, hops type flavor profile.
Selectively binds to CB2 and is a functional CB2 agonist and strongly reduces the carrageenan-
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induced inflammatory response in the peripheral body tissues with a therapeutic effect on
inflammation, muscle spasms, pain and the treatment of atherosclerosis and osteoporosis (Gertsch,
2008). In addition, studies show a direct benefit for the following: colitis (Bento et al., 2011),
diabetes (Basha and Sankaranarayanan, 2014), cerebral ischemia (Chang et al., 2013), anxiety,
depression (Bahi et al., 2014), liver fibrosis, (Calleja et al., 2013; Mahmoud et al., 2014), and
Alzheimer-like diseases (Cheng, Dong & Liu, 2014). Further, cancer studies demonstrated
synergy with the chemotherapy drug Paclitaxel on human tumor cell lines, and alone it stimulates
apoptosis and suppresses tumor growth (Hartsel, Eades, Hickory, Makriyannis, 2014).
LIMONENE – is approved by the FDA and is considered to be GRAS as a food additive.
Limonene is the second most common monoterpene found in nature and is a precursor to other
monoterpenoids (Russo, 2011). It has a citrus aroma with a lemon or orange-peel likeness. Some
studies have suggested it is a powerful anxiolytic (Carvalho-Freitas & Costa, 2002), (Pultrini, Ade,
Galindo & Costa, 2006). A 1995 clinical study of depressed patients exposed to citrus EO in
ambient air showed successful discontinuation of antidepressant medication in 9 of 12 patients
(Russo, 2001), (Komiya, Takeuchi & Harada, 2006), (Komori, Fujiwara, Tanida, Nomura,
Yokoyama, 1995). It has demonstrated to be a solvent of cholesterol and has been used clinically
to dissolve cholesterol containing gallstones. In addition, because of its gastric acid neutralizing
effect and its support of normal peristalsis it has been used for relief of heartburn and
gastroesophageal reflux (GERD) (Sun, 2007). Limonene also exhibits anti-fungal characteristics
partially due to the ability to be absorbed easily via the skin, (Chee, Kim & Lee, 2009). Beyond
this study, it may have a role in fighting cancer by regulating the immune system. Specifically,
one pilot-clinical study was designed to determine the human breast tissue disposition of limonene
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and its associated bioactivity – showed significant research suggesting more study is warranted,
(Miller et al., 2013).
LINALOOL – is approved by the FDA and is considered to be GRAS as a food additive.
This terpene encompasses a lavender aroma and acts as an anxiolytic compound that counters
anxiety and mediates stress. Linalool is a strong anticonvulsant and amplifies serotonin receptors
acting as an antidepressant.

Topically, linalool can heal acne and burns without scarring.

Insomnia, stress, depression, anxiety, pain, convulsions (Koulivand, Khaleghi, Ghadiri & Gorji,
2013), (Russo, 2011).
MYRCENE – is approved by the FDA and is considered to be GRAS as a food additive.
Myrcene is the most common monoterpene found in nature and is a sedative, muscle relaxant, has
anti-inflammatory properties, a hypnotic, and analgesic effects. Antiseptic, antibacterial,
antifungal, inflammation (do Vale, Furtado, Santos & Viana, 2002), (Russo, 2011).
ALPHA-PINENE – is a monoterpene and considered the most common terpene in the
world and common in cannabis. Research suggests use as a bronchodilator with potential benefits
for asthmatics. Pinene also promotes alertness and memory retention by inhibiting the metabolic
breakdown of acetylcholinesterase (neurotransmitter) – also acts as an anti-inflammatory, (Russo,
2011).

NEROLIDOL/penetrol, peruviol, or trans-nerolidol -- approved by the FDA and is
generally recognized as safe (GRAS) for food use and is a primary sesquiterpene with a floral,
rose, woody, apple, fruity flavor profile used as a food additive and used in cosmetics, and
detergents is considered a neuroprotective, antioxidant containing anti-fungal, antibacterial,
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sedative, anti-malarial, anti-tumor, anti-parasitic, anti-inflammatory, anti-nociceptive properties,
(Javed, Azimullah, Abul, Ojha & Haque, 2016)

PHYTOL is approved by the FDA and is considered to be GRAS as a food additive. is an
acyclic diterpene alcohol, and is produced from the degradation of chlorophyll. This terpene is
grassy and balsamic in odor, and is naturally produced in green tea. Phytol is utilized to synthesize
vitamins K and E, (de Moraes et al., 2014).

Chapter 7: The delivery, dosage and side effects

As explained, research shows CBD, blended with other cannabinoids, reduces the
psychotropic effects of THC. Conversely, THC only medicine may eliminate the benefit of the
rest of cannabinoids which may lead to less effective medicinal properties – likewise CBD only
medicine may have some limitations when compared to whole plant compounds. In general, it is
recommended dosing with CBD beginning at lower levels and titrate up to higher clinical levels
as an oral preparation.

Other recommendations, legally, include synthetic CBD. For example, patients with
Lennox-Gastaut Syndrome the maximum dose is 20 mg per day in patients ages 2 years old and
above. Beyond the initial dose recommendation of 2.5 mg twice per day over 1 week with a
gradual increase up to 5 mg twice per day is deemed maintenance level, (Meissner & Cascella M,
2020).

It is important to note, developments on how to effectively use cannabis and cannabidiol
are still being studied and research does not detail conclusive guidelines at this time.
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DELIVERY ROUTES AND BIOAVAILABILITY
Although cannabis and cannabis constituents, as of the publishing of this paper, are
currently banned by federal laws, the medicine is currently accessible in several forms state-bystate: concentrated oil extracts, infused sublingual sprays, tinctures, edibles, gel caps, topical
salves, suppositories, etc.
CBD is biphasic which means “2 levels” having different effects on a patient. At one level
it can be a mood stimulant and at another level have a more sedating effect. It’s also imperative
to look at the idea of bioavailability when considering dosage guidelines. Bioavailability is an
integral part of pharmacokinetics; the study of drug movement through the body. Bioavailability
refers to the extent a substance becomes 100% available to its intended biological target. It is a
measure of the rate of an initial dose of a substance that successfully reaches the intended site or
when it enters the systemic circulation, (Price & Patel, 2020). The acronym ABCD related to
pharmacokinetics refers to administration, bioavailability, clearance and distribution of a
substance.

Specifically, administration relates to route and adherence, bioavailability is

absorption, clearance is metabolism and excretion and distribution is diffusion or transport,
(Doogue & Polasek, 2013).
CBD oral delivery may be the preferred route for drug delivery by patients and drug
developers. Some of the most significant issues with oral CBD include poor bioavailability,
variable pharmacokinetics profiles, and possible polymorphisms which may have unintended
consequences of less predictable efficacy, increased side effects and drug–drug interactions with
higher doses (Millar et al., 2020). Moreover, successful drug delivery to the intended target is
dependent on the patients’ physiology as well as the chemical properties such as, stability,
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permeability, solubility, dissolution, metabolism, etc. If bioavailability is poor it can make
therapeutic efficacy become unstable or variable. Consequently, the route of administration of
CBD will affect the bioavailability greatly. There are limited clinical trials and no conclusive
research, at the time of this review, confirming any consistency of bioavailability by route of
ingestion, (Millar, Maguire, Yates & O'Sullivan, 2020).
According to a 2018 systematic review on the pharmacokinetics of CBD in humans of 792
articles reviewed, 24 included pharmacokinetic parameters in humans. The half-life of cannabidiol
was reported between 1.4 and 10.9 hours after oro-mucosal spray, 2–5 days after chronic oral
administration, 24 h after and 31 hours after smoking. Bioavailability following smoking was 31%
however no other studies attempted to report the absolute bioavailability of CBD at the time of
this study—suggesting further research is warranted to corroborate research.

The oral

bioavailability is estimated at 6% although this study notes data is lacking in this area as well.
Oro-mucosal routes showed potential for more rapid onset of action being eliminated slower than
digestion and absorbed through the GI tract, (Millar, Stone, Yates & O'Sullivan, 2018).
Again, the bioavailability of ingesting CBD is fairly low, in general, at approximately 15%.
This translates to the 15% being absorbed fully into the bloodstream after oral ingestion. Potential
for increased bioavailability is to administer with high fat foods as opposed to fasting. In a phase
I clinical trial, taking a highly fat-containing meal within 20 minutes of CBD administration
determined a more than 4-fold increase in in CBD. The increase was even higher in epileptic
patients who ingested soft gel capsules of 200m to 300mg of CBD along with high-fat meals –
increasing plasma concentration by 14-fold. This type of lymphatic transport can bypass some of
the liver enzymes involved in first pass metabolism. In general, oral ingestion of CBD is
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metabolized by the liver and intestines and CBD will achieve a maximum plasma concentration
between 0 and 4 hours, (Morano, 2020), (Millar et al., 2018).
Other delivery formulations and systems are being tested, currently, such as selfemulsifying drug delivery systems which involve mixing CBD with oils, surfactants and solvents
to produce micro sized droplets. When these droplets are ingested and reach water in the gut their
ability increase the surface area available for the drugs to be absorbed increases. This type of
technology has shown a higher bioavailability of over 30%. In addition, solid oral delivery is also
an option under investigation for less side effects and greater absorption which may be beneficial
for GI issues, (Millar et al., 2020).
CYTOCHROME P450

Further, analyzing the route of ingestion and first pass metabolism via the digestive system
enzymes Cytochrome P450 (CYP450 or P450). CYP450 enzymes were discovered in the early
1960s and are involved in metabolism of drugs, steroids and carcinogens. P450s are involved in
~75% of enzymatic reactions in the metabolism of drugs and, 5 of the 57 reported genes (1A2,
2C9, 2C19, 2D6 3A4) are responsible for metabolizing 90% of small molecule drugs-- noting 3A4
is the largest fraction, (Guengerich, F.P. et al, 2016), (Rendic, S., & Guengerich, F. P., 2015).

Different routes of cannabinoid administration have different effects. Other administration
routes that bypass the first pass metabolic process may increase bioavailability by crossing the
blood brain barrier and by using carrier oils like medium chain triglycerides (MCT). Other
commonly prescribed methods include oral, topical, inhalation, rectal, vaginal, and oro-mucosal.
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The family of P450 enzymes are responsible for metabolizing several cannabinoids
including CBD taken orally via the first pass metabolism. CBD is a lipophilic compound with low
oral bioavailability (6%) due to poor intestinal absorption and high first-pass metabolism,
however, exposure parameters are greatly influenced by high fat-containing meals. It is mainly
metabolized by P450, 3A4 and 2C19, which it strongly inhibits, (Morano et al., 2020).

One earlier review also identified P450 enzymes as contributors to the primary metabolism
of several exogenous cannabinoids and specifically identified the following: THC and CBN both,
metabolized by 2C9 and 3A4 and CBD metabolized by 2C19 and 3A4, (Stout & Cimino, 2014).

As noted, CBD is an inhibitor which has the potential to limit the activity of CYP-450 liver
enzymes temporarily. Due to the first-pass enzymatic process there is potential for drug-drug
interactions (DDIs) and adverse drug events (ADEs). The way CBD interacts with CYP-450 is
by competing with the enzymes thereby preventing CYP-450 from metabolizing other compounds.
The extent of interaction depends upon how tightly CBD binds to the active site of the metabolic
enzyme before and after oxidation. Consequently, the amount of CBD administered can greatly
change the effect of the intended attributes of other medications.

Low doses of CBD will have

no noticeable effect. Comparatively, THC is an inducer which can decrease blood levels of certain
pharmaceuticals (Brown & Winterstein, 2019). In summary drug interactions may increase or
decrease levels of CBD as well as prescribed pharmaceuticals because of the inducing or inhibiting
enzyme and metabolite activity.
Considering CBD is extensively metabolized by the liver, specifically 3A4 and 2C19 which
catalyze to an active form called 7-hydroxy CBD ( 7-OH-CBD) and further oxidize to an inactive
form 7-COOH-CBD. This inactive metabolite compound has serum concentrations that exceed
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the parent drug by up to 47 times. This is important in the consideration of hepatic function of
impaired patients, (Morano et al., 2020).
According to a recent review the majority of relevant DDIs are related to 3A4 and 2C19
isoforms for CBD because they are responsible for the majority of biotransformation of CBD into
the primary active metabolite (Metabolic DDI Interactions between CBD and Enzymes,
Substrates, Inhibitors and Inducers Appendix 4), (Brown & Winterstein, 2019). The implication
is DDI or ADE potential. (Cytochrome-P450 Drug Interaction Chart Appendix 5).
DOSEAGE
Cannabinoids come in many different forms with a wide range of potencies, and its
production and distribution have yet to be standardized. Because of federal cannabis prohibition
and consequent research restrictions, clinical data is lacking to determine standardized dosage
guidelines of CBD and THC herbal therapies. Some newer studies (2020) show specific dosage
amounts for diseases have potential but are not corroborated by additional clinical trials as of this
paper.
Although many states have allowed use of medical marijuana, physicians may only
“certify” or “recommend” that patients use medical marijuana for a certain condition and cannot
issue a prescription for specific cannabis products because neither the FDA or DEA has approved
this approach (Mead, 2017).
According to a 2011 safety and side effects review of CBD, high doses of up to 1500 mg
per day are well tolerated in humans. This same review noted some side effects specifically with
hepatic drug metabolism Cytochrome P450, corroborating the possibility of drug-drug interactions
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(DDI) and adverse drug effects (ADE) based upon enzymatic activity, (Bergamaschi, Queiroz,
Zuardi, Crippa, 2011).
A more recent review (Millar et al., 2020) suggests CBD is generally described as well
tolerated, with a good safety profile with no evidence of abuse potential. The paper stated
randomized control trials administering CBD showed an average dose of 14 mg per day showed
positive outcomes compared to lower doses.
SIDE EFFECTS
CBD’s effective delivery, particularly through the oral route, which seems to be the most
preferred route for drug delivery by patients and drug developers. Some of the most significant
issues with oral CBD include poor bioavailability, variable pharmacokinetics profiles, and possible
polymorphisms, which may have unintended consequences of less predictable efficacy, increased
side effects and drug–drug interactions with higher doses.
Patients taking cannabinoid-based medicines may experience side effects, but very few
seem to show serious issues. A 2021 clinical trial of 388 responses – 277/388 (71%) reported no
side effects. Further reported 44/388 (11%) experienced dry mouth and 13/388 (3%) experienced
fatigue. Beyond this, the same study showed less than 2% experiencing; dizziness, nausea, upset
stomach, rapid heartbeat, vomiting, fainting liver problems/raised enzymes via a blood testing, or
seizures, (Moltke & Hindocha, 2021).
According to Materia Medica 3rd edition, excessive amounts of semen cannabis can be
toxic with symptoms of nausea, vomiting, diarrhea, numbness of the limbs, agitation and
restlessness, confusion, loss of consciousness and dilated pupils can occur (Bensky et al., 2004).
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Another 2017 safety review of CBD, it confirmed a favorable safety profile in humans
based upon reviewed research. The majority of studies in the review were performed for treatment
of epilepsy and psychotic disorders. The most commonly reported side effects were tiredness,
diarrhea, and changes of appetite/weight. In comparison with other drugs used for the treatment of
these medical conditions, CBD had a better side effect profile. Additionally, there is no risk of
death due to overdose as CBD does not affect the area of the brain related to respiration (Iffland
& Grotenhermen, 2017).
Although, studies have found a risk of marijuana use and cognitive functions and s the
induction of psychosis or schizophrenia when consumed during the neurodevelopmental period.
Several studies have linked early adulthood while the brain is developing, to be more vulnerable
to adverse effects of cannabis. For example, evidence that both males and females who start using
cannabis before the age of 17 years have a lower percentage of cortical grey matter and an
increased percentage of white matter compared to those who start later, which is unrelated to
duration of cannabis use. This same vulnerability is not present with the use of CBD which does
not generally cause these effects. Taking CBD and THC together might help reduce the cognitive
effects of THC, (Shrivastava, Johnston, Terpstra & Bureau, 2014), (Kogan & Mechoulam, 2007).
Evidence suggests that marijuana can reduce female fertility by disrupting hypothalamic
release of gonadotropin releasing hormone (GnRH), leading to reduced estrogen and progesterone
production and anovulatory menstrual cycles. Tolerance to these effects has been shown in rhesus
monkeys, but the effects of chronic marijuana use on human female reproduction are largely
unknown. Marijuana-induced analgesia, drug reinforcement properties, tolerance, and dependence
are influenced by ovarian hormones, with estrogen generally increasing and progesterone
decreasing sensitivity to marijuana. Carefully controlled regulation of the Endocannabinoid
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System (ECS) is required for successful reproduction, and the exogenous cannabinoids in
marijuana may disrupt the delicate balance of the ECS in the female reproductive system, (Brents,
2016), (Cather & Cather, 2020).
Although, THC has intoxicating effects due to its action on CB1 cannabinoid receptors,
the medicinal effects at higher doses per clinical trial evidence generally supports the efficacy of
the compound in treating conditions such as chronic pain, spasticity in multiple sclerosis, anorexia
and cachexia, Tourette syndrome and chemotherapy-induced nausea and vomiting. Trials currently
underway will help to better define the role of THC as a therapeutic across these and other
conditions (Arnold, Nation & McGregor, 2020).
A 2020 systematic review of meta-analysis of randomized clinical trials (12 trials and 803
participants) concluded that the available data from clinical trials suggested that CBD is well
tolerated and has relatively few serious adverse effects, however the analysis went on to state;
interactions with other medications should be monitored carefully and safety data from clinical
trials outside of childhood epilepsy syndromes and from studies of over-the-counter CBD products
are needed to assess whether the conclusions drawn from clinical trials can be applied more
broadly, (Chesney, 2020).
Again, because CBD has no intoxicating effects and has a very wide range of
pharmacological actions with supporting evidence suggesting therapeutic actions of the compound
at relatively high doses (300–1500 mg) it may be a safe therapeutic option treating epilepsy,
anxiety and psychosis. Numerous clinical trials are underway for other conditions such as
neuropathic pain, drug and alcohol dependence and neurodegenerative disorders. In many
countries, CBD is available over-the-counter as nutraceutical wellness type products containing
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very low doses of the cannabinoid (approximately 5–25 mg) with little current evidence of specific
medical health benefits at these levels (Arnold et al., 2020).
Several studies report side effects found with synthetics CBD or purified CBD products
such as Epidiolex. One such study found mild side effects in 76% of patients taking this form
(Epidiolex) and 33% had side effects with CBD-rich extracts. Some of the DDI interactions
reported were in regards to epilepsy medicine clobazam with a 14% increase in adverse effects.
Specifically, increases in alanine aminotransferase (ALT) levels above 3-times the normal limit.
In addition, some evidence also showed possible increases in warfarin concentrations when taking
alongside CBD, (Millar et al., 2020).

Chapter 8: Current and Future Discussion

RESULTS
The world is in a unique time of emerging medicinal uses of cannabis and increasing
acceptance but many unresolved questions still persist, largely due to the prohibition era limiting
scientific research. However, substantial cannabis discoveries were made by Professor Raphael
Mechoulam including CBD in 1963 and in 1964 THC as the primary psychoactive principle -leading scientists to further findings of the ECS, thereby increasing the potential use of
cannabinoids in medicine, (Pertwee, 2020). Although these discoveries opened new research
opportunities for cannabis, legal regulations made it difficult to acquire the plant material for study.
The significant deficit in scientific research from Mechoulam’s 1960s discoveries until the 1990s
was tied to the heavy regulatory barriers of the MTA and the CSA. There, were very few
milestones of discovery over 30 plus years until Howlett and Devane discovered the CB1 receptor
in 1988. Later in 1992 scientists discovered the first cannabinoid receptor called anandamide and
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a few years later 2-Arachidonoylglycerol (2-AG) (Russo, 2011). Consequently, the science behind
cannabis and its compounds specifically, CBD is relatively new and as regulations ease up slowly
with the first historic legislation, prop 215, passing in 1996 which legalized medical use in the
state of California increasing the ability for medical research to unfold.
Not only legal restrictions, but also negative perceptions of marijuana slowed medical
research, especially the ability to proceed with clinical trials which, in turn, stagnating medical
knowledge and standardization of CBD.

These limitations especially affected medicinal

modalities that incorporate the use of botanical therapeutics, considering cannabis was and is part
of several different herbal pharmacopeias . Greatly affected was TCM herbal applications, which
recognized cannabis and cannabis related botanical herbs in the pharmacopeia for thousands of
years but, has been limited by the legal barriers and negative stigma associated with the
recreational use.
The use of cannabis has been documented in TCM historical texts and reviewed for
medicinal applications beyond the achene. As stated earlier some medical applications have been
thought to be related to cannabinoids preparations for conditions such as epilepsy and mental
illness that may be related to the pharmacology of CBD rather than the psychoactive cannabinoid
THC (Mechoulam et al., 2002). However, the modern use of cannabis within the scope of TCM
is still illegal and since CBD is a constituent of cannabis, it is also illegal. Again, limiting the use
and study within TCM even though its medicinal use is fairly well documented over thousands of
years.
Gradually, the focus in TCM shifted from the flower to the achene with the current listing
of C. Sativa L. in modern texts as ma zi or huo ma ren or the classical formula Ma Zi Ren Wan 麻
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子仁丸) as the entry for pathology for constipation—a rather myopic use of an herb with a wide
range of possibilities based upon historical use and science (Brand, 2017).
Information about the legal history of cannabis in China is limited with the time frames
being fairly similar to the US. China stopped the cannabis trade circa 1934 and became illegal
around that time and remains illegal today. However, China is the largest hemp (Sativa L.)
producer in the world with the same definition of .3% or less of THC. Medicinally, some provinces
have been allowed to grow cannabis for research but information is not conclusive. This is largely
due to the illegal nature of the plant.

Furthermore, although considered a congener of heroin by the 1961 UN Single Convention,
cannabis naturally belongs to the class of substances such as tobacco, alcohol, and caffeine, which
are used regularly by all humanity. It appears to have less somatic toxicity than alcohol and
tobacco. A diverse range of properties and indications of the function of cannabis have been
attached to different parts of the cannabis plant with a variety of applications currently focusing
on pain, epilepsy and mental illness, (Crocq, 2020).

In addition, the Schedule 1 drug status has contributed to the limitations of scientific
research as access was difficult due to heavy regulations. Also, of note, for perspective, are
schedule II, III and IV drugs per the DEA (https://www.dea.gov/drug-scheduling):

•

Schedule II drugs, substances, or chemicals are defined as drugs with a high potential
for abuse, with use potentially leading to severe psychological or physical dependence.
These drugs are also considered dangerous. Some examples of Schedule II drugs are:
combination-products with less than 15 milligrams of hydrocodone per dosage unit
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(Vicodin), cocaine, methamphetamine, methadone, hydromorphone (Dilaudid),
meperidine (Demerol), oxycodone (OxyContin), fentanyl, Dexedrine, Adderall, and
Ritalin

•

Schedule III drugs, substances, or chemicals are defined as drugs with a moderate to
low potential for physical and psychological dependence. Schedule III drugs abuse
potential is less than Schedule I and Schedule II drugs but more than Schedule IV.
Some examples of Schedule III drugs are: products containing less than 90 milligrams
of codeine per dosage unit (Tylenol with codeine), ketamine, anabolic steroids,
testosterone

•

Schedule IV drugs, substances, or chemicals are defined as drugs with a low potential
for abuse and low risk of dependence. Some examples of Schedule IV drugs are:
Xanax, Soma, Darvon, Darvocet, Valium, Ativan, Talwin, Ambien, Tramadol

The disparity and egregious inconsistency with schedule 1 and II, III drug classifications
related to marijuana of which CBD is a part of and is technically considered more addictive and
physiologically and psychologically more dangerous than pharmaceuticals like Vicodin, Demerol,
OxyContin, fentanyl, Ketamine, Xanax, Ambien,

is not only scientifically not proven but

irresponsible. Moreover, cannabis is currently considered more harmful than methamphetamine
and cocaine and at the same level as LSD, ecstasy and peyote.
As reported by the National Institute on Drug Abuse more than 70,000 Americans died
from drug-involved overdose in 2019, including illicit drugs and prescription opioids National
Drug-Involved Overdose Deaths—Number Among All Ages, by Gender, 1999-2019. This same

Page 70 of 116

study breaks down the overall 70,000+ number by category involving synthetic opioids and
prescription

opioids

with

heroin,

methamphetamine,

cocaine,

benzodiazepines

and

antidepressants. Cannabis is not listed as part of this statistic. Currently, research uncovered zero
deaths related to overdose of cannabis at the time of this review.
Outlined in a more recent paper, (Boehnke, Litinas, Worthing, Conine & Kruger, 2021)
healthcare providers have expressed a lack of knowledge about medical cannabis with studies
showing 9% of medical schools cover medical cannabis (Evanoff, Quan, Dufault, Awad & Bierut,
2017) and 80% of physicians reported needing additional cannabis education (Kondrad &
Reid, 2013). Compounding the lack of educational guidance, are the limited regulations in regards
to guidelines for medicinal use. Furthermore, patients, using cannabis may not be fully transparent
with healthcare providers for fear of stigma or legal issues.
It’s also a difficult to navigate as some institutional policies prevent physicians from
recommending medical cannabis (Carlini et al., 2017). Patients may not want to divulge cannabis
use for fear loss of employment due to a positive drug screen even if they have a medical cannabis
license (Kulig, 2017). As such, many people may use cannabis without the knowledge of or input
from their primary healthcare providers (PCPs), (Kruger et al., 2020) contributing to the lack of
integration of medical cannabis into mainstream healthcare settings, (Boehnke et al., 2021).
In history, cannabis has been indicated for a wide range of conditions relating to pain,
inflammation, and mental illness. For example, the inflorescences were used in traditional Chinese
medicine for conditions including acute pain, mania, insomnia, coughing/panting, and wounds.
The leaves were indicated for malaria, panting, roundworm, scorpion stings, hair loss, greying of
hair. The stem barks were used for strangury and physical injury. The roots were used for
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strangury, spotting, vaginal discharge, difficult births, retention of the placenta, and physical
injury. Although the terminology in historical texts may be different from modern science and the
nuances lost in the translation between Chinese and English, the uses of cannabis inflorescence
indicated in ancient Chinese literature are comparable to those found in modern preclinical and
clinical studies for cannabinoids. But modern medicine has not fully developed the medical
potential of cannabis leaf, stem bark, and root. Their traditional use may be used as a point of
reference for clinical research. Similarly, the study of biomechanisms and the clinical effects of
individual compounds may be consolidated for the development of applications using each plant
part. For example, ∆9-THC has antiemetic and appetite stimulant properties and have been used to
treat nausea or vomiting associated with chemotherapy and anorexia associated with AIDS-related
weight loss by two approved medicine Marinol (dronabinol, synthetic ∆9-THC) and Cesamet
(nabilone, a THC-derivative), (Jin et al., 2020)
A significant number of studies have shown CBD has an effect on hundreds of conditions;
epilepsy, mental illness, depression, anxiety, addiction, insomnia, pain, inflammation, insomnia,
GI tract disorders, etc. In short, cannabinoids may be beneficial for treating some diseases, but
more information is needed to understand who they can help most and when it is best to use them.
Although medicinal use of cannabis has been restricted by a multitude of factors slowing down
the scientific study of CBD and delaying the use in TCM, research has shown a wide range of
potential benefits with limited side effects suggesting continued study with less regulatory barriers
is warranted, (Shannon, Lewis, Lee & Hughes, 2019).
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CBD FUTURE IN TCM DISCUSSION
Although, historical research in TCM is sparse, it does exist and is relevant to note that all
parts of the cannabis plant were mentioned for their medicinal qualities in ancient Chinese texts.
Although, the use may have trended toward the achene known as Huo Ma Ren used in various
formulas treating constipation, currently the trend is toward the idea of mutual enhancement (full
spectrum or broad spectrum).

Meaning, the entire cannabis or hemp plant is being used

medicinally in the modern era as can be evidenced by an increasing number of medical patents out
of China. Furthermore, the myriad of clinical studies during the 2000’s shows the movement from
seeds to the medicinal use of flowers where the trichomes and related properties including terpenes
reside. The gap in significant research findings is largely due to severe legal restrictions which is
not to say the value of medicinal properties of the plant is, in any way, diminished. In fact, the
opposite may be true –for example, the potential therapeutic effects of the plant may have
threatened political agendas and monetary competitive gain which may have led to strict legal
consequences for the possession and use; due to government officials having ulterior motives.
In addition, some research stated that there is confusion in Chinese medicine due to
nomenclature regarding naming of the plant parts—although in historical texts this may be true, it
is also a possibility that this is because of the inability to correctly translate ancient literature. This
is important because drawing a conclusion that the plant faded in medical importance may not be
an accurate assumption. Especially, since the lists of possible therapeutic uses is prevalent
throughout time and its presence in Chinese culture is undeniable.
The concept of mutual enhancement existed historically and continues today with whole
plant medicine being a foundational idea in TCM, consequently, all cannabinoids (including THC
and CBD) were part of historical therapeutic applications.
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The future of CBD is robust with a strong foundation in TCM. First, the idea of the ECS
as a homeostasis regulator lends meaning to Yin and Yang balance along with Qi and Xue (blood)
– noting these elements are the backbone of TCM, thereby supporting whole body balance. The
concept of balance is the single most important theory in TCM with principles of healing relating
to the physiological and psychologic symptoms of disease. Moreover, this regulatory system; Yin,
Yang, Qi and Xue and all of the traits that align with these elements, is the very definition of
regulating homeostasis.
In addition, many TCM professionals use a diagnostic tool referred to as “eight-principles”
which consists of a determination and assignment of symptoms to the following: Interior or
Exterior, Excess or Deficiency, Hot or Cold and Yin or Yang. By using this method of delineation,
a disease or chief complaint and the diagnosis along with a treatment plan can be allocated. Again,
with the ESC applied as a treatment principle (homeostasis) -- different cannabinoids can be used
to modulate cellular communication. Clinically, this notion would be related to cultivar, terpene,
ratio of CBD to THC, patient constitution and physiology and dosage titration, etc.
Finally, as decriminalization and legalization progress further discovery of cannabinoids
in both cannabis and hemp varieties of Sativa L. will increase therapeutic knowledge of the
properties of these unique compounds – the hope is a renewed interest in the Cannabis Sativa. L
species within the TCM community of healers and doctors.
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APPENDIX 2
COMPLETE REFERENCE LIST OF COMPOUNDS IN THE ENDOCANNABINOD
SYSTEM (Source: www.ghmedical.com Copyright © 2016 - 2020 GH Medica)

ENDOCANNABINOIDS:
PEA
OEA
2AGE/Noladin
2AG
Anandamide
NADA
OLDA
STEARDA
EPEA
2OG
VDHP
Virodhamine
PALDA
Hemopressin
DHEA

PHYTO CANNABINOIDS:
CBD
THC
10-α-OH-HexaHC
10-α-OH-THC
10-α-OH-Δ8THC
10β-OH-Δ8-THC
11-acetoxy-Δ9-tetrahydrocannabinolic acid A
4-OH-5-acetoxy-CBG
5-metoxy-CBG
6,7-epoxy-CBG
8-OH-CBN
8α-OH-Δ9-THC
9β,10β-epoxyhexahydrocannabinol
Cannabichromanone B
Cannabichromanone C
Cannabichromanone D
Cannabiripsol
CBC
CBCV
CBDA
CBDB
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CBDP
CBDV
CBG
CBGA
CBGV
CBN
CBV
CMB
Olivetolic acid
THCA
THCB
THCP
THCV
THCVA
Δ8THC

RECEPTORS:
5-HT1A
5-HT2A
5-HT3
5-HT3A
A2A (Adenosine)
BK
Cav1
Cav2.1
Cav2.2
Cav3.1
Cav3.2
Cav3.3
CB1
CB2
GlyR
GPCR introduction
GPR119
GPR12
GPR18
GPR3
GPR55
GPR6
K-ATP
Kv1.2
Kv1.5
Kv3.1
Kv4.3
nAChR
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Nav1.1
Nav1.2
Nav1.5
NMDAr
PPARα
PPARγ
TREK-1
TRPA1
TRPM8
TRPV1
TRPV2
TRPV3
TRPV4
α2r
δ-opioid receptor
TERPENES:
Caryophyllene
Eugenol
Humulene
Limonene
Linalool
Myrcene
Pinene

ENZYMES:
Cytochrome-p450
NAPE-PLD
DAGL
MAGL
FAAH
METABOLITES:
11-COOH-Δ9-THC
11-OH-Δ9-THC
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APPENDIX 3
FOOD ADDITIVES PERMITED FOR DIRECT ADDITION TO FOOD FOR HUMAN
CONSUMPTION; FDA Department of Health and Human Services
The information on this page is current as of April 1 2019 Page Last Updated: 09/19/2019
[Code of Federal Regulations]
[Title 21, Volume 3]
[Revised as of April 1, 2019]
[CITE: 21CFR172.515]

TITLE 21--FOOD AND DRUGS
CHAPTER I--FOOD AND DRUG ADMINISTRATION
DEPARTMENT OF HEALTH AND HUMAN SERVICES
SUBCHAPTER B - FOOD FOR HUMAN CONSUMPTION (CONTINUED)
PART 172 -- FOOD ADDITIVES PERMITTED FOR DIRECT ADDITION TO FOOD FOR HUMAN
CONSUMPTION
Subpart F - Flavoring Agents and Related Substances
Sec. 172.515 Synthetic flavoring substances and adjuvants.
Synthetic flavoring substances and adjuvants may be safely used in food in
accordance with the following conditions.
(a) They are used in the minimum quantity required to produce their intended
effect, and otherwise in accordance with all the principles of good
manufacturing practice.
(b) They consist of one or more of the following, used alone or in
combination with flavoring substances and adjuvants generally recognized as
safe in food, prior-sanctioned for such use, or regulated by an appropriate
section in this part.
Acetal; acetaldehyde diethyl acetal.
Acetaldehyde phenethyl propyl acetal.
Acetanisole; 4'-methoxyacetophenone.
Acetophenone; methyl phenyl ketone.
Allyl anthranilate.
Allyl butyrate.
Allyl cinnamate.
Allyl cyclohexaneacetate.
Allyl cyclohexanebutyrate.
Allyl cyclohexanehexanoate.
Allyl cyclohexaneproprionate.
Allyl cyclohexanevalerate.
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Allyl disulfide.
Allyl 2-ethylbutyrate.
Allyl hexanoate; allyl caproate.
Allyl [alpha]-ionone; 1-(2,6,6-trimethyl-2-cyclo-hexene-1-yl)-1,6heptadiene-3-one.
Allyl isothiocyanate; mustard oil.
Allyl isovalerate.
Allyl mercaptan; 2-propene-1-thiol.
Allyl nonanoate.
Allyl octanoate.
Allyl phenoxyacetate.
Allyl phenylacetate.
Allyl propionate.
Allyl sorbate; allyl 2,4-hexadienoate.
Allyl sulfide.
Allyl tiglate; allyl trans- 2-methyl-2-butenoate.
Allyl 10-undecenoate.
Ammonium isovalerate.
Ammonium sulfide.
Amyl alcohol; pentyl alcohol.
Amyl butyrate.
[alpha]-Amylcinnamaldehyde.
[alpha]-Amylcinnamaldehyde dimethyl acetal.
[alpha]-Amylcinnamyl acetate.
[alpha]-Amylcinnamyl alcohol.
[alpha]-Amylcinnamyl formate.
[alpha]-Amylcinnamyl isovalerate.
Amyl formate.
Amyl heptanoate.
Amyl hexanoate.
Amyl octanoate.
Anisole; methoxybenzene.
Anisyl acetate.
Anisyl alcohol; p- methoxybenzyl alcohol.
Anisyl butyrate
Anisyl formate.
Anisyl phenylacetate.
Anisyl propionate.
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Beechwood creosote.
Benzaldehyde dimethyl acetal.
Benzaldehyde glyceryl acetal; 2-phenyl-m- dioxan-5-ol.
Benzaldehyde propylene glycol acetal; 4-methyl-2-phenyl-m- dioxolane.
Benzenethiol; thiophenol.
Benzoin; 2-hydroxy-2-phenylacetophenone.
Benzyl acetate.
Benzyl acetoacetate.
Benzyl alcohol.
Benzyl benzoate.
Benzyl butyl ether.
Benzyl butyrate.
Benzyl cinnamate.
Benzyl 2,3-dimethylcrotonate; benzyl methyl tiglate.
Benzyl disulfide; dibenzyl disulfide.
Benzyl ethyl ether.
Benzyl formate.
3-Benzyl-4-heptanone; benzyl dipropyl ketone.
Benzyl isobutyrate.
Benzyl isovalerate.
Benzyl mercaptan; [alpha]-toluenethiol.
Benzyl methoxyethyl acetal; acetaldehyde benzyl [beta]-methoxyethyl acetal.
Benzyl phenylacetate.
Benzyl propionate.
Benzyl salicylate.
Birch tar oil.
Borneol; d- camphanol.
Bornyl acetate.
Bornyl formate.
Bornyl isovalerate.
Bornyl valerate.
[beta]-Bourbonene; 1,2,3,3a,3b[beta],4,5,6,6a[beta],6b[alpha]-deca-hydrol[alpha]-isopropyl-3aa-methyl-6-methylene-cyclobuta [1,2:3,4]
dicyclopentene.
2-Butanol.
2-Butanone; methyl ethyl ketone.
Butter acids.
Butter esters.
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Butyl acetate.
Butyl acetoacetate.
Butyl alcohol; 1-butanol.
Butyl anthranilate.
Butyl butyrate.
Butyl butyryllactate; lactic acid, butyl ester, butyrate.
[alpha]-Butylcinnamaldehyde.
Butyl cinnamate.
Butyl 2-decenoate.
Butyl ethyl malonate.
Butyl formate.
Butyl heptanoate.
Butyl hexanoate.
Butyl p- hydroxybenzoate.
Butyl isobutyrate.
Butyl isovalerate.
Butyl lactate.
Butyl laurate.
Butyl levulinate.
Butyl phenylacetate.
Butyl propionate.
Butyl stearate.
Butyl sulfide.
Butyl 10-undecenoate.
Butyl valerate.
Butyraldehyde.
Cadinene.
Camphene; 2,2-dimethyl-3-methylenenorbornane.
d- Camphor.
Carvacrol; 2-p- cymenol.
Carvacryl ethyl ether; 2-ethoxy-p- cymene.
Carveol; p- mentha-6,8-dien-2-ol.
4-Carvomenthenol; 1-p- menthen-4-ol; 4-terpinenol.
cis Carvone oxide; 1,6-epoxy-p- menth-8-en-2-one.
Carvyl acetate.
Carvyl propionate.
[beta]-Caryophyllene.
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Caryophyllene alcohol.
Caryophyllene alcohol acetate.
[beta]-Caryophyllene oxide; 4-12,12-trimethyl-9-methylene-5-oxatricylo
[8.2.0.0 4 6] dodecane.
Cedarwood oil alcohols.
Cedarwood oil terpenes.
1,4-Cineole.
Cinnamaldehyde ethylene glycol acetal.
Cinnamic acid.
Cinnamyl acetate.
Cinnamyl alcohol; 3-phenyl-2-propen-1-ol.
Cinnamyl benzoate.
Cinnamyl butyrate.
Cinnamyl cinnamate.
Cinnamyl formate.
Cinnamyl isobutyrate.
Cinnamyl isovalerate.
Cinnamyl phenylacetate.
Cinnamyl propionate.
Citral diethyl acetal; 3,7-dimethyl-2,6-octadienal diethyl acetal.
Citral dimethyl acetal; 3,7-dimethyl-2,6-octadienal dimethyl acetal.
Citral propylene glycol acetal.
Citronellal; 3,7-dimethyl-6-octenal; rhodinal.
Citronellol; 3,7-dimethyl-6-octen-1-ol; d- citronellol.
Citronelloxyacetaldehyde.
Citronellyl acetate.
Citronellyl butyrate.
Citronellyl formate.
Citronellyl isobutyrate.
Citronellyl phenylacetate.
Citronellyl propionate.
Citronellyl valerate.
p- Cresol.
Cuminaldehyde; cuminal; p- isopropyl benzaldehyde.
Cyclohexaneacetic acid.
Cyclohexaneethyl acetate.
Cyclohexyl acetate.
Cyclohexyl anthranilate.
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Cyclohexyl butyrate.
Cyclohexyl cinnamate.
Cyclohexyl formate.
Cyclohexyl isovalerate.
Cyclohexyl propionate.
p- Cymene.
[gamma]-Decalactone; 4-hydroxy-decanoic acid, [gamma]-lactone.
[gamma]-Decalactone; 5-hydroxy-decanoic acid, [delta]-lactone.
Decanal dimethyl acetal.
1-Decanol; decylic alcohol.
2-Decenal.
3-Decen-2-one; heptylidene acetone.
Decyl actate.
Decyl butyrate.
Decyl propionate.
Dibenzyl ether.
4,4-Dibutyl-[gamma]-butyrolactone; 4,4-dibutyl-4-hydroxy-butyric acid,
[gamma]-lactone.
Dibutyl sebacate.
Diethyl malate.
Diethyl malonate; ethyl malonate.
Diethyl sebacate.
Diethyl succinate.
Diethyl tartrate.
2,5-Diethyltetrahydrofuran.
Dihydrocarveol; 8-p- menthen-2-ol; 6-methyl-3-isopropenylcyclohexanol.
Dihydrocarvone.
Dihydrocarvyl acetate.
m- Dimethoxybenzene.
p- Dimethoxybenzene; dimethyl hydroquinone.
2,4-Dimethylacetophenone.
[alpha],[alpha]-Dimethylbenzyl isobutyrate; phenyldimethylcarbinyl
isobutyrate.
2,6-Dimethyl-5-heptenal.
2,6-Dimethyl octanal; isodecylaldehyde.
3,7-Dimethyl-1-octanol; tetrahydrogeraniol.
[alpha],[alpha]-Dimethylphenethyl acetate; benzylpropyl acetate;
benzyldimethylcarbinyl acetate.
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[alpha],[alpha]-Dimethylphenethyl alcohol; dimethylbenzyl carbinol.
[alpha],[alpha]-Dimethylphenethyl butyrate; benzyldimethylcarbinyl butyrate.
[alpha],[alpha]-Dimethylphenethyl formate; benzyldimethylcarbinyl formate.
Dimethyl succinate.
1,3-Diphenyl-2-propanone; dibenzyl ketone.
delta-Dodecalactone; 5-hydroxydodecanoic acid, deltalactone.
[gamma]-Dodecalactone; 4-hydroxydodecanoic acid [gamma]-lactone.
2-Dodecenal.
Estragole.
[rho]-Ethoxybenzaldehyde.
Ethyl acetoacetate.
Ethyl 2-acetyl-3-phenylpropionate; ethylbenzyl acetoacetate.
Ethyl aconitate, mixed esters.
Ethyl [rho]-anisate.
Ethyl anthranilate.
Ethyl benzoate.
Ethyl benzoylacetate.
[alpha]-Ethylbenzyl butyrate; [alpha]-phenylpropyl butyrate.
Ethyl brassylate; tridecanedioic acid cyclic ethylene glycol diester; cyclo
1,13-ethyl-enedioxytridecan-1,13-dione.
2-Ethylbutyl acetate.
2-Ethylbutyraldehyde.
2-Ethylbutyric acid.
Ethyl cinnamate.
Ethyl crotonate; trans- 2-butenoic acid ethylester.
Ethyl cyclohexanepropionate.
Ethyl decanoate.
2-Ethylfuran.
Ethyl 2-furanpropionate.
4-Ethylguaiacol; 4-ethyl-2-methoxyphenol.
Ethyl heptanoate.
2-Ethyl-2-heptenal; 2-ethyl-3-butylacrolein.
Ethyl hexanoate.
Ethyl isobutyrate.
Ethyl isovalerate.
Ethyl lactate.
Ethyl laurate.
Ethyl levulinate.
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Ethyl maltol; 2-ethyl-3-hydroxy-4H-pyran-4-one.
Ethyl 2-methylbutyrate.
Ethyl myristate.
Ethyl nitrite.
Ethyl nonanoate.
Ethyl 2-nonynoate; ethyl octyne carbonate.
Ethyl octanoate.
Ethyl oleate.
Ethyl phenylacetate.
Ethyl 4-phenylbutyrate.
Ethyl 3-phenylglycidate.
Ethyl 3-phenylpropionate; ethyl hydrocinnamate.
Ethyl propionate.
Ethyl pyruvate.
Ethyl salicylate.
Ethyl sorbate; ethyl 2,4-hexadienoate.
Ethyl tiglate; ethyl trans- 2-methyl-2-butenoate.
Ethyl undecanoate.
Ethyl 10-undecenoate.
Ethyl valerate.
Eucalyptol; 1,8-epoxy-p- menthane; cineole.
Eugenyl acetate.
Eugenyl benzoate.
Eugenyl formate.
farnesol ; 3,7,11-trimethyl-2,6,10-dodecatrien-1-ol.
d- Fenchone; d- 1,3,3-trimethyl-2-norbornanone.
Fenchyl alcohol; 1,3,3-trimethyl-2-norbornanol.
Formic acid
(2-Furyl)-2-propanone; furyl acetone.
1-Furyl-2-propanone; furyl acetone.
Fusel oil, refined (mixed amyl alcohols).
Geranyl acetoacetate; trans- 3,7-dimethyl-2, 6-octadien-1-yl acetoacetate.
Geranyl acetone; 6,10-dimethyl-5,9-undecadien-2-one.
Geranyl benzoate.
Geranyl butyrate.
Geranyl formate.
Geranyl hexanoate
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Geranyl isobutyrate.
Geranyl isovalerate.
Geranyl phenylacetate.
Geranyl propionate.
Glucose pentaacetate.
Guaiacol; [mu]-methoxyphenol.
Guaiacyl acetate; [mu]-methoxyphenyl acetate.
Guaiacyl phenylacetate.
Guaiene; 1,4-dimethyl-7-isopropenyl-[Delta]9,10-octahydroazulene.
Guaiol acetate; 1,4-dimethyl-7-([alpha]-hydroxy-isopropyl)-[delta]9,10octahydroazulene acetate.
[gamma]-Heptalactone; 4-hydroxyheptanoic acid, [gamma]-lactone.
Heptanal; enanthaldehyde.
Heptanal dimethyl acetal.
Heptanal 1,2-glyceryl acetal.
2,3-Heptanedione; acetyl valeryl.
3-Heptanol.
2-Heptanone; methyl amyl ketone.
3-Heptanone; ethyl butyl ketone.
4-Heptanone; dipropyl ketone.
cis- 4-Heptenal; cis- 4-hepten-1-al.
Heptyl acetate.
Heptyl alcohol; enanthic alcohol.
Heptyl butyrate.
Heptyl cinnamate.
Heptyl formate.
Heptyl isobutyrate.
Heptyl octanoate.
1-Hexadecanol; cetyl alcohol.
[omega]-6-Hexadecenlactone; 16-hydroxy-6-hexadecenoic acid, [omega]-lactone;
ambrettolide.
[gamma]-Hexalactone; 4-hydroxyhexanoic acid, [gamma]-lactone; tonkalide.
Hexanal; caproic aldehyde.
2,3-Hexanedione; acetyl butyryl.
Hexanoic acid; caproic acid.
2-Hexenal.
2-Hexen-1-ol.
3-Hexen-1-ol; leaf alcohol.
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2-Hexen-1-yl acetate.
3-Hexenyl isovalerate.
3-Hexenyl 2-methylbutyrate.
3-Hexenyl phenylacetate; cis- 3-hexenyl phenylacetate.
Hexyl acetate.
2-Hexyl-4-acetoxytetrahydrofuran.
Hexyl alcohol.
Hexyl butyrate.
[alpha]-Hexylcinnamaldehyde.
Hexyl formate.
Hexyl hexanoate.
2-Hexylidene cyclopentanone.
Hexyl isovalerate.
Hexyl 2-methylbutyrate.
Hexyl octanoate.
Hexyl phenylacetate; n- hexyl phenylacetate.
Hexyl propionate.
Hydroxycitronellal; 3,7-dimethyl-7-hydroxy-octanal.
Hydroxycitronellal diethyl acetal.
Hydroxycitronellal dimethyl acetal.
Hydroxycitronellol; 3,7-dimethyl-1,7-octanediol.
N- (4-Hydroxy-3-methoxybenzyl)-nonanamide; pelargonyl vanillylamide.
5-Hydroxy-4-octanone; butyroin.
4-(p- Hydroxyphenyl)-2-butanone; p- hydroxybenzyl acetone.
Indole.
[alpha]-Ionone; 4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-buten-2-one.
[beta]-Ionone; 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-buten-2-one.
[alpha]-Irone; 4-(2,5,6,6-tetramethyl-2-cyclohexene-1-yl)-3-buten-2-one; 6methylionone.
Isoamyl acetate.
Isoamyl acetoacetate.
Isoamyl alcohol; isopentyl alcohol; 3-methyl-1-butanol.
Isoamyl benzoate.
Isoamyl butyrate.
Isoamyl cinnamate.
Isoamyl formate.
Isoamyl 2-furanbutyrate; [alpha]-isoamyl furfurylpropionate.
Isoamyl 2-furanpropionate; [alpha]-isoamyl furfurylacetate.
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Isoamyl hexanoate.
Isoamyl isobutyrate.
Isoamyl isovalerate.
Isoamyl laurate.
Isoamyl-2-methylbutyrate; isopentyl-2-methylbutyrate.
Isoamyl nonanoate.
Isoamyl octanoate.
Isoamyl phenylacetate.
Isoamyl propionate.
Isoamyl pyruvate.
Isoamyl salicylate.
Isoborneol.
Isobornyl acetate.
Isobornyl formate.
Isobornyl isovalerate.
Isobornyl propionate.
Isobutyl acetate.
Isobutyl acetoacetate.
Isobutyl alcohol.
Isobutyl angelate; isobutyl cis- 2-methyl-2-butenoate.
Isobutyl anthranilate.
Isobutyl benzoate.
Isobutyl butyrate.
Isobutyl cinnamate.
Isobutyl formate.
Isobutyl 2-furanpropionate.
Isobutyl heptanoate.
Isobutyl hexanoate.
Isobutyl isobutyrate.
[alpha]-Isobutylphenethyl alcohol; isobutyl benzyl carbinol; 4-methyl-1phenyl-2-pentanol.
Isobutyl phenylacetate.
Isobutyl propionate.
Isobutyl salicylate.
2-Isobutylthiazole.
Isobutyraldehyde.
Isobutyric acid.
Isoeugenol; 2-methoxy-4-propenylphenol.
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Isoeugenyl acetate.
Isoeugenyl benzyl ether; benzyl isoeugenol.
Isoeugenyl ethyl ether; 2-ethoxy-5-propenyl-anisole; ethyl isoeugenol.
Isoeugenyl formate.
Isoeugenyl methyl ether; 4-propenylveratrole; methyl isoeugenol.
Isoeugenyl phenylacetate.
Isojasmone; mixture of 2-hexylidenecyclopentanone and 2-hexyl-2-cyclopenten1-one.
[alpha]-Isomethylionone; 4-(2,6,6-trimethyl-2-cyclohexen-1-yl)-3-methyl-3buten-2-one; methyl [gamma]-ionone.
Isopropyl acetate.
[rho]-Isopropylacetophenone.
Isopropyl alcohol; isopropanol.
Isopropyl benzoate.
[rho]-Isopropylbenzyl alcohol; cuminic alcohol; [rho]-cymen-7-ol.
Isopropyl butyrate.
Isopropyl cinnamate.
Isopropyl formate.
Isopropyl hexanoate.
Isopropyl isobutyrate.
Isopropyl isovalerate.
[rho]-Isopropylphenylacetaldehyde; [rho]-cymen-7-carboxaldehyde.
Isopropyl phenylacetate.
3-([rho]-Isopropylphenyl)-propionaldehyde; [rho]isopropylhydrocinnamaldehyde; cuminyl acetaldehyde.
Isopropyl propionate.
Isopulegol; p- menth-8-en-3-ol.
Isopulegone; p- menth-8-en-3-one.
Isopulegyl acetate.
Isoquinoline.
Isovaleric acid.
cis- Jasmone; 3-methyl-2-(2-pentenyl)-2-cyclopenten-1-one.
Lauric aldehyde; dodecanal.
Lauryl acetate.
Lauryl alcohol; 1-dodecanol.
Lepidine; 4-methylquinoline.
Levulinic acid.
Linalool oxide; cis- and trans- 2-vinyl-2-methyl-5-(1'-hydroxy-1'methylethyl) tetrahydrofuran.
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Linalyl anthranilate; 3,7-dimethyl-1,6-octadien-3-yl anthranilate.
Linalyl benzoate.
Linalyl butyrate.
Linalyl cinnamate.
Linalyl formate.
Linalyl hexanoate.
Linalyl isobutyrate.
Linalyl isovalerate.
Linalyl octanoate.
Linalyl propionate.
Maltol; 3-hydroxy-2-methyl-4H-pyran-4-one.
Menthadienol; p- mentha-1,8(10)-dien-9-ol.
p- Mentha-1,8-dien-7-ol; perillyl alcohol.
Menthadienyl acetate; p- mentha-1,8(10)-dien-9-yl acetate.
p- Menth-3-en-1-ol.
1-p- Menthen--9-yl acetate; p- menth-1-en-9-yl acetate.
Menthol; 2-isopropyl-5-methylcyclohexanol.
Menthone; p -menthan-3-one.
Menthyl acetate; p- menth-3-yl acetate.
Menthyl isovalerate; p- menth-3-yl isovalerate.
o- Methoxybenzaldehyde.
p- Methoxybenzaldehyde; p- anisaldehyde.
o- Methoxycinnamaldehyde.
2-Methoxy-4-methylphenol; 4-methylguaiacol; 2-methoxy-p- cresol.
4-(p- Methoxyphenyl)-2-butanone; anisyl acetone.
1-(4-Methoxyphenyl)-4-methyl-1-penten-3-one; methoxystyryl isopropyl ketone.
1-(p- Methoxyphenyl)-1-penten-3-one; [alpha]-methylanisylidene acetone;
ethone.
1-(p- Methoxyphenyl)-2-propanone; anisylmethyl ketone; anisic ketone.
2-Methoxy-4-vinylphenol; p- vinylguaiacol.
Methyl acetate.
4'-Methylacetophenone; p- methylacetophenone; methyl p- tolyl ketone.
2-Methylallyl butyrate; 2-methyl-2-propenl-yl butyrate.
Methyl anisate.
o- Methylanisole; o- cresyl methyl ether.
p- Methylanisole; p- cresyl methyl ether; p- methoxytoluene.
Methyl benzoate.
Methylbenzyl acetate, mixed o-,m-,p-.
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[alpha]-Methylbenzyl acetate; styralyl acetate.
[alpha]-Methylbenzyl alcohol; styralyl alcohol.
[alpha]-Methylbenzyl butyrate; styralyl butyrate.
[alpha]-Methylbenzyl isobutyrate; styralyl isobutyrate.
[alpha]-Methylbenzyl formate; styralyl formate.
[alpha]-Methylbenzyl propionate; styralyl propionate.
2-Methyl-3-buten-2-ol.
2-Methylbutyl isovalerate.
Methyl p-tert- butylphenylacetate.
2-Methylbutyraldehyde; methyl ethyl acetaldehyde.
3-Methylbutyraldehyde; isovaleraldehyde.
Methyl butyrate.
2-Methylbutyric acid.
[alpha]-Methylcinnamaldehyde.
p- Methylcinnamaldehyde.
Methyl cinnamate.
2-Methyl-1,3-cyclohexadiene.
Methylcyclopentenolone; 3-methylcyclopentane-1,2-dione.
Methyl disulfide; dimethyl disulfide.
Methyl ester of rosin, partially hydrogenated (as defined in 172.615);
methyl dihydroabietate.
Methyl heptanoate.
2-Methylheptanoic acid.
6-Methyl-3,5-heptadien-2-one.
Methyl-5-hepten-2-ol.
6-Methyl-5-hepten-2-one.
Methyl hexanoate.
Methyl 2-hexanoate.
Methyl p- hydroxybenzoate; methylparaben.
Methyl [alpha]-ionone; 5-(2,6,6-trimethyl-2-cyclohexen-1-yl)-4-penten-3-one.
Methyl [beta]-ionone; 5-(2,6,6-trimethyl-1-cyclohexen-1-yl)-4-penten-3-one.
Methyl [Delta]-ionone; 5-(2,6,6-trimethyl-3-cyclohexen-1-yl-)-4-penten-3one.
Methyl isobutyrate.
2-Methyl-3-(p- isopropylphenyl)-propionalde-hyde; [alpha]-methylp- isopropylhydro- cinnamal- dehyde; cyclamen aldehyde.
Methyl isovalerate.
Methyl laurate.
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Methyl mercaptan; methanethiol.
Methyl o- methoxybenzoate.
Methyl N- methylanthranilate; dimethyl anthranilate.
Methyl 2-methylbutyrate.
Methyl-3-methylthiopropionate.
Methyl 4-methylvalerate.
Methyl myristate.
Methyl [beta]-naphthyl ketone; 2'-acetonaphthone.
Methyl nonanoate.
Methyl 2-nonenoate.
Methyl 2-nonynoate; methyloctyne carbonate.
2-Methyloctanal; methyl hexyl acetaldehyde.
Methyl octanoate.
Methyl 2-octynoate; methyl heptine carbonate.
4-Methyl-2,3-pentanedione; acetyl isobutyryl.
4-Methyl-2-pentanone; methyl isobutyl ketone.
[beta]-Methylphenethyl alcohol; hydratropyl alcohol.
Methyl phenylacetate.
3-Methyl-4-phenyl-3-butene-2-one.
2-Methyl-4-phenyl-2-butyl acetate; dimethylphenylethyl carbinyl acetate.
2-Methyl-4-phenyl-2-butyl isobutyrate; dimethylphenyl ethylcarbinyl
isobutyrate.
3-Methyl-2-phenylbutyraldehyde; [alpha]-isopropyl phenylacetaldehyde.
Methyl 4-phenylbutyrate.
4-Methyl-1-phenyl-2-pentanone; benzyl isobutyl ketone.
Methyl 3-phenylpropionate; methyl hydrocinnamate.
Methyl propionate.
3-Methyl-5-propyl-2-cyclohexen-1-one.
Methyl sulfide.
3-Methylthiopropionaldehyde; methional.
2-Methyl-3-tolylpropionaldehyde, mixed o-, m-, p-.
2-Methylundecanal; methyl nonyl acetaldehyde.
Methyl 9-undecenoate.
Methyl 2-undecynoate; methyl decyne carbonate.
Methyl valerate.
2-Methylvaleric acid.
Myristaldehyde; tetradecanal.
d- Neomenthol; 2-isopropyl-5-methylcyclohexanol.
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Nerol; cis- 3,7-dimethyl-2,6-octadien-1-ol.
Nerolidol; 3,7,11-trimethyl-1,6,10-dodecatrien-3-ol.
Neryl acetate.
Neryl butyrate.
Neryl formate.
Neryl isobutyrate.
Neryl isovalerate.
Neryl propionate.
2,6-Nonadien-1-ol.
[gamma]-Nonalactone; 4-hydroxynonanoic acid, [gamma]-lactone; aldehyde C-18.
Nonanal; pelargonic aldehyde.
1,3-Nonanediol acetate, mixed esters.
Nonanoic acid; pelargonic acid.
2-Nonanone; methylheptyl ketone.
3-Nonanon-1-yl acetate; 1-hydroxy-3-nonanone acetate.
Nonyl acetate.
Nonyl alcohol; 1-nonanol.
Nonyl octanoate.
Nonyl isovalerate.
Nootkatone; 5,6-dimethyl-8-isopropenyl-bicyclo[4,4,0]-dec-1-en-3-one.
Ocimene; trans -[beta]-ocimene; 3,7-dimethyl-1,3,6-octatriene.
[gamma]-Octalactone; 4-hydroxyoctanoic acid, [gamma]-lactone.
Octanal; caprylaldehyde.
Octanal dimethyl acetal.
1-Octanol; octyl alcohol.
2-Octanol.
3-Octanol.
2-Octanone; methyl hexyl ketone.
3-Octanone; ethyl amyl ketone.
3-Octanon-1-ol.
1-Octen-3-ol; amyl vinyl carbinol.
1-Octen-3-yl acetate.
Octyl acetate.
3-Octyl acetate.
Octyl butyrate.
Octyl formate.
Octyl heptanoate.
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Octyl isobutyrate.
Octyl isovalerate.
Octyl octanoate.
Octyl phenylacetate.
Octyl propionate.
[omega]-Pentadecalactone; 15-hydroxypentadeca-noic acid, [omega]-lactone;
pentadecanolide; angelica lactone.
2,3-Pentanedione; acetyl propionyl.
2-Pentanone; methyl propyl ketone.
4-Pentenoic acid.
1-Penten-3-ol.
Perillaldehyde; 4-isopropenyl-1-cyclohexene-1-carboxaldehyde;p- mentha-1,8dien-7-al.
Perillyl acetate; p- mentha-1,8-dien-7-yl acetate.
[alpha]-Phellandrene; [rho]-mentha-1,5-diene.
Phenethyl acetate.
Phenethyl alcohol; [beta]-phenylethyl alcohol.
Phenethyl anthranilate.
Phenethyl benzoate.
Phenethyl butyrate.
Phenethyl cinnamate.
Phenethyl formate.
Phenethyl isobutyrate.
Phenethyl isovalerate.
Phenethyl 2-methylbutyrate.
Phenethyl phenylacetate.
Phenethyl propionate.
Phenethyl salicylate.
Phenethyl senecioate; phenethyl 3,3-dimethylacrylate.
Phenethyl tiglate.
Phenoxyacetic acid.
2-Phenoxyethyl isobutyrate.
Phenylacetaldehyde; [alpha]-toluic aldehyde.
Phenylacetaldehyde 2,3-butylene glycol acetal.
Phenylacetaldehyde dimethyl acetal.
Phenylacetaldehyde glyceryl acetal.
Phenylacetic acid; [alpha]-toluic acid.
4-Phenyl-2-butanol; phenylethyl methyl carbinol.
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4-Phenyl-3-buten-2-ol; methyl styryl carbinol.
4-Phenyl-3-buten-2-one.
4-Phenyl-2-butyl acetate; phenylethyl methyl carbinyl acetate.
1-Phenyl-3-methyl-3-pentanol; phenylethyl methyl ethyl carbinol.
1-Phenyl-1-propanol; phenylethyl carbinol.
3-Phenyl-1-propanol; hydrocinnamyl alcohol.
2-Phenylpropionaldehyde; hydratropalde-hyde.
3-Phenylpropionaldehyde; hydrocinnamaldehyde.
2-Phenylpropionalde-hyde dimethyl acetal; hydratropic aldehyde dimethyl
acetal.
3-Phenylpropionic acid; hydrocinnamic acid.
3-Phenylpropyl acetate.
2-Phenylpropyl butyrate.
3-Phenylpropyl cinnamate.
3-Phenylpropyl formate.
3-Phenylpropyl hexanoate.
2-Phenylpropyl isobutyrate.
3-Phenylpropyl isobutyrate.
3-Phenylpropyl isovalerate.
3-Phenylpropyl propionate.
2-(3-Phenylpropyl)-tetrahydrofuran.
[alpha]-Pinene; 2-pinene.
[beta]-Pinene; 2(10)-pinene.
Pine tar oil.
Pinocarveol; 2(10)-pinen-3-ol.
Piperidine.
Piperine.
d- Piperitone; p- menth-1-en-3-one.
Piperitenone; p- mentha-1,4(8)-dien-3-one.
Piperitenone oxide; 1,2-epoxy-p- menth-4-(8)-en-3-one.
Piperonyl acetate; heliotropyl acetate.
Piperonyl isobutyrate.
Polylimonene.
Polysorbate 20; polyoxyethylene (20) sorbitan monolaurate.
Polysorbate 60; polyoxyethylene (20) sorbitan monostereate.
Polysorbate 80; polyoxyethylene (20) sorbitan monooleate.
Potassium acetate.
Propenylguaethol; 6-ethoxy-m- anol.
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Propionaldehyde.
Propyl acetate.
Propyl alcohol; 1-propanol.
p- Propyl anisole; dihydroanethole.
Propyl benzoate.
Propyl butyrate.
Propyl cinnamate.
Propyl disulfide.
Propyl formate.
Propyl 2-furanacrylate.
Propyl heptanoate.
Propyl hexanoate.
Propyl p- hydroxybenzoate; propylparaben.
3-Propylidenephthalide.
Propyl isobutyrate.
Propyl isovalerate.
Propyl mercaptan.
[alpha]-Propylphenethyl alcohol.
Propyl phenylacetate.
Propyl propionate.
Pyroligneous acid extract.
Pyruvaldehyde.
Pyruvic acid.
Rhodinol; 3,7-dimethyl-7-octen-1-ol; l- citronellol.
Rhodinyl acetate.
Rhodinyl butyrate.
Rhodinyl formate.
Rhodinyl isobutyrate.
Rhodinyl isovalerate.
Rhodinyl phenylacetate.
Rhodinyl propionate.
Rum ether; ethyl oxyhydrate.
Salicylaldehyde.
Santalol, [alpha] and [beta].
Santalyl acetate.
Santalyl phenylacetate.
Skatole.
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Sorbitan monostearate.
Sucrose octaacetate.
[alpha]-Terpinene.
[gamma]-Terpinene.
[alpha]-Terpineol; p- menth-1-en-8-ol.
[beta]-Terpineol.
Terpinolene; p- menth-1,4(8)-diene.
Terpinyl acetate.
Terpinyl anthranilate.
Terpinyl butyrate.
Terpinyl cinnamate.
Terpinyl formate.
Terpinyl isobutyrate.
Terpinyl isovalerate.
Terpinyl propionate.
Tetrahydrofurfuryl acetate.
Tetrahydrofurfuryl alcohol.
Tetrahydrofurfuryl butyrate.
Tetrahydrofurfuryl propionate.
Tetrahydro-pseudo-ionone; 6,10-dimethyl-9-undecen-2-one.
Tetrahydrolinalool; 3,7-dimethyloctan-3-ol.
Tetramethyl ethylcyclohexenone; mixture of 5-ethyl-2,3,4,5-tetramethyl-2cyclohexen-1-one and 5-ethyl-3,4,5,6-tetramethyl-2-cyclohexen-1-one.
2-Thienyl mercaptan; 2-thienylthiol.
Thymol.
Tolualdehyde glyceryl acetal, mixed o, m, p.
Tolualdehydes, mixed o, m, p.
p- Tolylacetaldehyde.
o- Tolyl acetate; o- cresyl acetate.
p- Tolyl acetate; p- cresyl acetate.
4-(p- Tolyl)-2-butanone; p- methylbenzylacetone.
p- Tolyl isobutyrate.
p- Tolyl laurate.
p- Tolyl phenylacetate.
2-(p- Tolyl)-propionaldehyde; p- methylhydratropic aldehyde.
Tributyl acetylcitrate.
2-Tridecenal.
2,3-Undecadione; acetyl nonyryl.
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[gamma]-Undecalactone; 4-hydroxyundecanoic acid [gamma]-lactone; peach
aldehyde; aldehyde C-14.
Undecenal.
2-Undecanone; methyl nonyl ketone.
9-Undecenal; undecenoic aldehyde.
10-Undecenal.
Undecen-1-ol; undecylenic alcohol.
10-Undecen-1-yl acetate.
Undecyl alcohol.
Valeraldehyde; pentanal.
Valeric acid; pentanoic acid.
Vanillin acetate; acetyl vanillin.
Veratraldehyde.
Verbenol; 2-pinen-4-ol.
Zingerone; 4-(4-hydroxy-3-methoxyphenyl)-2-butanone.
(c) [Delta]-Decalactone and [Delta]-dodecalactone when used separately or in
combination in oleomargarine are used at levels not to exceed 10 parts per
million and 20 parts per million, respectively, in accordance with 166.110
of this chapter.
(d) BHA (butylated hydroxyanisole) may be used as an antioxidant in
flavoring substances whereby the additive does not exceed 0.5 percent of the
essential (volatile) oil content of the flavoring substance.
[42 FR 14491, Mar. 15, 1977, as amended at 42 FR 23148, May 6, 1977; 43 FR
19843, May 9, 1978; 45 FR 22915, Apr. 4, 1980; 47 FR 27810, June 25, 1982;
48 FR 10812, Mar. 15, 1983; 48 FR 51907, Nov. 15, 1983; 49 FR 5747, Feb. 15,
1984; 50 FR 42932, Oct. 23, 1985; 54 FR 7402, Feb. 21, 1989; 61 FR 14245,
Apr. 1, 1996; 69 FR 24511, May 4, 2004; 83 FR 50490, 50503, Oct. 9, 2018]
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APPENDIX 4

Source: Brown, J. D., & Winterstein, A. G., 2019
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APPENDIX 5
CYTOCHROME P45O; FDA

